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The Cellular and Clinical ,Petholog;r of 
Cl. norfr:bn_gens t;y-r:s_j) EntcrotoxaE::Ji�. 

Enterotoxa:::mia of sheep is cnusod. by the absorption of the epsilon 
tm:in of .Cl.: uerf:rinr;ens ty{lC D. In p:t'·:.'lirdnp:ry oxpcrimcmts it was fo-:.wd 
thc.t the sex P..nd nutri tion.:Ll st:ltus of mice cou2_d inflw.mce the <Jutcone of 

experiscnts in y;hich this toxin vms used. Femal;; mice tended to �n:.rvi v0 

longer thnn males and food depri V[, tion caused the accumuln tion of frGe 

lipid in the proximal tulmles of the kiclnGys of control, ns v:ell as 
intoxicat8d, mice. 

It ;:,pp ears th& t tl10rc may be spC::cie:s diffc:rcncos in the morphologicnl 

ch':!.nges Y!hich epsilon toxin induces in the intc�stinal mucos::.. Severe 

inflm:;,'11a tory necrosis occurred in the mucosa of toxin-containing loGps of 

rabbit intestine but vms nbsent from simila:::- loop:::� of l::uall intestine fror:t 

casE:s of experimentally induced entc:r.·otoxae:nin. 

While the toxin itself is fairly stf'J.blc j.n vi tr� it mny dGtE:rioro.t& 

during storage unless hold nt lov: tc�lp2ratul'cs. 'l1he acl<li tion of chloro-

form, as a preserv8 tive fer the toxin in intestinal cont.,,nts, does not 
incrGase the persistence:: of th--e toxin to 'l signific.,_nt r.:,y�tent. 

Th0 pattern of sb s o:rption .)f c�Jsilcn t :1xin fror:J. tf1e: intestin(; ir.to 

the blo':ld.str2£W1 during the cou:r:-se of cxp2rirrJental <::nt0:rotoxe.e:m:ic:. was 
followed by using a rr�dioncti ve tr::,ccr (r125Pol;yvinylpyrroldine). It was 
found the t, '"s with the protein trrtccrs ust.d by oth 8r y,,orke:rs, tllG valuE::s 

of I125PV? in studies of this no..ture is limited. Howcv0r , it did revehl 

that there is a loss of high molo:Jcular v:eight substances from the blood­

stream into the extra.v�cscular tissues durine this intoxication . 

Studies of the ul tro.structural changes which occur in the tissw::s 

of intoxicated animals have revealed that there is a severe generalised 

vascular endothelial da.mage, both when epsilon toxin is administered 

intravenously and when it is absorbed from the intestine. There is no 
histochemicnl or histological evidence to suggest that epsilon toxin pro­

duces primary morphologice.l changes in tissues, other than endothelium, 



1::.1 though secondary 8ffr::cts are detectable in othn· w·g;::ms. 'fhese secon-

de.ry ch'!ngGs include the dGvelcpme:nt of pl'Otein-con.tt:J.ining effusions in 

serous c&vi tie;s; :-.:.ml ocdena in u. nun;·iJor of tissuc:s. 

In the brP.in, fluid accumuLttion is prir,1P.rily intracellular 3n0. is 

confinod to the protoplasnic �strocyt0s. fhis results in swelli11g of 
:::strocytc pl'ocor>cer:; in. the gr0y me.tter so th--: t the inc:ro&.se in fluid con-
tc"nt cnn 1)e de. tectl'd by clcctrGn nicrr)scopy as v��;..ll as quB.nti tatively. 

The changes in the- astrccyte;s for:;!7! the basis f,--;r u1:;:ly brain lesions which 

are detectable b;y light microscopy e.g. vacuolation in the c"rebC;llar 

granular lE:y.-)r. i1ssoci:<.t:.d '::i th th0 int r,....,ccllubr fl,_1id accurnul.:ttion 

there is an extrv.':'.sn tion of prot.:dn into tlw c:xtrace:llular spa cos of the 

brc:dn e.nd this is detecte.bl.:: in nice by using exogenous pGroxid.rcse c.s a 
t r�:wer. 

Fluid loss frQrn the blo0dstre�� is also prominent in the heart snd 

the lungs, In the forLJOr t issue there is suvvre I!'lyocardinl oedema '1nd 

fluid_ accurmlation v:i thin tho c:::crdi'lc muscle c.:::lls, which mc.y expl2.in the 

·-�2.ectrocordiop.rn.phic abnormalities thn t devc;lo:;> during the course of 

intoxicc..tion. 1\.l though lunc oedana is not r'. consistent f•,:L ture of the 

disGr..:.sc, c::ncl �nny be n r(;:.'lection of dF.tl"J1g.:. caused by l1igh concentra ti••ns 

of c::psilnn toxin (mtering the puJ.:r::•)nary circulction, i t  con be extrGJ"Jcly 

severE: with cccumulation of fluid in the e.lveoli and interstitiUL.J. 

AJ. th:.JUgh it is possible to re b. te these: ch<::nges to the vascul::-.r 

dp_rr,cge, no possible m�chanisra for the action of thG toxin on the endotlw-

lium has been est.<:: blislwd, The use of red cell stro;r,a and fluorescent 

antibody tests h2.s failed to provide any evidence that the toxin is bound 

t o  cell meo.branes either in vitro ()r in vivo, ·v/nrburg r.::spirometry did 

not reveal nny reduction in the rr;,;tabolic efficiency of t issue slices t hc..t 

were under the influence of epsilon toxin. 

The over2-ll loss of fluid into the tissues of intoxicated animals 

results in a se:vc::rehaenoconcentration which, because of the severity of t he 

endothelial damage, is not associa ted with any incree.SL; in levels of 
plasma proteins or inorganic ions such as sodium, potassiu� or chloride. 



One of the most prorninunt of the biochemical ch�nges that occur in 

entcrot0xaer,r:.1:1 is n scNcre progros<;ive hypcrg1ycnG<'lia which appeci"s to 

result fro;n the r2..pid rwbilisc:tion l1f ht"pe.tic t;lycogcn. Ths rod:)_ction in 
the glycogun content of the hu��tic tissue c2n he do t0cted histochemically. 

A furth(:)I' finding which suggests th�:.t h ·.::p2tic gl;rcoglmol;ysis far!Js th�: 

basis fc�r the blood sug::r chc.nges is thr,.t the.: hypc�rgl;.rco,�;;mic. response \ias 
suppressed. in ani:nals il1 which hepatic glyco0cn stores had b.:: :c:n depleted 

prior to the edr,1inistrcti on c>f v;::•si1on toxin. 

Associated ';.'ith the rise. in blood glucose thc:rE: :::ro a.lso iLcrec-soci 

aHounts of lr,ctntG, py1.'1J.v::to nnd :'l.lph-.kGtor;J.utm·at8 in th0 blood. 'I'hes<.; 

chengss .o:.r.;; CGJ1Sidered to bo r: r&fl<:ction ;:f incre a s e d li!vtabolic e.ctivity 

due to th<-.: in.cn;ased nmount£· .Jf c:.vR.:i.J.o.bL; £,'1ncost.:. The; build-up of 

int�;rmsd.iate su b stancus rc.f}.ucts nori:-Ial ro.t•.::-li��!i ting st,.::ps i::1 D.l'<rvbic 

glycolysis re:. tlwr t:iv:.n any direct irt LcrfGrC::ncc ·vi th a f'��rticul2..r bioche;nicn.l 

pathvmy by· th(; toxin. 

The high 1 8v•�·ls of la ctate in the 1Jlood ceusc r� severe �1<:;h>bolic 

acidosis in intoxica tod �nimals y;hich r:.ay scr:.:.;tinC::s bG naskod by al tera­

tions in bleed pH associate d �.-i t h  deficient rC; spira t<-:.ry 2xchange and 

elcvr.tt:;d ve.l:.Ls of blood pC0
2 

caus2d. by thE; pulmonary oedcr:1a. 

The inpcrtancc· of the Elorphologicnl , biochcnice.l, hs.ematologicr.=-"1 

and physiological changes, which !1::-.vs buc.,n found in th�; prcsEmt invGsti­

gation, in incr0asing nur understancling of ths p::: thogenesis of entero-

toxaemia a:r.·& discussed. In ad.di b.on the rc::l-:::vanc'� of these findings to 
the broader fiElds of experiuental P<"thology 'md to th.:.; inter-re-lation­

ships which exist betwec:.n th.s cellular and clinical pathology of clisense 
states are described • . 
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l 
Chapter l �  I NTRODUCTION 

A disease syndrome , known as Pulpy Kidney Di seas e , was first 

describe d  in New Zealand lambs in the early part of thi s century . The 

aetiology of the condi tion was unknown and the mo st notable cl inical 

feature s  were the sudden ons e t  of convulsions followed rapidly by the death 

of the animal . Becau s e  the c l ini cal phase of the di sease was generally 

very shor t , the maj or i ty of affected lambs were found dead wi thout evi denc e 

of prior i l l ness . A small proportion of the affe cted animals survive d 

for longer periods and exhibi t e d  signs of c entral nervous sys tGm derangeme�t . 

Po s t  mortem examination of lambs which had died of ' Pulpy Kidney ' 

generally reveal e d  the following feature s :  

l. The carca s e s  vrere in good physical condi t i on . 

2 .  Exce s s  fluid , containing fibrin cl ots , was pres ent i n  the 

pericardial sac . 

3 .  The lungs were conge sted and rather o edematous . 

4 . If the carcases were examined a short time after death had 

occurred the kidneys were enlarged and co ngeste d . If necrops;r 

was deferred, unti l  several hours after the death o f  the 

animal , the kidneys had degenerate d  to a soft pulpy mass . 

5 . Provi ding autolys i s  was not too advanced,  light mi cro s copic 

examination of the s e  kidneys showed ne crosis of the epithelium 

of the proximal convoluted tubule s and inters t i tial haemorrhage . 

6 .  A toxin was pre s ent in the inte s ti nal contents of affe c t e d  

animals . 

1 . Animals that survived ,  but exhibi ted signs of neurol ogi cal 

damage , did no t show the above change s . Visual examination 

of their brains reveale d  bilaterally symme tri cal haemorrhagi c 

or malac i c  areas in the thalamus , mid-brain and c erebe llar 

peduncles . The latter condi tion i s  knovm as Focal Symme trical 

Encephalomalacia and i s  consi dered t o  be a subacut e  or chroni c 

form o f  the di s ease . 

In 1932 , Aus tralian v10rkers confirmed that Pulpy Ki d...l'ley Di sease and 

Infe c ti ous Entero toxaemia were i dentical and showed that the t oxin ,  which 
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was pre s ent in the inte s tinal contents of animal s affected with ei ther con­

dition , was neutra.lised by antio era prepared against Clos tridium perfringens 

tyPe D .  

Al though enterotoxaemia i s  a general term that de s cribes any intoxi� 

cation re sul ting from the absorp t i on of toxins produced in the intestine , 

i t s  use in Austral ian and new Zealand ve terinary literature generally 

refers only to the dis e2.se caus ed by Cl . perfringens t;ype D ,  In the 

present thesis  the term Tiil l  be re s tric ted to refer only to the latter 
condi tion . Similarly , synon;yms for the causc:;.-tive org2.ni sm , e . g . Bacill-:.1s 
ovi toxi cus (Benne tts) , C l .  we l chi i  type D ,  Bac i l lus agnt_, will not be used 

except when referring to the publi sh0d l i terature , 

Cl . perfringens type D appec:.rs to be part of the normal enteric 

flora o f  sheep and enterotoxaemia only oc curs when environmental condi tion� 

in the intestine favour its rapid :umltiplication and the production of 

large arnom1ts of epilon toxin . Thi s usual ly occurs when exces s ive quan-

tities o f  readily fermentable nutri ent , such a s  stc:.rch ,  enter the intes tine . 

I t  has a l so been found that other factoro may help to deter!aine whether or 
not the di sease will occur in a given aninal . For example , high concen-
trat:i. ons of eps ilon toxin mus t  a l so be pre sent in the intestine for some 

time before the permeabi li ty of the mucosa is increased suffi c i ently to 

allow le thal amounts of toxin to enter the bloodstream . In addi tion , 

some flocks of unvacc inated lamb s  may contain a nwnbel' of animals which 

have ant i toxic antibodies (antitoxtns ) c gainst epsilon toxin in their sora 

and thes e  anti t oxins provide pro tection agc.inst cmtero toxaemia . 

Because antitoxic immuni ty provides good pro t e c t i on against the 

disease under field c ondi t i ons , the use of vaccination as a prophylactic 

measure has becollle widespread . The research which has been necessary f or 

the development o f  effi cient vac cines has defined the optimum environmental 

condi t i ons for the growth o f  C l . perfringens tyPe D and the production o f  

epsilon t oxin i n  vitro . I t  has a l s o  e lucidated s ome feature s o f  the 

structure of the toxin i tself . 

Studie s  on the morphol ogical dfu11age which o c curs in i nt oxicated 

animal s have been largely c onfined to the sequence o f  changes in the brain� 



3 

and ki<L"leys wh:'. ch can be: d e t e c ted by l i ght mi cro s c or·J'· . V!hile  there i s  

some evi dence tr,o,t v2.s cular dru:1.1gc o c cur s i n  the t i s sue s of intoxice. tod 
aniEG l s  the ul tras t:nlC tu:ce of blood ve s �"1 e l s  of tlw se ar"imals doe s  m-'t 
arrear t o  have been inve s t igate<i� Careful inve stign tion of early ccll�l: ·r 
c1l&ngo s of thi s  type i s  nc,ce s sa.Ty to ext end our unc. �rstanding of the patho­

logi cal chaYlge s 1:vhi ch occur in enterotoxaemia . 

A consi derc.ble amount of de.te: l1a s b e ?n publi shed on thE- eff9ct of 
epsi l on t oxin and entGrotoxaenie. on the physiological , haer>Ja t c l o gi ca l  2.nd 
bioclwmi c.<> l parame ters of l i ving animr.ls but thGre aro s t i l l  so1:1e no tA.ble 

gap:-J in o-:.1r knor. J odge of tr. �  ' c l ini cal ' ::;atholOg'J of the di s 8ase . 
Simi larly , 9.1 though s m1e s tudi e; s  he.VG also been r;:ade on the phys i o l oc.;i cD l 

respon s e s  of i s o lated orga�lS e.nd t i ssu�"? S  to the action of e;:· s i lon toxin , 

no E: t G 8rrrp t s  apr• eP.r to have be c:n I!Ecde to exai'line the rrw tab o l i c  effici ency 
of t i s sues from intoxi cated anir1al s . 

The s e  C:.efi c i E:n c i e s  in the infon'1e:: t i on ·.''h i ch i s  ava i l r  .. b l s  on t!' o 

various pathologi c.:c.l as1� e c t s  o f  er..te:co toxaemia are particul.::rly unfortunate 
as Gnterotox2.enir:. is not only an ec onomi ca lly important di se-:> s e in its orm 

right , but has F�lso "hecn imp l i cated. as a p o s s i b l e  com:plic.::,ting fE. c tor in 

•J tlwr di sea s e s such ac rumina l bloat in ea ttle on pccs ture and 1 overeating ' 

disease in 3 tall fed .'l.ni:nal s . :Bo th tht: se latter c onC.i t i ons nre seriou s  

proble.:;;s v.rhere in tens ive forms of allj.m.:::tl :;)rorluc tion :;, ro emplo�;od . until 

s;lch tir:1e :.1.s the exa c t  nature ·Jf the pc:. tho l o gic[l,l cha nge s wni ch o c cur in 

e11t cro toxaemia :i. s :mmm it will :1ot 1;<-; pos�i-l)le to ascertain "\"lhat pa::::-t ,  if 
2.ny , i t  p lay s i:; the s "  other disease syndl·or;te s  .. 

Apart from the se sconomic aspect s of enterotoxaer;tia , an iEve stigc tion 
o f  its ce l lular :=md c l i ni cal pathology i s  o f  consi derabl e inter12 s t  on a 

broader bas i s s inc e it is  n di s ea:::e in whi ch both morphologi cal and bio-

chemical changes are prominent .• I t  i s  therefm·c pos sible tha t i t  could 
b e  useful as an experimentP. l mod<:: l for s tudying the relationship bctwe:cn 

morphological and functional change s in t i ::; nue and also betwFen the cellulC:U' 
and clinical pathology of di sease condi t i ons . This field of res earch i s  

beco;,.ing- r.1ore important a s  the demand for more precise means fo!:' inve sti ­

gating animal di s ec.se probl ems increases . · 
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Inform::.1. tion otte. ined from cc condi ticn such as entero t oxaemia r.K:y 

there fore as s i 2 t  in increas ir:g our unders tanding of the ch2nge s \7hlch occu.r 
in other di s e a s e s  of man o.nd animal s . 

The bn. s i c  aim:::; of the pre s ent s tudy w:U . l  thEo:refore ue to carry out 
an int ensive inve s ti,�G t i on of the morphologi cal cl-,ange s vrh:i ch •' C: cur in 

Gl1t ero t0xaeli1ia , especially at thl. ul trn s tr.J.c tural leve l . In parallel 

;7i th thi s ,  a;.idi ti o!ial j_::1for:'la tLm v:i l l  bu gathered on the b i o chemic!lJ. and 

ph;ys i o l oci cal status of intoxicated animB l s  .. An 2, t t er:1p t ·. : i l l  then t!c 

made t o  uti l i s e  the inforn2. t ion obt8 inetl t o  increase our undcrstand.int; of 

th� puthogene s i s  of the dis8as e .  
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Chapter 2 �  A Illi'VIEIJI! OF' rHE CITKU�J:'(EE OH C LOSTHIDTLJ1vi 

Tho sah ent fea ture s of tllc ae t i o l of,'Y , er·i derr;iol05J', pathogene s i s  

a:ncl proph;ylnxis o f  lmterotoxaemia arc vie l l  cov�;red i n  t extbooks o f  ve teri .. 

naJ.'Y medi cine and vct�rinary p.q tho logy. Neverthe l e s s  a rrel imin?"ry review 

of s ome of the im!Jortr:,nt inve stign tions which havn be._;;'" made i n  the pa s t  

i s  :Jf :i.ntere fJ t  �u, thi s .se:cv::: s t o  empha s i s e  the ra. ther conpl ex n;-J. ture 0f 
the di sea s e . 

The o c currenc8 of cnturotoxG.snia j_n He\".' Zoa:;.<.:.nd was ori giw:: lly 
dascribed by Gi lru.th ( 1907 ) ,  Bull ( 1924 ) ,  Gill (1927 & 192 9 )  and Hopkirk 

( 1928 ) .  Bul l  a.nd IIopkirk both reported t:r.a t thu i.ntc stinal c ontents , of 

:-:.�1imals \7hich d i ed of thi s di seas e ,  contained very large numbers of t oxi-

geni c 1 C L v;e lchi i - type 1 organ:i sms , At this t imE: i t  was al s o  j) O s tula tcd 

by Gi l l  and :Bull t k  t ths di sease might be tht: result of tl· e ab s orption o f  

a toxin produced by orgar.i sms , \7h i ch were normal bowel inhabitant s ,  mul ti-

rlying under abnomal environmental condi ti ons in the int e s tine . Thi s  

h;y"'Jothesis was subsequently shmm t o  b e  e ssent i ally corre c t  a l though the 

pa thogenes i s  of entcrot oxe.emia wo s not ful ly e lucida t e d  unt i l  the late 
l950 1 s ,  

Gil l ( 1931 )  dcmcnstra t e d  the pre s ence of a toxin i n  ba c t ori2 •fre � 

fil trates o f  the inte s tina l contents .f.ror1 affe c ted shet:;p and Benne t t s  

( 1932a) showed that thi s t oxin was neutra l i s e d  by antisera prepared agains t 

Bac i l lus ovi toxicus (Bemw t t s ) . The latter org�ni sm was re classified as 

Cl.  we l chi i (perfringens) type D by Wi l sdon (1932 )..  Al though Cl . pc..·frin-

gens typ6 A i s  widely distribuk d in .Aus tral ian and iTer: ZE;&land s o i l s  

( Seddon & Ecige.r , 1932 and Bacon, 1953 ) ,  it appears tl1H.t s ome of the o ther 

type:s of this organi sl'l , including C l .  peT'f·ringens type D ,  may be;  int e s t inal 

commensal s e  Smith ( 1 957 ) s t a t e s  tha t both Benne tts ( l932a ) and Taylor 'l" G-o .-� o "  
(1940 ) have produced s ome evi dence tha t the latter organi sm can only 
pers i s t  in s o i l  for .:. l imi t e d  period and Bullen ( 1 952 )  has c onfi nned that 

it is pre s ent in the inte s tinal c ontents of a proportion of normal sheep . 

Bo th Benne t t s  ( l932a) and Oxer ( 1932 ) produced the c l inical signs 
and gross l e s i ons of ente�otoxacmia in lambs by the intravenous admi11is-
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tration of bact eria-free f i l trate s  of Cl . perfringens type D .  Bennetts 

nlso suc ceeded in ini tin ting the di seo.se in la.-nbs by the oral admini s trc:ti on. 

of cul vJre s cf the organism to animal s which had previous ly been given 

p owdered opium to reduce intestina l moti lity . Oxcr was unable to pro duce 

the di sease in thi s way and l ater workers also experienced diffi cul ty in 

produc ing the di sease by thE-) oral or intraduodenal adinini stre.tion of cul-

ture s of C l . perfringens type D .  I t  will be seen , later i n  thi s chapter , 

that i t  vras r e s earch into this probl em 17hi ch l e d  to the e lu c idntion of 
s ome import2.nt features of t he pathogene si s of ent erotoxa.emia , 

Mo s t  s trnins of C l ,  psrfringens produce a nrunber of pot cmt cnotox:i.ns 

whi ch re sul t in fairly s p e c ific di s eas e syndrome s in ani:.1als and man . 

':ehey also provide a bas i s for the class ification o f  the individual strain s  

or types o f  tn.e organi sr:1 and i t  i s  therefore ne cessary to outline: briefly 

the re lati onship s of the various toxins to the different s trains of 

C l .  perfringens before pro c eedi ng to a more de tailed cons iderati on of 

�erfrin&ens type D ,  eps ilon toxin and ent ero toxaemia . One of the 

first de tai l ed c lassifi cations of the types of C l . perfringens , based 

primarily on the toxins w�ich they produce , was published by ORkley & 
�arrack ( 1953)  al though the maj or type s of thi s organi sm had been 

de s cribed ,  prior to Wi l s don 1 s  ( 1932 ) reclas s i fi cation of Bacil lus ovitoxicus 
Wennettsl a s  C l ,  perfr ingens type �. A number o f  simplifi ed versions of 

Oakley & �7arrack ' s clas sification , uhi ch are sui table for routine us e , 

havg been published e . g. Warrack ( 1963 ) .  

Table 2 . 1 ,  which i s  ba s e d  on a table from Smith ( 1957 ) , i l lustrates 
the interrelationship be tween the t oxins and the classification of the 
types of C l .  perfringens , 



Table 2 : 1 The Major Toxins of the Important 

Types of C l o s tridium perfringens . 

7 

The table shows that , apart froo the alpha toxin whi ch i s  produced 

to some ext ent by all of the s e  s trains , the Baj or toxin of C l . perfringen s  

tyPe D i s  the epsilon toxi n ,  However it can be s e en that epsi l on toxin 

is also produ c e d  by Cl . perfringen s type B ,  I n  the abs ence o f  thi s 

information sorae early confusion over the classification cf the causa tive 

a gent of ent ero toxaemia had ari s en s ince Benne tt s (quoted by Oxer 1932 ) 

had shown that the toxici ty of intes tinal content s from ca s e s  of entero­

toxaemia c ould be neutralised by Lamb Dys entry a11t i s eru..r:J. .-:hi ch had been 

prepared against Cl ,  perfringens type B ,  although ant i s era prepared agains t 

Bacillus ovi toxicus (Benne tts ) (Cl . perfringens type D ) woula not pro tect 

animal s from the effect of the toxins of C l ,  ?erfringens type B ,  

S ome emphasis has been placed upon the similarity between these two 

organ i sm s  because , although be ta and epsilon toxins are b o th produc e d i n ,  

and ab s orbed from , the intes tine the di sease syndrome produc e d by � 
perfringens type B i s very different from that pro duced by C l . perfringens 

type D .  The mo s t  probable explanati on for some o f  the s e  differenc e s  

provi des a va�uable insight i nto how host factors may on o c casions 

profoundly influence the nature of the disease s�mdrome produced by a 

particular organism. 
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The e conomi cally important di s ease prob lems of lamb s whi ch are 

associated \ii th Cl • perfringens t;rpe s  B and C are due to the action of the 

beta t oxin , and occur in the first fevr days of l ife whi l e  ent erot oxaemia , 

'.7hi ch re sul t s from the absorp t ion of ep s i lon toxin , t ends to o c cur in 

s omewhat o lder laEJbs . Griner ( 1963 )  has sugge s t e d  that the diff erenc e i:1. 

age incidence may be ac; s o c iated 17i th the different respon s e s  of the b e ta 

and epsilon toxins to the acti on of tryps in . He po stulate d that intoxi-

cations due to types B and C tend to occur in the first few days of l i fe 

be cause the trypsin- labi l e  beta toxin i s  pro te cted by th·� pre s ence , in the 

inte s t inal c ontent s , of colostrum.- derived tryp s in inhibi tors . At the 
same time , 8p si lon toxin , whi ch is produce d by the organi sm as an inert 

pro to toxin requiring tr;rp t i c  act iva t i on (Turner & Rodwel l , ; 1943 ) wou l d  

n o t  b e  toxi c under th e s e  c ondi tions . On the o ther hand , in o l der ar.imals 

eps ilon toxin would b e  ac t i va tcd b;y trypsin whi l e  beta toxin would be 

des troyed . 

There i s  a con s i de:rabJ.e amount of publ i shed i nformation on the 

s truc ture and charac teri s t i c s  of eps i l on t oxin a l though the data i s  not 

always con s i s tent . Orlans et al ( 1960 ) s ta ted that the toxin and proto-

t m:in Fere irnrnunologi cal ly , electroph�reti cally and chemi cal ly i dent i cal , 

They s tated tha t the mo l e cule -r:ms a globulin- type pro t e in w i th a mole cul ar 

w·e ight of 38 ,000 and cons idere d tha t toxi c i ty was a s s o c iated with s teri c 

fac tors in the toxin mol e cule� with activa t i on of the pro t otoxin being 

due to removal of a sma l l  pep t ide by tryp s in . Thon·�on (196 3 )  c ons i dered 

that activation might be a s topwi se proc e s s  involving the removal of 

bas i c  amino acids or smal l peptides froB the prototoxin mole cule . On the 

basis of hi s data the toxin mol e cule r.ras a . prol ate e l ipsoid wi th a mol e cular 

weight of 40 , 500 . Subsequent ly , Habeeb ( 1964 ) gave a co�s i derably lov,er 

figure of 2 3 , 000 to 25 ,000 for the molecular weight of the t oxin and has 

s tated tha t its op ti cal density characteri s ti c s  are s imilar to tho s e of 

nucleopro teins although the mo lecule doe s  no t appear to contain subs tant ial 

amount s  of e i ther pho sphorus or pen tos e  sugars , whi ch are normally pre sent 

in nucleoprot e ins . 

of the t oxin . 

Both Thomson and Habeeb gave the amino acid c or1p o s i tion 

From the t ime of Gil l 1 s  (1933 )  comprehensive inve s tiga tion of the 

epidemi ology, pathology and control of ' Pulpy Kidney Di seas e t in New Zealand 
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and his confirma tion of i ts re lationship to Oxcr 1 s ' Infectious Enterotoxae ­

mia ' in Aus tralia , one of the bas i c  :dms of the re sr:arch into tbi::l disease 

ha s been t o  deve lop methoc.ls for pro te cting- anina l s  from i t . G i l l  

des cribe d  a ttemp t s  to provide pro te ction by vac c ination and the use o f  

hy_flerimmune anti sera al though a t  that t i1;;.e he cons i dered that management 
procedure s such as yarding of ths flock overnight at we ekly i;1terval s ·;rere 

mor6 e conomi cal and practical methods for control ling entero toxaemia . 

S ince that t ime vac cination and the use of anti s era have b o th come into 

wide spree,d u s o  as prophy l a c t i c  measure s ag<lins t i t s  occurrenc•.:: 
proved to be very succes s ful for thi s purpose in mal1JI- countr i e s . 

E-ps i l on toxin i s  a potent anbgen and th2 anti toxins �·ihich animals 
produce against i t  provide goo d  pro te c t i on against the di s ease . A great 

deal of information is avai lablr, on the optima l c ondi t i ons for the growth 

of C l .  perfringens tyPe D and the produc tion of epsi l on t oxin in vi tro a s  

the s e  are important in the comL1Grcial production o f  va ccines aga ins t 

enterot oxaemia ( Gi lroy , 1967 and Hau s chi l d ,  l 965a & b ) .  Simi larly , 

oetho'is for inc:reasing the ant igeni c i ty of vac c ines have been descl'i-tJ ed by 

B-�1ddle ( 1941 ) , 'i'homps on & Ba t ty ( 1967 ) and o thers . Cons i derab l e  field 

experi ence o f  the e fficacy of vs.ccines and anti s era in the control o f  

enterotoxaemia ha s been accumulated and reviews of t h i s  a s p e c t  of their 

usG, . have b e en publi shed by vwrkers inc luding Smith ( 1957 ) and Jansen (1967 ) . 

Probably the mos t  inportant s ingl e  problem that wa s encountered in 

enterotoxaemia re search carried out pri or to 1953 was the difficul ty whi ch 

was exp eri enced in regularly reproducing the di s ease in normal lambs . 

Culture f i l trates of C l .  perfringens tyPe D which had been shown to be 

toxic to mice were without effect when given orally or intraduodena l ly to 

lambs and , on occasions , even intravenous admini stration o f  f i l trat� whioh 

were known to be t oxi c fai l e d  to produce intoxi ca tion in l amb s . 

»�l len et al ( 1953 ) and Bullen & Ba t ty ( l957a )  provided a 
partial explana tion for thi s  phenomenon when they found that a proportion 

of thei r  experimental she ep developed detectable l eve l s  of epsi lon anti­

toxin in their sera al though they had no t been exposed to the toxin or the 

organi sm in experimental pro cedure s .  Later inve s ti ga ttrs have sl1own that 

the incidence of pro te ctive l eve l s  of epsilon antitoxin in animal s  in 
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unvaccinated flocks of sheep can be quite high ,  probably as a result of 
the anh:1sls  absorbing sublethal amounts of epsi lon toxin produced by 

Cl . 12erfrin1�ns t;roe D norm&lly present in the inte s tine . Smith ( 1957 ) in 

his general review of the clostridial disease s stated that 907� of an 

u..YJ.vaccinated flock of sheep could be shown to possess detectable levels  of 

epsilon ai:titoxin and Griner (l96l c )  subsequently showed that 32 . 87� of a 

flock of unvaccinated lambs had developed at least 0 . 1  units o f  epsilon 

anti toxin/ml . of serurr. before they reached 7 months of age . Levels of 

0 . 1  - 0 . 2 units of epsilon antitoxin per ml . of serum are regarded as 

being sufficient to protect sheep against enterotoxaemia under field con­

ditions (Vlallace , l963 , 1964 ; Janse:n,l967 ) . The unit in these instances tended 

to be rather variable ,  depending on the s tandard used but Has probably 

similar to the current international unit  defined in the Iiri tish Veterinary 

Codex ( 1965 ) . 

Since maternal antibodies are readily transferred to the newborn 

rt.L'Ylinant in the dam 1 s colostrum , flocks of young lambs which are unlikely 

to have a high incidence of active imuunity to the disease may , on occasions , 

have a high incidence of protective levels of  epsilon toxin in their sere. . 

For example ,  Cooper (pers . comrc . ) encountered a flock of lOO lambs from 

unvaccinated ewes in which the incidence of levels of epsilon anti toxin 

of 0 . 2  units/ml . or more was 47% in lambs less  than 6 weeks of age . 

However , the presence of circulating antitoxin was not the only 

factor which limited the success of attempts to produce enterotoxaemia 

experimentally. Vfuile non-immune sheep were susceptible to intravenously 

adminis tered culture filtrates of C l .  perfringens tyPe D or partially 

purified epsilon toxin , the oral or intraduodenal administration of indi­

vidual doses of epsilon toxin or Cl . perfringens tyPe D cultures seldom 

resulted in clinical evidence of intoxication . This was not altogether 

surprising since , as in other animals , the intestinal mucosa of lambs 

becomes practically impermeable to intact protein molecules  after the first 

few days of life . Nevertheless the mere fact  that enterotoxaemia occurs 

implies that under some circwnstances epsilon toxin must be absorbed from 

the intestine . The explanation was provided by Bullen & Batty (1956 and 

1957a)  when they showed that high concentrations of epsilon toxin r infused 

continuously into the duodenum of mice or sheep , caused an increase in the 
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pc;rmeallili ty of the intestinal mucosa t o globulin type molecules . They 

found tha t the concentration of the t oxin and the t ine tha t it vms in con-

tact with the mucosa y;cre irnporta?lt fac tors in al t ering pcrmeabili ty. 

Subs equen t ly 'Podorov &· Trifinov ( 1962 ) showed that ep s i l on t oxin produced 

damage to the intestinal muc o s2. A.nd wa.s i t s e l f  abs or .. ned into the blood-

s trcarr, c'hen thc-) IJcrmeabili ty of the int e stine w2. s increa se d . However , 

they a l s o  found that , unl ess toxin was i nfu s ed continuous ly , the increa sed 

peri s tal tic activity '.<hi ch o ccurred in re spons e to the muc o sal irri tation 

led to rapid  dilution and removal of the toxin from the inte s t ine . 

Thc-; s e  finchr.gs no doub t help to explain the succe s s  v1hi cl1 a c c ompanied 

:Benne t ts ( l9 32a) admini stration of Cl . pe:::-fr ingens t:ype D cultu�e 8.fter 

inte s tinal mo t i l i ty had been reduced by opium . Tht:;y c; l s o  form the basi s 

for the method useci by Stoyanov & N'edyalkov ( 1964 ) for produc ing entero-

toxaemia . These workers infu s e d  Cl . perfr:i.ngons tyPe D cultures into the 

duodenum of animal s in ·1:hich int e s tinal motili ty had been re duced as a 

result of reflex inhilJi tion of pt::ristalsis  inducE:d by rumina l di s tension . 

Thi s had been produced by the inflation cf an intraruminal balloon . 

Hedyalkov & S toyanov ( 1962 ) had previou s ly shown that ref l ex slowi ng, 

produce d in this �:1anner , favoured the multiplication o f  the anaerobic 

component of the int e s tine. l m.i croflora . It  is  pos sible tha t the s e  findings 

may be relevant to investigations into the pathogenesis  of ruminal bloat 

in pasture fed cat tle  s ince :Mumford ( 1961 ) ha s suggested that the latter 

condition may be associated with , or complicated by , enterotoxaemia in 

Australia . Rumen di stension ma;_�,' B lso o c cur in Gome lambs uhich develop 

enterotoxaemia since it is frequently the well  fed, rather ' gre edy ' lambs 

which are affec ted . A degree of ruminal bloat could therefore play a 

part in increasing the sus cept ibi l i ty of the animal to the dGve lopment of 
enterotoxaemia . It  appears however that a different aspec t of the availa­

bility of abundant or Gxcessive food may . be important in precipitating the 

disease in lambs under fiGld conditions . Bullen and Scari sbrick ( 1957 )  

found that the intraduodenal administration o f  cultures o f  C l .  perfringens 

tyPe D to  animals which had boen subjected to a sudden change of diet , to 

one high i n  carbohydra t e , �sual ly produced enterotoxaewia in susceptible 

sheep , and Bullen & R9.tty ( 1957b ) showed that undigested starch was 

pres ent in the intestinal contents of some field cases of enterotoxaemia . 

It i s  now believed that i t  is  the presence of readily fermentable carb�-
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hydrate in th e inte stine which allows the rapid mult iplication of C l .per­

fringe ns type D to occur and thus provides conditions which are suitable 

for the continuous produc tion of high leve ls of e psilon toxin.  

A.s a re sult of  these findings , the me thod which is now c ommonly 

used for the successful experimental production of enterot oxaemia involve s 

the infusion of Cl .perfringe ns type D culture plus a readily ferme ntable 

carbohydrate , such as starch or dextrin , into the duodenum of lambs which 

have been shown tv be substantially free of epsilon antitoxin ( Janse n ,  

1 963 and Niilo , 1 963 ) . 

One of the first lesions which was de scribed as occurring in the 

c arcase s of animals which died of ent erotoxaemia was the softe ning of the 

kidneys which gave the condition its popular New Zealand name of ' Pulpy 

Kidney ' d isease . Be nnetts ( 1 932b ) however , proved that this gross softe­

ning was not pre se nt at the time of death of the animal and that it 

develope d  scme hours post -mortem . On the other hand Gill ( 1933 ) considered 

that necrosis of the renal proximal tubular epithelium was pre sent at the 

time o f  death and also published photomicrographs of the renal lesions . 

A de scri ption of the se change s can be conve nie nt ly de ferred until Chapter 

1 0  but refere nce to Figure 10. 1 in that chapter will indicate the type of 

change which is see n  in kidneys from many field cases of entero toxaemia . 

Although similar re nal le sions can be produced experimentally with alloxan 

( I nne s ,  1950 ) and mercury ( Grit zka , & Trump , 196 8 ) , under field c onditions 

this type of change in ruminant kidneys is regarded as being almost patho­

gnomonic of enterotoxaemia . It is possible that the change in the 

physical consistency of the kidneys of intoxicated animals may be associated 

with alterat ions in th� solubility of the protein c omponent s  of these 

organs ( Sotirov 1965c . ) .  

In flocks which were experienc ing ou tbreaks of acute e nterotoxaemia 

Gill ( 1927 ) found that there was also a small proportion cf animals which 

survived but exhibited clinical signs of ce ntral nervous system derange ­

ment . At necropsy , the brains of these animals were found to contain 

b ilaterally symme trical , focal , haemorrhagia and malacic lesions in the 

brain stem . No further reports of the assoc iation between this type of 

lesion and enterotoxaemia were published until Hartley ( 1956 ) de scribed 
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the gro s s  and micro scopi c appearance o f  the l e si ons o f  a focal symme tri cal 

encephalome.lac ia (F .  S .  E. ) of lanbs . Tb i s  des cripti on wa s followed by 

Grim:r 1 s ( l 96 l a ) expe:ri;;wntal produc tion of si:nilar brain l e s i o!'ls in bbth 

mi ce and she ep by the parenteral admini s tre t i on of Cl . p0rfrinr�cms t;ype D 
epsilon toxin . He employed L ;vel s  of toxin which were c l o s e  t o  tte mini-
mal le thal do se for the particular spe c i e s  and px·ovi ded detai l e d de s crip­

t i ons of the gro s s  end. light mi cro s copic appearance of the bra in l e<:; i ons . 

The l e sions in lamb s were e s s enti a l ly s i!!li lar to tho se v;hj_ ch he"d been. found 
i� the fi e l d  cases of F . S . E .  de scribe d by Hartley . 

Griner des cribed a l terations in the microscopic architecture of the 
vas cula ture of the br<�in in intoxi cated animal :; and in an a s s ociated pap::,r 

( Griner , l96lb ) ho demonstrated thc.: t  tlw permeabili ty of thG bra in capil-

lari e s  was increased in intoxica ted animal s . He sugge s te d tha t the 

increas ed permeabili ty of the s e  ve s s els night lead to brain oedmaa and 

pre sente d s o�e evi dence to support thi s hypothesis. Studie s on the vascu­
latLtre of intoxi cated anima l s  do no t appear to have been extended to 

include t i s sues other than brRin. Thi s  i s  rather surpri s ing in view of 
the fa c t  that pericardial effusions , pulmonary oodem�: and intersti tial 

haemorrhage in the ki dney have all been de scribed as being fee. ture s of 

enterotoxaemia. Further , I·,Iat thes ( 1965 ) has shown that; of all the me.,j or 
Cl .  perfringens t oxins , epsi l on toxin i s  the most potent in altering the 

permeabi li ty of skin capi l larie s when inj e cted intra dermal ly into rabbits .  

It a ppears trnt a variable propo:r?tion o f  the epsil on toxin whi ch i s  

absorbed from the intes tine may be  removed from the bloods tream by the 

liver s i nce Trifi nov & Todorov ( 1964 and 1965 ) have shown that , f o l l owing 

the intravenous administre.tion of ep s i l on toxin , it i s  removed as i t  

pas s e s  through th•::? liver and that there is  also biochemical evidence of 

hepatic damage under these c ondit i ons . It should be noted however , that 

morphologically de tectable liver damage i s  not a prominent feature of 

either nu tural or experimental enterotoxaemia·. 

Lambs suffering from experioental enterotoxaemia , or whi ch have 
been t;iven epsilon to:>ein pnrenterally; exhib i t  biochemi cal change s which 

require special mention as they are almost exclu sively a s so c iated wi th 

enterotoxaemia in sheep . A severe progre ssive· hyperglycaemia deve lops 
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during the c ourse of i n t oxic:;;.tion and this may be a s s o c iated rii th glyco-

suri:::. . 'i'he s e  changes do no t occur in lLJ.rdnant s  following the inge n tion 

of roxces sive amounts o f  cc.rbohydrate (Bullen llc. Scari shrick , 1957 ) ,  n.)r do 

they o c cur foll ov:ing the parenteral admini s tration of C l . perfringens 

alpha or b e ta toxins to sheep (Bull en f;; Ba.tty , 1957b ) .  Simi larly , a 

severe haemoconcentra t i on w·hi ch f o l l on s  the a<L"'linis traticn of eps i lon t oxin 

i s  also ab s ent in anim� l s  int oxi cated by alpha and beta toxins (Gordon , et a� 

1940 ) . 

Previous inve s ti.:;ators , including Go:cclon et al - ( 1940 ) , Kelia:Hay et al 

( 1940 )  end Sotirov ( 1962 e. & b ,  1964 a & b ) , have al so de s cribed other 

biochemical and ph,ysioloci cal alterations in i ntoxi cc�ted anir.tals which are 

of c onsi derable i nterc: s t  but thet>e change s are b e s t  considere d in r<3 l a t i on 

to the data whi ch was obtained in the pr e s ent inve s t igation and are th ere ­

fore di s cussed in thG rel evant chc::�ptu�s later in th i s  ti�e s i s  ( Chap ters 12-

22 ) .  
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The foregoing survey cf  the literature o n  enterotoxaemia has shown 

that there i s  no lack of reference s  to morphological and biochemical 

changes in animals during thi s intoxication. Unfortunp_tely oos t  inve sti­

gations have concentrated on a particular aspect of the di sease and there 

has been l i t t l e  attempt to examine the pathogenesis of the di sease as a 

whole . As a result the exi sting i..:1formation i s fragmentary and rather 

l imi ted in s cope . Recent deve lopments in the instruments and technique s 

that are nvailable for the investigation of many r:wrphologi cal and bio­

cheni cal phenomena have opened up the possibility of gathering information 

about the changes that may oc cur during the course of intoxication which 

could not have bE en obtained in e&rlier inves tigations . 

l'iia t erials o.nd Ivie thods to be Employed in Producing Intoxication 

Many of the factors whi ch are ne ces sary for the occurrence of 

enterotoxaemia in the field are difficult to control under experiLJental 

conditions . Whi l e  the influr::nc e  of some , such as circulating anti toxin, 

can be excluded by appropris.te  experimental de sign , there are others , 

like a favourable intestinal environment ,  which are difficul t to maintain 

in a sta te which will ensure the production and absorption of lethal 

quanti t ie s of epsilon toxin . 

Epsilon Toxin of C l ,  perfringens type D :  

Although Cl . perfringe:· ns type D produces  a nmnber of toxins , 

enterotoxaemia re sults almos t  entirely froLJ the action of the epsilon 

toxin. I t  was therefore decided to carry out the maj or part of the 

experimental work using the ep silon toxin alone, administered under defined 

condit ions . Thi s techniqu e has been empl oyed extensively by other workers 
studying enterotoxaemia and therefore comparisons could be made with the 

large volume of data vvhich has alread,y been accur:J.Ulated by us ing this 

approache 

Standardi sati on of the epsilon toxin woul d be necessary and the 

dose that would be required to produce intoxication in experimental animals 
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had t o  be establi shed. The preparati ons of t oxin used were required to be 

reas o1•.ab ly s table to ensure reproducible resu l t s  over e_ period of time . 
Problems ass ociated wi th lack of s tabi li ty of eps ilon toxin have been 

encountered by other workers and there apj_}eare d to be so1:1e confusion over 

tho op t imal storage condi tions for the toxin . 

L<=tbora torv Animal s : 

Mic e  were used in a number of the experiments be cause many of the 
:previous inv e s t igations into the pathogcme s i s  of ent erotoxaemia have been 

made , at l east in par t , by s tudying the effect of epsi lon toxin on thi s 

speci e s . Resul t s  fron the pre s ent p:c-o j e c t  c ould tlK:refore be compared 

with pub li she d information . 

Al though i t  i s  po s c.ible for gene t i c  strain , age , sex and nutrition 

to influence the out c ome of 0xp erir.1·cnt s in vhi ch mi ce are u s e d ,  they do 

tend to be: morr� uniform in the ir chE-rac teri s t i c s  ar,.d re spons o s  than 

dome s t i c  animals . I t  i s  therefore preferab l e  to use mice wherever 

po s s ibl e in s tudi e s  on toxi c agent s such as eps i lon toxin �Dd to overcome 

the i nfluence of th e  fac tors menti oned above by appropriat e  exp erimental 

de sign . 

Dome s ti_c Anima l-!J_ : 

Al though laborat ory animals can pr ovide useful informa ti on in 

experirJ.ental pa tho l ogy it i s  unwt s e  t o  as sume tha t re s-:11 ts ob tained in one 

spe cie s will ne c e s sarily apply to a nother . For thi s reason most yrevious 

workers have extended their s tudi e s  to the natural ho s t . In the pre sent 

work sheep VJere used , no� only for the above reason , but also b e cause th ey 

had di s tinct advru1tages over mice in experiments where repe t i tive b lood 

sample s were ne eded and where clinical data such as heart rat e  and elec­

trocardi ograms had to be re corde d . 

There are , hov1ever , s ome di sadvantage s a s s o ciated with using sheep 

in studie s on enterotoxa.ewia. . For example the dige s tive sys tem of the 

lamb develops from a basi cal ly simple stomached form at birth to the 

ruminant state of the adult . During thi s  transition there i s  a marked 

change in the manner in which the animal deal s  with inge s t e d  c arbohydrate 
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and alterations in blood glucose levels and ionic concentrations in the 

urine also occur . The more s e:::i ou s  l iTni tc. tion of the use cf lambs in 

experimental studies on enterotoxaemia i s  as sociated nith the presence of 

variable  levels of antitoxin in normal unvaccinated lambs . This can ma}::e 
the experimental ind'J_ction of intoxication C.ifficul t or impossible . 

( G:riner , 196la) • 

·while the i_;arenteral administration of ep si l on toxin to lambs j_ s a 
convenient means of studying the effect of the toxin on the animal , it  is  

very different from the natural situation where the toxin is absorbed 

from the intestine and passes through tha l iver before entering the 

systemic circulation . Further ,  tht::re is  so!:le evidence that the rate of 

parenteral admini s trati on of toxin may influence the course of intoxication 

(Trifinov & Todorov, 1964 ) . 

Thus , before detailed. studies on the pathology of enterotoxaemia 

in la:;1bs could be ,..md.ertaken it  was necessa.ry to determine what influence 

the above factors might have on experimentally induced intoxication in 

this species . 

Information required on the Pathogenesi s of Enterotoxaemia 

Morphological Damage : 

It i s  in the fi eld of the chanz,es inducec1. in tissue morphology, 

more than any other , that the exi sting knowledge about the ::.ction of 

epsilon toxin is deficient . All the information to date has been ob-

tained by gross visual examination and light microscopy. Even at this 

level the available data is  fragmentary . Alterations in renal archi-

tecture and intestinal damage have been recorded and the changes which 

occur in the brains of intoxicated animals over a period of time have b e en 

described, but there have been no reported studies on the action of the 

toxin on a comprehensive range of tissues . Even the feature from which 

the disease takes it popular name of 1 Pulpy Kidney ' is poorly understood. 

The pulpiness of the kiill1eys has been conclusively shown to develop some 

hours after death but the proximal tubular necrosis and certain histo­

chemical changes have been regarded  as being present at the time of death. 

There does not appear to  be  any clear-cut evidence to substantiate this 
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beli ef , nor has any at tenpt been L'lade to explain the pathogene s i s o f  the 

haer::orrhe..ge in thi s  organ . 

:::fa ultra s truc tural s tudio s  of enterotoxae;nia have been made by 
o thc::::- 'Jorkers and i t  app sared l ikely that such s tucli e s  ··:wuld be o f  va lue . 

Gri:ner ( l96la , b )  has produced s ome evi dence that vascuJ.ar dama ge o c curs 
in the brain as 2. l'e sul t of tL� c�c t i on of ep si l on toxin , The o c cu:r:n:mce 

of pericardial effusions and pulmona.ry o e dema sugge sts that va scular 

damage could be an ioportc�nt l e s i on in o th e r  t i s sues als o . Becau s e  of 

the a t tenuated morpholot:,ry of v:::scula.I' endo the li al cells th: :: se can be 
s tudied most effe c t ively v;i th the e l e: c tron ni cros cope . A fur ther advan-

tage of employing e l e c tron micro s c opy for s tu.dying the morpho l ogi cal 

changes induced by the toxin is that the al terc:. t i ons in t i s sue archit ec-

ture whi ch o c cu::::- early in the c ou:r·se u f  intoxi cation can be s tudied . I t  

app8ared tho t early cl!:=mges i n  organs such as l iver , pancreas and ki illle.J"S 

might provide an explana t i on for s owe of the bi ocheE-:i cal fea tu:rcs such as 

hyperglycae::rJ.ia and glyco suria whi ch are s o  proninent in thi s  di s ease , 

Alt eration in Ti s sue }unc t i on : 

I t  was al s o  ne c e s sary to consi der the p o s sib i l i ty tha t morphol ogi cal 

damage might no t be a ma.j or featu.re i n  the early stage s  of the di sease 

since many toxic agents can produce s evere di s ease or der: th wi thout obser-

vable morpho l ogi cal change , even at the ul tras tructural l eve l . Therefore , 

al though i t  i s  beyond the s cope of the pre s ent pro j e c t  to de t e rmine any 

prec i se s i te of action of the toxin , i t  i s ne c e s s ary to de c i de whether the 

t oxin can affe c t  the funct ional int e gri ty of t i s su e s  by binding t o  react ive 

sites on the cell membrane s  or interfering directly ':li th metabo l i c  

pro cess es . 

Bio chemical Change s : 

Considerabl e  informati o n  i s  ava i lab l e  on the patt ern o f  change s 

which the t oxin induces in blood gluco s e  l evels and , to a l e s ser extent , 

on some of the factors rrhi ch i nfluence i t .  Neverthe l e s s ,  there doe s not 

appear to b e  any pub l i shed data on alterati ons in the l evel s of the 

intermediate c ompounds of gluc o s e  metab o l i sm pre s ent i n  the b l oodstream ,  

nor o f  the effe c t  o f  nutri ti onal status o r  exogenous insulin o n  the 
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deve lopnent o f  hyperglyc�emia . All the s e  factor s are of prime inportance 

in an;y rrt tcr:rp t to unders tEc:n.d the underlyinf; pz�thogenesi s cf the l;l ood 

g-lu c o s e  chang<:: s whi ch o c cur ir. ent ero ·coxaemia . 

A variety of other b:i.oche:;;i cal and haema to logi cal para.'7let ers lwve 
been df�t eruined in previous inve s tiGations but ,  iE some instance s , the s e 

e.p:reo.r to have be -7.11 ga thered at random . For example , a s evere haemo-

concentration ha;:-. bsen re c orde d  a nd it has been shm:m tfJB. t exogenous 

protE:in can l e ave the c erc:bril l c ircula t i o n ,  yet ·chere is no pub l i shed 

inforrrBtion on po s s ibl e cha.nge s �E plasr:;.a pro tE:: ins d'..lring oxperir:-wntul 

i ntoxi cati on . A s iJ.:i lar si tu2.tion exi s t s  in the field of phys i o logi c2.l 

measureElen t s  where sone i n format i or: has been published on the cha nge s 

whi ch o c cur in the e l e c tro cardi ogr.c�s of va;;-o toni sed and de c erebr2.t o 

c.ni;;;.c:.ls whi ch have been gi vc:n e p s i lon toxin intravenou s ly ,  yE:t the sequence 

of c hange s i n  the c l c:; c trc cardiogran of intr:_c t 2nir:ial s  duri ng the couT s e  of 

intoxi cc>, t i on hc s been only bri. e fl;y menti one d . The pre ser:t inve s ti gation 

vdll a t t enp t t o  fill s o:!:e of t he s e obvious gaps in our knowledge and -;,-i l l  

E..l s o  rs - exanine sone of the exi s t ing inforr:Ia t ion on leve l s  of conponents 

such as b l o o d  gas e s ,  plasr.1a i ons e.nd enzyma t i c  component s in intoxicated 

animal s  i n  the light of nodern knmil <::dge and t e chnique s . 

In s ome di s ease c ondi tions a compari s on betwe en the natural and the 

experimentally produced di s eas e could l)e extreme ly important but , in the 

case of entero toxaemia , the experi:nen tal di s ease produced by the intra­

duodenal infu si on of C l .  ?erfringens type D p lu s  s tarch so c l o s ely re s em-
' 

bles the natural c ondi ti on that i t  i s  extreoe ly unl ike ly that signifi cant 
differences vrould be encoun tered betweeE the two s i. tua tions . The very 

short c linical c ourse of acute enterotoxaemia in the fi eld and the wide­

spread vaccination agains t i t  currently carri e d  out in New Zealand re s;1l t s  

i n  few field cas e s  of thi s di s eas e being seen whi le the animal i s  al ive . 

Neverthe l e s s  i t  appeared t o  be worthwhi l e  t o  examine a..r1y avai lab l e  f i e l d  

cases of the di sease in. the same way as the ex�erimental one s  t o  enabl e  

c omparisons to b e  made between the natural and the experimental disease . 
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Chapter 4 :  CH.All.ACTERISTICS OF TI-n<; EI SILON TOXIN USED 

HT TH-:8 EXPERIMENTAL PROCEDURES MID THE 

S'l'ABI LITY OF EPSI LON ':i'OXIH HJ VI'ffiO . _ _ _ . .  

Vacc ine s and anc; :. s era rjrepared egaim>t the toxin s o f  C l .  nerfringens 

tvpe D are produced on a vsry large s ca l e  fer th.j pro t e c t i on of ani1�a l s  

agaim:t entt�rot oxaer:�ia and :r.1ost countries be.ve legi slative requirements 

regarding the qual i ty of the se pro duc t s . In genera l the ac t ivi ty o f  the 

vaccine s and anti s era is c crr:pared diTe c t ly or indire c t ly v·i th reference 

s era in t e s t s  s imilar t o  th� se described in the Bri t i sh Ve t erinary C o dex 

( 1965 ) . For conveni ence , nost of the firms producing va c c ine s  manufac-

ture partial ly puri fied toxin v:hich i s  periodical l;y che cked against the 

referen.ce s tandard and is i t s e l f  used as a s tandard in routine t e s ting. 

Reas onab l e  quanti t i e s  of the se toxin prepa ra t i ons a1.·e usually held and 

se.mpl e s  of thi s r:1aterial cvere '. iVailable for experimental use in the 

pre s�nt pro j e c t . 

Becau s e  the 2.e  :na terial s  are routinely checked by the manufa cturers , 

exhaustive preliminary t e s t ing 1i.'as uru1 e c e s sary in the pre s ent i;we s t iga t i on 

al though i t  via s  e s sential t o  confirm the i dent ity of individual batche s of 

toxin and t o  ascertain their potency m1 der exi s t ing experimental c ondi t ions . 

The form in whi ch preparati ons of epsi lon t oxin are held by the 

manufac turing compani e s  vari e s . Sotie c onsi der that the t oxin i s  quit E: 
s tabl e  in solution r;hi l e  o theTs prefer to retain i t  in a lyophi li sed , 

de s s i cated s tate in vucuo to avo i d  any spontaneous inac tivati on . Be cause 

the s tabi lity o f  the t oxin in vi tro is iJ:lportant , not only in the pre sent 

s tud�,- t o  ensure repro ducible r e sul t s , but al so in tho submi :::, s i on of sam­

p l e s  of intes t i nal content s to the laboratory from suspected fi e l d  cas e s  

o f  ent erotoxaemia , a c lo s e  wat ch Yeas kept on the s tab i l ity o f  ths batches 

of e p s i lon toxin whi ch v:ere used . In addi ti on experiment s  were s e t  up t o  

inve s t i gate the s tab i l i ty of e p s i l on toxin i n  int e s t inal contents under 

commonly encountered s to rage condi ti on s . 

Al l the maj or toxins o f  Cl . perfringen s  s trains a r e  l e thal to 

anima l s  when given intravenously and have a necro t i s i ng a c t i on when given 

i ntradermally , ac t i ons whi ch are specifi cally neutrali sed by ant i sera 
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prepared. agains t tlle individual toxins . Thes e  characteri stics ara used 

for i de�tifying the toxins (Oakley , 1943 ) , and the lethal action 

also .foiT:J.s the basi s  fo� thee uni ts used to de s cribe tlie potency of toxin 

preparations . Te s t s  bas e d  on both the l o thal and the ne croti sing action 

of epsilor.. toxin were employed in the; p re c ent inves tigation to e s tabl i sh 

the specifici ty of the toxin ba tche ::; anC. to cl3 terr.1j ne a sui ts.ble do se le're l 

for use in subs8quent exp eriment s . 

De kJ:'lllination of the Lethal LG\rel s  of the 
;Eps i l c r.. 'l'oxin Preparations for Hice . 

Materials & Methods : 

'l',vo b<.:. tches of epsi lon toxin \ i ere obtB.ineci . One , batch AHZD , a 
l i quiC. pre:par0 tion containing o . s% phenol as a. pre servative was provided 

by Burroughs Wel l  come (H .Z . ) Ltd . \ihO s tated that thi s batch of toxin had 

retained i t s  full pot ency of 32 5Lf uni ts f or h·:o years a t  4°C . The Lf 

uni t is based on an in vi tro floccuJatim: t e s t , a p oint nhi ch wil l  be 

referred. to again in the di s cussi.Jn section of this chapter . 'l'i1e o ther 

t oxin preparation used , batch CWD was a freeze dried ( lyophili sed ) prepa­

ration supplied by Glaxo Laboratories who re commende d that it be stored 

in vacuo over a des s i cant at room t€�pera ture . For use thi s batch was 

pr:·c:pared as a conce::1trated solution by dis s o lving 5 mg . of the p o·;1dered 

toxin in 5 ml . of steri l e  bac t eri ological nutrient broth . Dire ct s olu-
tion in 0 . 85�� saline was difficul t due to the tendency for the po-r:ddr to 

form a fine particul ate suspension . The concentrate �vas made up as 
0 

required and stored at 4 C .  It >ras not held for more thc:;n 3 days . 

Intravenous inj ections were madG , us ing a l ml . tuberculin syringe 

with a t• 2 6swg needle , into the lateral tai l veins of v:armed mice held in 

a hol der of the type described by Sal i sbury and Ha:nlin ( 1968 ) . 

On the basi s  of data supplied with th€ batche s of toxin , a prelimi­

nary experiment was carried out in ,;hich 1 : 100 , 1 : 200 and 1 : 400 dilutions 

of each toxin concentrate were made in saline and 0 . 2  ml . aliquot s  of 

each dilution were i nj e cted intravenotlsl;y i nto pairs of 6 week old male 

mice whicb weighed between 21 and. 27 grams . Animals receiving the first 

two dilutions died while those receiving the 1 : 400 dilution survived . 
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Further 1 : 200 dilutions o f  the two bR.tches were therefore prepe>-red 

and given to sir.1ilar mice or. e body1-,reight basis . For batch ANZD 5 mi ce 

per c?,TOup received toxin doses ra.nging from 0 . 020 - 0 . 0 10 Lf units/gr8JTI(g) 

boC.;yweight (B . W. ) ,  whil e  for batch G\:VD 4 mice r e r  group rec eived doses of 

t oxin ranging from 0 , 02 - 0 . 10 ug/g B .W. 

Results � 

The lethal dose of bdch A�TZD for mice '.Vas found to  be 0 . 012 LF 
units/g B . W. while tl1C'. t  for batch c·�ro wa s bet·ween 0 .02 and 0 . 05 ug/g B .W. 

The clinical synd.rome induced by the toxin v.:as tl�c sarne with both ba t che s 

of toxin W1d wi l l  be described in Chapter 7 .  

The experimental results aro shown in Table 4 : 1 . 

Table 4 : 1  

Batch ANZD 

n= 5 per group 

I'fli ce surviving 

G.t 24 hrs . post 

Batch CWD 

n= 4 per group 

Mi ce survivin:s 

at 24 hrs . post 

The Lethal Dose of Epsi lon Toxin 

Preparations ANZD c.md. C\\"D for Mi ce . 

Dose (Lf/gram Dodyweight ) 

0 .015 0 . 014 0 , 013 0 , 012 

inoculation 0 l l 4* 

Dose (ug/gram :3odYT-.reight ) 

0 , 08 0 . 05 

inoculation 0 l 

0 . 010 

4 

0 . 02 

3 

I I 
I 
I 
I 

i l I 
;._ 

* All showed depression and residual signs of brain damage . 

C onfirmation of the Necrotising Action of the 

Epsilon Toxin Preparations on Guinea Pig Skin 

:Materials & Methods : 

Serial ten fold dilutions of both batches of toxin were prepared . 

The skin of the lateral abdominal wall of two adult male guinea pigs was 

depilated by c lipping with hair clippers , tten rubbing on a paste consisting 
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of 1 part Barium Sulphide and l part powder de tergent ( 1 Surf 1 ) i n  glycerol . 

After the pEts t e  had been in contn ct wit!1 the skin for 10 minute s the e.nimal 

\':a s -:.•3 shed :i.n \-:arm soapy v;&ter , rinsed and dried . It YlaS left overnig�t 

and on tllG foll ov:ing morning, 0 . 1  ;nl . of each di lut ion of toxin \':as 

inj e c ted intra dermc:.l ly , int o the lateral ;,;,bdomin<: l Ymll avoiding the areas 

2 cm on e i  t!1er nide of the dorsal and vcn tral mi<U ines as recor:lf'1er1de d b;r 

Craig & Mil e s  ( 1961 ) . The animal s  were left for 12 hours then 1 . 2  ml . of 

a 2 .  5% s olution of Evans Blue in saline vms inj e c ted intravenou s ly to 

' l1lue ' the anir�1al Ftnd thus outl ine the &reas of ne cro s i s and increased 

C':tpillary permeccbi l i ty more cl Gc.rly, 

The minj_r.J.um nccrotis i ng dose of bn tch ANZD was 0 . 325  Lf uni t s  and 

that of batch C\JD v;.::.. s l ug . 

The type of respons e obtained i s  shovm in the top rovr of l e s ions 

in Figure 4 . 1 .  

Neutrali sation of the Toxi c i ty of the Epsi lon 

Toxin Preparations wi th TyPe Speci fi c Anti sera . 

i Le thal Action 

Haterials & Methods : 

To confirm that the to�i ci ty of both batche s of toxin was neutr2.li s ed 

by homologous anti seru ... TJl the follov6.ng t e s ts were cnrried out . 

Serial tenfold dilu tions of 1 We l l c ome ' brand Cl . perfri ngens t;ype D 

diagno s t ic anti sP.rum ,  (Burroughs Wellcome Lt d . ) ranging from 1 : 10 t o  

1 : 10 , 000 , were prepared in 0 .. 85% saline , T o  l ml-. a liquots of each di lu-

tion of the anti serum , 1 ml . of each toxin batch , diluted to contain 

20 ug/ml . or 6 . 5 Lf uni t s/ml , , was added � The toxin/anti toxin mixture s  

were h�ld a t  room t empera ture for 30 minute s then 0 . 2  ml . of each dilution 

was given intravenously t o  each of a pair of 6 week old male mice . To 

ensure that no o ther Cl . perfringens toxins were pre s ent at de te ctable 

leve l s , the same quanti ti es of each diluted toxin batch were mixed wi th P-11 

equal volume of undilut ed comn1ercial Cl . perfringens type s A,B,C , & E 



Figure 4 . 1 :  The Necrotising Action of Cl . perfringens type D 

Epsilon Toxin and its Neutralisation by 

Type-specific Antitoxin. 

This photograph is  of the lateral abdominal wall of a 1 blucd 1 guinea 

pig into which a series of toxin dilutions and toxin/antitoxin dilutions , 

similar to those employed in the titration experiments , were injected in­

tradermally for illustrative purposes . Black spots of alcoholic nigrosin 

have been placed on the skin to show the points of inoculation . 

Top Row - Left to Right : Lesions caused by lOO ; 10 ; l ;  0. 1 ;  

and O .Olug of batch CVlD epsilon toxin. 

Bottom Row - Left to Right : Lesions caused by 5ug of batch CWD 
epsilon toxin after 30 minutes incubation with Cl . perfringens 

type D diagnostic anitserum diluted 1 : 2 ;  1 : 20 ; l s 200 ; 

1 : 2 , 000 ; and 1 : 20 , 000 . 
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a::1ti sera and treated. i n  the same vmy a s  de s cribed for the ho:r1ologous s eru..rn . 

Re sul t s : 

�:o mouse l thal do s e s  of batch ANZD were neutra l i s e d  by homologous 

&ntisorur.J. diluted l :  2 ,  000 but not when dil'-1 ted l :  20 , 000 , whi l e; two mouse 
le thr:.l do s e 2 o f  ba tch C\-ffi 'Nere neutra l i s e (l  by homologous ant i s ertun diluted 

1 : 20 , 000 . T!'wre was no d -:: te c tab l 8  m:utru.l i sa tion of the toxi city of 

ei th0r bat ch of toxin by Cl . P·�rfringens type s A,C L E ant i s era 'Clhi ch 
contain predominantly alpha , b e ta 2nd i o t a  ant i t oxins re spe c t ivo l;y . 

Neutrali sation occurred wi th C l .  perfringcns type B anti s erum be cau s e  thi s 

contains epsilon as w e l l  as b e ta anti toxi n .  

The s e  :;:-c sul t s  are sununarised ir. ':i'ablo 4 : 2 .  

T8.bl e  4 : 2  

Anti s erum type 

1'/Ia.j or anti toxins 

Neutrr, l i sa tion of the Le thal Ac tion o f  the Epsi l on 

Toxin ?.]'.l=U2.'3.ra tions ANZD and CWJ) with 

C l o stridial Type-Specific Anti s era . 

11. J3 c E D D D D 

o(, ft F.  p f f E t 

D 

l 
Final di lution 

2 0  ooo ! of gnt i seruLl 1 :  2 2 2 2 2 20 200 2 , 000 , I 
Mice surviving 
at 2 4 hours Bat ch MJZD 0 2 0 0 2 2 2 2 2 
:post inoculation 

Mice surv:!..ving 
at 24 hours :Batch C\iffi 0 2 0 0 2 2 2 2 2 
post inocula t i on 

n= 2 mi ce per dilution. 

Absence of Detectable Alpha Toxin in the Ensilon Toxin Prepara t i ons . 

Material s & Methods : 

A sample of 5 ml . of heparinised sheep blood was obtained from a 

sheep with less than 0 . 08 units of epsilon antitoxin/ml . o f  serum. The 

blood was centrifuged to separate the erythro cyte s .  The pl asma was dis­

carded and the erythrocyt e s  washed three time s "'ith saline . A 2% sus-

I 
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pen s i on of th 2se c c; l l s  in Kreb s -Ringer-Pho sphate s oluti on was prepare d. 

An equal vo lw!!S of the c e l l  suspenai on was adcl c d  to l ml . of each of the 

epsi lon toxin concentr2 te s . The re sul ting suspension vras he:l. d. .:. t roon 

temper8 ture for 30 minutes thc:n centrifuged to deposit the orythrocy.je s 

and the supernatant examined vi sua lly for th.:; pre s ence of haemolysi s . 

Resul t s � 

5o vi s ib l e  haemolys i s  occurred wi th bc: t ch C'\VD t oxin and a very 

sl i gh t hQ.emo lys i s was deteckblE.. in the batch ANZD supcrnntant . 

Neutra l i sati o �1 of the Toxi ci ty of the Epsi l on 

'l1oxin Preparn. ti ons 1'!i th Type Specifi c  Ant i serum . 

i i  Necro ti si ng Action 

Materials & l'Jie thods : 

�ro s e t s  of s erial tenfold di luti ons of cocrmerc ial C l . perfringen s  

type D anti s eruTI in sal ine ranging from 1 : 10 to 1 : 10 , 000 , were prepared • 

Aliquo t s of 0 . 5  ml . of toxin s o lutions containing either 50 ug of batch 

C'1·m or 16 Lf uni ts of ba t ch .Al'JZD epsi lon toxin were added to 0 . 5 rnl . o f  

each di lution o f  anti s erwn . After s tanding at room tempera ture for 30 

minu te s , 0 . 1  ml . of each mixture was inj e c t e d  int o  tte depilated abdominal 

'::nll of a guinea pig, as do s cri bed previously . 

Re sul t s : 

Five necroti sing doses of b o th toxin batches r;ere neutrrcli s ed b;y 

the homologous ant iseru.o di luted 1 : 200 . The type of pat t ern obtained i s  

shown in the lower row o f  le si ons in Figure 4 . 1 .  

The S tab i l i ty of the Sanples of Epsi lon 

Toxin used in Exuerimental Pro cedure s . 

Materials & Me thods : 

Both batche s of eps il on toxin were s tored a c c ording to the manu­

fac turers recommendations i . e .  batch ANZD at 4°C in � domes t i c  type 

refrigerator and batch CWTI in an evacuated dessicator over anhydrous 

cal c ium chlori de at room tempera ture . Since both batches were in cons t ant 
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use a t  leve l s  o f  the order o f  l mou s G  le thal dose , ba s e d  o n  the original 

titra ticns , any l o s s  of toxicity would have been rapidly de t e c te d . 

Resul t s : 

Be.tch C\!IJ toxin re tained :i. t s  original potc;;ncy throughout the entire 
coursc:; of the experimental work . Be,tch MJZD on ths other lJ<:>..nd proved 

sati sfc. c t ory for 5 months but thereafter thGre was a l'iarked drop in 

potency D.nd the mo.terial was di s c2.rde d .  

The S k  bili ty of Ep s i lon Toxin ·i n Ink s tina l  

C ontents Undo..,... Different i n  vi tro Storage C ondi t i ons 

Be cau s e  dc;lays and unfavour2.bl c  storage condi t i ons may be encoun­

tered in the trnnsmi s s ion of spe cimens from field cas e s  of enterotoxaemia 

to the labor8 t ory , 0 . 5?� chloroform i s  frequently added to samp l e s  of 

inte stinal contents as a pre s ervu tive , and i t  was des irable to deteroine 

whethEr th8 toxin is uns tab l e  in intes tinal contents under norTial environ­

mental condi t i ons and also whe ther chl oroform assists in pre s e rving 

t oxi c i ty. 

Materia l s  & I•!Ie thods : 

Tv.ro mi l l i grams of bn t ch c�m ep s i lon t oxin was added to lOO f.'11 . of 

intes tinal c ontents .from a normal sheep and thG: cont ents divided into 

three al iquo t s . Ono v:as held at 4°C , one at rooni temperr.ture ( N . Z .  

summer ) e.n.d tlw third [; t ro oni temp erature v1i th 0 . 5% chl oroform adde d .  

I n  addi tion a sarnplo of int e s t inal contents containing 1 , 000 mou s e  l e thal 

do ses of t oxin/ml • . ,,·hi ch had been obtained from an experir:1ental cRse of 

ent erotoxaemia ,  no.s divi ded j_nto three aliquots \7hich were s tored under 

the condi tions de s cribed above . 

Per i o di cally both sets of i nt 5 s t i nal content SD.1"1p l e s  were checked 

for toxi c i ty by centrifuging 1 ml. aliquo t s  at 1800G for 20 minutes and 

inj ec ting 0 . 2  ml . of the supernatant intravenously into each of tv:o mi ce . 

At interva l s  the specifi c i ty of the t oxi c i ty of the sample s wa s also 

confirmed by s etting up neutralisation tests in which 0 . 8  ml . of the 
centrifuged supernatant fron each sampl e was mixed wi th 0� 2 ml of c ommer­

cial Cl . perfringens type D ant i s e rwfr , s to o d  at room temperature for 30 
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minu te s ,  then 0 ,  3 nl . of the r:dxture inj e c t e d  intro.vc�n::msly into oach of a 

pair of mi c e . 

Re sul t s : 

In thE: ·:experiments in 1J1ich bntch C'd]) epsilon toxin vm s "'"cld8 d t o  

int e s tinal contEmts t h e  m�i::p l e  hE:ld at 4°C w�.s t oxi c rl t 18 w e e k s  but h<:: '-'. 
los t i t s  t oxi c i ty at 21 week s . In. c ontrn. s t  ths smap l c  held n t  room te:;1-
pcrc turu ,  \, i thout chloroform ,  v,;hi l e  toxi c at 3 net::ks had lost i t s t ox i c i ty 

at 5 we eks . v/hen chl orofortl W[·.S 2.dd2d , t oxi c i ty 'l.'E:.S de t e c t e d  c�t 6 W8 C;kS 

but not n t  9 wc0ks • 

• \ sini lar s i  tuD. t i on occurred in the: S[l1:1pl os fron thE- case of 

experir2ental ent cro t oxaenicc . In thi s ins tance the surnple hel�  at 4°C 
retained its toxi c i ty for a t  l en s t  48 weaku whi l e  the roo� t �n�or� ture 

samples il. i th and wi thou t chlnroform re tD.ine<l thdr t :Jxici ty for 12 weeks 
but hnd both l o s t  it ·.·.rhcn r o t c s t e d  at 15 weeks . 

There 'l<LS no evidence of tllG duve lopncnt of non- s !_C e c i f i c  t oxi c i ty 

in any of the saup l e s . 

The results of these exper i:wf,nt s are i l lustrated in Figure 4:.2 a  & b .  

Di s cus s i o n  

I t  appears f�com t h e  forego i ng re sul t s  tlvc t b o th ba t c h e s  of t oxin 

bsh:=ve j n  a sir.1ilnr manner in in vi tro t e s t s . The &!)proxii:iat e  LD
50 

of 

b:J.t ch cvm at 0 . 02 - 0 . 05 ug/g B . W. , i . e . 0 . 5 - 1 . 0 ug/25g mouse , is of 

the same order as that found by Griner ( 196la ) for one o f  his ba tches of 

t oxin where the fie,-ure was 0 .  8 - 1 .  0 ug/mouse . 

Despi te tl1e f[:� c t  tl-'..a t the l e tha l a c t i on of the toxin to mi c e  i s  

widely us e d for po t ency t es t i ne , s ome workr.-ors consider that the s everi ty 

D.nd appearance of the l e s i ons cnused by the necro t i s in[; act i on of the 

maj or Cl .  perfri ngens toxins are more useful cri teria for de t e c t i on &�d 
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identifi cati on . Wa:rrack ( 1963 )  has rec orrunended that the typing of s trcins 

be lJasecl on the appearance o f  the lesions produced in gu_in<;a p i g· skin . 
Ustthes ( 19G5 ) has described th e lesicns produc e d  in rahbi t  skin by the s e 

t oxins but Oakley ( 1968 ) consi ders tlla t the [J'"'.;.inea pig· i s superior to the 

rabbi t  for denons trat i::lg the ne cr ') ti s ing a c ti on of the Cl . perfrir:gens 

t oxins , He has publi shed coloured pho t ographs of the sl:in l e s i ons })ro-
duced by the vari ous toxi:1s in the former sp e ci e s and tho s e  px·oduc ed by 

ep s i l on toxin are simi lar to the 1 e s i ons produc ed in the pre s ent s tudy. 

It shou l d  be ment i oned in re sp ect t o  the skin t e s t s  in guinea }; i gs 

that o ther worke rs have used Pontami ne Sky Blue 6YJ3 to r ·olue 1 t�w ir animals 
(:Slc :":r (,.: l:hl e s , 1357 ; Cra i g  & iLi. l e s ,  1961 ) ,  but o..t th e l evel o f  1 . 2  ml . 

of a 5�!, s o lution/kg J3 . Vl. recomme :1ded by the s e  workers the ba tchet3 of thi s 

dye avai labl e here prove d to be t o x i c  t o  e,'Uinea pigs , causing s evere dep-

r e s s i on and death . 

One feature whi ch mus t be borne in mind throughout the present 
inve s tigation is that the so-called ep s i l on toxin used in the s e  inve s ti ­

gati ons is.  ne t a. highly puri fied sub s tance and cou l d  c ontain o ther to:dc 

substanc e s  p::·oduced by the organi sm . Hov.evc;r , in comn<ercial laboratori e s  
C l . perfringe::-1s ty-pe D i s  u sua l ly grovm under condi ti ons v:hi cl1 will produC() 

maximal quant i ti e s of ep si l on toxin and the s e  conditions t end to be l e s s  

favourab l e  fo:;:' the pro du c t ion o f  s ome of the o tt.er toxic produc t s . 

Similarly , s ince the c: onc,erc i a l  ant i s eTe. are prepar e d  ag2.inst the who l e  

ganmt of ar1tic5eL i c  �m1;s tunces pas s e d  i n t o  t h e  cell ture me dium b y  t h e  

parti cular s t::::·ain o f  the orga ni sm , their use in neutral i sa t i on te s ts only 
d e termine�' 'i'.'he ther t�te bulk of toxi c i ty is due to a parti cular maj or toxin . 

In ac tual fa c t  the se considera tions are of rather acader:1i c inter e s t  in t:he 
pre s ent s tudy which i s  conc erned vri th the pathogene s i s  of enterotoxaemia 

ra.ther than the sp eci fi c  acti ons of pure eps i lon toxi n .  Neverthel e s s , 
a l though the organism will produce a vari e ty of toxic sub s t2.nc e s  in tLe 

intestine , the pat tern o f  their abs orp tion may be very different from that 

of epsilon toxin . The use o f  impure preparati ons parenterally c ould 

therefore pro duce non- spe cifi c effe c t s  such as tho s e  de s cribed by Ke llaway 

(1940 ) and Bullen & Bat ty (1956 ) . 

One of the mo s t  important c ontaminants which could have been 
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present in the pres ent batches of toxin would have been alpha toxin. 

Thi s  toxin is produced by Cl , perfrirgens type D ,  but since i t  i s  a potent 

leci thine,sC; Vihich causes lysi s  of erythrocytes , the virtual absence of 

haemolysis when the batches of toxin were mixed vti th sheep erythrocytes  

suggests  tr ,e.t alpha tCJxin was absent in  batcb cvm and only present in trace 

amounts in batch ANZD. 

Some of the re s�l t s obta ined in the experiments on the s tability of 

the toxin in vitro \•1ere very intt::resting and have C(.lf!si derable rel evance 

to exi sting lal!oratory pro c e dure s for the diagnosis of enterotoxaemi a and 

the tes ting of commercial vaccinc..s and antisera . Firstly the loss  of 

t oxicity in the sar:rple o f  l i quid toxin , whi ch was s ta ted to have re tained 

its  potency for tno years prior to the 1-'re sent study , is  surpri sing. 

Whil e  this could have been due to s tora ge c ondi tions such an explanation 

appears to be unl ikely as i t  was stored at 4°C at all times . However , 

the potency of the preparation was given in Lf uni ts ;·;hi ch ,  as mentioned 

0arlier ,  are used in reporting results of in vitro flocculation te st s . 

These tests  will detect toth active and inactive forms of the toxin , i . e .  

prototoxin, toxin and toxoid and are therefore not directly related to the 

toxicity of the preparation . It  would therefol'e be quite po s Dib l e  if , 

for example , spontaneous toxoiding occurred in the prepara tion ,  for the 

material to retain its  potency in the flocculation test and at the same 

t ime progressively lose its  toxi ci ty. Thi s type of phenomenon could be 

of consi derabl e  ir.1portance in potency testing of vaccines and antisera i f  

appropriate precautions v1ere neglected. 

When consi dering the resul t s  of the studies on the p e r s i s tence of 

toxin in intestinal contents it  is interes ting to look at the history 

behind current ly adopted practices such as the addition of chloroform to 

intGstinal contents as a preservative . In the early work of Oxer ( 1932 ) ,  

chloroform was added to intestinal contents to ensure that there was no 

increase in toxicity of the sampl e  in vitro due to continued mul tiplication 

of the causative organism .  H e  also showed that there was a l o s s  of 

toxi ci ty in samples  of intestinal c ontents he l d  at room temperature 

whereas toxicity was reta ined for c ons i de rable periods in samples  held at 

4°C .  
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Jans�m (1960 )  (i n  Ni i lo , 1965 )  found tha t  the c ontents of an un­

opened loop of int e s t ine he l d  in glycerol overni ght l o s t  i t s  t oxi c i ty ,  but 

that int e s t i na l  c ontent s removed from a loop of inte s t i1�e and trea tcd wi th 

0 • 5% chl oroforr:1 retained their t oxi c i ty for a nonth . They do not men t i on 

having he l d  untreatod i nt e s tinal c ont ent s e n d ,  since glycerol cc.n cau s e  

toxoi d:i.ng o f  sorr.e iT1c: terial s ,  t h t:  rnpid lo s s  o f  pot ency o f  the srmplo held 

in thi s material is no t surpri s ing . Chloroform i t s G l f  nay be t oxi c to 

laboratory anios. l s  and could therefore inbrf•.::Te w i th t i o logi cd _  tests for 

enterotoxaeoia (Benne tt s ,  1961 ) .  

Since the time of Oxer 1 s  work i t  has b02n the prc c t i c e  of l ab ora­

tori e s  dl�al ing v:i th samp l e s  of in te s tinr_l content s from susp c c te:d CC"-t S 8 S  of 
entc-�rotoxaemia to re c ommend the ac,c_i t i on of chl oroforr:1 to the sar:1rl e: s  FiS 
a pre serva tive r..nd j t i s  only re c cm t l;y that thi s  re c orrJl'l endati on hr_,s been 
que n ti oned . Ni i l o  ( 1965 )  found that cooling m1 s the r:o s t  ir:portant fa c-

tor in retaining epsi l on toxin i n  an active s ta t e  in inte: s t in2l c ontent s 

and was unab l e  to s how any beneficial ,:; ffe c t  froD the addit i on of chloro ­

form although he suggo s t od the.t i t  roducod bt:. c t erial mu l t i p h co t i on . 

The r e sults of the pre s e n t  expcri�cnts  empha si s e ths inport ance of 

c o oling for r:tainte.ining toxi c i ty . They P..l.so sugge s t  tht""� t s L'lc <:: ep s i l vYl 

t oxin wi l l  persi s t in untrea t e d  inte s t inal cont ent s ,  even in the absence 

o f  cooling, for a much longer period than woul d be ne c e s sary to transp ort 

samples to a labora t ory ,  the adcli t i on of a pc:-e s ervn t i  ve is uruw c e s S[! ry . 

Further , since chl oroform is of no pr.s.ctical value for thi s purpo s e , and 

may int erfere with o ther eXELCJina t i .:ms Y·:hich may b� required , i t s  c ontinued 

use i s  unde s irabl e . 

Conc lu si ons 

1 .  The e.pproxima t e  LDr0 for mice of br: t ch . iJJZD eps i l on t oxin "\f2.S 0 . 32 5 
) ' 

Lf uni t s  and that of be.t ch cvm ep sil on toxin wc.s 0 . 5 - 1 . 0  ug . The 

ln tter figure i s  c omparab l e to values obtained by o ther workers using 

partially purifi ed epsi lon toxin . 

2 .  The rninimUlil necrot i s ing dose of ba tch Mil·D for guinea pig skin ;.as 

0 .. 325 Lf uni t s  and of batch CWD wa s l ug. The l e s i ons produ ced re senb l e  

tho se des cribed by o ther workers a s  b eing typ i ca l  o f  the effe ct o f  

Ch. perfrin,gens type D eps i lon toxin . 
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3 . Some ba tche s of Pontamine Sky Blue can b e  toxi c t o  guinea pigs when 
admini s tereC. intravenously at the dose rate n :: GoJ:mnended by other workers 

<nld 1van 1 s Blue i s  preferab l e  for ' blueing ' thi s spe ci e s . 

4 .  The lethal and the necroti sing a c t i on s  of b o th preparations of 

epsi lon toxin were neutra li sed by comruercial Cl . perfringens type- specific 

anti sera V':hich c onti".in epsi lon anti toxin but n;-..:t b y  those ant i s era in 

v1hich t hi s  co!:lponent wa s ab s ent . 

5 .  No d€ tec ta bl e  haemoly s i s  of sheep erythrocyte s  was produce d by 

batch CWD epsilon toxin and only minimal amount s  by batch ANZD e p s i l o n  

toxin . 'l'hi s  sugge s t s  that the se samp l e s  contain li t t le or no c ontc.mina-

ting alpha t oxin . 

6 . Lo s s  of potency can o c cur in liquid �reparations of epsi lon t oxin 

he l d  at 4
°

C but there was no detec table l o s s  of po tency in samp l e s  of 

de s s icat ed lyophilised epsi l on toxin . 

7 .  Low temperature appears to be one of  the mos t  important fac t ors for 

maintaining the toxi c i ty of epsilon toxin in inte s tina.l contents during 

st orage . 

e .  Non- specific toxi c i ty di d not develop in intes tinal contents s t ored 
0 

at room t emperature or at 4 C .  

9 .  Chloroform i s  not an effe c t ive pre s e rvative for intestinal contents 

susp e c t e d  to c ontain epsi lon t oxin . 
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C h ap t e r  5 :  FACT0�3 AFFE C T I N G  THE A C T I ON OF E�S I LON TOX I N  

O N  LA BORA TORY AN IMALS 

C ons i d e r a b l e  i n f orma t i on i s  a v a i l a b l e  to s h ow t h a t  a l t h ough 

l ab o r a t or y  an i m a l s  are v e r y  u s e f u l f or e x p e r i me n t a l  p ur p os e s , t�e 

o u t c ome o f  e xp e r i m e n t s i n  wh i c h they a r e  us e d  c an b e  mark e d l y  

i n f l ue n c e d b y  h o s t  f a c t or s  u n l e s s  c ar e  i s  exe r c i s e d . R e f e r e n c e s  

t o  t h e  e f f e c t  o f  s u c h  f a c t o r s  a s  age , s e x , nut r i t i on a l  and gene t i c  

s t a t u s  o n  the r e s u l t s  o f  a v ar ie t y o f  i nv e s t i ga t i ons c an b e f ound in 
t e x t b o oks s u c h  as Gr e e n ' s  " B i o l ogy of t h e  Lab o r a t ory Nou s e ' and 

C o t  c h i n  D.nd R o e ' s  1 1 P -st t h o l o g y  o f  Lab o r a t o r �l  Re l s  and H i c e ' 1 • 

Wh i l e  i t  i s  u s u � l l y  p o s s i b l e  t o  e l im i n a t e s ome o f  the h o s t 

v ar i ab l e s  from e xp e r i m e n t s  i t  i s  s e l d om p o s s i b l e  t o  r e m o v e  t h e m  a l l . 

I n th e s e  c i r c um s t an c e s  i t  i s  gen e r a l l y  advi s a b l e  t o  as c e r t ain t h e  
i n f l u e n c e  wh i c h  t h e  i r r e me d i ab l e  f a c t ors may h av e and t o  b e  aware 

t h a t  u n e xp e c t e d  e f f e c t s may be e n c oun t e r e d . 

A l th ough s om e  w or k e r s  r e c ommend t h a t  in b r e d  s t r a i ns o f  

l ab o r a t or y an i m a l s  s h o u l d  b e  u s e d  in al l e x p e r i m e n t a l  p r o c e d u r e s  t o  

e n s u r e  u n i f orm i t y  of r e s p on s e , i t  w as n o t  c ons i d e r e d  n e c e s s ary i n  

the pr e s en t  i n s t an c e  wh e r e  ad e qua t e  c on t r o l  an i m a l s  c o u l d  b e  

emp l o y e d , n o r  w e r e  s p e c i f i c  p a t h o g e n  f r e e  an i m a l s re qu i r e d  f or an 

i nv e s t i ga t i on o f  th is n a t ur e . I t  was p os s i b l e  t o  ob t a i n  an i ma l s  

o f  s i m i l ar age and g e ne t i c  s t a t us b u t , b e c aus e  o f  t h e  num b e r  o f  

an i m a l s  inv o lv e d , b o th s e xe s o f  m i c e  w e r e  u s e d . 

B e c au s e  s e x i n f l u e n c es n o t  o n l y  m o rph o l o g i c a l  f ac t or s s u c h  

as b r a in : b o d ywe i gh t  r a t i o  and t h e  d i s t r i b u t i o n  o f  a l k a l i n e  

ph o s pha t a s e  i n  th e k i dn e y , b u t  a l s o  t h e  an im�l ' s  

s us c e p t i b i l i t y  t o  s ome t o x i c  ag e n t s s u c h  as c h l or o f o r m , i t  was 

e s s e n t i a l  to d e t e r m i n e  what e f f e c t  t h i s  f a c t o r  w ould h av e  on t h e  

o u t c om e o f  e xp e r i m en t s . I f  s u c h  an i n flue n c e w e r e  s h own t o  o c c ur 

i t  w ou l d  b e  d e s i r ab l e  t o  know whe t h e r  t h i s  was t h e  r e s u l t  o f  t h e  

h o r m o n a l  s t a t u s  o f  the ani m a l  s i n c e  s e x  ho rm o n e s have b e e n s h own 

to i n f lu e n c e a numb e r of me t ab o l i c  pr o c e s s e s . In th i s wa:{ 
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i n f o r ma t i on o n  the p o s s i b l e m o d e  o f  a c t i on o f  e p s i l on t ox i n  m i gh t  

b e  o b t a i n e d , 

S i m i l Rr l y , a l th ouch a n i m d l s  c o uld b e  ma i n t � i n e d  und e r  r e as on ­

ab ly c on s t a n t  e nv i r o n m e n t al c on d i t i ons and a d e q u a t e  nu t r i t i o n  c o u l d  

b e  e n s u r e d , t h e r e  w a s  n o  g u ar an t e e  t h a t  a n  i n t o x i c a t e d  an imal wh i c h  
s ur v i v e d  f or any l e n g t h  o f  t i m e  w o u l d c on t inue t o  e a t . Und e r  t h e s e  

c i r c ums t an c e s , c h an g e s  unr e l a t e d  t o  t h e  d i r e c t  a c t i on o f  t h e  t o x i n  

c o u ld b e  e n c oun t e r e d  in a s m a l l  an i ma l  i n  w h i ch t h e  m e t ab ol i c r a t e  i s  

h i g h , Apa r t  f r om t h e s e  g e ner a l n u t r i t i o n a l  c on s i d e r a t i on s  i t  was 

r e a l i s e d  th a t  t h e  l e s i o ns whi c h  h av e  b e e n  d e s c r i b e d  i n  e ps i l o n  t ox i n  

i n t ox i c & t i on r e s e m b l e  t l: o s e  o c c u r i n g i n  c e r t a i n  d e f i c i e n c y  s t a t e s  o r  

c o nd i t i ons in wh i c h  v i t � rn i n s  or c o f a c t o r s  hav e b e e n  s h o wn t o  have an 

ame l i or a t i v e  e f f e c t .  I t  t h e r e f or e  a p p e a r e d  t o  b e  d e s i r a b l e  t o  

d e t e r m i n e  whe t h e r  s om e  o f  t h e s e  f a c t or s  c o u ld a f f e c t  t h e  o u t c o m e  o f  

any o f  the p r e s e n t  inv e s t i g a t i ons . 

I t  was w i t h  the s e  f a c t o rs i n  m i nd t h a t  t h e  s e r ie s  o f  e xp e r i ­

m e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  was p lann e d  and the e xp e r i m e n t a l  m i c e  

s e l e c t e d .  

G e n e r a l  D e s c r i o t i on o f t h e  M i c e  U s e d  i n  Exper i m en t a l  W ork 

The m i c e  u s e d  in a l l  the experimen ts r e p o r t e d  i n  t h e  p r e s e n t  

inv e s t i g a t i on w e r e  a n o n - inbr e d  s t r a i n  o f  c onv e n t i on � l  l ab o r a t o r y  

wh i t e m i c e  o b t a i n e d  f r om t h e  S m a l l  A n i m a l  P r o d u c t i on U n i t  o f  M as s e y  

Univers i t y .  The c o l ony has b e e n  main t a i n e d  for s ev e r al y e a r s  and 

w as o r i g i na l l y  s t ar t e d from s t o c k  fr om a n umb er of d i f f e r e n t  

lab orat ory an i m a l  c o l on i e s  w i th i n  N e w  Z e aland . A l l  animals were 

h o us e d  und e r  i den t i c al c onditions and g i v a n  the s am e  p e l l e t te d 

r ation and water nd l i b . Animals w e r e  used at be tween 6 and 1 2  

we eks o f  ag e and t he ages o f  the an i m a l s  used i n  any e xp er i m e n t 

where this may be relevant are recorded , 
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The dNtu r e c or d e d  here was o b t a ined in the c our s e  of 

e s t ab l i s hing an approximate LD
50 for the toxin b a t c h e s  and fr om 

other experiments where the s urvival  t imes of t h e  ani mals and the 

dose of t oxin us e d  were b o th r e c orded . In all ins tan c e s  the t oxin 

was admi n i s t e r e d  in trav e nous ly  in  a v olume of 0 . 2ml ov er a p e r i o d  o f  
1 0 - 1 5  s e c onds . 

R e s u l t s  

A f a i r l y  wide  r ange o f  s urv ival ti m e s w a s  enc oun t e r e d  in  

animals g iven approxim2 t e l y  one le thal d os e o f  t o xi n .  Hnny animals 

d i e d  approxim a t e l y  3 hours a f t e r  i n o c u la t i on wh i l e a f e w  sur v i v e d  

for 2 4  hours or m or e . The s e  l a t t e r  an imals o ften showed s i gns o f  central 
The pat tern of survivnl t ime w :1s n o t  mnrk e d1y nervous s y s t e r.1 dnm :lge . 

a f fe c te d  b y  inc r e as ing  the i n o c ulum t o  approxima t e l y  two  l e thal d os es 

a l tho ugh the numb e r  of  surv iv o r s  was r e duced . A s ummnry of  the 

s urv i v a l  t i m e  d 3 t a d e r i v e d  f r om th e s e experiments is s hown in 

F igure 5 . 1 .  Ab ove 2 le th�l d o s es the surv ival t ime w as r e d u c e d  

c on s i d erably and w i th very h i gh d o s e s , e . g . 1 , 000 mouse  l e thal d o s e s , 

d e �th w a s  prac t i c al l y  ins tan t an e ous . 

The Inf lue n c e  of S e x  on Surv ival 

Time i n  I n t oxic ated Mice  

M aterials & M e t h o d s  

wee"'-. 
Forty m a l e and forty female 8 e igh � o�d m i c e  were wei gh ed and 

b a t c h  CWD eps i l on t oxin  admin i s t e r e d  at a d os e of  0 . 04ug/g b odywe ight  

intravenous l y .  

Result s  

Two o f  the female mice  s howed evidence o f  int ercurr e n t  

inf e c t i o n  a t  n e c r opsy and we re removed from the experimen t .  

The pat t ern of  s urvival in  the two sexes was d i f fe ren t . 
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D e a ths o c c u r r e d f a i r l y  r e gu l ar l y  o v e r  the period f rom 2 h ours unti l  

12 hours· pos t · ·  i n o c u l a t i on i n  t h e  f e m a l e s  111hilo , i n  the m a l e s t h e re 
was a p r e p o n d e r an c e  o f  e � r l y  d e a ths . Th i s  r e s u l t e d  i n  t h e  Me Rn 

s urv ival t im e  of the m n l e  an imnls b e i n g  re d uc e d . Mean s u rv i v a l 

t i m e  f or t h e  m a l e  m i c e  was 5 . 1 3 ± 2 . 8 4 h ours and f or t h e  f e m a l e s  

7 . 08 + 2 . 77 h o urs . The d i f f erence  b e t w e e n  the s e  t w o  v a lues is  

h i gh l y  s i gn i f i c an t  ( t t e s t :  p ( . 005 ) . The d a t a  f r o m  the s e  e xp e r i ­

m e n t s  are r e c o r d e d  i n  A p p e nd i x 2, nnd t h e  d i f f e r e n t  pat t e r n o f  surv ivG l 

i n  t h e  two s exes is i l lu s t r a t e d  b y  the his t ograms in F i gure 5 . 2 .  

The Poss ible Hormona l Bas is  f or the S e x  D i f f e r e n c e s 

I n  the S ur v i v a l  T i m e  P a t t e r n  

B e c au s e  a sex d i f f e r e n c e was e n c o un t e r e d  i n  t h e  e x p e r i m e n t s  

j us t  de s c r i b e d , a fur t h e r  e x p e r i m e n t  w a s  c � r r i e d  ou t t o  e x a m i n e  the 

inf luence o f  sex h ormone s o n  t h e  pa t t e r ns o f  s u r v i v a l  t im e . 

M a t e r i als & Me thods 

G r oups o f  25 males and 25 f emal e m i c e  w e r e  c as t r a t e d  a t  o n e  

m o n th o f  ag e us i n g  t e c hn i qu e s  wh i c h are d e s c r i b e d  i n  Ap p e n d i x l . 

Fur ther groups o f  25 m a l e  and 25 female m i c e  o f simi lar age and 

b r e e d ing we r e  g i v e n  3 sub c u t ane ous doses  of 0 . 5  m g  o f  o es t r ad i ol in 

p e anu t o i l  and 1 ug of t e s t os t e r one ( ' S u s t an on ' - Org an on Lab orn t ori e s 

London 1 England ) a t  2 d a y  i n t e r v a l s  r e s p e c t i v e l y . The las t 

in j e c t i on o f  t h e  h o r m o n e s  was g i v e n  on the d ay before t ox i n  was 

a d m in i s t e r e d . A t h i r d un t r e a t e d  gr oup of  25 n ormal m a l e  �nd 25 

n ormal female mice , s imil�r t o  t h e  ab o v e  was al s o  us e d . A l l  th e s e  

an i ma l s  w e r e  h e l d  under iden t i c al c ond i t i ons un t i l  the y we r e  g i v e n  

t ox i n  f'.. t 6 w e e k s  o f  �ge , i . e .  1 4  days af t e r  c o.s trnti on o f  t h :1 t 

p ar t i c u l n r  b a t c h  o f  �<n im r� l s . 

At th is t ime n l l  an ima ls were given l ug of b Q t c h CWD 

e p s i l on t ox i n  in tr ave n ous l y and the s urv i v n l  t i m e s  w e r e  r e c ord e d . 

R e s u l t s  

The r e s u l t s i n  th i s  e xp e r i men t w e r e  n o t  a s  c l e a r c u t  a s  t h o s e  

o b t a i n e d  i n  t h e  pr e v i ous s e c t i o n .  In g e n e ral t h e  s ur v i v a l  pa t t ern 
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o f  t h e  c �s t r ated �ales and f e m�les nnd t e s t o s t er one t r e a t e d  females 

was s imi l�r to  th�t o f  t h e  e n t i r e  f e m a l e s , wh i l e  oes t r o gen- t r 8 a t e d  

m o l e s  and normal m a l e s  had a ' m a l e - type ' surv i v a l  pa t t e rn . 
surv iv a l  t i m e s f or the d i f f e r e n t  gr oups we r �  as f o l l ows : 

En t i r e  fl2.l e s : 5 . 25 + 2 • L� 7 h ours 

En t ir e  Female s 6 . 46 + 3 . 2 6 n 
-

C P,s trated l'1al e s  t: . 03 + 3 . 1 9  1 1  
-

C .::s trn. t e d  Fe mn l e s  5 .  98 + 2 . 35 " 
-

O e s t r ogen !'! a l e s  5 . 61 + 2 . 37 " 

Te s t o s t e r o n e  i!' c a1 a l e s  
5 

-- ? o ) <- + 2 . 1 2  " 
-

( t t t: s t on me ::tn v � lu e s  f or e n t i "i.� e  :nal e s  and e n t i r e  f e t!J ::l e s : 

be twe e n  . 200 and . 1 00 . ) 

The mean 

p 

The r e s u l t s  �re s h o wn i n  graph form i n  F i gure 5 . 3 and r e c or d e d  

i n  Appendix 3 .  

The B f f c c t  c f  N u t r i t i on al F � c t ors on the 

A c t i on of Eps i lo n  T o x i n  i n  M i c e  

U n c omp l i c a t e d  s t arv a t i on �nd i t s  i n f lu e n c e o n  t h e  l e s i on c  

pr o d u c e d  i n  t h e  c o urse o f  e ps i l on t ox i n  i n t o x i c a t i o n  i n  mi c e  w i l l  b e  

d i s c us s e d  s e para t e ly i n  C h a p t e r  10 . 

M a t e r i a l s  & M e t h ods 

Ten Groups of f i v e  6 w e e k  old female  m i c e  were prepared b y  

adm i n i s t e r i n g  one o f  t h e  f o llowing c ompounds : 

Ad e n o s i n e  t r i ph o s ph :-, t e  0 . 5 m e;  in tr cw en ous l y·. 

Ade n os i n e  monoph o s ph a t e  2 mg in t rav en ous l y . 

Thiamine pyr o ph o s ph � t e  0 .5 mg i n tr av enous ly ( 3  animals only ) 
L i p o i c  a c i d  1 00 ug i n t r a pe r i t on e a l l y  and 50 ug s ub c u tan e o u s l y . 

C oe n z ym e  A 2 mg i n tr av e n o us l y . 

Ni c o t inamide 2 . 5 mg intr av en ous ly . 

Pan t o th e n i c  ac i d  0 . 7  m g  intrav en o u s l y . 

D i ph o s ph o pyridine n u c l e o t i d e  ( DP N )  2 mg i nt r av e n ous ly . 

Diph o sphopyr id i n e  nuc le o t i d e  ( r e d u c e d ) ( DPNH ) 2 mg i n t r av e n ous l y  

Thiamine hydro.chloride 2 mg intravenous ly. 
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Fi v e  un t r e c t e d  a n i m a l s  were r e t a i n e d  as c on t r ol s . 

A n im a l s  whi c h r e c e i v e d  i n tr a p e r i t on e a l  or s ubc u t ane ous i n j e c t i ons 

w e r e  h e l d  ove r ni gh t b e f o r e  us e wh i l e  th o s e r e c e i v i n g  the c ompound 

i n tr av e n ous l y were used i m m e d i a t e l y . F o l l o w ing the adm i n i s t r a t i on 

o f  t h e  t e s t  s ub s t an c e s  n l l  t h e  �n i m a l s  w e r e  gi ve n 2 ug o f  b a t c h  CWD 

e p s i l o n  toxin i n t r a v en o u s l y . 

R e s u l t s 

A l l  m i c e d i e �  a f t e r  t o x i n  nd m in i s t r a t i on w i th the e xc 0 p t i on 

o f  t h e  gr o u p s  o f  an i � al s wh i c h  had r e c e i v ed DPNH or c o e n z yme A .  
Th e re was n o  d i f f e r e n c e  i n  the s urv i val t imes o f  t he an i mu l s  w i t h i n  

t h e  v a r i ous gr o u p s  w h 8 r e  d e 8 ths o c c u r r e d . Thr e e  nnimals s ur v i v e d i n  

t h e  gr oup o f  an i m als which r e c e i v e d  DPNH and t h e  e xp e r ime n t was 
re p e e t e d , us i ng f o ur m i c e  a n d  the s ame d o s e  o f  nuc l e o t i d e , b u t  

i n c r e as ing t h e  d os e  o f  e p G i lon t o x i n  t o  4 ug . 

nls o , t h e r e  were thr e e  an i ma ls wh i ch s urv i v e d . 

On th i s  oc c as i on 

An i n t e r e s t i n g  s i t ua t i on a r o s e  in the c as e  o f  c o e n z yme A .  
The i n i t i al e xper ime n t  had b e e n  c arri e d o�t us ing the t r i - l i thium 

s a l t  of c oc n z yme A suppl i e d by K o c h - L i gh t  Lab o r ator i e s L t d  ( C olnbrook 

Englqnd ) . When the e xpe r imen t wns r e p e a t e d  u s i n g  the S 3m e  d o s e s  

o f  c o e nz ym e  a n d  t o x i n  t h e r e  w e r e  n o  surv i v o r s  fr om a group o f  f iv e  

m i c e .  On th i s  o c c a s i o n c o e n z ym e  A sup p l i e d  b y  S igma Chem i c al C o . 

( S t �  Loui s , U . S . A . l h�d b e e n  us e d . I n  v i e w  o f  t h i s  anom a l ous 

r e sul t , the e xp e r i m e n t  was �g�in r e p e a t e d . Two groups o f  f our 

f 8 mn l e  m i c e  we r e  g i v e n  e i the r 2 mg of Koch-Ligh t  C o e n z ym e  A or 

2 mg of S igmn C o e n z ym e  � ,  f o l l owed b y  4 ug of b a t c h  CWD e ps i l on t o x i n  

i n t r aven ous ly �nd ng c i n  t h e  animals wh i c h  r e c e i v e d  t h e  Koc h- l ieh t 

c omp ound s ur v i � e d  wh i l e  thos e r e c e iving the S i gma c ompound s uc cumb e d . 

The r e s ul ts o f  t h e  expe r i m e n t s  us ing DPNH and C o e nzyme � 
s ummar i s e d  i n  T ab l e  5 . 1 .  
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T a b l e  5 . 1 . The Pr o t e c t i v e  Ef f e c t  of the Redu c e d  F o r m  

o f D iph osphcyr i d in e  Nu c l a c t i d e  ( DPNH ) q n d  C oenzyme 
/, i.gains t t h e  i , c t i on o f  Eps i l on T oxin i n  :t-i i c e . 

Pr o t e c t i ve ,�ge n t  Expe r i m en t D o s e  o f  
�s i l o n  
T c, x i n  

Numb e r  o f  
;m i:nals per 
S;1r ou_.E 

DPNH I n i t i al 2ug 5 

Numb e r  o f  

� 
J'.n ir,v :J.ls , 
27+ h o u r s  
P o s t ­
Inc�cuL. t i O!� 

3 
--------------------------------------------------------------------� 

DPNH 

C o e n z ym e  !. 2mg 
( S i gma ) 

C o e nz y m e  :, 2mg 
( S i gmn ) 

C o e n z ym e  1"1 2mg 
( K o c h- Li gh t )  

C o e n z ymr.: ii 2mg 
( K o c h-Li gh t ) 

Repeat 

I n i t i al 

I n i t i a l  

R e peat 

D i s c us s i on 

4ug 4 

2ug 5 0 

4 0 

2ug 5 5 

4ug 4 4 

L e v e l s  o f  t oxi n above o n e  or two l e t h a l  d o s e s  w e r e  o n l y  

e mp l oye d in e xc e p t i o n a l  c i r c um s t an c 8 s  i n  the pre s en t inv e s t i g a t i o n  

as , f o r  e xamp l e , i n  t h e  �s s �y o f  t oxi n l e v e l s  i n  t h e  i n t e s t i nal 

c on t e n t s  o f  l ambs . I t  was c ons i d e r e d  t o  b e  d e s i r ab l e , in the c x p e r -

ime n t s  �h e r 2  par e n t er�l adm i n i s t r a t i on o f  t ox i n  was u s e d , t o  ke e p  t h e  

d o se as l o w  a s  p o s s i b l e  t o  av o i d  n o n - s pe c i f i c  e f f e c t s and t o  r e du c e  

t h e  i n f lue n c e  o f  any t ox i c age n t s , apar t f r o m  eps i l on t o x i n , wh i c h  m�y 
have b e en pr e s e n t  i n  t h e  s amp l e s o f  t o x i n  wh i c h  w e r e  e mp l o y e d . 

( s e e  C h ap t er 4 . ) 
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The p r o p o n d e rnnc e o f  e , r l y  d e � ths in t h G  mnl c m i c e  appeared 

t o  b e  due t o  t h e  s u d d e n  � ns e t  o f  v i o l e n t  c onvuls i o ns w i th 3 f n t a l  o u t -

com e , u pa t t e rn wh i c h  wns m o r e  c o mmGn in t h e  ma l e s  than i n  t h e  

f e m c  .. J e s . 

I n  v i e v; o f  the f .'J.c t th.:-�t t h A  s urv i v al t i me p a t t e r n �� o f  e n t i r e 

m a l e s  nnd o e s t r o g e n - t r e a t e d  ma�. e s  � e r e  s i m i l ar , wh i l e  t l 1 a t  o f  

c �a t r 3 t e d  m n l e s  r e u e ffi� i e d  t h e  p � t t c rn f o r  f e m a l e  an ima l s , i t  appe ar s 

t h a t  t es t o s t e r on e may be nn i m p o r t a n t  f�c t or i n f lue n c i n g  t h e  pat t e rn 

of s ur v i v a l  t i n e s  i n  i n t ox i c a t e d  m i c e . Th i s  is n o t  s ur pr i s i nc 
s i n c e Dunn , in C o t c h i n � Roe  ( 1 967 ) , r e f e r s  t o  the f n c t that s e x  

d i f f e r e n c e s  i n  s a me o f  t h e  m o r ph o l oc i c a l f c �tur e s  i n  the  ki dneys of  
m i c e  ar e d e p e n d e n t  o n  t h e  p r e s e n c e  o f  t e s t os t e r one . I t  i s  p os s i b l e 

t h a t , in the p r e s e � t  i n s t an c e , i t  i s a m o d i f i c � t i a n o f  t h e  i n t e rn a l  

e n 7 i r on m e n t  i�d u c e d  b y  th i s h c rm on c  wh i c h  s h or t e n s  the surv i v al 

t i m e  of m a l e  nnimnls af t er t o x i n  nd m i n i s tr n t i o n . H o w e v e r , 

t e s t o s t e r on e  Ee r  s e  d o e s n o t  � pp e nr t o  b e  the o n l y  f �c t or inv o lv e d  

a s  th e r e  w a s  no m�rked c h cn ce i n  the surv i v al p a t t e r n  o f  female m i c e  

wh i c h  h a d  r e c e i v e d  t h i s  h orm o n e . I d c & l l y  t h i s  work � o u l d  have b e e n 

e x t e nd e d  t o  i n c l u d e  s tud i e s in wh i c h  t h e  e f f e c t  o f  t h e  d i f f e r e n t  h e r -

m o n e s  o n  c as t r a t e d  3n i m a l s  w � s  e xa � i n e d  and t h e  l e th � l  d o s e  o f  t o x i n  

f o r nn i�als o f  d i f f e r e n t  h o r m o n a l  s t a t us e s t ab l i s h e d  b u t  th i s appe c r e J , 
at the t im e , t o  b e  n d i v e r g e n c e  f r am the main �im o f  t h e  pr o j e c t and 

was n o t  c arr i e d  o u t . 

Th e r .;; are mnny d i f f i c u l t i e s  i n  .'3 t udyLng t h e  e f f e c t s o f  v i t am ins 

and e o - f a c t ors i n  an a c u t e  i n t o x i c a t i o n  and the ab s e n c e  of a s i gn i ­

f i c an t  r e s u l t  d o e s  n o t e xc lu d e the p o s s i b i l i t y t h a t  the t ox i n  af f & c t s 

s t e p s  in wh i c h  t h e  jJ.:lr t i c ul::cr s ub s t an c e s  c..r 0 i nv ol v e d . In many 

i n s t an c e s , for e x ample n i c o t i n�mi d e and pan t o th en i c ac i d , the c o ­

f ac t or is only par t o f  a c omp l e x  and in s ome c as e s  t h e  i n t a c t c omp l e x 

mus t b e  syn th e s i s e d w i t h in t h e  c e l l  as many o f  the s e  c omp ounds , i n  

t h e i r ac t i v e  s t a t e , c anno t pas s ac r os s  c e l l  me mbr an e s . 

In the p r e s e n t  i n s t a n c e  t h e  appar e n t  pro t e c t iv e  e f f e c t  ol>tain e d  
w i t h  DPNH and c oe nz yrne f_ is d i f f i c u l t  t o  exp l a i n . I n  t h e  c as e  o f  

DPNH any pr o t e c t i on pr ov i d e d  b y  t h e  r e d u c e d  nuc l e o t i d e  s h ou l d  have 
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b e e n  �s s o c i � t e d  w i t h  a s i m i l �r e f f e c t f r om t h e  ox i d i s e d  nu c l e o t i d e , 

s in c e  i t  i s  t h e  l � t t e r  f orm wh i c h  i s  t h e  m o r e  � c t iv e  i n  e n e rgy 

m e t c.b o l i sm . , ;s in t h e  c 2..s e  of DPNH the pr o t e c t i v e  e f f e c t  o f  c o e n z yrne 

h w a s  un l i ke ly to b e  c s s 0 c i a t e d  w i t h nny a c t i on of t h e  c o en z y m e  i t s o l f 

�s only o n e  t r �nd o f  the s ub s t �n c e w�s e f f e c t ive . 

I t  ap p e ar s  f r o m  t h e  f or e g o ing c on s i d e r at i ons t h n t  t h e  p r o t e c t i on 

may h ov e  b e e n  o f  an i n d i r e c t  n a t ur e  or due t o  s om e  e x t r an e ou s  f a c t or 

::md , wh i l e  more <:: x t e u s i v •-:: inv e s t i ;_; a t i o ns o f  t h i s  p h c �1 o m o n o n  n;:J p e n.r t :) 

b e  w arran t e d  t h e y  w e r e  c ons i d e r e d  t o  b e  b e y o n d  t h e  s c o p e  o f  the 
p r e s e n t  inve s t i g a t i on . 

C on c l us i o n s  

1 .  The G ur v i v ,'"!.l t hH .: s  o f  in t o x i c ::t t e d  r;: i c e  are n o t  d o s e- d e p e n d e n t  

when l e v e ls o f  eps i l o n  t o x i n  o f  the o r d e r  o f  o n e  t o  t w o  l e th �l d o s e s  

e1r e e mployed . 

The surv ival t i me p a t t e r n  d i f f e r s  in i n t o x i c a t e d  rn n l e  and 

f e ma l e  m i c e  w i th a p r e p ond e ran c e  c f  a c u t e  e ar l y  d e a t h s  in the male 

�nimo. l s . 

3 .  The p a t t e rn o f  s urv i v a l  t i m e  in i n t o xi c a t e d  m i c e  i s  i n f lu e n c e d  

b y  the l1 o rm o n a l  s t atus o f  t h e  animal , b e ing d e t e r m i n e d  t o  s om e  

e x t e n t , b y  t h e  p r e s e n c e  or uba e n c e o f  t e s t o s t e r o n e . 

4 . N o  p r o t e c t i v e  e f f e c t, ago. i n s t the t<c t i on of eps i l on to:x±1 .. w.2. s j):rov i r':.ed. 

b y  the p r i o r  admi n i s t r a t i on of &d e n os i n e  t r i p h o s p h a t e  or m onoph osphate , 
t h i am i n e  p y r oph o s ph a t e  o r  hydr o c h l o r i d e , l i p o i c  �c i d , o x i d i s e d  

d i phos ph op yr i d i n e  n u c l e o t i d e , ? Un t o the n i c  ac i d  o r  n i c o t i n am i d e . 

Appar e n t  pr o t e c t i on w as pr ov i d e d  by r e du c e d  d i ph o s ph o p yr i J in e  

n u c l e o t i d e  a n d  one b r and of c o e n z ym e  A b u t  n o t  by c o e nzyme A from 
nn o the r  c omme r c ial s o ur c e . The prec ise ac t i on of t h e s e  pr o t e c t i v e  

� g e n t s  was n o t  de t e r m i n e d .  



Chapter 6 :  SOME OF THE FACTORS V/HICH INFLUENCE 

THE ACTION OF EPSILON TOXL� ON LA;,ffiS . 

41 

Previous workers have found that ho s t  factors can have a considerab l e  

influence on t h e  outcome o f  attemp t s  t o  produce entero toxaemia i n  lambs . 

For ins tance ,  an important prerequi s i t e  for th e suc c e s s ful produc t i on of 

the disea s e  has been found t o  be the absence of appr e c i able leve l s  of 

c irculating epsi lon ant i t oxin and thi s can some time s pres ent problems 

s ince i t  has b e en shown that ep s i l on anti t oxin i s  pro duced i n  a proportion 

o f  lambs when they 1)egin t o  graze pas ture . In addition , in contra s t  to 

Lamb Dysentery ,  entero toxaemia is rare in the first fev1 days of l i fe , 

sugge sting that i t  may be preferab l e  to avo i d  us ing newborn lamb s i n  

i nve s t i ga ti ons into the ac t i on o f  epsi l on t oxin o r  entero toxaemia . 

Parent eral admini s tra t i on of epsilon t oxin i s  a convenient means of 

s tudying enterotoxaemia but there is s ome evi dence that the resu l t s  obtaine d 

are no t always typical of the natural di sease . Trifinov & Todorov (1964 ) 
hr1 ve shovrn that the rat e  of intravenous admini s tra tion of the toxin can 

affe ct the survival t ime of rabbi t s  and , in experiments where the toxin 

has been given rapidly t o  lambs , a s evere pulmonary oedema has b e en dt:: s ­

c ribed. (Kellavray �· , 1940 ) . Thi s i s  not a prominent feature of the 

na tural di s e as e , nor ha s i t  been described when the t oxin has been i nfu sed 

s l owly by the intravenous route (Griner , 1961� ; . 

Vfui l e  i t  i s  p o s s i b l e  to s tudy the a c t i on of epsilon t oxin by infu­

sing s teril e  cul ture fi l trates or par tially purifi e d  toxin into the duo­

denum , the m e thod has s erious limi tati ons . Surgi cal cannula t i on of the 

animals is required and in addi t i o n ,  the toxin mus t  b e  held a t  a high 

concentration in the i nt e s t inal c ontents for s ome t ime before intoxi cation 

can be induc e d . During this t ime the t oxin is be ing continually removed 

by peri s ta l t i c  activi ty , whi ch makes the quantity of toxin required too 

great t o  reco�nend the t e chnique for experimental u s e . Other workers 

have there fore turne d t o  the us e of a cont i nuous intraduodenal infusion 

of culture s o f  Cl . perfri ngens tyPe D plus a carbohydra t e  such as s tarch 

or dextrin . 

I t  was decided t o  s tudy the effect of parent eral ly admini s tered 
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toxin cm lambs in the first instance ,  keeping the limitations of the method 

in mind and trying, wherever possibl e , to obtain information on the in­

fluence uhich factox-s such as rate of administration ::1ight have on the out­

come of the experiments . 

:Becau s e  of the possible shortcomings of parenteral administration 

of e:psilon toxin as a model for studying enterotoxaemia i t  was also neces­

sary to produce the disease by intraduodenal infusion of g,. pcrfringcms 
type D culture , plus carbohydrate so  tha t appropriate com1x:.risons could be 

Irk'l.de,. 

In the latter aninals ,  any change in intestinal permGability which 

occurred when high levels of epsilon toxin developed in the intestine 

would be useful as a reference point to which clinical evidence of intoxi-

cation could be related. Bullen & Batty ( l95g) did show a difference be-

tween the rate of absorption of  a protein tracer b�twoen control and 

intoxica ted animals but there was no obvious point of inflection in the 

absorption pattern in intoxicated animals  nor did the absorption of the 

tracer appear to be closely related to the development of high levels  o f  

epsilon toxin in the intestine of these  animals . 

The tracers employed by these  i'!Orkers had certain disadvantages ,  

the most  important being tha� because they were protein , they were liable 

to be broken down in the intestine . The ideal marker to use in the 

present instance would ap_r.,ear to be the epsi lon toxin itself , but de tec­

tion techniques are not particularly sensitive . A further problem i s  that , 

according to Trifinov & Todorov ( 1964 ) , a variable proportion of the 

absorbed toxin i s  removed by the l iver . Direct sampling from the mesen-

teric veins would therefore be required and the latter technique would not 

fit in with other aspects of the present study. 

A tracer v:as required which was readily detectable ,  s table in the 

intestine and not subject to metabolic breakdown or binding wi thin the 

body. One substance which fulfills these criteria is  radioiodinated 

polyvinylp)Trolidone (PVP) which is currently used in human medicine for 

detecting loss  of protein from the bloodstream into the intestine in 

certain enteric disorders , and it was decided to use this agent in 
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experiments designed to indi cate the tirroe at whi ch absorpt i o n  of toxin from 

t he i nte s t ine vre.s naximal . 

The Influenc e of Different Ra t 0 s  and Houte s 

of Admini s tra tion of E;l) s i lon Toxi n  Upon the 

Path.Jlogi cal Changes Produced in Lamb s . 

The lPJ7tbs available for the s e  exp eriments ·;,:ere the progeny of 

Sou t>1down rams !!la ted to Ronuwy ewe s v1hich had not rE-:cei ved Pulpy Ki dney 

vacc i ne during thi s pregnancy . The i r  previous vac c ination hi s tory was 

unc er tain . All the; avililab l o  lambs were feJnale and thi s  precluded e.ny 

s tucly of p o s s ible sex differenc e s  i :::--, the act ion of epsilon toxin i::t thi s 

2pe ci e s . Lal!lb s were us e d  at between tv!O and thr88 weeks of age nhen their 

b odywe i gh t s  were betwt:en 6 . 5 and 13 . 5  kg (mean 9 . 5 kg . ) .  A t o tal of 43 

lamb s were obtained over a p eriod of 5 w e e k s  Rnd anima l s  whi ch were shmm 

at necropsy to have intercurrent i nfe c t i ons vtere ronoved from the exp cri-

ment s . 

Because of farm management cons i derat ions the epsilon ant i t oxin 

s tatus c·f the s e animal s  c ould not be de termined before experi:nental pro c e-

dure s  were undertaken . I t  was howevor dete:rmined re tro spectively on 

scrum samples which had b e en taken fron the animal s before any t oxin was 

ad.Elinis tered , Leve l s  of epsilon anti toxin vrcre e s timated within broad 

l irrtits by !!louse pro t e c t i on t e s t s  as des crib ed in the Bri t i sh Ve t erinary 

Codex (1965 ) . 

Of the available lanbs , 10 were retaine d as uninoculat ed c ontr o l s  

for the biochemical and raorpho logi cal s tudie s . The remainder were divi ded 

into two gTOups . One group of 18 lan�bs was gi vE:n indivi dual do s e s  of 

0 . 15 to 0 . 25 mg . of bat ch GWD epsilon toxin i ntravenou sly into the jugular 

vein at 30 minutes interval s  unt i l  the ons e t  of c l ini cal s igns of int oxi­

cation. If c l inical intoxication did not develop after four inj ections , 

the do s e  of t oxin was increased firs t to 0 . 5 mg . and finally to 1 mg . 

The other group of 13 lambs received the toxin (0 . 1  mg . /ml . ) by s low 

intravenous i nfus i on from a di sposable intravenous drip s e t  at a rat e  of 

lOO ml per hour . One further animal was given 6 mg . of ep s i lon toxin 

intraperitoneally in two equal doses 2 hours apart . 
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Re sul t s : 

The intraperi toncal inj �.; c t i on of tht: t oxin was non- l e tlw.l and produ-

ced a s evere fibrinous peritoni ti s .  J.lhi s  route was thus ummi table for 

the experimc-ntRl induction of intoxi cation. 

In bo th groups 0 f  ln.mbs whi ch re ce ived intravenous toxin , tbG 
amount nee dGd to produce intoxi cation vari e: d  c;..msidrJrably and ranged from 

0 .  25 to 2 5 . 0 mg . In one animal v1i th 4 - 8 uni t s e p s i lon anti t oxin/Ell . o f  
serwrr intoxi cat i o n  was no t induced by the admini s tra t i on o f  100 mg . of 
t oxin . The do s e s  of t oxin a drrtinistercd are suruaarised in Figure 6 . 1  

where they are r e lated t o  the h: ve l o f  c irculating anti toxin in th0 

animal s . 

In all ins tance s where the toxin rms le thal , the .:.nima l s  di ed 

�i thin an hour o f  the onset of c linical s i�1s . Th e  c l inical signs and 

gross pa tho l ogy which dE=veloped in bo th the se group s of ani�na l s  wil l  be 

d e s cribed in dE::ta i l  in Chapt er 7 ,  but it is appropriate to ment i on here 
that, vii th the exception of one nnimal , all anina l s  whi ch rece ived the 

toxin in individual do s e s  deve loped a mo st severe pulmonary oedema and a 

mas sive effu s i on of pale straw- c o l oure d  flui d into the p l eural cavi ty. 

On the o ther hand eight o f  the animal s rrhi ch re ceived the toxin by 

c ontinuous infus ion did not deve lop any pleural effu s i on and showed li ttle 
or no lung o e dema . (Figure 6 .  2a. & b ) . The data from the s e  experiments 

Cl\'"� given in Appendix 5 . 

The Effect of tlle Infu s i on of C l .  perfringens TyPe D 
Cul ture plus Carbohydrate into the Duodenum of Lambs . 

Materials & Methods : 

Mo s t  of the anil!lals whi ch were avai lable for thi s asp e c t  of the 

work VJere 8 month o l d  male Romney lambs from a group o f  20 whi ch had bGen 

screened for ep s i l on anti toxi n .  S i x  animals wi th ant i toxin l eve l s l e s s  

than 0.08 tL� t s  per m l  o f  serum were s e l ected for cannulati on . 

two di ed from intercurrent infection pri or to cannulat io n . 

Of the s e , 
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A young female lamb of s imi lar age and br<::Gd::.ng t o  tho s e  receiving 

the par0nterEl toxin wa s a l so cannula ted . 

Tht: surgica l techniques employed for inserting the can;:ulae int•:; 

the s e  2 nir:1als are described in Appenclix 4 . 

Culture[' of Cl . p �:;:cfrj.r,gens type.: D y;rore grown in Cooked lVIea. t :ilk diu<':': 

at 37°C for 12 hours . Aftc�r shaking the cul ture s and a l lo"f.'ing· the larger 

meat p2 rticl es to se ttle , 500 to 700 ml . of the supernatcmt was do cs.nted 

into a l li tre; bottle and oithGr lOO grans of cornflour s tarch or 50 g.cans 

of dextrin were ada8 d . 'i'hi s mixturG Yio.s infused into th0 duodenum of the 

anicals � an intravenous drip s e t  at lOO ml . /hour unt i l  the onset of 

c l ini cal signs of intoxice. tion . Frequent nc::i tntion of the b o t t l e  was 

neces sary to he ld thE: car·oohydr.s. tc in suspens i on . 

The toxin l eve l in th0 int e s tina l contents of the s e  anical s at the 

tine of d.::;ath r::2 s as certa ined as fol low s : 

A srunple of the:: intest inal con t en t s was centrifuge d at l800G for 

20 minu t e s  and the supernatant re taine d . In sa.mp l e s  vrhtre the r.1e.terial 

was too thi ck to centrifuge i t  was wei gh ed and mix(;d wi th e.n equc: l quant i ty 

o� saline before centrifugation , The supernatant was prE)pared in the 

follovling series of di luti ons in saline vi z .  1 : 5 ,  10 , 20 , 50 , lOO , 200 , 

500 , 1 , 000 , 2 , 000 , Aliquot s  o: 0 , 2 ml of each di lution were inj eckd 

intravenou s ly into er-,ch r ,f two mi c e . In addi tion 0 . 8 rnl . samp l e s  of the 

undi luted supernatants v;ere mixed v:i th 0 . 2 ml . cf either co �nmercial 
C l .  perf-ri np,Gns type D or C l . perfringons typG C anti sera and he l d  a t  room 

t enpcra ture for 30 minutes . Aliquo t s  of 0 .  3 ml . of  the intestinal content s -

serum mixture 1-;ere inj e c ted intravenou s ly into pairs of mi c e t o  confirm 

that the toxi ci ty �ns due to the ac ti on of the toxins of the former 

organi sm , 

The pattern of the deve lopment of toxin levels was a l s o studied in 

the ani8al in which an addi ti onal i leal cannula had been insert ed . 

Samples of the i l eal contents were re�oved at interva l s  from the s tart of 

infusion unt i l  death o c curred and the l evel of toxin in ea ch sampl e was 

e s tabl i shed as de s cribed above . 



Re sal ts : 

With .;no excepti orl the a.nHI:2 .l S  dev::: loped clini c al signs of intoxi­

c&tion and di ed nith po s t  mortem lesions cons i s t ent wi th enterotoxaemi�. 

The s e  findings wil l  be d.i E� CUS 2··.:<i i n  deta i l  in lato:r cha pters and i t  i s  

suffici ent to no te h('�!'e that pl e:urD.l effus i ons nere ab s ent and pulmonary 

The level o f  eps i Lm toxin in samples  of the intc2 tinal cont�nts o t  

the time of dC;ath v;as high i n  all intoxica ted animals  and ranged fron 500 

to 5 , 000 mouse lf;thal doses/:r:ll . It i s  intere:stb.g to note tJ-1..at a sample 

of faece s pas sed by the young female lamb , during o. :period of severe 
diarrhoea, 8 hours <J.fter U1.e on8 et of infu::1ion and 1 5  minutes before death ,  
s.l so had 1 , 000 :nouse le thal do s e s o f  tox:Ln per §;ra.;; o f  fae c e s . In the 

animal in whi ch the pat tern of development of toxin was [� tudied there was 
an ini tial lag of 2-! hours from the start of infusion until det e c tabl e  

leve l s  o f  toxin v.rere pre sent i n  the i le1..un. 'I'hereaf t er the leve l of t oxin 

ro s e  rapidly to over 1 , 000 mouse l e thal doses/ml . and remained above thi s 

level until dee.th occurred 4i hours later ( Figure 6 . 3 ) .  

'I'he ?a t t ern of Ab sm·ption of 

Radi oioclim. t e d  Polyvinylp_:rrolidone ( I125 PVP ) 

fro� the Int e s tine of Lambs . 

Two separate ex11eriments were carried out u s ing I1 2 5PVP as a tracer . 

1\h terial s & Me thods : 

i t  has 

PVP labelled wi th the I12 5  i s otope was used in the se experiments as 
a longer half life than r1 31 and is therefore more conveni ent . 

In the first experiment the tracer was infused into the duodenum of 

two separate animals . One animal (No , 77 ) re ceived 1 . 75  ml . of the 

r 12 5
PVP concentra te containing 5 .  5 mg . PVP/ml . in 700 ml . of the Cl . per-

fringens type D/dextrin mixture over a period of five hours . The other 

animal ( No .  78 ) received 1 . 9  ml . of the same I12 5PVP concentrate in 7 50 ml . 
o f  saline intraduodenally over a period of six hours to ac t as a control . 

In the s e c ond experiment one ��imal (No .  81 ) was used and was 
intended to act as i t s  0�1 control . On the first day of the experiment 
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1 . 9  ml. of I12 5PVP ( 2 . 5  mc. PVP/ml . )  was infused intracluodenall;r in 500 ml . 

of saline over a period of 6-� hours . The animal was l eft overnight and 
on tho;; follmdng de.y 1 . 8  rrd . o f  the same I12 5PVP sc.mple was inf�� s e d  in 

500 ml of cul ture/dextrin mixture over a period of 4 hours . 

Heparini sed blood sample s were taken fron the jugular vein of the s e  

animal s  wi th "Vacutainurs11 at intervals throughout t h e  experiment s and , 

after centrifugal separ:ation , aliquot s  of the pla mna v-Iere taken and the 
radioactivity measured . Thi s was done by counting each s11rnplc for 10 
minutes in a Pi ckE r "Autowe l l "  earm.1a. omi s s i on c ounter (Picksr Xray corp . , 

1Nhi to Plains , ;J . Y .  ) • In the fir s t  experiment 1 . 5  ml . aliquot s  of plasma 
were used and in ths sGcond ex�; e rimP.nt the volume ·,ra s  reduced to 1 .  0 ml . 

'l'he radioactivity of simi lar aliquots of o:;u..cll of the mixtures infused 
intraduodenally was e s tabli shed in the same way and the rc:sul t s  of the 

gamma emi s si on c ounts v:ere converted to nanogram;, of PVP/ml . of pla sma . 

Re sul t s : 

In the first experinent the absorption of the tracer was g-reater 

and increased more rapi dly in the anime.l whi ch rece ived the culture plus 

dextrin . Thes e  re sul ts are shovm in graph for;;-1 in :Ficure 6 .  4a . In the 

s econd experiment howevr:lr , the car.cyover of circulating trc. cer from the 

first tc the s e c ond day ma de i t  imp o s s ible to e s tablish y.,rhe ther there was 

any a l t eration in the rate o f  absorption of the tracer . The re was how-

evC:r a precipitous drop in the radioac tivity o f  the two b lood samp l e s  

taken j u s t  before the death of the anima l . 

thi s anirla l i s  i l lus tr.<l tecl in Figure 6 . 4b . 

i s  given in Apl;endix 6 . 
Di s cussion 

'l'he pe t t ern obtained i n  

The da ta from the se experioents 

Although it was reali s ed that a proportion of the lambs use d in 
the s e  experiments v1ere liable to :receive pas s ive anti bodi e s  from their 

dams in the c o l o s trwn , no at tempt '!ias made to rear them art i ficially as 

farm management factors pr;:; c luded obtaining man�r of the lill11bs before 
they had had at l east one fved fror.1 tl:- eir mothers . In addi tion ,  colostrum-.. 
deprived animal s  are sus ceptible to enteri c di sorders and these could 

have adversely affected the experimental investigations . 
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Int oxi c1:1 tion could be induced i n  sus c€. ptible animal s in the pre sent 

ex-periment s with 2 5  ug erJs i l on toxin/h; . B . W . or s li ghtly l e s s . Thi s 
( i 'Wc, J 

fip;ure i s  cot1para1) l o  wi th Griner 1 sA figt.Ire of 18 - 36 ug/kg. The prc s c"'ncc 

of approximately l int . uni t  of ant i  toxin/ ml . of s erwn increas e d  the do s e  

of toxin r&�Ju2. red to the order of 1000 uc;/kg. B. W .  

One o f  the prcn:im:nt fea ture s o f  thi s se::.·i es of experiments i s  th8 

marked. i nfluence tha t the conc entra t i on and rate of c�dmini s trat i o n  of the: 

toxin had upon the l e s i ons whi ch we;:c: pro duc ed . The rg,pidi ty of ons o t  and 

sevcri ty of the _pulr:10nary oedc;ma ·.vhen thG animo.l rC:: c c i  vo d c onc entra t (; d  

toxin ·JVGl1 a s!10:::·t p l,riod of time was rer,.;arkabl e  and coul d have profoundly 

influenced many of tbe para.r.1e ters asso cic-1 tcd wi th respirat ory excl-mnge and 
fluid te.lance ( See Chap ters 16 and 17 ) .  '.i'h.J dev8lopment o f  pulmonary 

oe dema in a ?roporti on of thE: e.nimals "�Yhi ch rocei vod the c ont i nuous infu­

sion -;ms p o s sil)ly a s s ociated vri th the h igh conc entration of the t oxin which 

was '..ls c d ,  lOO Llg/ml . compare d wi th Griner 1 s 10 ug/ml . , be cau s e  of the 

unknovm anti tc:;..::in s tatus of the pre sent series of anima l s  at the time when 

the toxin was administered . 'rho possi b l o  bas i s  for the variabl e oc cur-

r8nco of pulmo:;.1ary oedema will be cons i dered again in Ch:,_p t 12r 9 .  

No cxplar.a tion cn.n b e  advar1ced for the aninal which survived the 
j_ntraduo denal i:!"lfus ion of cul ture and s tarch . I t  had re ceived a conti-

nuo1.1s infusion of lOO ml/hour for 9 hours , but , B.part from muc o i li diarrhooc: 

6 hours aft er the ons e t  of infu s i on , it nas unaffec t e d and remained 

clinica l ly normal for a further 24 hours at v.:hi ch t ime i t  was de s troye d . 

The ant i t oxin ti tro of thi s anim0 l ,  at th8 time the infu s i on \7as s tarte d ,  

had not changed from the pre l iminary s cre ening value o f  0 . 08 uni t s/ml . 

The lev-2l s  of t oxin a nd th e pattern of :i. t s  development in the 

inte st i nal contents of the o th8r animal s  whi ch rece ived intraduodew l 

infusi ons was broa dly s imilar to that found by previ ous workers . 

The p[Lttorn of :::.b so rp t i on o f  the PVP tro.cer during the c ourse of 

intoxi cati on was al so much the sane as that obt:::ined by Bulle n & Bat ty 
�ith their protein trc cers . No inflecti on was det e c table in the CUL�es 

from the i11toxi cated animc:.t ls . On the other hand i t  mus t  be reali s e d  that , 

3 hours o.fter the onset of infu s i on the leve ls of tracer in the pla sma. had 
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:r.·ec.chcd 50i'6 of i t s firw.l vc. lue i�1 both the in toxi c.� ted rmd c ontrol animal 
::md s i:n.c c , in a d.if'fcr,)Ht animo. l , toxin w2.s only jus t bE:: coming de tec t.::tbl e  

i n  the i l c;us,o  o t tl1·i s ti;x :it may be tho. t t b e  r.;e rke::r dolO'S  no t truly refl ect 
t h e  pL":t tern o f  ab s or p t i on of th e toxin . I t  woul d be possiblu to confirm 

thc: s e  r o snl ts t hereforG , only by car:cying out further work on the relc:.tion­

ship between the hovel s  of toxin at a. nur:1ber o f  different po j_n t s  al ong t.hc 
l("ngth of the: sma.ll intes tine e.nd the p::tttern of ab s orpti on of diffc-,rcmt 

trncor sub s tanc e s . Ee c2use thG s �  factors are only indi re c t ly Qs so c iat ed 
Hi th tht:. !j i o che1Jic2. l , phys i o l o cical 11.nd r:10rphol ogicn l change s induc ed in 

the animal r1 :; ::� v1hol s  durinf; i ntoxic.s. t i on they were no t pursued furthcor in 

th i s  s tudy. 

It i s  unfortunat e  that the expcr·imcmt j n  whi ch the; nnimd. was used 

a s  i t s  o;m control l'l2 S not sat i s fa c t ory for danons tro.ting change s j_n 

inte: stin.:: l pc::rmes.bili ty , but thr-; sud.de�l f:c.l l in the lt:vc l of circulating· 

tracer in the terminr.:.l 'bloocl sn:!iples i s  of s ome interest . It can be s t.:: :.Jl 

from Figure 6 . 4b thc.t the decr2o. s e  in c ircuL J t i ng trc.c.:::r aft er the ces sc.tion 

of the in.fun ion Oll the first , c ontro l, &.y was very slight c.nd in fD. c t  tlJ�..: 
tracer \"'!O�S n.t much the nr�rae level on the fol lowing morning . Similarly , 

on the second dny , th e ini tio.l decreas e r:ft er s topping the infusion �!18. s 

gradu8.l and the pre cipi t aus fP.ll did not occur unt il c lini cal intoxi cation 

wo.s at an advanced s tc..ge . This suggests that the trncer was being lost 

from the circuL.'..tion at thi s time:: . 
..,..(r.,;.J.>o , , ) Since: GrinerA l,) 96l'b hav� shm;rn th:1t 

rndioiodinat8d nlbu.Jnin e s c,::>pes fror:: t:1e ci:ccul::: tion into the ti s sue s of 

the c 1:;ntral nervous sys ter1 in intoxi co.te d n.niT:Jal s  it is pos sible that thto 

PVP wa s al so being lost in a s imiln.r m31iller into nervous am� other ti s sue s . 

Thi s po s s ib i l i ty wil l  be menti oned age.in in Chap ters 8 o.nd 16  .. 

Conclusions 

1 .  The intraperi toner"l injection of epsilon toxin into lambs produced 

a severe fibrinous peritonitis E:md wc:.s an unsuitable route for the admini -:  

s trati on of toxin . 

2 .  The do se o f  intravenously adinini stered toxin rt:quired to produce 

intoxi c2.tion was influenc_;;d by the level of naturally acquired spe cific 

nnti toxin in the recipient le..mbs. 
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3 .  The rc, ts of admini s trat i o n  of toxin �.:1o difiad the r.e tho l o gi ctl.l e f f e c t  

o f  intnwenou s ly .:-,dminis tcred toxin . Rr:.pi cl admini s trc;tion of the toxin 

was more lit�ly to produce pull:10m:.ry oedc::nn thnn e.dministr�_t i on over ::>, 

longt'!r period of tine . 

4 .  Intro.duoden2.l i ufusion of Cl . perfrinp;uns.-.tY:£.e D culture plus 
s tarch or dextrin into lili!lb s prc ducf:;d [c c l inical nnd pa tho l ogi cs.l syndrome 

whi ch clos(;ly rese:ntled nr.tural cas e s  of ent Gro toxe.cc,r:da , v: i th high leve l s  

of e p s i lon toxin dev e loping in the int u s tinnl contunt s o f  affe c t e d  animal s . 

5 .  PVP lr:,bo l l e d  with r12 5 was no raore eff8 cti ve than the pro tein 

trr. cers u s e d  by o"cher workers for demonstrat ing r.l tered int e s t inal pormer· -
b i l i ty during int oxi cati on . 

6 .  The sharp fall in the leve l s  of circulc,ting PVP tr�: cer in the 

terminal blood scruples fron1 an intoxi cat e d  anir.�l sugge s t  th�t it is l o s t  

from the bloods tream into the t i s sues in the late s t age s of i nt oxi cat i on . 
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THE: C LHUCAL SIGNS AI:ill GROSS PATHOLOGICAL CHil.NGES 

ASSOCI,>.TED VHTH CL. PERFRDJGEI-TS TYPE D EPSILOH 

TOXIN I!IJTOXICiSION . 

Be cause ente;rot oxe.emia gen&rally ho. s a very s hort c lini cs.l course , 

few field cases are s � � n  a l ivu . VVnere natural or expGrimonte.l cas e ::.;  are 

s e en ant E::E' tortcm nervous s i gns e.re prominent c-.nd rJay include rigidi ty, 

opisthotonus and convu l s i ons (G i l l , 1933 and Griner , 196la) . On occasi ons 

the c linical s�mdrome in tho s <. anirnal s  superficially re sembles te tanus i n  

lamb s , a l though the rigi di ty i s  gun;:;ral ly n o t  a s  r.1arked (Gi l l ,  1933 ) .  
The pre sent s tudy provide-d a good opportunity to observe the rccnge of 

clinical s i gns and gro s s  pe.tho log:i. ce. l  change s which can be encount ered in 

intoxicated mice and lrunbs . It is aypropriate to di s cuss the s e  before 

t.mbarking on 11 dete i l e d des crip tion of the biochemi cr.tl ,  haeme. to l ogi cal 

and morphologi cal change s induced by the A.c t i on of the toxin . 

As stated earl il:r , th2re have been s ome invE:: s t i gations into tho 

phys i o l ogi cal respons t:s of th.:; aniTial t o  the action of epsi l on t oxin . In 

parti cular , Kellaway e t  al . ( 1940 ) s tudi 6 s  on the changes which o c cur i n  

b lood pre s sure and the e l e c trocardi ogr21n (ECG ) during the c ourse o f  intoxi-

cation are noteworthy . Unfortunate ly their work v:as confined entirely to 

the action o f  p.s..renterally adJnini s terf)d part ially purified toxin and many 

of the experiment s were carri..;d out on surgi call;r modified anima l s  e . g . 
dec erebrate preparati ons . In ths present s tudy i t  was po s s i b l e  to s tudy 

the ch.:mgc produced in phys i o logical parm'lc tcrs such as the el e ctro cardi o­

gram both when the toxin \7aS adr::ini s t<:red pnrentcral ly nnd when i t  was 

absorb 2 d  from the i nt e s tine , under condi t i ons n s  nearly approaching the 
r� tuxn l s i tuation as possible . Informa t i on could therefore be obtain�d 
on the overall pattem of changl: s which c ould b e  expected to b(: pre sent in 

the natural di s8o.se as v1e l l  as that produced by parentera l ly admini s t ered 

toxin . At the same t ime i t  wo.s pos sible to relnte the se chnnges to the 

occurrence of gro s s  l e s ions at necropsy and to struc tural �I terati ons in 

the t i s sue s . 
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The pattern of development of clini ca.J. signs was broadly similar in 

all mice which received d.o ses cf epsilon toxin of the order of one lethal 

dose in the va;�ious experiments undertaken in the course of thi s s tudy. 

Animal s  remained normal for from 5 t o  30 minutes . Thereafter they became 

depressed and sat hunched up wi th fur erect and eyes c l o s e d .  If di sturbed 

at thi s stage they would move s lucgi shly . After an hour or more , usual�y 

in re sponse to a sudden s timulus such as light , sound or movement , a pro­

portion of these animals would suddenly exhibi t violent convulsions , 

initiated by running., leaping or rolling. 'rhe convulsions usual ly termi­

na.ted in a spas tic epi sode with the neck ventriflexed,  and fore and hind 

l imbs extended rigidly backward. If the animal recovered from this con­

vulsion the episode would be repeated after an interval of time had elapsed 

and. thi s pat tern "Yould continue unt i l  death ampervened . No gro s s  lesions 

which c ould be aGsociated with the action of the toxin �ere seen in any 

of the se animal s . 

In animal s  given high concentrations of epsilon t oxin e . g . in 

as says of lamb intes tinal content s or >"lhere t i s .mes 1:ere required for 

fluore scence microscopy ( see Chapter 14 ) ,  death occurred rapidly . 

Violent convulsions occurred a�.:l soon as the toxin vras admini stered and the 

anii:l.al general ly died wi thin 30 minutes of inoculation . 

there �as severe pulmonary oedema . 

The Clinical Signs and Gro s s  Patholoey 

of Epsi lon Toxin Intoxication in Lar.ibs . 

In these mi ce 

With one exception the sus cep tible lambs which received parenterally 

admini s tered toxin in divided dose s  developed depre s sion wi thin a few 

minute s  of the admini stration of the final dose of toxin . Thi s was fol­

lowed by dyspnoea with rapid force d  respiration and a doubl e  expiratory 

effort . The animal s  then became cyanosed and :recumbent and thereafter 

the syndrome progre ssed rapidly to coma and death , often with a few 

terminal convul sive movements . In all instances the animals died within 

an hour of the admini stration of the final dose of toxin and the s e  vrere 
the lambs which showed severe pulmonary oe dema . A s imil ar pattern of 
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c l in i cc::. l s i t-rls also o c curred in thos e  anima l s  which deve loped pulmonary 

oede�a after receiving c ontinuous intravenous infusions of toxin . 

On th-2 other hand there \.'H S no evidence of respiratory di stre s s in 

the lamb whi ch received e p s i l o n  toxin in divided doses but did not devGl op 

pulmonary oed.:::ma . 'l'he first c linical s i gns of intoxi cation in thi s 

animal consi sted of a mild ataxia which deve l oped 30 minute s  after the 
last inj e c t i on of toxin . Thi s progre s e e d ,  over the next 30 ninutes , tc 

depre ssion,  nys tagr:ms and fine lip tremor , c.nd v;as r�."lpidly followed by 
prostro. tion,  ' s tar-gazing 1 ,  rolling and running convul s i ons e,nd opi s the ­

tonus . This pattern con tinued wi th only occasi onal short relaxed period� 

until death occurred 2 hours after the final inoculation of toxin . A 

similar syndromr.:; was s e en in two of the lambs v;hich received an intraduo­

denal infusion of Cl . -perfringens ty-pe D cul ture plus carbohydrate . 

There was no evi dence of re spiratory dis tress in the lambs whi ch did 

not develop pulmonary oedema afte� receiving continuous intravenous infu­

sions of toxin . As s o on as thesG aniElals  be carue depre ssed during the 

cour3e of  infusion, the ad.'Tli"u s tra tion of t oxin v;as di s continued . The 
depre s s i on was accompanied by rapid shallow respiration but thero was no 

dyspnoea . From depre s sion , the clinical s i gns progressed rapidl;>r to coma . 

The animals died qui e tly or e l s e  with jus t one or two terminal convulsive 

movements . Thi s  type of syndrome was al so s eem in two of the lambs whi ch 

received the intraduodenal infusion:J of C l .  perfringens t;y-pe D cul ture 

plus carbohydrate . 

Some aspects of the gros s  patho logy of intoxi cated lambs are de s­

cribed elseTihere e . g. the pulmonary oedema and pleural effusions in Chap­

ter 6 and the renal changes in Chapter 10 . Apart from the se change s the 

only gro s s  le sions regularly associated with intoxication were p ericardial 

effusions and subepicardial and subendocardial haemorrhages . In animals 

which received toxin intravenously the peri cardial effusions varied con­

siderably in quant i ty . Pericardial fluid was often abs ent or pres ent in 

very small amounts , in animal s  which died shortly after the onset of 

clinical signs of intoxi cation . In other animals ,  including all tho se in 

which the toxin was o f  enteric origi n ,  20 - 50 ml . of  clear straw-coloure d  

fluid ,  whi ch clotted after being exposed to air , was pre sent i n  the peri-
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cardial sac . Subendocardial haemorrhage s  were u sual ly pre s ent in the 

hearts of intoxicated anima l s  and often c ons i s t ed of exte ns ive ecchymo s e s  

in the walls  of the ventri c les , bo th ventri c l e s  usually being affe c t e d  t o  

s ome exte nt in al l animal s . On the other hand subep i cardial haemorr-

hages were variabl e in o c currence and w ere usual ly pete chial in nature and 
most no t i c eab l e  over the fat depo s i t s  in the coronary groov e s . The; only 

o ther [.;TO S s  l e s i on of no te ·.vas p e t echial haemorrhage s i n  the thymus in a 

proport i on of the int oxi cated anima l s . 

The Elc:c trocardi ogTaphi<? Changes whi ch 
Oc cur in La;nb s Rec ei vi :1g Epsilon Toxin 

Material s & Me thods : 

El e c trocardiograms (ECG 1 s ) were r e c orded from 11 of the 2 - 3 week 

o l d  fema l e  l ambs whi ch received parenteral eps i l on toxin by continuous 

intravenous infu s i on and al s o  from 3 of the 8 month o l d  mal e lamb s which 

rece ived C l . perfri ngens t;vpe D cul ture :p lus carbohydrate . Rec ordings 

of the s tandard bipo lar and uni}) O lar limb leads (I , II , III , aVR , aVL , aVF ) 
were made wi th a 1 Cardi ofax 1 portab l e  e l e ctrocardiograph u s ing 2 5 swg sub­

cutaneous needle e l e c trode s a11d a chart speed of 2 5mm/s e c . Dupli cate 

recording·s were a l s o  taken at a chart sp eed of 50mm/ se c . if thi s  proved 

ne ce s sary . 

:Becau s e  the po s i ti on of the anirrtal may affect the e l e c tro cardi ogram , 

pre and p o s t-ino cula ti on re c ordings wer e  made wi th the animal s r e s trained 

in i de n t i c a l  po s ture s . Rc:: cordings from the l::unb s which received paren­

teral toxin wc::re taken with the animal held lying qui e tly in right la t eral 

recu1nbency on a tab l e  covered with a �· thi ck rubber mat over an earthed. 

grid . The l eft forel imb was held anter i or to the righ t  in a l l  animal s . 

Further re c ordings were taken under the same c ondi t i ons �hen c l i ni cal 

signs of intoxi c a t i on ·aere de t e c t ab l e  and , if po s si b l e , again j u s t  before the 

death of the anirr81 o c curre d .  

Of ne c ess i ty the ECG 1 s o f  t h e  animals whi ch received intra duodenal 

infu s i ons were r e corded wi th the animal s tanding in i t s  cra t e  and s l ing 

( see Appendix 4 ) and in thi s instance the animal s to o d  on the rubber 

mat and the cra t e  i t se l f  was earthed. Preinocula.tion and s erial post-



inoculation recordin5·s were takan a s  before wi th needle e l e c tro de s . 

Durint; th e la ter s tag·e s o f  i ntoxi ca tion the p o s i tion of the anima l s  was 

mai::1 taincd as nearly as possible to the preinocula t i on p o s ture by use o f  

the sling . 

R e su1 t s � 

Parent era l Toxin Admin i s tr2 tion : 

The ECG 1 s  taken after the onset of c l inical signs o f  intoxi ca tion 

deve loped differed marke dly from the preinoculation recordings in a l l  the 

animals examined . The mo s t  cons i s tont change s \':ere as follows : 

i .  A decrease in hcurt rP_ t (: , wi th an as s o ciated increas(: in P-R int erva l . 

ii . A decrease in the ampli tude of the ��S c ompl ex and marke d  a l t era­

t ions i n  the pat tern of thi s compl ex . 

iii . A decrease in the duration of the S-T segment and a di spla cement o f  

this s e gment from t h e  i s o e l e c tric l ine . 

i v .  A tendency for the T wave to have an increased ampl i  tudc; rd th 
change s in the polA rity of thi s  nave in some animal s .  

The cardiac rhythm o f  mo s t  anima l s  rema ined normal after admini s tra-

t i on of t oxin . In some ins tance s  however there were very severe a l t cra-

t i ons in rhythm cons i s t ing of extreme bradycardia , s i nus arrythmia , i nc om­

p l e te heart b lo ck , e l e c tr i c a l  al tcrnans , a trial fibri llat ion and ventri­

cular fibri l lat ion . The s e change s o c curre d  singly or in combina tion in 

any given anima 1 .  

The normal e l e c tro cardiographic pat t ern and the change s encountered 

f o l l owing the parenteral admini s tration of epsi lon t oxin ar8 summa r i s ed i n  

Table ? . la ,  and illustrated i n  Fi gure 7 . 1 .  

Enteri c Origin Toxin : 

The e l e c trocardiographi c change s were not as prominent in the s e  

anima l s  a s  i n  the animal s  Tihi ch received parentera l t oxin and the s i tuat ion 

was further c omplicated by the fact that one animal (No . 81 ) had a pre­

exi s ting e l e c trocardi ographi c de fect in the form of S-T s egment di s p lac e­

ment . Further , for t e chni cal reasons the pre- and p o s t- inocula tion 

r ecordings from this animal were made with different ins truments . A l though 
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Table 7.laa The Effect of ParenterallY Administered Cl. Perl'ringens 
Type D Epsilon Toxin on the Electrocardiogram of Lambs. 

Animal Rate Rhythm P W11ve QRS Complex 
Amplitude Form 

S-T Segment T Wave 

n • 11 

62 

74 

70 

Beats/min 

165-250 Regular 

� No change 
From To 
214 201 

Decrease No chsnee 
From To 
201 188 

Decrease 
Frot:1 To 
167 125 

� 
Fr"m To 
:>14 !67 

Incomplete 
Heart Block & 
Brlldycardia 
to65/cin aVF 

No change 

Size Form P-R 
Interval 

�ration Position Size Pola.ri ty 

Summary of Preinoculation values of lambs which received Parenterally Administered Toxin 
. l- . 2mV +ve in I , I I ,  .04 sec . 3-.SmV I and aVL .08-,lOaec ,l-.3mV 
,02-.04sec III ,aVF 0,02-0.04 qRs or �s Isoelectric ,04sec 

-ve in aVR, II qrS 
aVL IllxaVF qrS 

or qRS 
aVR qRs or 
qRS 

+ve in II,  

Post Intoxication Alteration& i n  the ECG of Individual Animals 

Increased 
IXlrntion (slight) 
I I ,  Ill ,aVF 

slightly 
Increased 
Duration 
I , I I,III 

Increa �ed � 
.04sec 
all lee.de 

No chaJl8e 

No che..nee 

Increase Decrease 
.02sec all 
I ,I I , aVR leads 

Altered r:n,-
aVR,aVL 

Increase � Al tared 
,Q2sec I, I I ,  Ill all 
l i i , aVL aVR, aVL leads 
aVF 

Increase 
,02-,08 
I , I I , III 
aVL,aVF 

Increase 
.01 sec 
aVR 

Increase 
all 
leads 

Increase 
.2-, 5mV 
I I , I I I ,  
flVR,aVF 
Decrease 
. 3mV I 

Altered 
aVR,aVL 

Al terP.d 
II ,uVR 
aVF 

Decrease 
.02-.04 
sec all 
leads 

Decrease 
I , ll , III 
aVR ,aVF 

Decrease 
,O!sec 
all leads 
except 
aVL 

No 
change 

pevated . lmV Increase Inverted 
I , II . l-,2mV .02sec I , II ,aVR 
Depressed I I , II I , aVR , aVF 
.lmV in aVR 

Sl,elevation � llo change 
in I ,05-.4mV ,02sec 

I , I I , II I ,  
aVR , aVF 

� 
,15-,2mV 
II ,III ,aVF 
Depressed 
aVR 

Elevated 
, l - , 1 5mV 
aVR,aVL 
:>epresRed 
.2- . �mV 
I I , III ,aVF 

� 
.2-,5mV 
.04sec 
all leads 

I ne rea. se 
. 1-. }m V .o2sec 
II, III ,aVR,aVF 

Inverted 
III,aVR,aVF 

No chflnge 

6� No 31 , T ncren Al':d 
D-Jr&tion t �a sed 
Durftiion 
I I I , aVF 

r:o 
chant,re 

Incrt"ase Ho � chance 
Elevated 
l .- , 15mV 
in I , II 
DepreaAed 
. lmV aVR 

DecreAse 
III ,aVF :?Omin. ch3nge 

Into:r 

6� 
45min 
Into:.: 

72 

64 

75 

66 

71 

61 

Decrease 
From To 
214 !67 

Intl:'mi ttP.nt 
t;me II incom­
plete Heart Block 
& Sinus arrhyt:-mtia 
I ,  Ill ,aVR, aVL,aYF 
Electrical Al ter­
!.l!.2.!:!!. II 

Increased 
Duration 
,OJmV Ill 

No chAnge 

DecreA.se Severe Sinus � Bipho.aic 
From To � � e.VR,aVF 
?14 75- all l e�de I , II ,aVR,aVL Fibrillation 

100 Atrial Fibril lation aVF aVF 
aVF Ventricular 
Extrasystoles I 

� No change 
From To 
214 150 

� 
From To 
2�2 201 

� 
From To 
188 214 

Decrease � 
From To Bradycardia 
201 68 

No chAnge 

Increased 
Duration 
.04sec 
III,aVF 

Increased 
Dure.tion 
.04aec 
aVR 

� 
. av ,04sec 
II 

No change 

� 
aVR 
Bifid 
III,aVL 

No change 

Increase 
,02sec 
aVL 

Increa.sP. 
,Ol-,C4 
••c 
I I ,  Ill, a.VR ,aVL, 
AVF 

Decrease 
. 2- , 6mV 
II t I l l  1 
aVL,AVF 

DecrP.ase 
. l-.2mV 
I , I I , lti 
aVR,aVF 

Increase 
. 2 - . 4mV 
in Ill 1 
aVR,aVL 
Decrease � 
l,sVF 

IncrP.aae De<'rease � .2-.4cV 
I all 
Decrease leads 
,02-.04 
sec. 
aVR,aVF 

� 
,04sec 

I 
Increase 
.02sec 

II 

Increase 
.04sec 
aVR,aVL 

!to 
change 

lll£uuJ. 
.02eec 
III 

Dec1·ea9e 
.l-.2mV 
I , II , lll 
aVF 

� 
.4-,SmV 
I l , I I I ,  
�tVR ,aVP 
Increase � 
� 
, 1-,2mV 
I , I I , aVR 
Increaae 
,2mV III 

� 
. 2mV 
I , II ,III 
aVL,aVF 
Inoreaee � 

Al terP.d 
--�-

Al tered 
II,aVF 

Al tered � 
ventri­
cular 
Extra­
systoles 

I 

Altered 
I ,II 
aVR,RVF 

� 
I,aVR 
aVL 

WIW 
I,avt 

ECG'e recorded with lambs in right la teral recu111bency, 

Decrease 
.02�ec 
I , I I  

No 
chenee 

Decrease 
.c� .04 
sec. I, 
aVR,aVF 
Increase 
.04sec 
III 

Decrease 
.04sec 
aVR,aVL 
Increase 
:oz;;c 

I 

.illBI!1 
Increase 

II 
.ill£!!!. 
Decreaee � 
� 
,08-12 
all 
leads 

l=!lu 
,04-.08 
sec. 
II,III, 
aVR,aVF 

No change Decrease . 1-. 3mV 
Il , II I , aVF 

Elevated . lmV Increase . l-.2�:�V � I , III ,aVR,aVL, 
Depressed a VF 
, JmV 
II & III 

Elevated 
,lmV 
aVL, aVF 

Depressed 
, lmV 
II 

.ill.s!l1 
Depression 

II 

� 
.l-.2mV 
I,II, III,aVF 
� 
aVR 

11o chanBo 

Increase 
. 1-. }IIIV 
all leads 

Increase � 
I I , III,aVR, 
aVL,aVF 

� 
II,aVR 

No change 

l!:!ll!!.u. ,1-, 2m V 
I I , aVR,aVF 

!nmw.!. ,1-, 3mV 
.08-, 12eec 
all leads 

� .2aV 
.04-.0Seec 
III,aVR 

� 
II ,aVR 



the results  obtained from this animal theref0re neud to be interpreted 

v.Ji th caution , thG overall  pattr�rn wa s similar to  that obtained from the 

other two animal s . 

·rhe notable; al te:c£. t i ons in the po s tino cula tion tr& cine;s of these 

animals  were as follows : 

i .  I n  c ontrc:� s t  to the r.mimals rs cei ving parent erall;y administered toxin , 

the heart rate of the anir.m l s  rE: c eiving enteric origin toxin in-

ii .  
crea s ed , 

Tht:: change s in the P-R interval were inconclu sive . It was de-

creased in tho recordiLc;s from one anir:m.l , uncha nged in one and in­
creas ed in the re c ordings from animal c3l .  

i i i . The form of the QRS complex �.vas a l tered in one or more leads from 
all animals although the che n[;'e s i�l amp l i tude of the: complex vnricd 

consid8rab ly . 

i v .  The S - T  s egMent v:as decreased in duration in all anima l s  Cllld showed 

marked di splacement froo the preinoculation l evel in two e. nimal s . 

v .  The T wave iJa S increased in  amplitude and shO\'red e.n alteration in 

polarity i n  s everal leads in the lat +Jer two ani:.1al s . 

The change s in this grm1p of anirna l s are summari s e d  in Tnble: 7 . lb 
and illustrated in Figure 7 . 2 ,  

Discussion 

I t  is intGresting to note that rui c e , in contrast to lam"::>s ,  do not 

usually show evidence of pulmonary oedema when lethal lavels of epsilon toxin 

are administered intravenous ly over a short period of time . However , the 

pre s encE: of puln'!Onary oedema in mice whi ch had. received high concentrations 

of toxin implies that the lung capill8.ries of this species  are not entirely 

resistant to this  action of the toxin. In addition it  can be seen fro@ 

Chapters 5 and 6 ,  that the lethal dose of toxin of 0 . 04 ug/Gm l1odyweight 

for mice  is approximately double the dose  for susceptible lambs which,  

when calculated on a bodyweight basis  i s  of  the order of 0 � 02 ug/Gm B .f. 

It appears probable therefore that the difference between mi ce and lambs 

in  the development of lung oe dema may be the result of a species difference 

in the susceptibility of the lung capillari e s  to the action of epsilon 

toxin, The extent of the capillary endothelial damage in these  two 
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Table ?,lb:  

Animal Rate Rhythm 

n • � 

78 
1 Hr. 
p�et 
intox 

78 
2ihrs 
post 
intox 

77 

81 
30min 
post 
intox 

81 
lhr. 
post 

Beete/min 

100·1�6 

Increase � 
ll5 188 

Increase � 
ll5 214 

Almost 
unchanged 
100-150 

Increase � 
136 188 

Increase � 
136 2 50 

Reeular or mild 
Sinus Arrhythmia 

No chsnef: 

Sinus Arrhythmia 
in both pure and 

post intox ECG 1 s  

No chant;e 

tro change 

P Wav� 

'l'he Effect t)f Experimental Cl. Perfringena TYpe D 
Enterotoxw�mia on the Electrocardiogram of le.mba. 

S-T Segment T Wave 
Size Fol'f!l P-R 

Interval 

QRS Complex 

A.mpli tu de Fonn fur11tion Poei tion Size Polarity 

Su.mrne.ry of Preinoculation values 

.05-. 3mV 
,02-.04aec 

+ve in Ill ,03-.06 
aVF variabl e sec 
in I ,  I I  ,aVR 
aVL 

from lambs recei vi ne Toxin of Enteric Origin 

. �-1.4mV I �s,qRI'1 , 10-,20eec Ieoelectric .1-.�mV 
,04Rec or C�s (2) Depressed ,04sec 

II & III . 1mV 
qrS or qRS II, III 
aVR , qrS, qRS aVf Lamb 131 
or C(Re Elevated 
aVL,qRe, qrS ,lmV 
aVF,qrS or qRS aVR , aVL 

Post Intoxicstion Alter��.tions in ECC ' a  of Indi vi•luel Animals 

Biph'lRic 
I I  aVR 

No cha.nge 

No detect- !Oo detect-
able chnnge able chanee 

(animal shivering) 

Increased No change � � 
I , I I , III , aVR 

Increased No chA.nge 
ampli tude 
I , I I ,aVF 

Decrease 
,02eec 
I I  

Decrease 
,02aec 
all 
leads 

No de-
tect&ble 
chanee 

Increase 
.02sec 
eVL 

Increase 
,02sec 
I 

Rel11tiv� to preinoculation level 

Decrease Al tered 
,6-l .OmV I ,  aVR 
I ,  aVL Bi zarre 
Increase Bifid Corn-� plex in I 
I I ,  I l l ,  
aVR,aVF 

Df!crease A1 tcred 
. 8 - . 9mV I , aVR 
I , aVL Increase � 
I I ,  III 
aVR,aVF 

Increase Altered 
. l-,6mV with inter-
all spersed low 
leads voltAge 

complexes 
a )  1 leads 

Increase Al tered 
. l-.4mV ;n-
I , aVR, 
aVF 

Decrease Altered 
,2-,4mV I , I I , I II 
II ,a.VL aVL,aVF 
aVF 

- !12! inoelectric line 

ECC recnrded w1 th animal s standing supported in sling, 

Decrease Elevated Increase 
.04-.12 , lmV in . 1-.  7mV 
sec all aVR II , II I ,aVR, 
leads aVL,aVF 

DP.crease Elevated � 
.oe- . 12 ,2-. 3mV 
all II , III , aVF 
leads Depressed 

,2mV aVL 

� No detec- No change 
.04-.08 table cha08e 
sec. all 
le.<Lds 

� � Increase 
,04sec . 1 - . 3mV . 1 - . BmV 
all in I , aVR , aVL I I , I I I , aVR, 
leads Depressed aVL,aVF 

. 3mV 
I I , III , aVF * 

Decrease � Increase • 2mV 
.04sec , lmV aVF 
I , I I , I I I  I , aVL • 
aVR 

+ve in I I , 
Ill ,aVF 

No chanee 

Inverted 
I , II I , aVL Biphasic 
aVR,aVF 

Unreadable 

Inverted 
I , Il , aVR 

Inverted 
I , I l , aVR 
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species will  be discussed more fully , along with other ultrastructural 

changes whi ch occur during intoxication , in Chapters 8 - 12 . The morpho­

logical basi s  for the clinical signs of neurological damage in mice will 

also be discussed in Chapter 8 .  

The absence o f  prominent clinical signs of neurological damage in 

many of the present animals is interesting, since convulsions etc . are 

usually prominent in the few field cases of enterotoxaemia which are seen 

alive . However , Griner ( l96la ) and Kellaway ( 1940 )  have reported that 

some of their lambs which received parenteral epsilon toxin died qui etly. 

The fact  that , in the present study, some animals recGiving toxin of enteric 

origin also died quietly implies that clinical signs of neurologic2l 

damage may not always occur in enterotoxaemia in the field. 

vfuile the presence of a fibrin-o•ntaining pericardial effusion is 

by no means pathogno!:'JOnic of entero toxaemia caused by Cl . perfringens tyPe 

D its presence in some animals a relatively short time after toxin 

adr:1inistration ,  implies that the extravasation of fluid must occur fairly 

rapidly . There must be dnmage to the vasculature of the serosal surface 

for fluid loss to occur and the presence of protein in the exudate suggests  

that thi s  damage must be severe . Since haemorrhage is  not a prominent 

feature of the gross  lesions of enterotoxaemia and the effusions in the 

natural and experin1ental disease are very seldom blood stained ,  it  appears 

that there is  no complete loss of vascular integrity.  

The presence of subendocardial haemorrhage does not contradict this 

statement as  it occurs in a wide variety of conditions unassociated with 

vascular damage e . g . hypomagnesaemia of ruminants , and when depolarising 

muscle relaxants are used to immobilise horses . It i s  generally considered 

to be an agonal change unassociated with any specific action of the causa­

tive agent . It could be however that there i s  in fact a common under­

lying factor and that subendocardial haemorrhage i s  associated with 

abnormal myocardial function induced by the pre-existing condition . Thus 

in hypomagnesaemia of cattle and the use of some muscle relaxants in horses ,  

electrocardiographi c  evidence of severe i11terference with myoeardial 

function has been described .  In this respect it is interesting to note 

that the electrocardiographic changes encountered in the present study 
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were c onsi der2.bly more prominent than those enc ountered by Kel la.way et al . 

(1940 ) ·:rhen using parentera lly admi nis tered eps i lon toxi n .  The uain 

e l e ctro cardiogr<-::.phic change s  11:hi ch they de s cri bed in intact sheep were 

bradycardia and T wave invers i on . In rabbit s  they a l s o  re c orded S-T seg-

nent di spla cement . The pre sencE: of r. ::;ma l l  but fo.irly cons i s t ent fo ll in 
he:::.rt ro. tE: in the animals recC; iving parenteral ly nd.Jaini s t ered toxin imp l i e s  

that there i s  some increa se in vagal tone U...'1(Ler the se condi t i ons . On the 

other hand the fact tha t the heart rato increas ed markedly in the animal s  

whi ch received toxin of 0nt8ric origin impli e s that the eff,;ct o n  heart 
rate of parenkro lly admini s tt;red toxin may , as Kcl ln.way et al . ( 1 940 ) 
sugge st , be the re su l t  of impuri ties in the toxin preparP..tion , and that 
th0se are e i ther not .:. b sorbed from the inte s tine: under nornw.l circu...r:1s tanc e s , 

or ('; l se are removed from the blood as i t  ps. s s e s  through the liver . 

Nevertheless epsilon toxin doe s  appear t o  hnve a pronounced dire c t 
t:ffe c t  upon the heart in all in toxi c�:, ted anima l s . Tha �lt era t ions in the 

S-T segment e.nd T wave of the ECG 1 s  are of parti cular intere st as the se 
port ions o f  the cyc le are cons id8red to be as s o ciated w i th the repolar i sa­

t i on of the myocardial fibre ; but i t  i s  more convenient to defer any 

further di s cus s ion of the s e  aspe c t s of the elec trocardiograms unti l the 

morphol ogical changes which occur in the nyo cardium have b e en de s cribed in 

Chapter 9 .  

Before l eaving the pre s Emt chapter however i t  i s  o f  int ere s t to 
compare the ECG pa t terns ob tained in the anima l s  wh i c h  re ce ived parent eral ly 

c.: dmini s tered toxin with the gros s  lesions whi ch have ·been di s cu s s e d  s o  far . 
Of the four animal s  in whi ch there was evi denc e of s evere bradycardia or 

incompl ete heart b l o ck ,  thre e showed severe pulmonary oedema with the 
lungs weighing 380 , 420 and 410 gre.ms re spec tively . Of the animal s in 

v:hich changes in cardiac rhythm were ab s ent s ix did not have obvious lung 
oedema , the lungs weighing 220 grams or l e s s  in all instanc e s .  Thes e  
relationships are not abs o lute however s ince one animal with severe lung 

� 
oedema did not show any evidence of conduction disturban•c and one animal 

wi th no lung oe dema showed severe heart b lo ck . 
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Conclu s i ons 

1 .  The most prominent clinical signs of ep s ilon toxin intoxi cation in 

mi ce are neurological di sturbances including severe depres s i on ctnd convul­

sions . 

2 .  No gros s ly de tectable losions oc cur in mice whi ch re ce ive low l o th2 l 

l eve l s  of toxin but pulmonary oedGrna occurs when high c onc entrati ons of 

toxin are given . 

3 .  Di fferences in the suscE::ptibi l i ty of mice and lambs to the toxin on 

the be sis of absolute dosP.ge E�nll susc:cp tibil i  ty to the devGl opment of pul­

monc"lry oe dema imply th2 t there may b e  c. spe ci es difference in thE: suscep­

tibili ty o f  the capil lary endothe lium to the action of epsil on toxin. 

4. Some of the c lini co.l sign::: of in toxi cation in lanbs depend upon the 

type of change produced in the tissues . Dyspnoea only occurs if pulmonary 

oederns devel ops . Signs of nC;:urologi cE'.l  damage were pre sent in some 

anim.e..ls only, sugge sting tho. t not al l field ca ses of onterotoxaer:1ia shorr 

these signs . 

5 .  In the absence of pulnonary oodema the most notable gro ss l e si ons 

in intoxi cated lambs , at the time of death , were fluid and fibrin in the 

peric2.rdial sac and subendocardial haoi'lorrhage s . The former may be asso­

cia ted ':ri th vas cular damage in the serosc.l ve s s e l s  and the latter wi th 

dis turbances in myocardial function . 

6 .  Dis tinct al terations occur i n  the e;lec trocardiograms . The brady-

cardi2. whi ch occurs when toxin i s  arunini s tered parenter� l ly may be due to 

substance s  other than eps ilon toxin . Arrhythmias occur in a proportion 

of the animals but the rr1os t  cons i s tent changes are alterations in the 

depolarisati on and repolari sation pat terns of the ventri cular myocardium . 

7 .  The elect
_
rocardiographic changes are only broadly related to the 

pattern of development of puloonary oedeli1a. 
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CHAP TER 8 :  THE HORPHOLOGICAL CHANGES PRODUCED I N  TH:S CENTRAL 

NER VOUS SYSTEM DURI NG C L . F ER F.RING EN S  TYPE D EPS ILON 

TOXI N I NTOXI CATION 

Many of the c li n i c a l  signs o f  e � t e r o t oxae mia ar e r e f erab l e  t o  

the c e ntral n e r v ous s ys t e m  and i t  i s  n o w  appropri a t e  t o  pr o c e e d  t o  a 

c l o s er s t udy o f  i t , s i n c e  prev i o us worker s hav e d e s c r i b e d  

morphological c hanges in the b r a i n s  o f  i n t oxi c a t e d  an imals . 

Compr e h e n s i ve s tudi e s  on the progr e s s i o n  o f  the l e s i ons whioh 

oc c ur in the b r ai n s  of i n toxicated mi c e  and lamb s have b e en pub l i s h e d  

b y  G r i n e r  ( 1 96 1 a ) . On the basis o f  the s e  s tudie s ,  and the r es u l t s  

o f  experime n t s  where radi oac tive trac e r s  were u s e d  t o  d e t e c t  al t e r e d  

v as c u lar perme a b i lity 1 ( Gr i n er 1 �6 1 b )  he sugges t e d  t h a t  t h e  early 

c ha n g e s  in t h e  brain ar e d u e  to brain o ed e ma foll owing vasc ular 

damage pr oduc e d  b y  eps i l o n  t oxin . On e of the c r i t e r i a  used for 

j ud g i n g  the pr e s e n c e  of o e de ma was t o tal brain wet w e igh t .  Howev e r , 

in five o f  the six pairs o f  i n t ox i c a t e d  dnd con t r o l  lamb s , whic h h e  

us e d , t h e  animal rec eiving t h e  t oxin was als o h e av i e r  o n  a b o d y­

w e i gh t  b as is . 0h ile Gre e n  ( 1 966 ) s tates  that the brain we t w e i gh t  

and t o tal b odywe ights o f  adu l t  m i c e  ar e u n c or r e l a t e d , brain w e igh t 

i n  this spe c i e s  is highly h e r i tab le and varies b e tw e e n  s trai n s , 

The b r ains o f  f emale animals ar e he av ier in r e l a t i o n  t o  b odyw e i gh t  

than those o f  males and t h e  water c on t e n t  o f  th e b r ain i s  also 

s t a t e d  t o  be age depe nde n t  a l tho ugh t h e  d e c r ease w i th i n c r e as i ng age 

is  small . It was the r e f o r e  c on s i d e r e d  to b e  advisable to de termine 

the a c t ual water c on t e n t  o f  samp l e s  o f  brain t i ssue in all 

quan t i ta ti v e  e xp er iment s o n  brain o ede ma . 

Although Griner ' s  light mic r o s c opic s tudi e s  hav e  pr ovid e d  

use ful information on t h e  development o f  t h e  l e s i on s  in t h e  b rain 

dur ing in toxi c ation , the f i n er morphologic al asp e c t s  of brain o ed e ma 

a r e  b e s t  examined i'ti th the e le c tron microscope . Muc h  o f  the 

c on f u s i on ab out b rain o e d e ma as it  oc curs experimen tally and in man , 

has b e en c lari f i e d  b y  u l tr a s truc t ur al s tudie s o f  the c ondi ti on.  For 

examp l e  Wechslere tal in Klatzo and S e it e lb e r ge r  ( 1 967 ) , have s hown 

that , in gr e y  ma tter , exc e s s  fluid ac cumulates i n trac e l lularly w i t hin 

the astrocyt e s , By using e lec tron histochemical t e c hniqu e s  
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. ernTJl C'yirig exogenous peroxidase as a trc.cer 

it has also b e e n  shown that there  is a true extrace llular 

s p a c e in the brain  and that t h e r e are c omp l e t e  ' tight j unc tions ' 

b e tween ad j ac e n t  2ndothelial c ells  whi c h  probably c on tribute  t o  

the so-called  ' Blo od-Brain Barri�r ' . 

Thr e e  pape rs which describ e  r ec e nt <1dva.nc e s  in this field , 

derived from a symposium on t h e  b l ood-brain b arr i e r held in  N e w  

York in 1 968 , are those of Hirano et al ( 1 97 0 ) , Brightman et al 

( 1 970 ) and Pappas ( 1 970 ) . 

The r e l e v a n c e  of the s 0  f ac t o r s t o  t h e  changes which o c c ur 

in  enter otoxae mia will be  exami n e d  i n  the present  s tudy as i t  
a p p ears probao l e  that the ac cumulat ion  of  fluid i n  t h e  ' Spac e of  

His ' d�scrib e d  b y  Griner  is in reali t y  a s welling of as troc yte f o o t  

p r o c e s s � s  around blood v e s s e l s , t h e  ' Spac G of His ' now b ei ng 

regarded as an ar te fac t . Damage t o  vasc ular end othe lium b y  the 

toxin c ould also have a pro f ound influence on the permeability  of 

the ' Blood-Brai n  Barrier ' �nd ac c oun t for t h e  l o ss of trac e r  

subs tanc e s  f r o m  t h e  b l o o d s t r e am i n t o  t h e  tissues  i n  this r egion . 

Griner did not  consider that tiss ue hypoxia was a major 

fac t or in the  pr oduc tion o f  the c e r ebral l es ions , mainly b e c au s e  

o f  the  ab senc e o f  c or tical le sions and ha e m or rhag e which ar e c ommon 

in so- called anoxic damage . There is however g r o s s f oc al  

h a e �orrhage in  t h e  brain s t e m  in most  c a s e s  of focal symme tri cal 

enc ephalomalac ia ( Har tley  1 956 ) . It is a l s o  appr o pr i a t e  t o  observ0 

a t  t h i s  s tage that t h e  brain oedema which develops in a c c i d e n t s  

during anae s t h e s ia in  mRn is now c onsid�red to r e s u l t fr om  a 
c omb ination of  transient anoxia and hyperc apnia , brought ab o u t  b y  

hypoxia and ischaemia , rather than b e ing due t o  hypoxia alone 

(Bakay in Kla t z o  and Sei t e lb ergcr , 1 967 ) . D e s p i t e  the se  

c o n s iderations  i t  was fe l t  that pr olonged critical hypoxia migh t  

pr o d uc e morphological damage i n  the b rain which c o u l d  b e  c ompar ed 

w i t h  the ac t i o n of epsilon t oxin . 

Because  vasc ular damage c o uld l e ad t o  loc alise d ischaemia and 

anoxia in the b r a i n , and Bec ker ( 1 96 1 ) has sh own that the 

his tochemic al s taining affini ty of n e rvous t i s s ue for a number o f  
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e nz ymes is r e duc e d  under th ese c o nd i t i on s , it was d e c ided  to s tudy  

the  hi s t o c he mi� al ac t i v i t y  of s ev er al e n z ym e s  i n  the  brains  o f  

i n t oxicated anim� l s . 

Quant i t�tive Aspe c t s  o f  Alter�tions  in  the Fluid 

B a l an c e  i n  the Brains of  Intoxi c � t e d  Mic e  

Pr 2 l imi nary Exper i m e n t  

Mat d r ials & Me thods : 

Thir ty six 6-8 w e e k  old feQale mic e were divided  into  two  

gr o ups . One  of  the se gr oups r e c � ivod 0 . 2ml of b a t c h  ANZD t oxin 

d i lu t ed  1 : 200 with saline  ( equivJ l e n t  to 1 ug batch- -BVill · tr,xin) 
i n travenous ly , and the o t h e r ( c o n trol ) gr oup r e c eiv8d 0 . 2ml of  

n u t r i 8 n t  bro th c on taining 0 . 5% ph enol  dilut e d  1 : 200 wi th saline by  

t h e  s ame r ou t e: . 

One h o ur after i n o c ulat ion , all the  c on t r o l  mi c e  w�r e kill�d 

by n e c k  d i s l o c a t i on and the br ains r emov ed . B rai n s  o f  the  

i n t o xica te d  anim�ls w e r e  r emoved as soon as the animal dia d .  Eac h  

b r ain  w a s  divided in h a l f  longitud inally a n d  o n e  half was plac e d  o n  

a pr ewe ighed 4c m .  diame ter  plas t i c  pe tri dish , weighed a n d  freeze­

d r i e d  for 24 h ours in  a 1 Spe edivac ' c 0 n trifugal fr e e z e  dr ier model 

5 PS ( Bdwards High Vac uum L t d . , Crawle y ,  Eng land ) wi th phosphorus 

p e n t oxi d e  as de s s i c a n t . Th e sample was then r e- w e ighed and the 

wa t e r  c o n t e n t  of  the t i ss u e  c alculated and expr e s s e d  on  a dry ma t t er 

b as i s .  

Re s ul ts : 

The mean wate r  c o n t e n t  of  the brains o f  i n t o xi c a t e d  mic e  was 

h i gher than that of c o n tr o l  mi c e  and the water c o n t e n t in  the s amples 

from the f ormer animals also increased  with i n c r e as ing survival time . 

The data from this exp e r i m e n t  i s  tabulat e d  in Appendix 7 and 

illus trate d  by the h i s t ograms in Fi6ure 8 . 1 a .  



Hain Expe r ime n t  

Ma t e r i a l s  & Methods 

S i x t y  6 - 8  w e e k  o ld male m i c a 3nd s ix t y  6-8 we e k  o l d  f e Ba l c  

m i c e w e r e  e a c h  d i v i d e d  i n t o  two � q ual gr oup s . One gr oup o f  e ac h  

s e x r e c e i v e d  p h e n o l  b r o t h s a l i n e  and the o t h er gr oup r e c e i v e d  b a t c h  

A N Z D  t o x i n a t  t h e  s a m e  d o s e  r � t e  a n d  b y  the s ame r ou t e a s  i n  t h e  

p r e l i t,J i n a r y  e xp e r i t:J e n t .  I n  a d d i t i o n  f i v e  an imals o f  e a c h  s e x  w e r e  
g i v e n  5 m l  o f  d i s t i l l e d  w a t e r  i n t r ap 8 r i t o n e a l l y  t o  pr oduc e a kn own 

b r ai n  o e d ema ( Z o man & Ka l sb e c k in Kla t z o  & S c i te lb e r g e r , 1 96 7 ) . 

A c o n tr o l anim�l o f  t h e  same s e x  was sac r i f i c e d  wh e n e v e r  o n e  

o f  t h �  e p s i l on t o x i n  i n t o xi c a t e d  animals d i e d . A l l  b r a i n s  w e r e  

r e mov e d  a n d  t r e a t e d  i n  t h e  s ame man n er a s  i n  t h e  pr e l i minary 

e xp e r im e n t . 

R e s u l t s : 

All mi c e  w h i c h  had r e c e i v e d  t h e  i n t r ap eri t o n e a l  i n j e c t i o ns o f  

w a t e r  d i e d  w i t h i n  o n e  h o u r  o f  i n o c u la ti o n . The mean wat e r c on t e n t 

o f  t h e  b r a i n s  o f  th e s e  animals was gr e a t � r  than tha t o f  the c on t r o l  

a n i mal5 o f  t h e  s a m e  s e x . I n t o x i c a t e d  f e m ale m i c e  al s o  had a h igher 

m e a n  water c o n t e n t  thaD t h e  c o n tr o l  f e male s and , as i n  t h e  

p r e liminary e x p e r i m e n t , this i n c r e a s e d  w i th i n c r e as i n g  s u r v i v a l  t im e . 

On t h e  o th er hand , th e p � t t e r n  in t h e  ma l e  mic e was n o t  as 

c l e ar c u t . A l tho ugh there was a pr ogr e s s i v e  i n c r e a s e  i n  w a t e r  

c o n t e n t  of the b r ai n s  o f  i n t o x i c a t e d  a n imals w i t h  i n c r e a s i ng survival 

t i m e , it was n o t  until more than 8 hours had e l ap s e d  a f t e r  i n o c u l a t i o n  

t h a t  the m ean wa t er c o n te n t o f  t h e  b r a i ns f r o m  the i n t o x i c a t e d  group 

e x c e e de d  the p a i r e d  c o n tr o l  value . By th a t  time the numb e r  of 

s urviv ing animals was very small and the r e s ults are n o t  s t a t i s t i c ally 

s i g n i f i c an t .  

Data f r o m  this e xp e r i m e n t  i s  g i v e n  i n  App e n d i x  7 a n d  the 

p a t t e r n  o f  c h a n g e  in wa t e r  c o n t e n t  in the brains of the f e m al e  mi c e  

i s  i llus tra t e d  b y  t h e  h i s t o grams i n  F i gur e 8 . 1 b .  
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Qu� n t i t u t i v e  Aspe c t s  o f  � l t e r a t i o n s  i n  t h e  Fluid 

Bala n c e  in t h e  Brains o f  I n t o x i c a t e d  Lamb s . 

Ha t e r ials & Me th o d s : 
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A s i mi lar p r o c e d ur e to tha t d e s c r ib e d  for m i c e  was u s e d  t o  

e s t a b l i s h  t h e  w a t e r  c on t e n t  o f  t h e  b r a i n s  o f  c o n t r o l  lamb s w h i c h  had 

r e c e i v e d  par e n t e r a l l y  a d m i n i s t e r 0 d  or e n t er i c - or i g i n  e p s i l o n  t ox i n  

( s e e  Chap ter 6 ) . I n  t h i s  i n s tanc e h ow e v e r , d u e  t o  the s i z e  o f  

t h e  b r a ins , i n d i v i d u a l  s amp l e s w e i g h i n g  app r o x i m a t e l y  0 . 5 gr a m  w e r e  

t ak e n  f r o m t h e  s a m e  ar e a  o f  t h 0  c e r e b ral c o r t e x , t h alamus a n d  

c e r e b e l l um o f  e a c h  an i m a l . B e c cu s e  wa t e r  c o n t e n t  o f  b r ai n  t i s s u e  

d e c r e as e s  w i t h  age , t h e  w a t e r  c o n t e n t  o f  the s e  �r e a s  o f  t h e  b r a i n s  

f r o m  5 normal 8 m o n t h  o l d  l a m b s  was e s t a b l i s h o d  a n d  u s e d  as c o n t r o l  

d a t a  f or t h e  t h r e e  8 m o n th o l d  an i m a l s  w h i c h  h a d  ab s o r b e d  e n t e r i c ­

o r i g i n  t o x i n , a n d  suc c umb ed , 

H e s u l t s : 

Th e m e a n  w a t e r  c o n t e n t o f  a l l  a r e as of t h e  b r a i n s  o f  t h e  

8 m o n th o l d  l a m b s  w a s  l o w e r  than t h e  v a l u e  f o r  t h e  s a me a r e a  o f  t h e  

2 -3 w e e k  old l am b s . 

No s i g n i f i c an t  i n c r e a s e  in me a n  wa t e r  c o n t e n t  c o u l d  b e  

d e t e c t e d  in a n y  o f  the  a r e a s  o f  b r a i n  f r o m lambs wh i c h  had r e c � i v e d  

par e n t e r ally admi n i s t e r e d  or e n t e r i c - o r igin t ox i n , w h 0 n  c omp a r e d  

w i t h  v a l u e s  f o r  s i m i lar c o n t r o l  a n i m al s . 

Th e lamb d a t a  f r o m  t h e s e  e x p e r i m e n t s  a r e  g i v e n  i n  App e nd i x  8a & b 

and summar i s e d  i n  Tab l e  8 . 1 .  



Tab l e  8 .• 1 :  

The f·le .:::.n ';� a t 12 r  Con t z: n t  of  Di ff e r e n t J.re as o f  the Brains 

of  Control and Intoxi c 3 ted Lamb s 

1·�gd  of Lambs : He gi on of Brilin 

2-3 w e e k s  C e r a bral C o r t e x  I Thalamus \ Cer ebellum 

Ho an ;·{a tcr Con t e n t  ( m<; Hz O/r.lg dry matter ) 
+ 1 s t d  devia tion -

Control  Lambs ( 1 0 )  4 . 43 + 0 . 1 3  4 . 1 0 + 0 . 33 4 . 1 1  + 0 . 33 

Intoxicated lambs ( 3 1 ) 4 . 33 + 0 . 08 4 . 05 + 0 . 08 3 . 94 + 0 . 1 4  
( p 9.r e nt e ral ly 
.3.dminis tere d )  

Age o f  lamb s :  

8 mon ths 

C o n tr ol larr.bs ( 5 )  3 . 83 + 0 . 55 2 . 08 + 0 . 3?*  3 . 72 + 0 . 1 8 

I n t o xi c a t e d  lambs ( 3 ) 3 . 3 9  + 0 . 28 3 - 53 + 0 . 34 *  3 . 6 4  + 0 . _30 
( En t.e r i c - oriJ;.::in ) 

* t test - p = c . 00 5 - the c on tro l vo..lue lilay be anonalous - seu .t:.ppendix 8b 

The Morphologic al Cha nge s s e e n  in  the B r ains  of  

Intoxicated Animals Dur i ng Ele c tron  Mic r o s c opic Exam�nation . 

Mater ials & Me thods : 

S e c t i o n s  o f  c erebral  corte x ,  thalamus and c e r ebe llum were 

taken f r o m  mice which Rurvived  f or di f fer e nt periods o f  time in th0 

for egoing �xp erimen ts . Small Ci- 1 mm ) c ub e s  o f  t h � s e  tissues wer e 

plac e d  in c old 3% glu tarald�hyde in 0 . 1 M phosphate b uffer  a t  pH7 . 2 

and held at  4° C  o vernigh t . The tissues were the n p os t  fixed in 

buffered 1% osmium t a troxide a t  4°C , dehydra t e d  in an e thanol s er i e s  

a n d  infiltrated  and e mbedded in  epox y  r e s i n  ( Fluka ACM )  v i a  a 

p r op ylene  oxide series as rec ommended b y  Luf t  ( 1 96 1 ) .  Sec t ions 

were cut  wi th glass knive s on an LKB ultramicro tome and s tained with 

aqueous uranyl ni trate and lead c itrate , (Re ynolds,  1 963 ) . General 

d e s c r iptions of  these emb e d ding and s t ainine t echniques  are given b y  

Glaue r t  i n  Kay ( 1 965 ) .  



Th e s e c t i o n s  w e r e  t h e n m oun t e d  u n s u pp or t e d  on c o pper g r i d s  

a n d  e xam i n e d  i n  a Philips EM200 e le c t r o n  mi c r o s c o p e  us i n g  a n  a n o d e  

v o l tage o f  60Kv . Th e e l e c t r o n  pho to m i c r o g r aphs w e r e  taken o n  

Kodak FRP426 F i n e g r a i n  p o s i t ive f i lm a n d  d e v e l o p e d  and p r i n t e d  b y  

c o nve n t i o nal ph o t ograph i c  t e c h n i q u e s . Simi lar ma t e r i a l  was taken 

f r o m  r e pre s e n t a t i v e  c o n t r o l  and i n t o x i c a t e d  lambs an d p r o c e s s e d  i n  

th e s a m e  way . 

R e s u l t s : 

In mi c e , t h e  e ar l i e s t  chan g e s  d e t e c t a b l e  b y  e le c t r o n  

mi c r o s c o p y  o c c ur r e d  in the v a s c u lar e n d o t h e l i u m  a n d  t h e  as t r o c yt i c  

1 f o o t 1 p r o c e s s e s  surroun d i n g  t h e  c ap i l l ar i e s . S w e l l i n g  o f  t h e  f o o t  

pr o c e s s e s  was d e t e c t ab l e  in s om e  c a s e s  as e a r l y  a s  t hr e e  h o u r s  p o s t ­

i n o c u l � t i o n  and b e c am e  pr ogr e s s i v e l y  m o r e  s e v e r e  a s  t i me o f  surv i v a l  

i n c r e a s e d  (Figur e 8 . 2 . ) Th e s w e l l i n g  o f  t h e  as t r o c y t e s  was n o t  

c o n f in e d  t o  t h e  f o o t  pr o c e s s e s  alo n e . Figur e 8 . 3 , whi c h  i s  

s e r i e s  o f  l o w  mag n i f i c a t i o n e le c t r on p h o tomicr ographs o f  t h e  

t h alamic n e ur o p i l , f r ow c o n t r o l mi c e  a n d  th o s e  sur v i v i n g  f or 

i n c r e as i ng p e r i o d s  of t im e , c le ar l y  d e m o n s tr a t e s  the p r o gr e s s i v e  

s w e l l i n g  o f  � s t r o c yt i c  p r o c e s s e s  i n  t h i s  r e gi o n . I n  the c e r e b e llum 

the s w e lling of t h e as t r o c y t e s  s e rv e d  to d i f f e r e n t i a t e  t h e m  f r o m  

o t h e r  c e ll t yp e s  wh i c h  w e r e  una f f e c t e d  b y  the t oxin (Figur e 8 . 4 ) . 

Th e r e  was mar k e d  s w e ll i n g  o f  a s t r o c y t i c  pr o c e s s e s  ar o und n e u r o n e s  a s  

w e l l  as around the c a p i ll a r i e s  in i n t o x i c a t e d  a n i m a l s  (Fi gur e 8 . 5 ) . 

A l though t h e  c h an g e s  d e s c r i b e d  a b o v e  ar � t h e  m o s t  pro m i n e n t , 

t h e r e  i s  a l s o  e v i d e n c e  o f  s e v e r e  va s c u l qr e n d o t h e l i a l  damage 

( Figur e 8 . 6 ) . Th e l e s i o ns in t h e  e n d o t h e lium were more e a s i l y  

s e e n  i n  t h e  t i s s u e s  f r o m  i n t o x i c a t e d  l amb s h o w e v er a n d  w i l l  th e r e f o r e  

b e  d e s c rib e d  s h o r tly . 

B o th o f  the ab o v e  t y p e s  o f  c h a n g e  s e e n  in mi c e , i . e .  

as t r o c yt i c  s w e lling a n d  e n d o th e l i a l  damage , w e r e  also s e e n  i n  t h e  

lamb s whi c h  r e c e i v e d  t ox i n  b y  par e n t e r a l  or e n t er i c  rou t ss · . Th e 

c lo s e  r e s e mb l a n c e b e tw e e n the l e s i o n s  in this s p e c i e s  a n d  th o s e  

d e s c r i b e d  ab o v e , c an b e  c le arly s e e n  b y  c ompar ing F i gur e 8 . ?a ,  whi c h  

s h o w s  t h e  l e s i o n s  i n  lamb thalumus w i th t h e  l e s i o ns i n  t h e  s am e  a r e a  
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o f  mous e brain i llus t r a t e d  in Figur e s  8 . 2 , 8 . 3  a n d  8 . 6 .  Th e 

e x treme ly severe damage wh ich oc curr e d  in the c ap i llar y e nd o th e lium 

of i n t oxi c a t e d  lamb s c an be s e en i n  Figure 8 . 7b . In i n t ox i c a t e d  

animals the e n d o th e lium can b e  s e e n  t o  b e  r e duc e d  to  a thin � elec­

tron. dens�· band in whi c h  no sub c e l lular arc hi te c tu� e  or s truc tur e s  

suc h as mi t o c h o ndr ia , r i b o s omes e tc . ,  c an b e  d e te c t ed . There were 

als o d i s c o n t inu i t i c s  in t h e  e n d o thelial lining o f  v e s s e l s  s ugges ti n g  

t h a t  t h e  i n t e r c 8 llular j unc t i ons h a d  s epara te d . Th ere  w e r e  no 

d e t e c table a l t er a ti ons in the c ap i llary bas e me n t  membran es . I n  
b o t h  m i c e  and l �mb s the neur o n e s  o f  i n t o xi c a t e d  animals w e r e  

unaf fe c te d . 

The Us e of H o r s e  Radish Per c xidas e as an I n d i c a t o r  o f  

A l t e r e d  C api llary P e r me ab il i ty i n  I n t o xi c a t e d  animals . 

Ma t e r i als & Me thod s : 

Thr e e  m i c e  wer e give n 2 ug o f  b atch C WD e p s i l o n  toxin 

f ollowed b y  1 0mg of  h o r s e  radish p eroxidase ( 1 00- 1 5 0  purpur ogallin 

u n i t s/mg - S i gma Chemical G o . , S t . Louis , U . s � a . ) in saline 

i n trave nously . A s imi lar gr oup o f  c o n tr o l  mic e  were give n the 

same dos e  o f  p e r oxidase on l y . The c on trol mice were  killed whe n  

t h e  i n toxic a t e d  m i c e  died 1 1  3 a n d  5 hours a f t e r  inoc ulat i o n . 

In ad di t ion , two 3 we ek o ld female lamb s , w i th less t han 

0 . 08 units o f  epsilon an t i t oxin/ml o f  s e rum , w e r e  e ac h  given 1 mg 

o f  ba tch CWD epsilon t o x i n  f o l l o w e d  b y  1 00mg o f  p e r oxidase 

i n trav enously and two s imilar lamb s r e c e ived the s ame d o s e  o f  

perox idase only . Th e la t t er pair of lambs and a lamb which had n o t  

r e c e ived e i th e r  t oxin o r  peroxidase w e r e  killed  w i t h  intravenous 

' Euthatal ' ( Hay & Baker , Dage nham , England ) whe n  the ' to xi n '  lamb s 

d i ed , 1 - 2 hours after inoc ulation . 

Very thin ( 0 . 1 mm )  s li c e s  of c e r ebral c o r t e x , thalamus and 

c er e bellum from all t he se  animals were fixe d i n  c ol d  3% 

glutaraldehyd e  solution overnight then stained h i s t ochemically by 

t h e  method o f  Karnovsky ( 1 967 ) to demons trate p e r oxidase �  

S e c ti oning and uranyl ni trate/lead c i trate s taining were carrie d  out  
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Pigure 8 . 2 :  

A B 

C D 

Srrell ing_ o f  Astrocyt;J Foot Proc8f2_!!0 S around Capi l lari e s  

�n the 'rh�.::.lar;-d.c Region of the Br<dn in Into:dcated I•ii c 0 . 

A .  C ontrol :  

The� c:1pillary ond.o the:liw;1 (En ) appears normal and the 

as trocyte foot proc e s s e s  (AFP ) ar8 nc, t proi :i nent . 

B . Thre8 Hou=s Po st - inocu l ation : 

The capil lc:.ry �.mLlo thel iun i s  reduced in thickn0 s s  and 

there i s  s owe cytoplctsmic ve. cuo lati o:n . 

cha�ge in the astrocyte foot pro c e s s e s . 

c .  Six Hours Po s t - ino cula tion : 

There i s  li t t l e  

Extrc:o1el�r s eVE!re capil lary c::::1do thelial d.a:r.mge i s  
presc::nt . Tha endothel iu.s has been re du c ed to re thi::-1 , 

e l ectron- dense cand . The as tl'ocyte foot proc e s s e s  .::re very 

di s tended . 

D .  T11elve Hours Po s t -inocul2.tion : 

T�::.c change s are si! 1.i lar to tho s e  in C wi th further 

swelling o f  the as trocyt� foot pro ce s s e s . 

I-A:y mye l inated nerve fibre s 

Mi rrlito chondria 

N nuc l 8us o f  cndo the lin. l c e l l  

Magnifi cation 1 1 , 200 
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Figure 8 . 3 � 

A B 

C D 

Swelling of Astrocyte P:::.-o c e s s es in the 
Tha l2Jni c Neuropi l of Intoxi cated Mi ce . 

A. Contro l g  

Thi s  i s  an area o f  nornal neuropil from a contro l  mou s e  

shoning the me s s  o f  glial and nerv€ c e l l  proc e s s e s  vihich 

c onstitute the neuropi l .  

N glial cell nucl eu s . 

plasr.tic astrocyt e . 

B . Six Hours Po s t-inocul.� t ion : 

The cell i s  probably pro t o-

Swe l l ing of as trocyte proc e s ses (.hP) has deve l oped , 

giving the neuropil a lacy :=tppe2ra.ncc: . 

C .  'I'wel VG Hours Pos t- ino cu lat i on : 

The s1re lling of a s tro cyte pro c e s s e s  has bocoue nore 
pronounced . 

D.  Eighteen Hours Po s t-ino cul ation : 

The swo l len as trocyte pro c e s s es o c cupy al::.o st the 
entire neuropil in thi s field. 

Ne portion of n nouro�e . 

My mye linated nerve fibres . 

:Magnifi c a t i on 4 ,  4 50 
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Figure 8 . 4 : 

A 

Different ial Swe lling of Pro toplasmi c As trocyt ;.� s in 
the Cerebe].J:..u...r_Q_ra nul e.r La;rer of Int oxi ca t e d  ?hce : 

A. Portion of the Granular Lswer o f  the C erebe l lum from a 

rn neuropil 
U unident ified c e l L; of tlce cerGb e l lar granule.r 

layer 

B .  Portion of 1.:18 Cere.b e l 1 r..r Crc;.nular Layer of a i.Iou3e whi ch 

di ed 6"1 Hours aft er the Parenteral Admini s tra tic:n of 

Epsilon Toxin : 

There i s  marke d  swe l l ing and probable early detS·enera­

tion of a pro t oplasmic a s tro cyte (As ) and al so swel ling of 

a s trocyte pro c e s s e s  (AP) in the neuropi l . 

t�agn i f i ca tion 4 , 2 50 





Figure 8 . 5 : 
B 

C D 

Sv:e lling of As trocyt e Pro c e s s e s ar ound. Neurons 8 
in the 'i'halamic Neuronil of Intoxi cat e d  r,:ii c o . 

A. Contro l � 

Port ion of a large norraal neurone (Ne )  anct the adjacent 

nGuropi l .  

:i:Jo nucleo lu s  

lJ nuclc.1s 

ER endopla srl:ic rE: ti culun 

Gc �o �gi c i s t ornao 

I::i r!li to chondrin 

�r lysc somes 

V vacuo l s s  

L'ly myc lina ted nE. rv.:= fibre s 

B . Trrree hours Po s t-inoculation : 

Very l i t t l e  cha:1ge fron tho norr.1al apyearr.ncc but 

probP.ble early sY;ell ing of astrocyte proc c:: s s E: s  (AP) adj a c ent 

t o  tha neurone . 

c .  Six Hours Po s t- inoculat i on �  

Vary marked swelling of as trocyte pro c e s s e s  a cij acont to 

a neurone as ,.iell :::: s i:1 tilE: neuropi l .  Eote the c l o s e  proxi -

mi t,y of the plasmaler:u:�o. o f  the s e  pro c e s s e s  to tho.t o f  the 

neurone . 

S Satellite c e l l  

D . Eighteen Hours Po s t -ino cula ti on :  

Mos t  severe swe l l ing of a s t ro cyte pro c e s s e s  adjacent 

to a neurone . There i s  l i t tle or no evi dence of degenerative 

change in the lat ter c e l l .  

Magnification 4 , 700 
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Figure 8. 6 : 
A B 

C D 

yas cul2r R."ldo tLc l ia l  DaJn.2.{;;1J in the; 'l'hal 011l i c  

[{3gi o n  o_f the Bra ins _of Ir�.:toxi cD_ t e d  Iiii ce . 

The appearE�nce of ;:. nonw.l cap i l l2-ry il·J thi s region of 

tlH'' br�:dn . The e11do the: l ia l  cytopl HST!l (L'n ) con.t.:cins IlllilCl'Ous 
ri bosor.1e s ,-,.nd o c casional ni t o chond::.·i,, , v.::.cuoles and lys osone s .  

Hii ba s a:3nt 1%r::br&ne 
E erythro cyte 

ii.FP as tro c;yte f o o t  proc e s s e s  

B .  Capillary from Intoxicn.ted l �ouse Br&in : 

Th<:: cytopl asm of the capillary endo t!'leliun oas be c ome 

r G duccd to a t!1in ,  e l ec tron-dens e  band conta i ni ng o c c a s i onal 

cytoplasmi c organe l le s . The surrounding as trocyte foot 

pro c e s s e s  are very sv1o l l e n . 

c .  Contro l : 

Higher Lagnification showing the c�;tol�la sEl of the 

capi l lary endo the l ium in greater detail and illustrating a 

t tight ' ,junc t i on ( T j ) between two ad.j acent endo the l ial cel l s . 

D .  Ca!J i l lary fror;: Int oxi cated I:!ous o  Bra i n :  

as C .  

Thi s  i s  an a rea of capil lary at the same mngnification 

There i s  almo s t  complete l o s s of re c ogni sab l e  endo-
thelial cytoplasm . 

Magnifi cat i on A & B 
C & D 

18 , 000 
24 , 000 
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Figur e  8 .  7 Cl. :  

A B 

C D 

The Deve l opment o f  Bra i n  Oedema 

in Intoxi cated Lamb s 

A .  C ontrol Capi l lru_7: 

A normal capil lary and adj ac ent neurop i l  in the 

thalamu s of a lamb . 

En endothelial cyt oplasm 

N nuc l eus 

BM bas ement meiil"brane 

E er;ythrocyte 

B . .  Capi l lary from Intoxi cated Lamb : - Parenteral Toxin 

There is s evere cap i l lary endo thel ial damage and 

swel ling of adjacent a s trocyte foot pro c e s s e s  (AFP ) . 

C .  C ontrol Neuropi l : 

The appearance o f  the thalamic neurepil in a 

normal lamb i s  simi lar to that of mice ( s e c  Figure 8 . 3 ) .  

BV Sma l l  capi l l ary with normal endo the l ium . 

D .  Tha lami c neuropi l of an Intoxica ted La.mb : - Enteric Toxin 

Swe l l ing of the ns trocyte pro c e s s e s  (AP ) has given 

the neuropi l a l acy appearanc e ,  The endothe l ium of 

the sma l l  capil lary whi ch i s  vi sible in thi s figure i s  

damage d . 

1mgnification A & B 9 , 500 

C & D 3 , 950 
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Figure 8 . 7h :  

A 

B 

Vas cular Endothelial Damag� in 

the Brain of Intoxicated La;;�bs . 

A. Nor!!!al Capillary from the Cerebral Cor tex of  a Control 

Lamb : 

En endothel :i.al cytoplasm 

1 oapillary lumen 
AFP Astrocyte F0 o t  Prc c e s s e s  

J:ly Myelinated Nerv€ Fibre 

B . Capi l lary from the Cereb-ral Co:ctex •)f_ 2 Ls.r:1b ':;hi ch had 
receivc,d Parenterally Admini s t ered .2ps i lon 'i-'oxi n �  

'rhe endo thelial cytoplasrr: i s  severeJy dacmged and 
reduced to a thin,  ele ctron-dense ba!!.f< o  'rhero does no t 
appear to be any marked separe.t ion of the cell junctions ( J ) .  

:Mae:,:rni fi ea ti  on 2 2 , Cu0 
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in t h e  usual mann e r . 

R e s u l t s : 

I n  t h e  e xper ime n t s i n  wh i c h p c r o x i d � s c  was g i v e n  t o  mi c e  i t  

was c o n f i n e d t o  t h e  v as c u l ar lum e n  f or a t  l e as t t hr e e  hours i n  t h e  

c o n t r o l  a n i m :1ls . In t h e  i n t o xi c a t e d  animals i t  w a s  f o und t o  b e  

e x t e n s i v e l y dis t r i b u t e d  t h r o ug h o u t  t h 8  e x t r a c e l l u l ar s p ac e o f  t h e  

n e u r o p i l as w e l l  as b e in g t r app e d  in t h e  r e gi o n u f  t h 0  c api l l ar y 

b a s e m e n t  m e mb r a n e s  ( F igure 8 . 8 ) . Th i s  e x t r av asc u l�J.r d i s t r i b u t i o n  

o f  t h e  p e r o x i d a s e  o c c ur r e d  e v e n  i n  t h e  animnls wh i c h  d i e d  wi t h i n  an 

h our o f  the a d m i n i s tr a t i o n  of t h e  t ox i n  and t r ac e r .  

Th e p e r oxi d a s e  t r a c e r  i n  i n t o x i c a t e d ani mals was c o n f i n e d  

t o  t h e  l i m i t e d  e x t r a c e ll ular s pac e whi c h  i s  pr e s e n t  b e t w e e n  th e 

g li a l p r o c e s s e s  i n  t h a  b r ai n and d i d  n o t  e n t e r  t h e  s w o l l e n  a s t r o c y t i c  

pr o c e s s e s ( Figure 8 . 9 ) .  

Th e l e v e l  o f  h or s e  r a d i s h  p e r o x idas e us e d  in t h e  lamb 

e xp e r i m e n t s  was n o t  d e t e c t ab l e  b y  the h i s t o c h e mi c a l me t h o d s  u s e d .  

The e r y t hr o c yt e s , w h i c h  h av e  a h i gh l e v e l  o f  e n d o g e n o u s  p e r ox i d a s e  

ac t iv i t y ( S t rum & Kar n o v s k y  1 970 ) w e r e  c l e arly s t a in e d  i n  a l l  

anima l s , inc lu d in g  t h e  an i mal w h i ch had n o t  r e c e i v e d  any e x o g e n o u s  

p e r o x i d a s e ,  W h e r e  this pr o t e i n  trac er had b e en adm i n i s t e r e d  t h e r e  

was n o  d e t e c t ab l e  e x o g e nous p e r ox id a s e  ac t ivi t y  i n  t h e  c ap i llary 

lumina or e l s e wh e r e  in e i t h e r  the c o n tr o l or the i n t o x i c a t e d  animal s . 

Morph o l ogi c a l  and H is t o c h e m i c al Cha nge s D e t e c t a b l e  by 

Ligh t Mi c r o s c opy i n  th e Brains o f  I n t o xi c a t e d  A n i ma l s . 

Ma t e r ials & Me t h o d s : 

Th e brain t i s su e  f or li gh t  m i c r o s c o p e  exam i n a t i o n  was o b t a i n e d  

f r o m  t h e  c e r e b r a l  c o r t e x , t h alamus, mid-br ain , c e r e b e l lum a n d  m e dulla 

of the s ame m t a e  and lamb s t h a t  wer e u s e d  t o  ob t a i n  the t i s s u e s  f or 

e l e c t r o n  mi c r o s c opy . 

Dupli c a t e  �c m  t h i c k  p i e c e s  o f  t h e s e  t i s su e s  we r 2  f i x e d  i n  

e i t h e r  1 0% F o r m a l  saline or B ouin ' s  f i x a t i v e , d e hydra t e d  thr ough 

grad e s  o f  e thano l and e mb e d d e d  in p ar a f f in wax . S e c t i on s  b e t w e e n  



Figure 8-. 8 : 

B 

The Dis tribution of Ho-rse Radi sh ?eroxide,se in 

the Bra-i ns of Con tro l e.nd Intoxica ted Ni ce . 

A .  Ca.J2.i l lar;r e.nd Tho.lmn i c  �Jeuropi l fror:1 :::. Control T>louBo  which 
had recoivc:d Pero�id.e.se Intravc nou s l.'{ :  

The psroxi dase  (P )  i s  confinc; d t o  th e· cc�pil lary lur�en . 
No t e  tha t there has be:: en s or:1e art e f2 c tuo.l shrinkage of the 

r'lain body of the peroxi dase m;n;y- from the usrgins in thi s 

s e c t i on . The capi l lary vml l  i s  fre e  o f  p8rox i da R e . 

Nl neuropil 
BV Blood Ve s s e l  

B .  Capi l lary end Thale..mic Neuropil from a Iv:ou so whi ch had 

received Eps i l o n  Toxin and Peroxidase Intravenously: 

The peroxidase has e s caped froo the capil lary l�unon 

f'.nd has been extensively trapped in the c;;; p i l lary endo the lium 

and ba sement nwmbrane . In addi ti on i t  has spread ex tt::nsi vely 

through the tenuous extrf.tcc l lule.r space s  (ES )  of the neuropi l . 

AS As trocyte 

Magnification 10 , 600 
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Figure 8 . 9 � 
. 

The Di striimtion of Horse :bd.ish Pt:_Foxid<].G8 in 

the C erebe ll ar Granular of Intoxi cateq Ij_.i. c e . 

Peroxidase (P)  has lcoft the vasculflr lume:1 (L)  and has 

been trapped i11 tlle ce.pi l l n.ry wal l ,  including the basGJ�ent 

membrane (B:fo:I ) . In ad.di tion :i. t is E:xtensi vel;y di s tributed 

throughout the tenuous extrac e ll u l ar space (ES ) i�:1 the 
neuropil .  I t  should l1e no t e d  tha t , althou,�h ttwrc i s  obvious 

swe l l ing of pro t oplasmi c astrocyt e s  (As ) ,  none of the peroxi­

dase appears to have entered the s e cells . 

E erythrocyte 

N "" nucleu s  

U uni dent i fi o d  c e l l s  o.I: the granular layer 

Ivia gnifica tion 8 , 500 





69 

2 and 5u in thickness were c u t  and s tained with Erlic h ' s  

Haemat oxylin and Eosin ( H&E ) and b y  the Periodic A � id Schiff (PAS) 
me thod . 

Further s imi lar bloc ks from the brains o f  the  mic e were 

quenched on dry ice , while the lamb mate r i al was fixed overnigh t  

i n  c old ( 4°C ) 1 0% formal calc ium then infiltrated w i t h  the o . 88M 

sucrose/ 1 %Gum l' .. cac ia s olu tion r e c ommended b y  Pearse ( 1 96 8 )  f or 

certai n  h i s t ochemical proc e Jure s .  Frczen sec tions  o f  the se tissues 

were cut a t  8u on a Lipshaw ' Cr yo t om e '  ( Lipshaw Man ' f • C o . , De tr� t , 

u . s . h . ) ,  and the technique s  d e s c ribed in Thcmp s o n  ( 1 966 ) us ed  to 

demon s trate  acid and alkalin e  phosphatas e ( az od ye me thod ) and DPN 

and TPN d iaph oras e ( ni tr o-blue t e trazoliurn method ) ac tivi ty 

respe c tive ly .  

Results : 

There  were no consis t e n t  quali ta tive differenc e s  in the levels 

o f  e i th e r  the  phosphatases or the diaphorases  i n  the brains of 

c ontrol and in toxicated  mic e  and lamb s . 

N o  lesions were detec table in the H&E and PAS s t ained sec tions 

of  brains f r om in toxicated animals which survive d  for less than 6 

h ours . A t  6 h ours , foci o f  appar e n t  vacuolation were seen in the  

c erebellar granular layer . The s e  areas consi s ted  o f  dense 

b asophilic nuc leii  surrounded b y  a c lear zone  of c yt oplasm . 

In itially the  foci  only appear e d  t o  involve a f e w  c e lls  but as time 

progr e s s e d  the lesions b e c ame more 8Xtensive and the whi t e  mat ter 

underlyin g  these lesions showed f ocal pale areas , probab ly th e r esult 

of  oedema t o us swelling . The s e quence o f  changes  i s  illus trated 

in Figure 8 . 1 0 • By 24 hours the type o f  les i o n  d e s cribed  by 

Griner ( 1 96 1 a ) , and s e en in ear ly field cases of F . S . E .  in lamb s by 

Hartley ( 1 956 ) , was presen t . There were no al teration s  in the 

c apillary endothelium , fixed by either f ormal salin e  or B ouins fluid , 

d e t e c tab l e  b y  light microsc opy . 

The r e  were n o  d e tec table lesions in the brains o f  lamb s which 

r e c eived e i ther p arenteral or e n t eric- origin t oxin . 



Figure 8 . 10 :  

A B 

C D 

The Sequence of Changes seen by Light Microscopy 

in the Cerebellum of Intoxicated Mice . 

A. Control : 

The normal appearance of portion of a cerebellar folium. 

P a pia mater 

ML • Molecular layer 

G1 .., Granular layer 

WM. = cerebellar white matter 

B. Cerebellum from a Mouse which died 6 hours after Inoculation 

with Epsilon Toxina 

The granular layer contains scattered foci (X )  in which 

the cells are swollen and have pyknotic nuclei_ and clear 

cytoplasD. 

c .  Cerebellum 6 Hours after Inoculation : 

This is a montage of a similar area to B showing the 

changes in more detail . The swollen cells are almost 

certainly the protoplasmic astrocytes seen by electron micro­

scopy. 

PC • Purkinje cells 

D. Cerebellum 12 Hours after Inoculation : 

In addition to the focal areas in the granular layer 

which have been described above , there is also focal rare­

faction (Y) in the white matter in sections taken at this 

time . 

��gnification A, B & D 70 
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The Effect o f  Cri tical Hypoxia on the Morphology 

and Fluid Balan c e  i n  Mous e Brain 

Materials & Me thods : 
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A s e r i e s  of four t e en 8 week- o ld female mic e were sub j e c t e d  

t o  c r i t i c al hypoxia b y  means o f  a B o yles Anae s the t i c  appar a tus 

( B r itish Ox ygen C o . , England ) d e liv ering 8% oxyg e n  ( 02 )  in n i tr o u s  

o x i d e  ( N2 0 )  at  2 . 1 6  litres p e r  minu te thr ough w a t e r  to a s tainless 

s te e l  chamb er 25o m  x 45cm x 25cm with b o t tom e n tr y  and t op exi t 

por ts . The c hamb er was i n i t ially f lushed with pure oxyge n  for 5 

minutes a t  a flow r a t e  of 8 litres per minu te and the flow r a t e  and 

par tial pr e ssure o f  oxygen were gradually r e duc ed to the f i nal 

f igure over 1 5  mi nu te s . A control gr oup o f  f our s imilar mi c e  w e r e  

killed b y  n e c k  dislo c a t i o n  at the s tar t of th e exp e r i me n t  and i n  

add i t i on four furthe r mice were mai n t�ined in t h e  c hamb er for 2 4  

h ours in an a tmosphere of 20% 02 in N2o deliver ed i n  th e s ame manner 

as pre vious l y .  Two of the s e  la t t er animals w e r e  killed a f t e r  1 2  

h ours in the c hamb e r  and the remaining two after 23 hours . Brain 

water c o nt e n t  was me asur ed and s e c t i o n s  prepar e d  f or mic r o s c op i c  

e xamination as des c r i b e d  pr evi ously . 

Results : 

A f t e r  an initial period o f  exc i teme n t  whi c h  oc curred when 

n i t r ous oxide was firs t i ntroduc ed i n t o  the chamber , all mic e b e c ame 

v e r y  depr e s s e d  in the hyp oxic atmosph e r e . Animals generally 

r emained c o n s c i ous for s ome time but b e c ame comatose and d i e d  after 

varying p e r i o ds of survi val . All exc e p t  two o f  the mi c e  died 

wi thin 24 hour s of the ons e t  o f  hyp oxia and the two surviving animals 

w e r e  in e x tremis at th at t ime and were killed b y  n e c k  dislocati on . 

The r e  was no s i gnificant i n c r ease in the water c on t e n t  of the 

brains o f  thes e  ani mals ( Tab le 8 . 2 ) . 
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Tab le 8 . 2 :  
The Wa t'e r · C'o n t e n t  o f  the  Brains o f  Normal and Hypoxic M i c e • 

C o n t r ol C o n t r o l  Hypoxia 

Normal ;,ir 200,.602 in N20 8%02 in N20 

Surviva.l Time ( Hours ) 

1 2  24 1 o - 4 5 - 8 9 - 1 2 1 3  - 24 
'Hat e r  C o n t e nt ( mg H20 per mg . Dry Ma t t er ) 

3 . 37 3 . 48 3 . 44 3 . 48 3 . 48 3 . 3 9  3 . 37 

3 . 32 3 . 3 7 3 . 32 3 . 57 3 .• 3 9  3 . 3 9  3 - 55 

3 . 29 3 . 46 3 . 28 
3 . 45 3 . 40 3 . 2 1 

3 . 42 

3 . 36 

Mean 3 . 36 · '  3 . 40 3 - 53 3 . 43 3 . 40 3 · 35 

Note : 1 b r a in samp l e  f r om h ypoxic group lo s t  in proc e s sing .· 

Mi t e  whi ch d i e d  a f t e r  surviv ing f or up to 23 h ours in the 

hyp oxic a tmo sphe r e  did not exhibit vasc ular e n d o t h e li al damage or 

a s t r o c y t i c  s w e lling . In addi t i on there was c le ar e v i d e n c e  o f  

neuronal damage in the h ypoxic animals (Figur e 8 . 1 1 )  whi c h  was 

not pr e s e n t  i n  epsi lon t oxin i n t oxic a t e d  animals . The r e  was n o  

e v id e n c e  t h a t  the u s e  o f  Nz O as a c arri er gas , i n s t ead o f  ni trogen , 

had any e f f e c t  on the o u t c om e  o f  t h e  h ypoxia experim e n t s  s i n c e  the 

ani mals which were held in Nz O plus 20%02 did not show any 

d e t e c tab l e  evid enc e o f  nervous s ys t e m  damage e i th e r  c linic ally or 

a t  the u l t r as tru c tural leve l . 

D i s c u s s i o n  

B e f ore e n t e ring i n t o  a d i s c us s i on of t h e  r e s u l t s  o b t a i ne d , 

c e r t ain o ther aspec ts o f  thi s c hapter must b e  men t i on ed . For 

exampl e , fre eze-dr ying has no t b e e n  wid e ly employed i n  t h e  p a s t as 

a means of d e t ermining t h e  dry ma t t er c o n t e n t  of t i s s u e s . I t  

has however b e e n  employ e d  b y  Quadb eck ( in Klatz o & S e i t e lb er ger 

1 96 7 ) in his quan t i tative s tu d i e s  on brain o e d e ma . On theore tical 



Figure S . l l � 

A 

B 

Neuronal Tiamc.ge in !'!li ce resul ting 

from Prol onged Cri tical Hypoxia . 

A .  Neurone fror.1 a Mouse whi ch died after 12 hours in an 

Hypoxi c Atmospht3re 8% 02 in N2o 

Th8 neurone ( Ne )  i s  shrunken and the m.i to chond:cia (Mi ) 

are closely aggregated and possibly swollen . 

AFP As trocyte Foot Pro c e s s  

N nucleus 

B .  Neurone from a 1;1ousc whi ch died e.fter 23 hour s in u .  

Hypoxi c i.tmo sphere : 

The neurone i s  shrunken and there i s  practic� l ly no 

r e cogni sable cytopla smi c ar chi t e c ture . 

My myel irw ted nerve fibre s 

The se neurone s shou l d  be c ompared with tho s e , froJTI 

control and int oxi cated mi ce , shown in Figure 8 . 5 . 

Magni fication 8 , 000 
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gr ounds this me thod w ould appear to b e  sup e r i or t o  oven d r yi ng 

m e th o d s  whe r e  the r e s ult o b t a ined is dep end e n t upon the t e m p e r a tur e 

u s e d . 

C o ld f o rmal- c a lc ium fixation f ollowed b y  suc r o s e - a c a c i a  

inf i l tr a t i on gav e e x c e l l e n t  pr e s erv a ti on o f  t i s s u e  ar c h i t e c tur e 3nd 

h i s t o c h e m i c a l  loc ali sa t i o n i n  the l amb tiss ues and gave r e s ults whi c h  

w e r e  sup eri or t o  t h o s e  ob tai n ed in exp e r i m e n tal m i c e  in whi c h  th e 

t i ssu e s w e r e  u s � d  fr e sh and que nc h e d  o n  dr y i c e . 

Al though i t  wns men t i o n e d  that the w a t e r  c o n te n t  o f  the brain 

tissue o f  mi c e i s  age d e p e n de n t , th e d e c r e a s e  i n  w a t e r  c on t e n t  

b e t w e e n  3 . 5 and 1 0 . 5  w e e k s  o f  a g e  i s  o nly 1 . 7% (Fu l l e r  & Wi me r , i n  

G r e e n  1 966 ) and a l l  animals i n  t h e  pr e se n t exper ime n t s  wer e b e tween 

6 and 8 we e ks o f  a g e  and divided e qually b e tween i n t o xi c a t e d  and 
c o n tr o l  grcups s o  tha t an y age influe n c e  in the s e exp eri m e n t s  would 

have b e e n  neglig ibl e . 

B e c ause the a c c umu l a t i o n  o f  fluid i n  grey matter i s  lar ge l y 

i n t r ac e ll tilar within the as tr o c y te s the c on d i t i o n  i s  n o t  an o e d e ma 

in t h e  s tri c t s e n s e  o f  the w o r d , bu t this i s  a s emantic problem 

us ua ll y  d isregarde d b y  workers in the fi e ld o f  brain o e d e ma � On 

the o th er hand , the Spac e o f  H i s  i s  now d e f i n i t e l y  c on si d er ed t o  b e  

an ar t e f ac t ,  b u t  since the a s t r o c y t e  f o o t  proc e s s e s  are r e adily 

influ e n c e d  by o s m o tic e ff e c t s  i t  is pr ob ab l e tha t they c ould d e v e l o p  

ar t e f a c tual sw e l l in g  during fixation and app e qr as spac e s  when s e e n  

by light mi cr os c op y . hny p a thologi c al s w e l ling o f  t h e s e  pr o c e s s e s , 

such a s  tha t which has b e e n  sh o wn t o  oc cur dur ing ep s i l on toxin 

intoxic ation , would r esult in an app ar e n t  in cr e as e in the s i z e  o f  

this ' s pac e ' and w ould ac c o un t  f o r  Grine r ' s  de s c r ip t i o n o f  fluid 

ac cumulation in the Spac e o f  H i s . 

While o n  t he sub j e c t  of the as tr oc y ti c s w e lling there ar e a 
numb e r  o f  points whi c h  r equire consideration . Firs tl y the prob l e m 

o f  the d e fini t i o n  o f  an a s t r o c yte a t  the ultras truc tural l e v e l  ar i s e s .  

Although the b r o ad gr ouping s  o f  the ' non- n euronal ' c e l l s  have b e e n  

worked out F wi th astr o c y t e s  ac ting a s  sup porting and p os sib ly 

tran s p o r t  c ells , oligodend r o c yt e s  produc i n g  myeli n , and m i c r o gl i a  i n  

a s c av enging r o l e , t h e  i d e n t i f i c a t i o n  a n d  diffe r en t ia t i on o f  c e ll s  
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into these groups can be diffi cult . '.i'his i s  particularly true of the 

protoplasmic as trocyt0 in whi ch fibre formation is practically absent . 

In the present study , the morphological features of the cells which 

Undergo swelling appear to be similar , whatever their si tuation within the 

brain , and since many of them have foot processes around blood vessels and 

resemble the cells  whi ch other workers have cal led protoplasmic astro­

cytes , they will all be so classified. It  has been suggested that the 

transport of metabolites to and from the neurone may be an active process 

across the astrocytu., which is  in close contact n i  th both the capil lary 

and the neurone . Thi s was held to be a pos sible explanation for the blood­

brain barrier , b1lt si�ce the di scovery of the true extracel lular space 

within the neuropil and the contribution of tight junctions between endo­

thelial cells to the barrier , these theories are once more open to recon-
sideration . However , th0 rapid and almost spe cific swelling of astro-

cytes in a n��ber of intoxic2 tions and anoxic st� tes and the profound 

neurological di s turbances \7hich occur under the se conditions , where there 

is minimal detectable involvement of the neurones , suggest that the astro­

cyte has a maj or role in maintaining the functional integrity of the 

central nervous systen. The other point worthy of mention in thi s regard 

is the fact that , as can be seen in Figure 8 . 12 , there is marked swel ling 

of cells which are closely associated with the Purkinj e neurones of the 

cerebellum. These cells presumably correspond to the Bergmann glial cells 

of light micros copy which are considered to be of oligodendroglial origin. 

At the ultrastructural level however the swol len cells closely resemble 

protoplasmic astrocytes (Fananas cells - Peters et al 1970 ) . No doubt 

the exact relationship of Bergman glial cell s  to Fananas cells wil l  be 

clarified in due course. 

Although the astrocyte chang£s aro the most prominent , they are 

of secondc"1.ry importance to the changes in the vas cular endothelium . The 

changes in this tissue are extremely severe and the rapidity of onset of 

the damage is remarkable , es can be judged by the fact that the lesi ons in 

Figure 8 ,8  are fron1 a lamb which received toxin only 45 minutes b efore death . 

Griner (196la ) described alteration8 in brain capillaries and their endothelipm 



Figure 8 . 12 : 

A 

B 

The Different ial s�e l ling of C e l l s  re s embling Bergman 

Glial Cel l s  in the Cerebellum of Intoxi cate d 1li ce . 

A.  Portion of the C erebellar Granular Layer of a Normal Mouse : 

PC = Purkinj e neurone 

U = unidentified c e l l s  of the cerebellar granular 

layer 

F C probable Fananas glial cel l s  

B .  Portion of the Cerebellar Granular Layer of an Intoxi cated 

Mouse :  

There i s  extensive swel l ing of the Fananas · c e l l s , 
'
adjacent to 

the Purkinj e neurone s , which presumably correspond t o  the 

Bergman gl ial cells seen by light microscopy. 

Magni fi cat ion 





b u t  h i s  d e s c r i p t i o n s  o f  l e s i ons , s e e n  b y  ligh t rnicr osc opy1  are 

rather d i f f i c u l t  to r ec onc ile wi th the ultras truc tur al f i ndings in 

the p r e s e n t  s tu d y .  I n  h i s  a c u t e  c a s e s  h e  d e s c r ib e d  " • • • walls of 

the more s e v e r e l y  aff e c t ed ar t er i o l e s  had a homogene ous 

e os in ophilic app earan c e  • • • • •  swollen h yp o c hroma t i c  e n d o t h e l i al c e lls 

w e r e  o c c 3.sionally o b s erve d . " In h i s  subac u t e  c a s e s  h e  f ound 

1 1  • • • •  c apillary W3.lls appeared to b e h yalinis e d  and the e n d o t h e li al 

c a l ls were swollen And h yp o chromati c . 1 1 The pr e s e n t  s tudy d i d  no t 

r ev e a l  any d e te c table s w e lling of e n d o the lium wh en i t  was e xamin e d  

with e i ther t h e  l i ght or the e l e c tron m i c r o sc ope a n d  t h e r e  w a s  no 

obvious involv a me n t  o f  the basement membran e s . 

Woodbur y e t  al ( 1 956 ) fo und tha t 70% o f  a group o f  mi c e  d i e d  

when sub j e c ted  t o  a n  at mosph e r e  i n  whi c h  t h e  par t i al p r e s s u r e  of 

oxy g e n  had b e en r e duc e d  t o  76mmHg ie  1 0% oxyge n . I t  should be 
n o t e d  that it i s  extremely d i ff i c ul t  to maintain e xp e r i m e n tal animals 

in an atmosphere with a r educ e d  oxygen t e ns i on , whe n  the c ar r i e r  gas 

i s  n i t r ogen , as the animals go into a c u t e  c onvul s i ons and di e . 

Thi s  i s  a p r ob l em whi c h  has b e en e nc oun tered b y  workers inve s t i g a t i n g  

t h e  e f fec t o f  h yp o xia on b r a i n  o e d e m a  ( Levine 1 960 ) . N i t r ous o x i d e  

app ears to b e  a much l e s s  c r i t i c al carrier g a s  than n i tr og e n  and 

f r o m  the eviden c e  of the pr e s ent s tudy i t  d o e s  ne t appear tu pr oduc e 

any morphologi c al changes in the brain whe n  i t  i s  u s e d  wi th a 

par tial pr e ss ur e  o f  oxygen appruaching tha t in the n ormal 

a tmosphe re . 

In v i e w  0 f  the s ev e r i ty o f  th e c apillary enda the lial damage 

it i s  n o t  sur p r i s ing tha t the horse r adish p�r cxi d as e , whi c h  i s  a 

small p r o t e i n  wi th a molec ular w e i gh t  of 40 , 000 , c uuld e s c ap e  from 

t h e  b l o ods t r e am into the e x trace llular spac e s  w i thin the neuropi l , 

and i ts use has provided v is ual c onfirmation o f  Gri n e r ' s  ( 1 96 1 b ) 

finding that pro te i n s  e scape i n t o  t h e  b rain subs tanc e i n  i n t o x i c a t e d  

animals . The d i s tribution of t h e  trac er is s im ilar t o  that f ound 

in exper ime n ta l  brain oedema produ c e d  by o ther workers ( Hirano � 
al 1 970 ) . 

Thi s  finding i s  o f  impor tance whe n the s ta tus o f  p lasma 

p r o te ins in i n t oxic ated animals i s  c onsidered and will b e  d i s c us s e d  
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more fully in Chapter 1 6 .  I t  i s  interes t ing t o  n o t e  that , although 

the peroxidase e sc aped in t o , and was c onfined to , the t enuous 

extrac e l lular spac e s  be t we e n  the c e ll pr o c esses  of  the neuropil , 

the r e  was ne eviden c e  o f  e x c e s s  fluid in this r egi o n  and the fluid 

ac cumulation which occured during intoxication appe ared to  b e  

nlmos t  e ntire ly intrac ellular . I t  is unfortunate tha t the leve l of 

peroxidase used in the lambs was not  de tec tab le . The result was 

not altoge ther surprising however , sinc e the dose rate is 

c onsi derably below that rec ommended for mice and rats on a body­

weigh t  b asis . To provide an equivalent amount for lamb s would 

nec e ss i tate using a dose  of  the order of 4 grams or more . Although 

fluo r e s c ein- con jugated pr o t e ins have been  used in permeab i li t y  

s tudie s the y canno t be employed f or ultras truc tural visualisation 

and t o  date no te chniques whi ch are entirely satis fac tory for use in 

larger  animals have b e e n  d e scribed . 

The earlie s t  lesions  d e t e c table in  the c ereb ellar granular 

layer b y  light microscopy ar e dire c tly referab le to  the change s 

s e en b y  elec tron micr osc opic  examina ti on . The focal are as of  

rar e fac tion ar e almos t  cer tainly areas i n  which the swelling o f  the 

as troc y tes i s  most  m�rked . Th e very focal nature of  the s e  lesi ons 

and the les i ons which develop in  the whi te matter  made it difficult 

to r e late them direc tly to the ultras truc tural change s . The 

s eque n c e of chanse s which d evelop over a period o f  time in the brains 

o f  i n toxic ated  animals , have been adequately described by Griner 

( 1 96 1 a ) . They need not  c on cern us here since they r esult from 

tissue  damage sub s e quent  to  the ac tion o f  epsilon toxin rather than 

from any direc t effec t of the t oxin i ts e lf . 

The histo chemical f indings mus t b e  menti oned brie fly . 
ct &,,. .... Q ""  

B e c kerA ( 1 96 1 > 6 z ) hav e shown tha t reduc tions in the levels o f  acid 

phosphatase , as well as o ther enzymes , oc cur in animals in which 

anoxic -ischaemic enc ephalopathy has been induc e d .  Th e ear lie s t  

time a t  which these change s  were de tec table was 6- 1 2  hours and i t  

is obvious that , because o f  the acute natur e  o f  epsilon t oxin 

i n t oxication in lamb s , few his tochemical changes could have b e e n  

expec ted . 
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C o n c lu s i ons 

1 .  I n  m i c e , e p s i l o n  t o xin p r o du c e s  a n  i n c r e a s e  i n  bruin 

w a t e r  c on t e n t  wh i c h  b e c om e s  g r e a t e r  with i n c r e a s i n g  surv i v a l  t i m e . 

S i mi lar c h a n g e s  c o u l d  n o t  b e  d a m u n s tr � t e d  in lambs as t h e  s u r v i v a l  

t i m e  was s h o r t i n  i n t o x i c a t e d snima l s . 

2 .  Th e i n c r � a s e  in b r a i n  w a t e r  c o n t e n t  in i n t o xi c a t e d  mi c e  

was as s o c i a t e d  wi th m o r p h o l o g i c al e v i d e n c e  o f  o e d e m a  in t h e  gr e y  

m a t t e r  o f  t h e  brai n , wh e r e  s w e l l i n g  o f  a s t r o c y t e s  and as tr o c y t e  

pr o c e s s e s  w a s  pr omi n e n t .  

i n t oxic a t e d  lamb s . 

The s e  c h a n g e s  w e r e also pr e s e n t  i n  t h e  

3 . Ext e n s i v e  d e s tr u c t i o n  o f  v a s c ular e n d o t h e l ium o c c ur r e d  

i n  a l l  i n t oxi c a t e d  anim als a n d  r e s u l t e d  i n  t h e  l o s s  o f  f luid a n d  

p r o t e i n  i n t o  t h e  b r a i n  t i s su e . 

4 ,  Th e u s e  o f  h or s e  radi s h  p e r o x i d a s e  as a trac er 

c o n f i r m e d  t h e  loss o f  p r o t e i n  from t h e  blood s tr e am o f  i n t ox i c a t e d  

m i c e  a n d  s h o w e d  t h a t  i t  was c on f i n e d  t o  the e x t r a c e l lular s p a c e 

wi thin t h e  n europi l and d i d  n o t  e n t e r the s w o l l e n  as tr o c y t e  

p r o c e s s e s . Per o x i da s e  giv e n  a t  a d o s e  o f  1 00mg i n t r av e n o u s l y  was 

n e t  d e t e c t ab l e i n  e i t h e r  c o n t r o l  or i n t o x i c a t e d  lamb s . 

5 .  Th e c h a n g e s  indu c e d  b y  e p s i l o n  toxin w e r e  n o t  t h e  

r e sult o f  t i s sue h yp o xi a  s i n c e  animals w h i c h  d i ed f r o m  c r i t i c al 

h ypoxia s h o w e d  n u  v a s c u lar d amage or s w e l l i n g  o f  a s tr o c y t e s  a n d  had 

n e ur o nal c h anges wh i c h  w e r e  n o t pr e s e n t  i n  i n t o x i c a t e d  animal s . 

6 .  N i t r o u s  oxide i s  a m o r e  s ui t ab l e  c ar r i e r  gas than 

n i t r og e n  for s t ud i e s  o f  the e f f e c t s  of h yp o x i a  on mi c e  and d o e s  n o t  

p r o d u c e  c l i ni c a l d i s turbanc e o r  morp h o l o g i c al c ha n g e  i n  t h e  a b s e n c e  

o f  h yp ox i a .  

7 .  Th e e a r l i e s t  b r a i n  l e s i o n s , d e t e c t a b l e  b y  l i gh t  

m i c r o s c o p y , o c c ur r e d  i n  t h e  c er e b e l l �r gr anular layar wh e r e  f o c al 

c y toplas m i c  c l e a r i n g  and n u c l e ar pykn o s i s  o c c u r r e d . Th e s e  c han g e s  

w e r e  p r o b ab l y  t h e  r e su l t  o f  the a s t r o c y t ic c h an g e s s e e n a t  t h e  

ul tras t r u c tural l e v e l .  

8 .  No a l t e r a t i o ns i n  the l e v e l s  o f  a c i d o r  alka l i n e  

/ 
/ 

I 
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p h o sphatas e , DPN or TPN d i aphor as e w e r e  d e t e c t ab l e  his t o c h e mi c a l l y  

i n  i n t o x i c a t e d  anim al s . 

9 . Th e h i s t o c h e m i c a l  l o c a l i s a t i o n  o f  t h e s e  c c mp o n e n t s  :1 n cl  

t h e  pr e s e r v a t i o n  o f  ar c h i t e c tur e i n  l amb b r ain w a s  imp r o v e d  b y  

c o l d  f or m a l  c a l c i um f i xa t i u n  a n d  s u c r o s e/a c a c i a  i n f i l t r a t i on w h e n  

t h e  r e s u l t s  o b t ai n e d  w i t h  the u s e  o f  t h e s e  age n t s  w e r e  c ompar e d  

wi t h  t h s s e  ob t a i n ed b y  que nching f r e s h  mouse b r a i n  in d r y  i c e . 
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THE MORPHOLOGI CAL .ASPECTS OF THE PULHONARY AliD MYOCARDIAL 

OEDEMA V/HICE OCGiTHS IN EXPEHIMElrrAL El?I'EROTOXAE1·1liA . 

One of the prominent fea tures of the t,rross pathologi cal findings in 

intoxi cat e d  animals i s  the pulmonary oedema mentioned in Chapters 6 and 7 .  

I t  was obvious that pulmonary oe dema was not consi s t ently pre sent in 

experimentally intoxicated animal s ,  nor was i t  a pro:ainent feature of the 

na tural disease in she ep . 

In view of the vascular endothelial damage i n  both the brain and 

kidney i t  ap_peared probable that this was a univer sal phenomenon which 

occurred throughout the body and that the presence or ab sence of oe dema <"'f 

the lungs .-;as dependent upon the severi t;>r of the vascular damage in tho s e  

organ s . It ,·,ras therefore o f  intere s t  to det ermine 'i.'hether endo thel ial 

damage did in fact occur in the lungs of intoxi cat e d  animal s  and vrha t 

other changes we ... :e present i:!'l lung ti s sue . AJ1y cl.a.mage to pulmonary 

archi t e c ture could affe ct biochemical parameters as sociated with respira­

tory exchange , but these wi l l  be di s cussed in Cl:apter 17 . 

The pre sence of peri cardial effusions anc. e l e c tro cardi ographic 

evi dence of myocardial damage sugge sted that the heart had no t e s caped 

from the effe c t s  of the toxin . Any attempt to int erpret e l e c trocardio ­

graphic changes o n  a morpho l ogi cal basi s  i s  di ffi cu l t  s ince the electrical 

change s may be transient as exemplified by the regre s s i on in the S-T s eg­

ment change s in the s e cond po s t- intoxicati on ECG tr2.c ing taken from LYab 
no . 63 i n  Table ? . la ,  Chap ter 7 .  Further , in many instanc e s  ECG al tera­

tions are not as soci2. ted with detectabl e  morphologi ca l <lEunage . lim;ever 

the presence of evidence of a repolari sation defect in many of the ECG 1 s  

sugge sted that there may b e  myo cardial injury or interference wi th i onic 

or rue tabolite transfer between the intra and extracell11lar compartm�nts of 

the myocardium in intoxi cated a11imal s . I f  a morphol ogical ba s i s  for the 

elec trocardi ographic change s c ould be establi shed this would no t only 

provide a us eful c lini copathol ogical relati onship but would also a s s i s t  in 

increasing the avai lable informa tion on electrocardi ographi c  cha nge s i11 

acute myocardial damage • 
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Lung sections for light and electron iilicros copic examination were 

p:r-epared from the lu::1gs of th e c':>rJtrol and intoxicated lambs des cribed in 

Chapter 6 In addi tion lung sections for electron micro s c opy 

were t8.ken from control mi ce and intoxicated mi ce Ylhich survived for 3 and 

9 hours in the experiments de s cribed in Chapter 8 .  The only modi fi cation 

to the preparative pr-..�cedures alrea dy described was that the t i s sue required 

for electron mi cros copy wa s taken from an area where a small quantity of 

buffered 3% glutaral dehyde had been inj ected into the substance of the 

lung a few moments before the fragment of t i s sue was removed for immersion 

fixation . Thi s prevented t i s sue collapse . 

Sections were s tained with H & E and PAS for light micros copy and 

uranyl nitrate/lead ci trate for electron micros copy as des cribed in 

Chapter 8 . 

Results 

The mo st obvious feature of intoxicated lamb lungs we. ::: · · o edema of 

the interlobular septae and , to a les ser extent , of the p erivascular 

connective tissue . There was no evidence of fluid accwnulation in the 

alveoli (Figure 9. 1' 8.nd the alveolar walls , vas culature and brophiolar epi­

thelium all appeared normal , when examined by light mi croscopy . 

Electron microscopic examination , ho�ever , revealed extre�ely 

severe capillary endothelial damage and Figure 9 . 2, of affcc tecl lung capil­

laries from one of these lambs, i llus trates the extent of thi s dawage which 

included discontinuities in the capillary endflthelium with adhes i on of 

thrombocytes to the damaged endo thelium and areas where the endotheliu..m 

had been los t .  I n  some areas there was mil d  sv;elling o f  the alveolar 

epitheli8.1 cells , fluid accumulati on in the inters titial conne ctive t i s sue 

&�d protein containing fluid in the a lveoli (Figure 9 . 3 ) .  

In contrast to these findings in intoxicated laJnbs , the ul trastruc­

tural changes in the lungs of mice , whi ch received low lethal do ses of 



Figure 9 . 1 : 

A 
B 

Pulmonary Oedema in intoxicate>.d Lambs -
Light Mi croscopi c Appearance 

Normal Lamb Lung: 

Thi s is a sr:=dion of lung from a control lanb 

for coBparison wi th B below . 

P pl�ura 

Al alveoli 
IS interl obular S8pta 

B . Lung - Intoxicatsd. Lamb : 

The subpleural tissue s and the interl(;bular 

septa are oedematous (Oe ) � There i s  no evidence of 
fluid accur.mla tion in the al vc ol i .  

Stain PAS 

11acnifi en. ti on 70 





Figure 9 . 2 :  

A B 

C D 

Vascular Damage in the Lungs of Lambs after the 

Parenteral Administration of Epsilon Toxin. 

A. Control :  

The junction between two adjacent endothelial cells 

in a normal lung capillary. 

L capillary lumen 

En endothelial cytoplasm 

BM = basement membrane 

Ep alveolar epithelium 

J = cell junction 

TJ = ' tight ' junction 

B .  Capillary from an Intoxicated �1b Lung: 

There i s  a large area over which the endothelium 

appears to  have been completely lost and this is  covered 

by two adherent thrombocytes (T ) . 

c .  Alveolar wall from Intoxicated Lamb Lung: 

There is fluid accumulation (F) in the interstitial 

tissue of the lung·. In soi'le areas there are discontinuities 

(Di ) in the de.maged capillaries . 

D. J,_lveolar Wal l  from an Intoxicated Lamb Lung: 

Similar changes to those  seen in C are present in this 

section. In addition there are areas where thrombocytes (T )  

are covering the discontinui ties in  the capillD.ry wall . 

1fugnification A & B 
C & D 

34 , 500 
8, 750 





Figure 9 . 3 :  

A B 

c Il 

'rhe :Development of �lnonary Oedema in L8�bs after 

the Parentsral Admini stration of Epsilon Toxin 

A. Control : 

Portion of the normal alveolus showing the alveolar 

space (AS ) ,  the tenuous alveolar epithelium (BP) and the 

capillaries with their endothelial nucleii (N) , 

E erythrocytes 

B. Lung from Intoxicated LaBb ; 

Moderately electron dense fluid (F) is  prese:nt in the 

alveolar space. Thrombocytes (T) can be see:: adhering to 

the capillary walls . 

c .  Control : 

This is  a higher r.Jagnification of a portion of the 

normal alveoler vmll for compP.rison Yri th D. The appearance 

of the alveolar epithelitun and the capillary endothelium (En) 

should be noted. 

Il .  Lung fron Intoxicated h�b : 

Electron dense fluid i s  present in the alveolar space. 

In addition there is swelling of the cytoplasm of the alveo-

lar epithelial cells . There i s  also oedema of tlw inter-

stitiUI!l ( I ) . Thrombocytes are adherent to the severely 

damaged capillary endothelium , 

G Great alveolar cell which can be identified by 

its microvilli (Mv) . 

Magnification A & B 

C & D 

2 , 9 50 

5 , 900 
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toxin , were not prominent . There was no evidence of fluid accumulat i on 

in the alve o l i  or iYJ.ters t i t ial t i s sues and the capi llary endo the l ium was 

not markedly al tered in the lungs of these aniTial s . 

Quantita tive and I\':orphol o,dcal Evidence of the 

Pre sence of Myo cardial Oedema in Intoxi cated Lamb s_. 

A de tail e d  examination of the e lectrocardiograms from the lamb s 

which had received pareutero.l t oxin was deferred unt i l  the conclus ion o f  

the eX}1eriment s and f o r  this rea son no quanti t e. t ive measurements of the 

water content of the hearts of the se lambs were made . However , in vi en 

o f  the e l e c trocardiographi c findings in the s e  animal s ,  the water c ontent 

o f  the hearts of the lambs which re ce ived toxin of enteri c origin �as 

a s se s s ed . 

�A:aterial s & Methods � 

Heart material vm.s taken from the four male lambs which rece ived 

enteri c origin toxin and also from 5 normal 8 - 10 month o l d  Romney cro s s  

lambs vrhich had not received toxin . 

Pieces of myo cardium weighing approximately 1 gram vrere removed fro;n 

the centre of the interventri cular septum of the heart , chopped up finely 

V<i th a s calpe l , we ighe d ,  free ze-d:rie d  and reweighed t o  e s tabl i sh the water 

content as de s cribed in Chapter 8 .  

Myo cardial s e c t i ons for ligh t  and ele ctron microscopy were taken 

from the control lambs a..11d the lambs whi ch received parenteral e.nd enteri c 

origin t oxin des cribed in Chapter 6 .  In addi tion myocardi a l  s e c t i ons for 

electron mi cros copy were taken fro:GJ. contro l mice and int oxicated mi c e  which 

survived for 3 and 9 hours in the experiments de s cribed in Chapter 8 .  

Resul t s : 

There was a quanti tative increase i n  the water content of myo cardi�u 

from the lamb s whi ch had received enteric origin toxin , when figure s 

obtained from the s e  animal s were c ompared wi th tho s e  obtained from the 

normal control lambs . 

intoxi cated animals was 

... � 
The A water content o f  the heart mus c l e  from the 

4 . 46! 0 . 49mgH20/mg D .M. t  whil e  that of the contro l s  
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was 3 . 68! O . l 9mgH0 0/mg D . l'!l . ,  The difference between these figures is 
'--

s tati s tically significant ( p be tv;een 0 . 0 5 and 0 . 02 5 ) .  Data .from this 

expel'iment i s  incl:1 ded in Aprendix Bb . 

Severe endo thelial damage , similar to tha t nl:ceady described in 

o ther tissues , was present in the myocardiu.m from intoxi cated lambs , 

(Figure 9 . 4 ) hut in this instance it vras overshadowed by changes in the 

myocardiv..m itself • At the u l tras tructura l level there was extensivE: fluid 

accurrmlat i on j_n the inters titial t i s scles , parti cularly around blood ve ssel s .  
In addition the myocardial cells thems elve s showed evidence o f  an increase 

in intrc-.cel lular fluid. The sar c o lemma bulged in the areas between the 

1 Z 1  discs and there was also separation of the bundles of myofibrils  and 

mitochondria by ac cunulated flu i d  (Figures 9 . 5 ,  9 . 6 ) . At a higher magni-

fication it was possible to demonstrate swelling of the mitochondrial 

cristae compared wi th these structures in normal heart (Figure 9 . 7 ) . 

The s e  lesions Here al so pre s ent in the hearts of lambs whi ch had 

received enteric origin toxin but there was no de t e c tab le fluid accu..."!!U­

lation in the hearts of intoxicated r.:�ice , nor ITa s capillary endothelial 

damage prominent in the latter animals .  

In some , but not alJ. , of the lambs there was also light mic:':'oscopic 

evidence of fluid accumulation in the myocardium. �he interstitial 

tissues were oedematous , particularly around. the Purkinj e Fibres and blood 

vessels , with proteinaceous material in the fluid in soml:) areas (Figure 

9. 8 ) . No Purkinj e fi brGs were sectioned in an;r of the material taken for 

electron microscopic examination and it is not pos sible to say with any 

c ertainty whether the fibres themselves were affected by the fluid accumu-

lation. 'I'here was evidence of very recent focal subendocardial haemorrhage 

in formalin fixed material from hearts in which thi s l e s i on had been seen 

gTOs s ly . 

:Discussion 

The extremely severe endothelial damage seen in the lung capillaries 

of law<bs which had received parenterally administered toxin is  almost 

certainly due to the fact that the pulmonary capillary network is  the first 

such network encountered by the toxin following intravenous afuJinistration. 



Figure 9 . 4a : Vascular Endothelial Damage in Lamb Heart Followin£ 

the Parenteral Administration of Epsilon Toxin. 

The cytoplasm of the endothelium (En) is almost 

entirely absent and there is  focal complete losH of continuity 

(X) in the capillary wal l  with an adjacBnt aggregation of 

thrombocytes (T ) . 

N = nucleus of endothelial cell 

E erythrocytes 

F fluid in interstitial tissue 

P.M sarcolemma of cardiac mus cle cell 

My myofibril s  

Magnification 30 , 000 





Figure 9 . 4b :  

A 

B 

Vas cular Endothelial Damage in the 

Myocardium of Intoxicated Lambs . 

A. No:r'inal Capil lary in the Heart of a Contro l I,alnb : 

N = nucleus of endothelial cell 

En = endothelial cytoplasm 

E = erythrocyte 

Tj 1 t ight 1 junction 

PM Plasma membrane 

respective band in the myofibrils (My ) . 

B; Capil lary from the Heurt of a Lamb Hhich had received 

Parenterally Admini stered Epsilon Toxin : 

The endothelium is  severely damaged and the cytoplasm 

has become reduced to a thin , electron-dense band which is 

extremely tenuous in some areas . A thrombocyte (1 ) is 

adherent to the endothelium adj acent to the nucleus � There 

i s  marked oedema (Oe )  of the interstitium and the heart 

muscle cell s are swol l en ,  resul ting in bulging of the sar­

colemma (PM) betv:een the ' Z  r bands . 

Magnification 22 , 000 
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Figure 9 . 5 :  

A 

B 

1Vtyocardial Oedema in Intoxicated Lambs . 

A. Norraal Myocardium fror:1 Control Lamb : 

En 
Mi 
:\ff 
I c  

PM 

z. 

normal capillary endothelium 

mitochondria 

rnyofibrils  

intorcalated  discs 

Plasma membrane ( sarcolerruna of cardiac 

muscle cells ) 
r z t  bands in the myofibrils  

B .  J!_1yocarjium frO''l a Lamb \';hich had recGived Parenterally 

Administered. Epsilon Toxin : 

There i s  evidence of capillary endothelial damage 

which i s  most  prominent in the capillary on the l e ft of this 

electron phot omi crograph . Extensive oedema ( 0�) of the 

interstitium�ls also present . In addi tion the cardiac muscle 

cells are swollen and i t  can be seen that there i s  separation 

of the myofibri l s  and mitochondria , plus bulging of the 

sarcolelilma between the t z t bands . 

Magnification 6 , 200 





Figure 9 . 6 : 

A 

B 
c 

Myocardial Oedema in Eps ilon Toxin Intoxication 

and Experimental Enterotoxaemia . •  

A• Normal �yocal�iuo from a Contro l Lamb : 

The cardiac muscle c e l l s  are clo sely appli ed to 

one another and also to the capillary (BV) in thi s s e ction . 

The capillary endo the lium i s  norma l . 

N = nucleus of cardiac mus c l e  cel l . 

H� Sarcol emma ( plasma membrane ) 

My Myofibri ls with elec tron-dense 1 Z 1  bands 

B .  Myocardium fron: a Lamb whi ch had receive d Parentera l ly 

Admini s tered Epsi l on Toxin : 

There i s  extensive oedema ( Oe ) of the inters t i t ium and , 

in add i tion, the cardiac muscle cells are swo l l en and the 

sarcoleiilma (plasma membrane - PM) bulgee between the 1 7, 1 

bands . The endo thelium of the capillary i s  damaged . 

C .  Myocardium from a Cas e of Experimental Enterotoxaemia in a 

Lamb : 

Extremely severe oedema of the interstitium i s  pres ent 

in thi s section and , as in B , the cardia c  muscle cells are 

swol len . 

Magnification 3 , 000 
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Figure 9 . 7 :  

A 

B 

Swelling of Mit ochondrial Cristae in 

the Myocardium of Intoxi ca ted Lambs . 

A.  Normal Mitochondrion of Cardiac Muscle from a Control Lamb : 

Wd hlitochondrion 
MiC = mitochondrial cri stae 

Mili1 outer and inner mitochondrial met:brane . The 

in..ner membrane i s  continuous wi th the cri stae . 

My t1yofibri l s  
Z 1 Z 1  lines 

B. Mitochondrion from Cardiac Muscle Cell of a La.mb which had 

Received Parenterally Adl::�ini stered Epsilon Toxin : 

The mitochondria l  cris tae are swollen and the mito­

chondri on i s  surrounded by a clear space , indi ca t ing intra­

cellular fluid accumulation. 

Magnification 106 , 000 
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Figure 9 . • 8 :  

A 

B A .  

Myo<�Q_rdial Ot:dema in I:ntoxice. ted 

h-'1mbs - Ligh t Micro s copy , 

Section of heart from a c ontro l lmnb for compa-

CI:I cardiac mus cle fibre s . 

BV blood vo ssel  

P F  Purkinj c Fibre 

B ,  :iHyocard.iun - Intoxj. cn. tod Lru;:b � 

Sev0re i n t c r s t i ti�l oe dGma (Oc ) ha s resul ted in 
s eparation of th e bundl es of carr:lie.c rms c l Eo  fibre s . 

I t  i s  particularly no t i c e&1.lh: f1round the Purkinj 8 

fibre s . 

St£1.in Pi1.3 

Iv'l8.tSTiifi cation 180 
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In contras t , ;vhen the t oy:i n  is abs orbe d  fro;n the inte s tine , j t first 

encmmt ers the sinus o i d.ccl ne twork of the liver and the :la.Elage t o  lung capi­

l lari e s  Fould bo simi lar to tha.t in the syster; i c  circulation under the s e  

circwils tanc e s . I t  i s a l so pos <: ible tha t the liver may remove s ome o ther 

t oxic c omponent s whi ch co'..ll d  be pre s ent in parenterally admini stered. toxin 

as di s cus sed earl ier when considerin.�; e l ectrocardiographi c al t eraticns i n  

Chapter 7 .  If pulmonary vas cular damage ;·;ere due to impuri ties in the 

parenteral ly ad.'llini s tored t oxin preparat ions the l e sion c oul d be expected 

to o c cur c ons i s tent ly- when the ma terial v:as admini s tered at a dose gTell t 

enough t o  produce lung oedema in e. sus ceptible animal , but thi s was not the 
cas e . 'l'he fact that pulmonary oedema did not occur v:-hen toxin was admini-
stered by continuous infusion sugge s t s  that the mo s t  s evere ca pil lary 

endo thelial damage o ccurs when high c onc entrati ons of toxj_n enter th6 

capi l l ary ne twork , as would o c cur when t oxin ':.;a s  admini s t e:red i11 divi de d 

do se s . Thi s i s  further born ou t by the fact that pulmonary oe dema onl;y 
occurred in mice v:hen very high l eve ls of t oxin were admini stered intra­

venously as des cri bed in Chap ter 7 .  

From the comparative studi e s  on the ac t ion of thC' toxin on the 

capil lari e s  in lungs and hearts from intoxicated lambs and m i c e  it also 

appears that , as postulated in Chapter 7 ,  there may be a very marked spe c i e s  

difference i n  the susceptibi lity of capillary endo the lium to the action of 

epsilon toxin . 

Al though there i s  obvious flui d ac currillla tion in the inters t i tial 

ti s sue around Purkinj e fibres in the heart detec table by a light micro s copy , 

i t  appears that the fibre s themselvE s  are not affe cted functionally s in c e  

any dis turbance in their activity could be expected to result i n  a pro l onged 

atri o-ventri cular conduc tion time with a concommittent increase in duration 

of the P-R interval and QRS complex of the ECG 1 s . Thi s was not a prominent 

feature of the ECG 1 s of intoxicated animal s in the pre sent s tudy ( Chapter? . ) 

Turning now to the ul trastructural change s in the cardiac mus cula­
the se /o o  are 

ture i t s e l f ,  a s s ociated dire ct ly or irrdirectly with capil lary endothelial 

�mage and extracellular flui d accQnrula ti on. rhi s  would c ause consi derable 

interference wi th the transfer of nutrient� to , ��d waste products from 

the cardiac muscle c e l l s  and therefore the changes in the myocardial fibre s 
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thems elve s require consi dera t i on in the light of exi s t i ng kno"�Crledge o f  

their metab o l i s m ,  struc ture and func tion . 

As in o ther cel l s , the e l e c tri cal potent i�1 1 8  of the heal thy r e s t ing 

m;)Tocardium are me.intained by a di fference in ioni c C! OHc entrat ion acro s s  

the plas1:1a !�1cmbrane , F i  t h  high conc c1tra tions o f  pota s s iw11 norrn& l ly b e  in[; 

naint2.ined wi thin the c e l l s , by exclusion or rewovc:�l of sodium i ons . The 

maintainance of the ioni c gradi ents is an energy dependcnt proce s :::; ui th 

act ive transfer of s o dium ions against the tendency to e s tab l i sh ioni c 

e quilibrium . Thi s i s  the so-cal led 1 s odi�� pump ' . I t  is  general ly 

c on sidered tha t  the transfer of vta ter a cro s s  ccll  r:tembrane s is  also inti-
ma tely associated ',':i th ioni c transfer . Dep o larisation of the fibre � 

follo'!;ing t he arrival of an inpu l s e  via the c onducting sys tem , resul t :::> in 

an infl ovi of s odiuw i ons vri th a re sul tant change i�1 e l e c trical po tentin l .  

Thi s  i s  f o l lowed by an enerb"Y dependent re cc.very phase during wb i ch the 

original i oni c g-radient is re- e s tab l i she d . The rap i di ty of the spread o f  

depolari ss.tion and repolarisa tion of tlw myo cardiwn i s  a s s o c i a t C: d  with theo: 

pres ence wi thin the muscle ce l l s of a c or:Jpl ex sys te::r�, of E<icro tubu l e s whi ch 

are continuous r:i th the extro.cc l lular space through pores v;hich open 

through the sarcol orruna in tho region of the 1 Z 1 l ine s (Page , 1968 ) . The: 
high energy l!le tabo l i sm of the c e l l s  is emphasised by the large numbers of 
mi tochondria interspersed between the �yofibril s  whi ch for� the contrac t i l e  

portion o f  the cell . 

In the intoxicfit�d lambs in the pro c ent s tudy the increased �nount 

of intra c e l lular fluid in the cardiac nusclG cell s sv.gges t s  that there i s  

an impair:nent o f  vmter and i o v�i c homeostasis , The swe l l ing of mi tochonclria1 

cri s tae sugge sts tha t the ir func t i on may also b e  impaire d . 

At this s tage it i s  possible to  consider the ele:ctrocardio€;Taphic 

changes described in Chapter 7 in relation to the morphologi cal changE.. s 

de s cribed in th e pTe s ent chapter . In vi ew of the vas cular damage and 

peri cardial effus ions whi ch o c cur in intoxi ca t ed animals the chenge s in 

the S-T s egr:Jen t  of the ECG c ould be due to damage to the subepi cardial 

myo cardium . since S-T segment displacement a l s o  oc curs in peri cardi t i s  

and i s believed to result from a s s o ciated invo lvement of the superfi ci a l  

myocardium . Thi s is  unlikely to provide a compl e te explanation in the 
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pre s ent ins tance as there is no morphologi cal evidence to sugge st that 

there i s  selecti.ve damage to thi s regi on of the myocardil.J� in intoxi cat8d 

anima l s . On the oth<::r h:cnd , there i s  cvory rcasun to regsrd the ECG 

change s whi ch oc cur in int oxi ca. t ,.,d animals as b eing a s s ocia t o d with myo-

car dial is clmerr.ia and injury . 'rho vascular damege and myo cRJ'di::,l oedema , 

produced by epsilon toxin , w ou l d  tend to limit the tr2.ns fer of nutri ents t o  

the cardiac mu s c le cells and , c,s a r e sul t ,  avai lable energy would be reduced . 

'l'hi s c ould interfere wi th the maintenance of i oni c concentrations and 

polari ty of the plasma membrane and would be reflected as reduced vol tage 

in the Q,RS compl ex , S-T s egment deviati ons and T wav;:;, a l t era tions in the 

EC G . 

Conclus ions 

1 �  There i s  severe capillary endothe lial damage in the lungs o f  intoxi -

ce. te d  lamb s and thi s re sul t s  in pulnonary o e dGHE'. in s ane animal s . 

2 .  The develop;nent of pulmonary oe dema is dependent U:;:JOn the s everi ty 

o f  th e cnp i l lary endo the lial damage and thi s is direc tly dependent upon 

the conc entra tion of toxin rcnching che lung capi l larie s . High c oncen-

tra tions of epsi lon toxin are nost likoly to enter the pulr:10nar;:r circula­

t i on when the toxin is admini st ered intravenously in divided do s e s . 

3 .  There i-i: a po·s·s iUe species . vo.riation , betwe en ni c e ., and. l8.111bs , in tht::: 

s11s ceptibil i ty of vas cular endo thelium to the a c t i on of epsilon toxin . 

This resul t s  in pulmonary oe dema being rare i n  the fOJ:'! wr spe cies unl e s s  

high concentra tions of toxin are admi ni s tered . I t  me.y also account i n  

part for the relatively higher dos e  o f  toxin required to pro duce intoxi ­

cation in mice . 

4 .  The capillary endothel ium in the hearts of intoxi cated lar.1bs i s  

severely damage d  by epsilon t oxin ��d thi s l eads to the development o f  a 

severe myo cardial o edema ,  wi th both extra- and intrac e l lular acc��lati ons 

of flui d . 

5 .  The vascular damage and extravasation of flui d may be a s s o ciated 

with defective transfer of e s s ential nutrients from the blood s tream to 
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the heart muscl e . This could reduce available energy and interfere with 

the maintainance of i onic homeos tasi s ,  resul ting in intracellular fluid 

accumula tion wi thin cardiac muscle cel l s . 

6 .  Acute capil lary endo thel ial damage and oedema in the myo cardium can 

produce changes in the e l e ctrocardiographi c  pattern whi ch are similar to 

those which occur in illyocardial i s chaemia or injury . I t  is pos sible that 

the ECG change s may be due to depre ssed energy metaboli sm and thus inability 

to  es tablish and maintain the normal ionic gradi ents wi thin the cardiac 

mus cle fibre s . 



CHAPI'ER 1 0 :  'rHE DEVELOPMENT OF RENAL LESIONS IN ENTEROTOY..AEMIA . 
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Although i t  is generally agreed th�t the dissolution of the 

kidneys which oc curs in e nterotoxaemia does not deve lop until several 

hours have elapsed after death of the animal , a number of change s such 

as proximal tubul� necrosi s ( Gill , 1 933 � alterations in the solubility 

of the renal proteins ( Sotirov , 1 965c ) and reduction in the alkaline 

phosphatase activity of the brush border of the prcximal tubular 

epithe lium ( Sotirov & Bozhkov , 1 965d ) have all been recorded as being 

pre sent B t  the time of death . The exact time at which samples were 

taken in relation to death has not been recorded in many of the se 

reports and it i s  often di fficult to ascertain whe ther autolytic c hange s 

played a part in the development of t he lesions that were de scribed . 

The features o f  the renal histopatho logy which are regarded in 

N . Z .  as being sugge stive of enterotoxaemia are ne crcsis of the re!ml 

proximal tubular epithe lium and interstitial haemorrhage between the se 

tubu le s ,  as illustrated in Figure 1 0 . 1 .  Both Gill ( 1 933 ) and 

Benne tts ( 1 932b ) have �entioned the rapid deve lopment of degenerative 

changes in the renal proximal tubulnr epithe lium of intoxicated lambs 

after death when c ompared with normal control lambs� and have su ggested 

that the tubular necrosi s is pre se nt at the t ime of death although no 

conc lu sive evidence has been presented . Further , while Gill ( 1 933 ) and 

Niilo ( 1 963 ) have referred to the interstitial haemorrhage , there does 

not appear t o  be any published work on the possible pathogenesis of this 

le sion or whether it deve lops be fore or after death . 

The lesions which have been described in the lung , heart and 

b rain sugge st that the ren01l haemorrhage might be associated with the 

antemortem vascular damage . Therefore the sequenc e of c hange s which 

occurred in the kidneys of intoxicated animals up to the time of death 

and for several hours thereafter were investigated in an attempt to 

e lucidate the pathoge ne sis of the renal change s .  

Bec ause a number o f  factors unassociated with the toxin can 

i nfluence the results of a study of this nature , c ertain control 

e xperiments had to be carried out in association with the studies on t he 

e ffect of the toxin. For example it was ment ioned earlier that free 
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Figure 10 . 1 :  The Light Mi cro scopic Appearance of 
the Renal ChcngG s in a Fiel d  Ca e of 

Cl . pcrfringcns type D Entorctoxaemia 

Thi s  photomicrograph illustrat""'s th8 typical ' necro sis ' of the 

proxir.:al tubular epithelium and thE.. int rsti tial 1 h�:wmorrhage 1 
�hich are s een in sections of kidneys from oany of thL cases  of 

enterotoxaemia which are submi tted for laboratory exaoina ti on . 

Stain H & E 

Magnification 80 
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lipid accumu lates in the ce lls o f  the proximal tubular epithe lium o f  the 

kidne ys of mice which are deprived of food for a period of time . 

I ntoxicated mice which survive for any le ngth ,:>f time are extremely 

de pre ssed and do not eat . It was there fore ne cessary to c ompare the 

renal lesions which developed in intoxicated animals which survive d for 

differe nt lengths of t ime after inocul�tion ,  with tho se which occurred 

in normal mice which had been de prived of food for similar periods . 

While on this sub j e c t  it is appropriate t�) me ntion that , although free 

lipid has been shown to be pre sent in the tubular e pithelium of mice 

after 24 hours starvati on ( Mowry , 1 965 quoted by Dunn in Cotchin & Roe , 

1 967 ) ,  t he re does not "'-r'l-'ear t0 be any published d e scription of the time 

seque nce of its appearance , nor has the ultrastructural site of 

accumu lation of the lipid b e e n  de scribed . It proved possible to 

e lucidate both these features in the course of the experiment s to be 

de scrib e d  in this chapter . Be c au s e  uncomplicnted autolysis can cau se 

dege nerat ive changes in the renal tubular epithe lium and a reduc tion in 

the alkaline phosphatase act ivi t y  o f  the brush border of the proximal 

tubular epithe lium , it was ne c e s sary to compare the sequ e nce of renal 

change s whic h  developed in int o xicated animals after death with autolyt ic 

change s which occ urred in normal animals after G similar t ime had 

e lapsed post mortem . In thi s re spec t  it should be borne in mind t hat 

the temperature o f  int oxicated animals r i se s  terminally a ssoc iated with 

c onvulsive e pisode s and the carcase temperature will be c onsiderably 

higher t han that of the e nvironment or of a normal animal which has been 

killed with an anae sthe tic overdose . Autolysis i s  there fore like ly to 

develop mere rapidly in the carcase of the intoxicated animal . In a 

good - c o ndi tion , wo olly lamb in a warm e nvironment the carcase t emperature 

is liable to remain hi gh for some hours after death , result ing in 

extreme ly rapid autolysis .  Thu s , in the pre sent inve sti gation the renal 

change s in intoxicated lambs were c ompared with those in a similar normal 

lamb and , in addi t ion , the renal change s in intoxicated mice he ld at 37oc 
were c ompared with those in normal mic e  held under t he same condit ions t o  

compensate for differenc e s  in carcase temperature . 



The Lesions whi c h  Occur i n  the Kidneys of I ntoxicated 

Animals at the Time of Death 

Materials & Me thod s : 
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Along with brain anJ a re:.nge of o ther tissue s , kidneys were 

take n ,  at the time of death , from all the c ontrol lambs and lambs whi c h  

received parenterally administered o r  e nteric origin e psilon toxin . 

Kidneys were also nvai lab le from control and i ntoxicated mice u se d  in 

the expe riments de scribed in Chapter 8 .  Sectivns for light and 

e le c tron microscopy were prepareJ as de scribed in that c hapter . 

Re sult s :  

There were no gros s  differe nc e s  betwe e n  the an;e3.rance of kidneys 

take n from control mic e  and t hose take n from intoxicated mice , at t he 

t ime of deat h .  

There were no prominent gro ss l e sions i n  the kidneys removed 

from the c arcase s  of i ntoxi cated lambs at the time of death . The 

kidneys of the se animals were c onge sted and b lood oozed freely from 

the cut surface ,  but t he consistency and gro ss appearance of the cortex 

and medulla appeared to be quite normal . 

No marked c hange s were detec t&ble by light mi croscopy in H&E 

or PAS staine d  se c tions of control vr i ntcxi cated mouse er lamb kidne ys . 

Bouins f lu i d  gave e xc e lle nt preservation of the fine structure of the 

kidney a nd feature s such as mitocho ndria , and the brush border . Eve n  

the out line of the tubular margin of the rather vacuolated cytoplasm o f  

the c e l l s  o f  the distal convoluted tubules cou ld be see n  whe n this 

fixative was u sed . On the o ther hand the erythrocyt e s  were almost 

c omple t e ly lysed and appeared as faint ghost s in Bouin ' s  f luid fixed 

material . Thu s ,  in these sec tions it was not possible to deteot 

interstitial haemorrhage and formalin fixed material had t o  be used for 

this purpo se . 

The PAS stair� ng affinity of the brush border of the proximal 

convolu ted tubules a nd the basement membrane s was promine nt and of 



89 

similar intensity i n  kidney sections from control and intoxicated 

animals .  I n  formalin fixed H&E st::lined mat erial , particular atte ntion 

was paid tc the arpearance ,)f the proximal tubular e pithe lium and 

these sec t ions were also examine d c<:�refully for the pre sence o f  

interstitial haemorrhage . There was no evide nce o f  proximal tubular 

ne crosis or interstitial haemorrhage in any of the kidney se ct ions from 

intoxicated mic e or lambs .  

Severe vascular e ndothelial damage , detectable by electron 

microscopic e xamination , was prese nt in the c�pillaries be twe en the 

renal tubule s in the kidneys from i ntoxicated lambs ( Figure 1 0 .2 ) .  

Thi s was essentially similar to the c hange s which were seen in the 

c apillarie s in the brain , lung and heart of intoxicated animals . The se 

c hanges have :;..lready been covered in Chapt ers 8 and 9 and need not be 

de scribed in detai l  here . Vascular endothelial damage was also 

detectable in the intertubular capillarie s  of the kidneys of intoxicated 

mice and here again the changes were similar to the vascular le sions 

i n  other organs o f  intoxicated mice . I t  shou ld be noted that the 

spe c ialised art erial capillarie s in t1:J.e glomerular capillary tuft were 

not affec ted by e p silon toxin in either mice or lambs , nor was the 

glomerular architecture affec ted . The proximal tubular e pi t helium of 

kidneys from i ntoxicated mice and lambs was also unaffected by the toxin. 

There was accumu lation of free lipid i n  this region i n  some sec t ions from 

the lat ter spe ci e s  but this findi ng will be discussed more fu lly later i n  

the pre se nt c hapte r .  

The Influence o f  Epsilon Toxin Upon the Histochemical 

Activi ty of the Kidney 

Alterations in the ac t ivity of a lc.rge number of histo c hemically 

demonstrable e nzyme s in the kidney have b een de scribed in a w ide variety 

of conJiticns i n  which renal damage occurs . However it i s  still 

que stionable whether histochemical change s are demonstrable be fore 

t here is evidenc e of renal damage det e c t able by conventional 

histologica l  stains such as H&E and PAS in many of the se c ondi t ions 

( Wachstein in Becker 1968 ) . 



Figure 10 . 2 :  

A 
Vas cular Endothelia l Damage in the Renal 

Intertubular Capillarie s  o f  Intoxicated Lambs . 

A .  Normal Intertubular Capil lary from a Contro l Lamb : 

En = endothelial cytoplasm 

E = erythrocyte 

BM basement membrane 

PM = folded plasma membrane of the proximal tubular 

epithelium. 

B. Portion of a Capillary from a Lamb which had received 

Parenterally AdlJinistcrcd Epsilon •roxin : 

The endothelial cytoplasm i s  severely damaged and there 

arc two adherent thrombocytes (T )  adjacent to the endo thelial 

nucleus (N) . 

Wd mitochondria 

Magnification 2 3 , 000 
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Since it ho s been suggested t h.J.t there is a reduction in alkaline 

phosphatase o.ctivity of the brush border of the proximal tubular epithe lium 

in experime ntal e psilon toYin int oxicat ion it was of intere st t o  

d.etermine whe ther any reduc tion L1 t h e  activity o f  this e nzyme or some o f  

the other enzyme s which are abundant in kidney could be de tec ted in the 

absence of morpholo gical damage det e c tab le wi th H&E or PAS staining . 

Materials & Me thods : 

Frozen se c t ions of the kidneys o f  the mice anJ lambs de scribed in 

Chapter 8 were prepared . Becau se the distribution cf histochemically 

demonstrable alko.line phosphatase in the kidneys of �ice can be markedly 

influenced by the sex cf the animo.l , ( Dunn in CotEhin & Roe , 1 967 )  

sections from paired male and female mice from the intoxicated and control 

groups were examineJ in all the histochemical studie s . L..,..mb tissues 

were fixeJ in c old formal calcium o. n<l infiltrated with sucrose -acacia 

prior to se c ti o ning while the mouse t i ssues were used fre sh and quenched 

on solid carbon dioxide ( ' Dry I ce 1 ) for sec t ioning . The hist ochemical 

procedure s de scribed by Thompson ( 1 966 ) were employe d to demonstrate the 

following e nzyme s :  

Extrami t ochondrial Adenosine triphosphatase ( ATPo.se ) , Glucose 6 

phosphatase ( G6P04ase ) ,  Succinic dehydrogenase , Triphosphopyridine 

diaphore?.se and Diphosphopyridine diaphorase ( TPN and DPN d iaphorase ) ,  

Acid and Alkaline phosphatase s .  Trehl l::tse was demonstrated b y  the 

me th od of Grossmnn & Sacktcr ( '1 968 ) . 

Re sults : 

There was no detectable differe nce be twe en the ac tivi t y  of any of 

the se e nzyme s in sec tions of kidneys take n from c ontr0l o.nJ intoxicated 

animals at the time of deat h .  

The I nf luence of St�vation Upo n . t he Renal Le sions which 

Occur During Epsilon Toxin I ntoxication in Mice 

Materials & Methods : 

The kidneys of intoxicated mice were obtained from animals which 
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surviv&d for 3 , 6 , 9 , 1 2 or 1 8  hours in the e xperiment s which were 

de scribed in Chapter 8 . The control animals f(.)r this experiment 

consisted cf a similar group of male anJ female mice which were deprived 

of fovd and killed in pairs 0 , 3 , 6 , 9 , 1 2 or 1 8  hours after food and 

lit ter had been rem�ved from the cage s .  Tissue sa:-,1ple s were removed 

from the carc.:::.se ,s of all animals and placed in Bouin ' ;:; fluid , formol 

saline or glutaraldehyJe for fixatic n .  Some cf the formalin fixed 

mate rial wc..s re;n-:we d frum the fixative after 2� hour s anJ. infi ltrateG. 

with sucrose -acac ia . Se c tions for light microscory were prepared and 

stained with H&E and PAS as described in Chapter 8 .  I n  adG.ition , 

frozen sec tions were cut from the suc ruse-acacic.. infiltrated material 

and stained to demonstrate free lipid wi th Sudan 7B c..nd Oil ReJ 0 fat 

stai ns .  Sec tions for elec tron ruicroscopy were pre r ared c:tnd stained 

as Je scrib ed forbrc:tin in Chapt er 8 .  

Results : 

Light Microsc opy : 

T�ere were no marked change s in H&E and PAS staineG. sec tions of 

kidneys frum the se animals :1t any of survival t ime s e xamined , 

Both Sudan 7B and Oil Red 0 fat stains e;ave essent ially similar 

results but the r.lefinit iun nnd locu.lis3. ticn of the lipid appe ",red to be 

su1---erior Yii th Sudan 7B and the chc..nge s se e n  in sections stelined with 

this stain will be de scribed , 

No free fat c ould be demonstrated in the tubular e pithe lium of 

animals which were killed 3 hours after the admini stration of t oxin 

or removal of the food supply . After 6 hours survival , the staining 

affinity of the epithelium for the fat stains was increased compared 

with that of kidney sections from animals with shorter survival time s .  

I n  the kidneys o f  animals which hc::_d survived fer nine hours small fat 

droplet s  were c learly visible in the tubular e pithelium and t he droplet s  

became �rugressively larger and more numerous a s  t he survival t ime 

increased to 1 2  and 24 hours . At no time was the re any detectab le 

difference be tween the kidneys of control nnd intoxicated animals . 
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Elec tron Mic ro s c opy :  

An e ssent ially similo.r situation t o  that desc ribed above was see n 

when se c t io ns from the ki<lneys of these animals were e xamined. with the 

e le c tron microscore nnd it was obvi o u s  with this instrument the..t the 

lipi<l accumu la t i o n  began to o c cur o.t abou t the same time th3.t it c ould 

be d e t e c ted. by fat stains and ligh-t; mi crosc or.y . Ag.:lin there was no 

Je t e c table <lifference in the time of onse t of li�iJ sc cumuln t i o n  betwe e n  

c o ntrol ::md i ntoxic:J.ted ani!!!al s .  The l ipi<l wo.s first se e n  i n  t he kidneys 

of animals whic h  survived for six hours and at thi s time c o nsisted. of 

srn.:tll , amoq:.hou s ,  r:�ther eleci:rm dense vc::..cuoles seat tere l among the 

mitoc hondri� in the deeper areas of the c e lls . The se vacuole s became 

progre ssive ly larger Clnd more abumlnnt as survival time i nc reased but 

i n  gene ral the y tende::l to be more nume rou s in the deeper pnr t s  of the 

c e l l  and did not o.ccumuln.te i n  the regi o n  be low the l'!licrovi l li which 

c onstitute the brush bor'le r e.t the ultrastruc tural leve l .  ( Figure 1 0 . 3 ) . 

It should be no ted that , wi t h  the exc ept ion of the ' c ontrol ' se c t ions 

e lec tron rho tomicro gr.:lrhs are of the kidne ys of into xi c ated animals and 

it can be see n that epithe lial change s , arart from li1::-id acc umulati o n ,  

were minimal when the kidne ys were removed from the co.rcase a t  the t ime 

of death . 

The l iriu dror lets thec:;se lve s nppear to be surround ed by a single 

membrane and can thus be de scribed as true vacuole s .  

are rnor: ·holo gic ally distinct from t h e  very dense 

These vacuoles 

: . .  � c yt o some s with 

their ' mye lin figure s '  whic h  t e nd t o  b e  more numerou s be low the 

microvilli t han in the deepe r  par t s  of the ce l l .  

The Influence o f  Aut rJly.sis o n  the Deve lopment of Renal 

Le sions in Efsilon Toxin I nt oxic�tion and Enterotoxaemia 

Experiment 1 :  

Naterials & Me thods : 

I n  a pre limi nary experiment t o  asc ertain whe t her aut o lysi s  

affected t he t yre o f  le sion see n ,  t he carcase of one o f  t he lambs which 



Figure 10. 3 :  

A B 

C D 

Accurmla tion of Denonstrable Lipids in the 

Kidneys of Starved and Intoxicated Niice 

A.  Proximal Tubular Epithelium from a Mouse which died 3 hours 

after the Adminis tration of Epsilon Toxin :  

As i n  the control mouse (not shown) there is  no detec­

table lipid present in this kidney. 

N = nucleus 

Mv microvilli of the brush border 

BM basement membrane 

PM infoldings of the basal plasna membrane 

Mi mitochondria 

Cy cytosomes 
r) ,,o  .. "'h\ ,.. ., 

V =t va·cuoles 

Tj = ' tight ' junctions between cells 

B. Six hours after Toxin Administration : 

Scattered small lipid-containing vacuoles (Lv )  are 

pnesent in the deeper regions of the cell adjacent to the 

basement men:brane . 

C .  Twelve Hours after Toxin Administration :  

The lipid-containing vacuoles have become larger and 

more numerous . 

D .  Eighteen Hours after Toxin Administration : 

The appearance of the section of tubular epithelium is  

essentially similar to  that seen a.t twelve hours . Fat stains 

and light microscopy suggest that in fact the e�ount of lipid 

increases during this period. 

All these electron photomicrographs are of kidneys from 

intoxicated mice . The sequence of changes in s tarved animals 

was indistinguishable from those shown here . 

Magnification 7 , 000 
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rece ived rare nterally administered toxin wns re c lo sed immediate ly after 

removal o f  one kidney at the t ime o f  denth . The carcase was he ld in 

a warm room for 6 hours then the second kidney was removed and treated 

in the same manner 2s the one obtained ut the time of death . Howeve r , 

no material was taken from t�e sec ond kidney ,for electron micro scopic 

examination and the formalin fixed material was all used fer alkaline 

rhosphatase histochemistry . 

Re sult s :  

The change s detec table in the kidney rem0ved from the carcase 6 

hours J:.OSt morterJ were c::.s follows ! 

Grossly the kidney was firm , but l�le fawn in colour and the c ortex 

h.<J.d an D.l'!O TJ_:hou s  art:earance .  There v;as a marked reduction in the alkaline 

phos:rhatase activity of the brush border of the J::roximal tubular 

epithe lium and a loss of PAS stai ning o.ffinity of this re gion.  Thi s  

was associated wi th evide nce of e pithelial degeneration in the form o f  

karyolysi s .  Due t o  the �b sence of H&E st:J.ined sec t ions of formalin 

fixed material it was not possible t o  determine whe ther interstitial 

haemorrhage was pre sent in this kidney . 

Comment : 

Since the histc chemical and histological changes in the above 

kidney were similar to thn se de scribed in· field and experimental cases of 

enterotoxaemia , while dett: ctable le si.ons h:.1d been ab sent from the kic1ney 

of this animal at the t ime of death , it was decided to inve sti gate 

further the se quence of change s which occur post mortem i n  kidneys . 

Exreriment 2 :  

Mate rials & Me thods : 

Sixteen male and 1 6  female mice were divided into two e qual 

groups and one group of each sex was given 2ug of batch CWD e psilon 

toxin . When an intoxicated mic e  died o. similar control mouse was kil led 

) 
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b y  n e c k  dis locat �or, , Kidneys were r emoved from one pair of  

c o n tr ol and  int oxi cated male  and fe mal e mice  as s o o n  as death 

oc curred . The carcases  of  the r emaining animals were held in 

p e tr i  dishes at 37°C in an incubator and the kid n e ys were removed 

f r om s imilar pairs o f  animals at 1 , 2 , 4  and 6 hours pos t mort e m , 

All samples o f  th e kidneys were fixed , the alkaline 

pho sphatase ac t ivit y  a s s e s sed his tochemically and s e c t i ons 

p r e par ed and s tain ed f or  ligh t and elec tron micros c opy as d e s c rib ed 

p r ev i ous l y .  

R e s ults : 

As i n  previous mi c e , t.here were no d i f f e r e n c e s  b e t we en the 

mi c rosc opic appearanc e  of the kidneys of  contr o l  animals and those  

o f  intoxicat e d animals at  the  time  of death , nor were any gross  

c hanges s e e n aft e r  t he  c arcases had b e e n  held f or up t o  6 hour s 

at  37°c . 

The dis tribu t i o n  and amount of histochemically demonstrab l e  

alkaline phosphatase in t h e  kidneys o f  all animals altered as 

aut olys is progress e d .  The r eac tion was intense  i n  the b rush 

b o rder of the proximal c onvolu t e d  tubules  i n  b o th gr oups of animals 

at the time of death . There was an appare n t  r e duc t i on in the  

alkaline phosphatase a c t iv i t y  o f  the  brush border of the  kid n e ys 

o f  intoxicated  animals which were n e c ropsied 4 hours after d e a th . 

This change was promine n t  at  6 hour s pos t  mor t em and a t  t h e  same 

t ime  the f ormazan pigm e n t  t ended to  b ec ome dis tributed throughout 

t h e  t ubular epithe lium , In c ontrol animals the r educ t ion in 

ac tivity was firs t d e t e c tab le  in ki dne ys which had b e en remove d  

f r om the c arcase 6 hours pos t  mor te m .  

I n  both intoxi c ated and control an imals , the firs t r enal 

c hanges that were d e t e c table i n  H&E and PAS s tain e d  sec tions of 

kidneys was karyolysis in the proximal c onvolu t e d  tubular 

e pithelium which was s e e n in sec t i ons of kidn e y  taken 6 h o ur s  

a f t e r  the death o f  the animal . At  no time was there a n y  

d e tec tab le diffe r e n c e  i n  t h e  app earan c e  of H&E and PAS s tain e d  
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s e c t ions of ki d n e y  f r o m  c ontrol and in t oxicated mi c e . The r e  was 

no evid enc e of  i n t e r s t i t ial haemorrhage in the s e c ti o n s  of f ormalin 

fixed kidney from these  animals . 

The e l e c t ron  micros c opic appe aranc e of the au tolytic change s  

wh ich develop e d  in  the kid neys was e s s e n ti ally simi lar i n  c ontrol 

and intoxi c a t e d  mi c e ,  w i th the exc e p t i o n  that  the vasc ular 

endothelium of  c ont ro l  animals t�nded t o  b e c ome swol l e n  and 

vac uolated as auto lysis pr ogr e ss ed . Th e endothelium was s till 

in tac t in the s e  animals 6 hours after d e a th ,  while it was almos t 

c omple t e l y ab s e n t  in intoxi c a t e d  animals a t  all time s .  Th e r e  was 

however no app�r e n t  dissulation of the  c apillari e s  with r e lease of 

en ythr oyt e s  i n t o  the inters t i tium in thG latter mi c e . The p o s t  

m o r t e m  s e que n c e  o f  aut o lytic changes  in  the kidne ys o f  c o n trol  and 

i n toxicated m i c e  is shown in Figur e� 1 o . 4 � � h . 

Experime n t  3 : 

Ma terials & M e th o ds : 

Two of  the 8 month o ld lambs which had r e c e i v e d  e n t e r i c  ori gin 

t oxin and two c o n trol sheep , whi ch had been destroyed by  the  

in trave nous adminis tration of  ' Eu thatal ' ( May & Bake r , Dage nham , 

England ) were plac e d  in l e f t  lateral r e cumb e n c y  as s oon as d e a th 

o c curred . An incision was immedi a t e l y  made in the abdominal wall 

parall e l  t o , and j u s t  b e low the lumbar mus culature . A p i e c e  of  

b o th t he  upp e r  a nd  low e r  kidne y was  r e moved from each animal and 

the c arcases  c lo s e d  and le f t  at r o o m  t e mperature f or 1 0  h o ur s . 

During this time the incisi o n  was o p e n e d  at 2 hourly i n t ervals and 

further pie c e s  o f  kidney re mo ve d . 

as describ e d  in  Experiment 2 .  

R esults : 

The kidney material was t r e a t e d  

The renal c hang es  in  i n toxi cated lambs at  th e t i m e  o f  death 

were c o nfine d t o  the vas c u lar e n d o t h e lium and were only d e t e c tab l e  

at  the ultra-s truc tural lev e l . The r e  we re no gr oss  alt erations 



Figur�:; 10. 4a : 

A 

c 
B 

D 

The Soguence of Aut;Jl;ytic Chang-es in the 

Kidneys of Nc:r:'lal r,1ice-E1;:;ctron lhcroscopy 

A Tine of Death : 

r_J.lhe endotheliun (En) o f  the blood ves sels o.nd the 

tubular epithe lium (Ep ) are normal . 

E erythro cyte . 

B .  2 Hours Post Morto::·t : 

The endothelium is vacuolated and the mito chondria 

of the tubular epithelium aro swoll en . 

C .  4 Hc-urs Post Mortem : 

The change s in thi s section are mere advanc e d . 

T:he endothelium is extrerntly vacuolated anct S' ;.)llen. 

D . 6 Hours Post  .MortGL'1 : 

There has been li ttl e  further det-Jc table d8gene ­

ration when thi s section is  compared with C .  

The s e  sections should be coHpared with those i n  Fit;ure 

l0. 4b. 

Note : The carcases of these .s.>.1imals r:ere he ld at 37
°

C . 

Magnificati :m 5 , 500 
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Figure 10 . 4b : The Seguence of Autolytic Changen in th8 Kidneys 

of Intoxicated Hice El Gctron Microsc<rf2.Y:. 

A. Time of Death : 

The endotheli�� (En) of the blood vessel  i s  vacu­

olated but the tubular epithelium (Ep ) appears normal . 

E = Erythrocyte . 

B .· 2 Hours Post Mortem : 

The endothcliun in this s •.:: ction ha s degenerated 

with only a few vacuolntud reru1ants r�cognisable . 

There is  no loosening o f  the intersti tium . 

C .  4 Hours Pos t Mcrtem : 

Despite the obvious endothelial damage there i s  no 

tendency for erythrocyte s  to escape into the inter­

stitium and the tubules are closely apposed. 

D .  6 Hours Post Mortc� : 

There is little difference between th2 changes in 

this section and those in c .  Compon.:mts such a s  m i  to-

chondria are still recognisable in the tubular epithe­

lium. 

These sections should be compared with Figure 10. 4a . 

Magnification 5 , 500 
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in c onsistency or evid e n c e  of tubular necrosis  or inters titial 

haemorrhage at this time . 

Grossly , the fir s t  lesion whi ch was d e t e c table in the  

lambs which re c e iv e d  enteric  origin t oxin oc curred 2 hours po s t  

mor tem  when th8  kid n e ys wer e s t ill c onge sted  but had  also  d eveloped 

areas beneath the capsul e where  there was appare n t  capillary 

dilatation , giving an appearanc e s imilar to the cutaneous ' spider 

naevus ' of  man . Tissue was remcved from  these ar e a s  at  the  t ime 

of  sampling . The are as of ' capillary d ilatati on ' remained obvious 

and appeared to  b e c ome more extensive at later samplings and a t  

the same ti me the  kidne ys b e c ame less  firm i n  c onsis tency  and b e gan 

to s of ten . B y  the time 1 0  hours had elaps e d  after the death of  

the  animals the  kidneys were  extremely mushy , and  a clean k ni f e  

cut c ould no longer be mad e .  In  c on trast , the kidneys of  the 

c on trol lamb s r emaine d quite firm in c onsistency  for the whole 1 0  

hours after death although by the end  of  that period the 

superfic ial 1 - 2mm of  renal cortex was gre enish black du e t o  

de c ompo sition . Th0 la tter  change had f irst b e c ome visib le  at 

6 hours pos t  mor t e m  and there were  n o  o t he r  changes such a s  those 

seen in the int oxi c ated animals . 

Lesions  d e t e c tab le by ligh t mic r o sc opy first b e c am e  v i sible 

i n  the kidneys o f  t h e  intoxic ated lambs 2 hours after d eath . At  

this  time there were  focal areas in the  renal c or tex where  the 

alkaline phosphatase ac tivity of  the  brush b order of the proximal 

tubular epi the lium was r educ ed . Thi s was associated with a loss 

o f  the PAS staining affinity of the r egion and the re  was als o 

evidence o f  nuc lear degeneration i n  the form of  kar yolysis i n  the 

e pi thelial c e lls in these ar eas . By the time 4 hour s  had e lapsed 

pos t  mor tem , i n t e r s titial ' haemorrhage ' b e tween  the tubules b ec ame  

obvious in  the formalin fixed H&E s tained s e c tions o f  the kidney 

samples and the  degenerative changes i n  proxi mal tubule s  was almo s t  

universal . The t ime sequence o f  th e s e  change s  can b e  s e e n  in 

Figure 1 0 . 5 .  There was no difference  in the seque nc e o f  events 

in the upp er and lower kidney o f  these animals . 

The s e quence of  change s whic h  oc curr ed in the kidn e ys o f  

the c ontrol sheep aft e r  death d i f f er e d  from those d e scrib ed ab ov e . 



Figure 10 . 5': 

A • B 
-· - --+-··-· . 

C D 
A .  

The Sequence of Autdytic Che.nges in the Kidrtcys 
of Intoxicated L.'lmbs Light Niicroscopy 

Timo of Dc.ath : 

The proximal tubular epithelium (PrT) Rppears to 

be normal and there is no evidence of interstitial 

haemorrhage . 

G glomerulus 

B .  2 Hours Post Mcrtem : 

Degenerative changes ,  in the form of karylosis ,  

are beginning to appear in the proximal tubular epithe­

lium ancl there is early dissc:::min:J. tirm of erythrocytes 

(E) between the tubuh:s in sone areas . 

C .  4 Hours Post I;b:rter, : 

Extensive karyolysis is  present in the proximal 

tubular epithelium �:end erythrocytes arG lying free in 

the interstitium . 

D. 8 Hours Post  Mort0m : 

The renal changes are essentially siriilar to those 

shown in Figure 10 . 1  of the field case of enteroto-

xaemia . The widespread dis tribution of the 0rythro-

cytos between the tubules resembles interstitial 

haer.1orrhage and the degenerative changes in the tubules 

have given them a necrotic appearance . 

These sections should be compared with those in 

Figure 10 . 6 .  

Stain H & E 

Magnification 120 
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There  was also a r educ tion in the alkaline phospha tase activity of  

the brush border of the proximal tubular epithelium and this tended 

to  b e  associated  with a loss  uf  PAS s t a i n i n g  af f i n i t y o f  this 

region . The changes however were not  marked until b e tween  4 and 6 

hours after death . At  thi s  time there  was evilence  of  degenerative 

changes in the proximal tubular epi thelium in the form of karyolysis  

but  this was  not  as  marked as in the int oxic�ted lambs and even  at  

8 hours , when  there  was obvious pos t-mortem  dec omposition of  the 

supe rficial layers  of  the kidney , the tubular change s  had not  

progressed  as  far  as  they had  done  in  the intoxic ated lamb s . The 

outstanding difference  between  the two groups however  was the fac t 

that , in the c ontrol animals there was no evidence  o f  interstitial 

haemorrhage at any stage . Figure 1 0 . 6  illus trates the sequence  of  

changes which  occurred in the  kidney  o f  c ontrol lamb . 

I t  i s  now appropriate to  examine the ultras truc tural changes  

which oa curred  in the kidneys o f  these  t w o  groups . 

By the time two hour s had e lapsed  after the death of  the 

in toxicated animal there was e le c tron microsc opic evidenc e of 

d egenerative change s in the proximal tubular epithelium c f  the 

ki dney . There  was evidenc e  of  loss of m i c r ov i l l i  i n  the  brush 

b order , random distribution of the normally polarised  mi tochondria 

and cellular material escaping into the lumen of the tubules . The 

tubules were still closely appose d at this time and the c a�illaries  

were  s till intact although the  endothelium was extensively damaged . 

From 4 hours post mortem onward there was a progressive dissolution 

of  the already damaged c �pillaries  b etween the tubules with the 

release of  intac t  erythroc ytes  into the interstitium . A t  the same 

t ime there appeared  to  be  a gene ral widening of the space s  between  

tubules which allowed t h e  erythr o c ytes  t o  spread b e tween  them 

giving the appearanc e of  interstitial haemorrhage . The epithelium 

of the proximal tubul e s  from 4 hours post  mort em onward had almo s t  

e nt irely degenerate d and appeared to  be  ' necrotic ' .  B y  the time 

1 0  hours had elapsed  pos t  mortem  the architec ture o f  the kidney 

was almo s t  comple te ly . ios t a t  the ultrastruc tural lev e l . 

The s e quence  of u l trastruc tural changes which  o ccurred in 

the kidneys o f  the intoxicated  ani mal after de ath are illustrated  i n  



Figure 10 . 6 :  

,, ... 

c 

B 

D 

The Sequence of Aut o lytic Change s in the 

Ki dneys of Normal Sh9ep. Lig�1t micro s c opy  

A . Time of Dea th : 

The appearance of formalin fixed,  H&E s tained 

s e c t i ons o f  norma l kidney , :r:-emoved from the carcase at 

the t ime of dea th . 

G glomerulus 

PrT Proximal Tubular Epi thel ium 

B .  2 Hours Po s t  Mortem : 

There 1-:a s b e en pra c t i cal ly no detectabl e  change in 
the renal archi t e c ture during this time . 

C .  4 Hours Post I.Iortem .� 

Early d8generat ive change s in the form of karyo­

lys i s  can be s een to be present in the proximal tubular 

epi the l ium . There is no evidence of re l ea s e  of eryth­

ro cyte s  from the b l o o d  ve s s e l s . 

D .  8 Hours Po st II/Iortem : 

A l though tubular degenera t i on i s  pre s ent at thi s 

time , i t  i s  not as obvious as tha t whi ch o c curred in 

int oxicated animals . There are no free erythrocyte s 

in the int ers t i t ium and the tubu l e s  are s t i l l  closely 

appo s e d . 

The s e  change s shou l d  be compared with tho s e  i n  

Figure 10 . 5 . 

S tain H & E 
Magni fi cation 120 
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Figur e s  1 0 . 7  and 1 0 . 8 .  

I n  the c o n t r o l  animal t h e  c hange s in the e p i t h e lium o f  

t h e  t ub u l e s  were e s s e n t ially s i m i l ar t o  those w�i c h  w e r e  s e e n  i n  

the t ub u l e s  of in toxi c a t e d  lanb s .  Obv i ous d e g e n er a t i v e  c han g e s  

were p r e s e n t  i n  the tubular e p i t h e lium f our h ou r s  u o s t mor t e m . 
N u c l e ar d e g e n e r a t i o n  i n  t h e s e  c e l l s  had b e gun t J  o c c ur at t h a t  

t i me b u t  t h e r e  w e r e  s t i ll a numb e r  o f  i n tact nuc l e i i  and 

r e c o gn i s a b l e  c e l l s  pr e s e n t  i n  s e c t i o n s  f r om ki d n e y  r em o ve d f r om 

the  c ar c a s e  6 h o urs a f t e r  d e a t h  cf the animal . T h e r e  was n o  

l o o s e n i n g  o f  the i n t e r s t i t ium b e t we e n  t h e  tub u l e s  i n  t h e  c o n t r o l  

animals a t  a n y  t ime an d t h e  c ap i l lary e ndothe l i um was s t i ll intac t 

1 0  h ours pos t  m o r t e m  alth ough , a s  i n  m i c e , swe l l ing a n d  vacuolation 

o c c ur r e d .  N o  r e le a s e  o f  e r y t hr o c y t e s  from t h e s e  v e ss e ls o c c ur r e d  

a t  a n y  t i m e . The u l t r as tru c tural changes as s o c i a t e d  w i th au t o ly s i s  

i n  a n o r mal lamb kid n e y  are i ll u s t r a t e d  in F i g u r e  1 0 . 9 .  

Dis cuss i o n . 

I n  v i e w  o f  the c onfus i o n  i n  t he li t e r a tur e over whe t h e r  or 

n o t  r e nal l e s i o n s  ar e p r e s e n t  a t  the time o f  d e a t h  i t  i s  

i n t e r e s t i ng to n o t e  t ha t , i n  the pr e s e n t  s tudy whe r e  animals w e r e  

n e c r o p s i e d  a s  s o o n  as d e a th o c c ur r e d , t h e r e  w e r e  n o  l e s i o ns i n  t h e  

kidneys d e t e c table b y  v i sual i n sp e c t i on or l i gh t  mi c r o s c op i c  

exami nat i o n . 

This was the c as e  i n  b o th mi c e  and lamb s and al s o , i n  the 

la t t e r  spec i e s , whe n  toxin was e i t h e r  par e n t e r a l l y  admi n i s t e r e d  or 

ab s o r b e d  f r o m  the i n t e s t i n e  f o llowing the i n f u s i o n  o f  Cl .pe r fr i nge n s  

type D p lus c arb oh ydra t e . These f i ndi ngs i mply that t h e  l e s i o n s  

s e e n  i n  f i e ld c as e s  o f  en t e r o t oxaemi a ar e large l y  t h e  r e su l t  o f  p o s t  

mor t e m  c hange in t h e  i n t ox i c a t e d  animals . 

The lack o f  a n y  qual i t a t ive change i n  t h e  h i s t oc h e mi c al 

ac t i v i ty o f  the vari ous e nz ym e s  in the kidn e ys o f  i n t o xi c a t e d  

animals at t h e  time o f  d e a t h  is also n o t e w o r th y . By t h e  t ime 

a l t e r a t i ons i n  alkali n e  phosphatase ac t i v i t y  we r e  d emons trable 

h i s t o ch emically the r e  w e r e  u s ually o th er d e ge n e r a tive c hanges in 



Figure 10 . 7 :  

A B 

C D 

The Sequence of Autolyti c  Changes which oc cur in 

the Kidneys of Intoxi cated Lambs after Death . 

A. Kidpey, removed at the Time of Death, from a Cas e of 

Experimental Enterotoxaemia in a Lamb : 

The tubular epithelium (Ep ) ap�oars to be normal al­

though there is s ome debri s in the tubular lumen (1 ) . The 

basement membranes (BM) of adj e cent tubules are in close 

proxiBi ty and the intersti tiuin ( I )  i s  l imi t c d  in extent . 

The endo the l i1ill. of the blood ve s s e l s  (BV) i s  damaged . 

N nucleii 

Mv mi crovi l l i  

E erythrocyt e s  

B. Kidney rePloved from the same carcase as A, 2 Hours n fter 

Death of the Animal : 

The tubular epithelium has lost much of i ts cytoplasmic 

architecture and the microvi lli have been lo s t . The appearance 

of the vas culature and intersti tium is s imilar to A. 

C .  Kidney removed from the same carcase as A, 4 Hours after 

Death : 

The tubule� epitheliunt is almo s t  entire ly degenerated . 

Simi larly the wal l s  of the blood ve s s e l s  has almo s t  completely 

di sappeared , al though the erythro cytes have no t been released 

into the l o o sened intersti tium ,  

D .  Kidney removed from the samG carcase as A, 6 Hours after 

Death : 

There has been a lmo s t  compl ete loss of vascular and 

tubular archi tecture and erythrocyt es are free in the loo sened 

inter s ti tium . 

Magnification 2 ,  650 
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Figure 10 . 8 :  Vas culC!.r Change s which Developed 4 Hours Af ter Death 

in a Cas e of Experimental Ent ero toxaemia in a Lamb . 

Thi s s e c ti on is a more highly magnified view of an 

area of the same kidney that was used to prepare the sections 

sho�� in Figure 10 . 7 . 

Fragment s of the damc:ge d c::. pi l lary endothe l ium (En) 
and a thrombocyte (T) are s t i l l  recogni sable although the 

greater part of the capillary wal l  ho.s di sappeared. Several 

erythrocyte s  (E)  have e s caped frol!l the blood vessels and are 
lying free in the loosened inters titium ( I ) .  

Ep tubular epi the liwa 

BM = bas ement membrane 

Le degenera ted lymphocyte 

Magnification 14 , 000 
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Figure l0 . 9 s  

B 

0 

The Sequence of Autolytic Changes in the Kid.ne:�s 

_of Norma l Lambs . Electron Microscopy. 

A (  'J'ime of Dea.th : 

The endothelium (En) of the blood ves sel (BY) i s  
I 

intact and the intersti tium ( I )  between the tubules 

appears normal . The microvilli (Mv ) of the tubular 

epi thelium (Ep) are inta c t .  

B .  2 Hours Pos t Mortem : 

The endothelium of the blood vessel is  still intact 

but there are degenerative changes in the microvill i of 

the tubular epitheliwn . The interstitium i s  unchanged , 

c .  4 Hours Post Mortem : 

The appearance of thi s section i s  essentially 

s imilar to that of B wi th no evidence of loosening of 

the i nterstitium or breakdown of the endothelium . 

Degeneration of the epithelium is more advanced, 

D.  8 Hours Post },lortem : 

Even at this time the vascular endothelium i s  

still easily recognisable  although the architecture of 

the tubular epithelium has been largely los t ,  apart 

from the nuclei • 

The sequence of changes in these sections should be 

compared with those in Figures 10 . 7  and 10 . 8 . 

Magnifica tion 2 , 800 
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the proximal tubular e pith e lium d e t e c t abl e by routin e histological 
I ;� IJ.: .-'<e..,- ,q,y J 

stain s . This a d d s  support t o  Wach stein ' s " sugge stion that 

histoch emical chan g e s  in th e kidn e y  do n ot n e c e s s arily pre c e d e  

o t h e r  eviden ce of structur al damage , n o r  d o  they indicate th e 

func tion al e f ficiency of t h e  cell s . Th e lack o f  chan ge in renal 

�lkalin e phosphata s e  activity in the in t o xica t e d  animals in t h e  

pre s e n t  e xp e riments i s  in direct con f lict w i th th e r e sults 

obtain e d  by S o tirov & B o z khov ( 1 965 ) who us e d  t h e  Go m o ri m e thod 

to d e monstr a t e  alkalin e phosph ata se activ ity in th e renal tubul e s  

o f  th e i r in t oxicate d animal s .  

S e x  dif f e r8nce s in the dis tribution o f  al kalin e ph o s pha t a s e  

activity in th e brush bord e r  c f  t h e  proximal tubul e s  i n  dif f e rent 

re gion s of th e renal cort e x  '"ere not particularly n o tic e abl e in 

the mice us e d  in the pre s e nt e xp e rime nts an d it may be t h at this 

r e f l e cts t h e  fact tha t  th e mice us e d  w e re of a dif f e r e n t  strain 

to th o s e  us e d  
( , , c c.v.. ; � ..- l't" l 'i, J ) 

by Dunn A in w hich s h e  d e scribe d the s e  dif fere nc e s . 

N e v e rt h e l e s s , the po s s ibility that such ch an ge s  can occur stre s s e s 

th e i mpo rtan ce of s e l ecti n g  appropriqte control animal s . Th e 

pro gr e s s i v e  accumul a t i on o f  lipid in the proximal tubular 

epithelium in intoxicate d anima l s  an d also in starv e d  animals 

e mphasis e s  t h e  fact t hat , on occasion s ,  re sults can be obtain e d  

which are only indir e ctly due to t h e  e xp e rimen t al proce dure which 

was e tnploye d . This als o un d e rlin e s th e importance o f  maintainin g  

cont� o l  animal s un d e r  e x actly sim i l ar con diti ons a s  t h o s e  a f f ectin g 

t h e  te st anima l s . 

Some re f erence mus t be m a d e  to the basis f o r  t h e  s e l e c tion 

o f  the particular group of e n z ym e s  it was d e cid e d  to e xamin e 

his t och e mically in t he kidn e y , alth ough t h e  limitation s in h e re n t  

in enzymatic an aly s e s  will b e  d e f e rre d un t i l  Chapter 2 1  wh e r e  t h e  

e stimation o f  s erum en z ym e s  i s  discus s e d . In t h e  pre s ent in stanc e , 

becaus e glyco suria is a promin e n t  f e ature of e nte rotoxa e mia , 

particul a r  attention was paid to th e e n z y m e s  which h av e  be en 

sus pecte d of being invol v e d  in t h e  re sorption of glucos e from th e 

glomerular filtrate by th e proxim a l  tubul e s .  This i s  an e ue r gy 
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d epe n d e n t p r o c e s s , s o  t h a t  e n z ym e s  whi c h  hav e n o t b e e n su s p e c t e d  

o f  b e i n g  d i r e c t l y  as s o c i a t e d w i t h  glu c o s e  me tab o l i s m  b u t  wh i c h  ar e 

i mp o r t a n t  i n  0 n e r g y  yi e l d i ng p r o c e s s e s  e . g . suc c i n i c  d e h yd r o g e na s e , 

A TPas e a n d  the d i ap h 8 r a s e s , w e r e  i n c l u d e d  in t h e  pr e s e n t  s t u d y . 

S o m e  o f  t h e s e  e n z y m e s  hav e b e e n  shown t o  b e  d e c r e as e d  i n  o t h e r  

i n t o x i c a t i o ns where  gl yc o s u r i a an d/o r  r e nal damag0 o c c ur a l t h o u gh , 

as m e n t i o n e d  e a r l i e r , i t  app e ars unli k e l y t h a t  t h i s  i s  a s p e c i f i c  

e f f e c t  o f  the t o xic ag e n t  and i s  mor e l i k e l y  t o  b e  a s s o c i a t e d  w i th 

c e l l  d e a t h . I t  should b e  n o t e d  in p as s i n g  tha t t h e  e xa c t role 

o f  e n z ym e s  s u c h  as the ph o s ph a t a s e s a n J  t r e hala s e  i n  gluc o s e  

t r ans p o r t  i n  t h e  ki d n e y  i s  a s  y e t  unknown a n J  ev e n  a s  r e c e n t ly as 

1 96 9  t h e r e  w e r e c o n f l i c t i n g  r e p o r t s , such as t h o s e o f  Gr o s sman & 

S a c k � u r  ( 1 968 ) , Van Hande l  ( 1 96 9 )  and S e m e n z a� R i h c v a  ( 1 96 9 )  o n  

t h e  i mp o r t a n c e  o r  o t h e r w i s e  o f  t r eh a las e i n  r e n a l  gl u c o s e  t r an s po r t . 

F r o m t h e f a c t that s i m i l a r  l e s i o ns dev e l o p e d  in t h e  ki dn e ys 

o f  c o n t r o l  and i n t o x i c a t e d  m i c e  wh e n  t h e  c a r c a s e s  w e r e  h e ld a t  a 

c o n s t a n t t e mp e r a t u r e  i t  w o u l d app e ar t h a t  the c h an g e s  i n  t h e  pr ox i ma l  

t u b u l a r  e p i t h e l i um may hav e b e e n  d u e  t o  the e f f e c t  o f  au t o l y s i s  a n d  

i t  c o u l d  b e  tha t t h 0  d i f f e r e n c e s t h a t  were s e e n  b e t w e e n  c o n t r o l  and 

i n t o x i c a t e d  lamb s w e r e  t h e  r e s ul t o f  a hi gh e r  b o d y  t e mp e r a t u r e  i n  

t h e  i n t o xic a t e d  a n i mals a t  th a time o f  d e a th . Th i s  i s  u n l i k e l y  

t o  b e  t h e  wh o l e  e xp l an a ti o n as i t  d o e s  ne t take i n t o  ac c o u n t  t h e  

gr o s s  a l t e r a t i o ns i n  the c o n s i s t e n c y  o f  th e ki d n e y  a n d  i t i s  

p o s s i b l e t h a t  t h e  c hange . i n  t h e  s o l u b i l i t y  p a t t e r n o f  r e nal pr o t e i n s 

d e s c r i b e d b y  0 o t i r c v  ( 1 965d i s  as s o c i a t e d  w i t h  a s p e c i f i c  ac t io n o f  

t h e  t o x i n  upon the t u b u l ar ep i th e l i um o r  i n t e r s t i t i u m . 

The f i n j i n g , i n  t h e  pr e s e n t  i nv e s t i ga t i o n , t h a t  t h e  

i n t e r s t i t ial hae morrhage i n  t h e  ki d n e y i n  e n t e r o t o x a e m i a  i s  i n  fa� t 
a p o s t  m o r t e m  c h ange i s  i n t r i gui ng and i t s  m o � �  o f  d e v e l opme n t  may 

be u n i que . Th e f a c t  t h a t  in this d i s e as e  a u t o l y s i s  ac c e l e r a t e s  

t h e  b r e akdown o f  b l o o d v e s s e ls whi c h have b e e n  s e v e r e l y  dama g e d  b y  

t h e  a c t io n  o f  a t o x i c  ag e n t ,  thus a l l o w i n g  t h e  r e l e as e o f  

e r y t hr o c y t e s , h a s  no t b e e n  d e s c r i b e d  pr e v i ou s l y  i n  t h i s  o r  o th e r  

i n t o x i c a t i o n s . I t  w o u l d  b e  i n t e r e s t i n g  t o  kn o w  wh e th e r  a s i mi la r  

s i t u a t i o n  o c c ur s  i n  o th e r c o nd i t i o n s  whe r e  i n t e r s t i t i a l  h a e m o r r h a g e  

i n  t h e  r e nal c o r t e x  has b e e n  d e s c r ib e d  f o l l o w i n g  th e admi n i s tr a t i o n 
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o f  t oxic age n t s  e . g .  merc uric c h loride and Cl . • perfr ingens type A alpha 

toxin which  d amage vas c ular s truc tures . 

Whi le on the sub j e c t  o f  the deve lopme nt  of  the  intersti tial 

h a emorrhage two o ther puints should be menti on e d . The fir s t  i s  

t h a t  the upper and lower kidn e ys were sample d  from t h e s e  animals 

to eliminate the rather unlike ly possibility that the renal 

l e si ons were influenc e d  by gravi tati onal or hydr o s tatic  e f f e c ts 

produced  b y  the posi t i on of the  c arcas e , as oc curs in  p o s t  mor tem 

h ypos tatic c ong es t i on .. The s econd point  conc erns the fixatives 

which  were e mployed in  t he preparation of  �aterial for light 

microsccpic  examinati on . Whi le Bouin ' s  fluid was d e f ini t e ly 
superior t o  f ormal s a line in pre serving the fine  s truc ture o f  the 

kidney the f a c t  that the erythroc ytes were almo st  c omple t e ly 

lysed and appear e d  as faint ghosts , or n o t  at all , in  Bouin ' s  

fixed mat e rial sugge s t s  tha t , where haemorrhagic s tates  may b e  

encountere d ,  this fixative i s  defini tely  c o n tr aindicated despite  

i ts supe r i ority as  a c ytologi c al fixative . 

C on c lus ions . 

1 .  Fre e  lipid ac c umula ted  in the c ells of  the proximal 

c onvolut ed tubule s  o f  the kidneys o f  mice  deprived of  food  and 

the appearance  of free  lipid in th is region of the kid neys was 

only an indire � t  e f f e c t of  epsilon t oxin , b e ing b rough t ab out  

b y  the depression  and  anorexia in intoxi c a t e d  a ni mals . 

2 .  Lipid accumulation in the proximal c o nv o luted  

tubular epi thelium o f  the  kidney , first  b e c omes d e t e c table in mi c e  
which have b e en deprived o f  food f or six hours a n d  b e c o m e s  

progr e s s ively m o r e  s evere as time inc rease s . 

3 . A t  the time of  death ther e  were no d e t e c t ab l e  

hi s t o chemi cal o r  morphologi c al �Iterations i n  the kidneys o f  

intoxi c a te d  mic e o r  lamb s . This i s  i n  c o n tras t t o  published 

descriptions of  the r enal changes i n  en t er o toxaemia . 

4 .  The r e duc tion in  his t o chemically  d e mons trab l e  

alkaline phosphatase and PAS s taining affini t y  i n  the brush b order 
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of the  re nal proximal tubular epithelium in intoxicated  a n i m a l s  

was a s s o c i a t e d  with nuclear degeneratiun and did no t occur until 

some  time had elnpsed after death . I t  was therefore an autolytic 

lesion rather than a direct  effect  of  epsilon toxin . 

5 .  Interstitial h a e m or rhage in  the r e nal c o r t e x  of  

intoxicated animals is also a p�st  mortem change but  is  ass o c iated 

with the  antemortem vascular damage . Degeneration  of  the  already 

damaged capillaries  allows the release  of intact erythrocytes  into  

the loosened interstitial  tissue  a n d  it  is  therefore probab le  that 

this ' lesion ' is  almost  pathognomonic  of  e n t e r o t o x a e m i a  of sheep 

whe n  it  occur� 

6 .  The rapidity vf  the ons e t  of de generative changes in  

the  kidneys of  intoxicated animals after death  may b e  due  t o  a 

c ombination o f  high body t e mp e r atur e , resulting f r o m  a n t e mo r t em 

convulsions , and a dir e c t  effect  of  epsilon toxin upon r e nal 

tubular epithelium or the inters ti tium . 

7 . A l t e r a t i o n s  in the his t ochemical a f f i n i t y  of enzymes in 

t h e  kidn e y  did not  occur in  the absenc e o f  degenerative changes 

d e t e c tab l e  b y  c o n v e n t i onal H&E and PAS stai ning methods . 

8 . Bouins fluid is  no t  a satisfac tory fixative f o r  

s tudying haemorrhagic l e s i o n s  due  to  i t s  a c t i o n  in lysing 

erythrocytes . It is  h o w e v e r  an e xc ellen t fixa t i v e  f or re taining 

c y t o l o gi c a l  arc hitecture in t h e  kidney . 
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�s an al t e ra t i on in i n t e s t i n a l  perme 2 b i l i ty i s one of the 

prer e qu is i t e s f or the nbs arp t i cn �f the p r o t e i n  m ole c u l e  of 

e p s i l on t ox i n , �nd t hus f or t h e  pr o �uc t i on of e n t e r o t o�nemi n , i t  

w r s  o f  in te re s t t o  d n t e rQ inG whe ther the c han g e s i n  permeab i l i ty 

i n d u c ed by the t oxin i t s e l f  nrc ns s 0 c i a t o d  w i t h  e v i de nc e o f  
m o r p h o l o g i c a l  d cm�ge t o  t h e  i n t e s t i nal muc os a . Todorcv and 

Tr i f onov ( 1 96 2 )  h �v e  G t�tcd t h�t f o l lowing c on t ac t with eps i lon 

t oxin the c h �nge i �  perme 2b i l i t y i n  the i n t e s t ine i s  as s o c i ated 
w i t h  a n  in f l nmm�t ory n e c r o s i s  o f  the muc o s �  in r=bb i t s  and k i ds . 

Th e y  d i d  n o t  d e s c r ib e  the le s i ons wh i c h  o c c ur in d e tail nor d o  
t h e y  :1ppear t o  have examined t h e  i n t e s t inal muc os a  f r o m  c ns c s  o f  
0xpe r i me n t a l l y  indu c e d  e x t e r o t ox �o m i a  i n  s h e e p . In the ln t ter 

ins tnn c e  the pr e s enc e  of t o x i c  s u b s t an c e s  in add i t i on t o  e p s i l on 

t ox i n , p r o du c e d  dur ing t h e  multipl i c a t i on o f  C l .  pc r f r i ngens type 

D .  i n  the i n t es t in e, mny i n f luen c e  the s eve r i ty or type of les i on 

wh i ch deve l op s . 

In an at tempt t o  ob t a in more informa t i on on the morph o l o g i c al 

c hnng es in the i n t e s t ine p r o d u c e �  by eps i l on t oxin i t  was d e c id e d  

t o s t udy t h e  ne t i on o f  th e t o x in inv i v o  on t h e  mu c os a o f  i s olnted 
l o ops o f  rab b l t  and l amb i n t e s t i n e . In e x p e r i m e n t s  of t h i s  t ype 

ade quate c on trols are e s s 8 n t i al �s interferen c e  w i th e i ther the 

in t e s t i nal blood s upply or the m ov e � e n t  of i ng e s t � through the 

i n t e s t in e c an rcpidly hav e ndv e r s a  e f fe c t s upon the an imals w e l l­

b e i ng . I t was there fore n c c a s s nr y  t o  c ompare the e f f e c t of the 

t oxin on l i gate d inte s t inal l o ops with the c han ge s wh i c h  o c curred 

i n  ad j 3c en t  l i g�t ed loops whi c h  did n o t  c on t ai n  t oxi n. 

Sub s e quen tly , the c hange s pr oduc e d in i s o l at e d  lo ops o f  

l a�b i n t e s t ine c ould be c ompar e d  wi th any les ions i n  int es t ine 

t aken from l�mb s in which e n t e r o t oxaemia h ad b e en induc e d  b y  the 

infus i on o f  C l • perfringens type D cul ture plus c arb ohydr a te . 
\ 
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Two p�irs of rab b i t s  were nnaes t� e t i s e d  and intes t inal l o ops , 

w i th their b l o od s upp ly i n t a c t , w e r e  i s o l a t e d  by l i gRt i �n . The 

s ur g ic a l  p r o c e d u r e s  e mplo ye d  2r e de s c r i b e d  i n  �ppend ix 1 .  
I n  o n e  pn ir o f  animals , 2mg ( 2 , 000 m o u s e l e t h a l  d o s e s  appr ox . ) o f  

� G t ch C J D  e ps i l on t o xin i n  1 ml of n u t r i 2 n t  b r o th was i n t r o d u c e d  

i n t o  o n e  o f  t h e  in t e s t in2l l o ops and 1 rnl of n u t r i e n t  b r o t h  w&s 

i n t r od u c e d  i n t o  the �d j a c e n t  l o o p . The o t h e r  pair of rabb i t s  

wns t r e a t e d  s im i l ar l y  w i th t h e  e xc e p t i on that the l e v e l o f  e ps i l cn 
t ox i n  e�ployed was r e d u c e d  t0 0 . 25 mg/ml ( 250 m ous e l e thal d os e s/ml 

app r ox . ) 

As s o o n  as d e ath o c c ur r e d  the s e g� e n t  uf i n t e s t i n e  con t �in ing 

the l o ops was r e m � � e d  from t h e  ani m0 l , ph o t ographed and p i e c e s o f  

each o f t h e  l o o ps were t h e n  f ix e d  and prapared for l i gh t  an d 
e l e c tron micros c o py as d e s c r ib e d  f o r  o t h e r  t i s s u e s . 

R e su l t s 

.!U l the o.ni mals r e c overed rn p i d l y  f r om the anv.e s t h e t i c  and 

l ap.s.r ot omy . The two an imals that r e c e iv e d  the higher d o s e  o f  

t oxin r em a i n e d  n ormal f or 2-2� h ours then b e c ame depre s s e d  an d 

d ie d  in te rm ina l c onvu l s i ons 3 hours a f t e r  inoc ula t i on . Th e  two 

an imals whi ch r e c e ived the lower d os e  o f  t oxin remained c l in i c o.l ly 

n ormal for 7 hours after in ocula t i on . 

that t ime by ne c k d is l oc at i on . 

They were des t r oy e d  at 

The gross appe aranc e o f  the i n t e s t ine was s im i lar i n  all 

an imals . 'rhe b r o th c on tain ir.g l o o p s  wer e f lac c id and empty whi l e  

t h e  t oxin c on t a in ing l o ops were dis t end e d  w i t h  f lui d •  Th e s e  

c hange s ar e s hown in F igure 1 1 . 1 .  The d i f ference be twe e n  t h e  

t oxin- c ontaining and c on trol l o ops was gre a t e s t  in t h e  an ima l s 

whi c h  had r e c e i v e d  the lower d o s e  o f  t oxin and had Rurv iv e d 

l onge s t . The s e  an imals als o  s h o w e d  early f ibrinous adhe s i ons 
ar ound b o th l o ops of intes t ine . 



Figure 11 . 1 :  

A 

B C 

�hG Effect of Epsilon Toxin on 

the Intestine of  the Rabbit . 

A .  Adjacent Broth-conbining and Toxin-containing Intestin_al 

Loops : 

The loop on the left was ir.ocula ted with l ml . of 

s torile nutrient broth and appears normal , •.•:hile the distended 

loop on the right uas inocul&.ted with l ml . of a solution 

containing 1 , 000 mouse lethal doses of epsi lon toxin/ml . 
l W  

Note the largely independent blood suppliesA of the two loops_. 

B . Semi-macronhotographs of Stained Sections of the Broth.­

containing Loop: 

The intestinal villi are normal and the mucosa 

(Mu) i s  fairly closely applied to the muscle layers (Me ) ,  so 

that the submucosa ( sm) is not particularly prominent . 

c .  Semi-macrophoto,STaph of Stained Sections of the Toxin­

containing Lo..QE.: 

'l'he villi are shrunken and there is severe oedema 

of the sub�ucosa . 

Stain (B & C )  H & E 

Magnification A i . 6  

B & C 8 
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. When examin e d  b y  l i gh t m i c r u s c opy t h e  muc osa of the in t e s t inal 

l o ops , wh i c h  had c c n t a i n e d  nutri ent  b r o tt unly , was h i a t o l og i c nl ly 

normal in  all an imals . The r e  ��s a s uper f i c i a l  m i J d inf lammat ory 
inf i l trat i on of  the s er os al s ur f a c 8  of the in t e s t i ne in  t h e  animals 

wh i c h  had r e c e iv e d  t h e  l ower  d o s e  o f  t oxin . In c on tras t  t o  the s e  

f i n d i ngs , th e l o ops wh i c h  h �d c on t ained the h i ghe r d o s e  o f  t oxi n  
h a d  �lrn o s t c omple t e ly lost  the  supe r f i c ial e p i t he l i um o f  the 

muc os a . In ad d i t i o n there w �s n s e v e r e  infl�mmat cry oedema o f  
t he  submuc osa nnd a d i f � s e ac u t o  i n f l n m m � t 0ry in f i l tra t i on in  the 

muc c s a  and s ubmu c os � . The s e  c h ang e s  are i llus tra t e d  b y  the s e r ie s 

of ph o t om i crogra9hs in F igure 1 1 . 2 .  The e p i th e lial c h anges 

p r o rl u c e d  b y  the l owe r dose  of t ox i n  were not as s ev e r e as thos e 

produ c e d  by the h i cher d os e  b u t  there was a s e v e re d i f fuse  acute 

inflamm�tory i n f i l t r a t i o n of  t h e  �uc o s a  and submuc osa a n d  inflamma t ory 

o e d e m a  o f  t h e  submuc osa . 

flui d , 

The lympha t i c s  were also d i s t e n d e d  w i th 

E l e c tron m i c r os c op i c  examin� t i on c on f irmed the s e v e r i t y  o f  

t h e  epi thel ial d amage pr odu c e d  by h i gh c oncentrat i ons of  t o x i n  

and o n l y  oc c as i onal d e g en e r a t 8 d  e p i th e l i a l  c e l ls remained in  the  

s e c t i ons o f  th 2 s e  l oops . The re was als o s e v e r e  endo the l i al 

d amage in the c ap i l lar i e s  of the l a ops wh i c h  had c on t aine d  h igh 

c on c e n t r a t i on s  o f  t oxin but t he re  was n0 e v i d en c e of c ap i l lary 

d amage in t h e  broth c on t a ini ns l o �ps  from t b es e 2nimals ( F igure 1 1 . 3 ) 1  

The E f fe c t  o f  Eps i l on Toxin on th e Muc o s a  

of L ign te d  L o ops o f  Intes t ine in  Ln�bs 

The lev e ls  of t ox i n wh i c h  were e m p l o y e d  i n  the rabb i t  

e xp e r im e n t s  de s c r i b e d  ab ov e w e r e  s im i lar t o  th0s e wh i c h  may b e  

en c oun tered in  the  in te s t inal c on t e n t s  o f  f i e l d and e xp e r imental 

c as e s  o f  e n t e r o t oxae mia in lamb s . It app e ared  that d amage of  t h e  

type jus t de s c r ib e d  c ould b e  expe c t ed  t o  o c c ur in the muc osa of 

i s o l a t e d  l o ops of  in t e s t i ne in the lo.tter  s p e c i e s . 

d e s c ribed be l ow were therefore c arr i e d  ou t .  

The experiments 



Figure 11. 2 : 
A B 

C D 

The Effect of Epsilon Toxin on 

the Intestine of the Rabbit .• 

A .  Sections of Control Broth-containing Intestinal Loop: 

Villi (Vi ) are prominent and the mucosa . , sub-

mucosa (Sm) , muscle coats (Me ) and serosa ( se )  appear to be 

. normal . 

L = lumen. 

B . Section of Toxin-containing Loop: 

There is a large amount of cellular debris in the 

intestinal lumen , the villi have become shortened and flat­

tened and the submucosa is oedematous 

C .  Mucosa and Submucosa of Broth-containing Loop: 

The epithelium of the villi is intact and the 

mucosa and submucosa appear normal . 

empty. 

The intestinal lumen is 

D. Mucosa and Submucosa of Toxin-containing Loop: 

The lumen of the intestine contains large numbers of 

desquamated epithelial cells and acute inflammatory cells . 

The epithelium of the mucosa has been entirely lost apart 

from a few remaining cells in the glandular crypts . There 

is a severe diffuse acute inflammatory infiltration of the 

mucosa . The submucosa is oedematous and the lymphatics (Le )  
are distended . 

BV = Blood vessel 

Stain H & E 

1�gnification A & B 50 

C & D 120 
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Figure 11 . 3 :  

A B 

C D 

Epi thelial and Endothe lial DarJage Produced b� 

Epsi l on Toxin in Ligated Loops of Rabbi t Intes tine 

A. 1]i thelium of Control ,  Broth-containing Loop: 

The epithelium i s  composed of the normal tall colwnnar 

type of cell (Ep ) with prominent microvilli (Mv ) on the free 

border, 

N nucleii 

B . Mucosa and Submucosa of Toxin-containing Loop: 

The epi thelial cells are severely dama{:\ed and are only 

recognisable by their position and the few remaining di s torted 

mi crovilli . Portion of an area. where epithelial cells have 

been completely lost can be seen at X . In addi tion to the 

epi thelial change s there i s  oedema (Oe ) of the inters titial 

t i s sue around the tlood ve s se l s  (BV ) and some extravascular 

erythrocytes (E) . 

C .  Capil lary from Broth-containing Loop: 

The cytoplasm of the endothelium (En) of thi s ve ssel 

appears to be normal . 

D . Capil lary from Toxin- containing Loop: 

Thi s  loop was i�nediately adj acent to the loop from 

whi ch C was taken� There i s  mos t  severe endothelial damage 

wi th the cytoplasm being reduced to a. thin , electron-dens e  

band containing s cattered unrecogni sable organelle s . 

Magnification A & B 

C & D 

3 , 550 

1 5 , 500 
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Material s & Me thods 

Two 2 week old  f e�ale lambs , with epsilon an t i t oxin l e v e ls 

of  l e s s  than O . O B  uni ts/ml o f  s c rum , were anae s th e t i s e d  and thr e e  

i n t e s t inal l o ops w i t h  the ir bloo d supply intac t ,  w e r e  is olated  

by l i ga t i on in each nn ima l . The anae s th e t i c  used and surgi c al 

pr o c e d u r e s  employed w e r e  s imi lar to tb.o..".:e us e rl f o r  the r abb i ts and 

d e s cribed  in hppendix Thr e e  m l s  o f  nu t r i e n t  br oth w e r e  

i n tr o du c e d  into  t h e  middle  intes tinal loop  in  e a c h  an imal . Two 

s olutions o f  b a t c h CWD e ps i lon t oxin in nutr ient br o t h c ontaining 

4mg toxin/ml and 0 . 5mg t oxin/ml r e s � c c t i v e ly were prepared  and 3ml 

of the h i gher c oncentra t i on of t oxin was int roduced  into  one of the 

r e maining inte s t inal l o ops and 3ml  of  the lower c onc entrat i on of  

t oxin into  the  other l o op in e a c h  animal . 

As s o cn as the animals were killed  the s e c t i on o f  i n t e s t i n e  

c ontaining the loo ps was removed a n d  pho togr aphed . The contents  

o f  the t oxin c 0nt�ining l o ops was removed  and  s t ore d . The v o lume 

of •;}n t e n ts obtained fr om the l oops wh ich  had contained the h igher 

c oncentra t i on o f  t oxin was also m e as u r e d . Pie ces  of inte s t ine 

from e ach of the loops were f ixed and s e c t i ons pre pared for l i gh t  

and e l e c tron m i c r o s c opy and ass 0 ys of e p c i l on t oxin i n  the 

intest inal c ontents wer e  c �rried out a s  de s c r i b e d  prev ious l y .  

Results 

B o th animals r e c overed  from the anae s the t i c  and thereafter 

r emained normGl f or s ix hours from the time ,)f the lapar o t omy . 
The y  were then d e s tr oyed  by the intracardiac  adminis t r a t i on o f  

4ml o f  ' Euthatal ' (Hay & Bake r , Dagenham, England) . 

N e cropsy o f  b o th animals revealed  that all the l o ops 

c ontain in� e i th e r  t oxin or broth were bound together w i th f ib r i n ous 

adhe s ions . The l o ops thems e lv e s  were a l l  dis tended with  fluid 

and there was n o d i f f e r e n c e in the appenr gnce o f  the three  l o a p s  

i n  e a�h anim�l . When s e c ti ons o f  t he s e  l o ops  were e xamined by 

ligh t  m i crosc opy the r e  were no d e t e c table c hnnge s in the muc osa 0 r  

submu c o s a  which c ould be at tribut e d  to  the a c t i on of  the toxin 
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on the in te s t i n e . The only l e s i o n  w�s an 8 c r ly a c u t e  f i b r i n o u s  

p e r i t on i t is o f  the s e r os a l  s u r f � c e  o f  the i n t e s t ine i n  a l l  l o op s  

f r o m  b o th an imal s . 

E l e c t r on m i c r o s c op i c  e xam ina t i on d i d  n o t  r e v e al any e v i d e n c e  o f  

d amage t o  e p i t he l ial or e n d o t h e l i a l  c e l ls i n  l o ops � f  i n t e s t ine 

wh i c h  h2d c o n ta i n e d  e i t� e r  h i Gh o r  l o� d � s e s  of t ox i n . I n  b o th 

ins t Rn c e s  the o p p e ar an c c  o f  t h e  muc o s a  was e s s e n t i � l l y  the s nme a s  

that o f  the b r o t h  c on t a ining l o op ( Fi gure 1 1 . 4 )  

A l l  t h e  i n t e s t inal l o ops h�d b e e n  empty p r i o r  t o  t h e  i n t r od u c t ion 

of the 5ml o f  broth or t oxin s o lu t i o n . At the t ime o f  d e a t h , the 

v o lume c f  fluid in the l o �p wh i c h  had c on t a i n e d  th e h i gher 

c onc e n tr a t i on of toxin w�s 25ml in one an imal . S im i l ar v o lumes 

of f luid were also pr e s e n t  i n  the l o op s  wh i c h  had c on t ni n e d  the l ower 

c on c e n tr � t i on of toxin and i n  the l o ops wh i c h  hnd c on t a i n e d  b r o th only . 
The f l u id f r o m  the l o op wh i c h  had b e en i n o c u l a t e d  w i t h  3ml o f  t o x i n  

s o lu t i on c o n t a i n ing 4 m g  t oxin/ml ( 4 , 000 mous e d o s e s/m l  appr ox . ) w a s  

f ound t o  c on t a in 2 5 0  m o u s e  l e thal d o s e s p e r  ml i . e .  a t o t al o f  

6 ,,250 m o u s e  l e thal d o s e s  o f  t o x i n  whe n  the l amb w a s  k i l l e d  6 h ours 

a f t e r  i n o c u l a t i on o f  t h e  l o ops . 

i n e  M orph o l ogi c a l  C h ange s Produ c e d  i n  the I n t e s t ine o f  Lambs by 
Expe r ime n t al C l . pe r f r i nse ns type D En t e r o t oxaem i a  

M a t e r ials & Me t h o d s  

T h e  an imRls e mpl oy e d  � n d  t h e  m e thod u s e d  t o  pr odu c e  

e xp e r im e n t a l  e n tc r o t oxoxaemia hRve d e s c r ib e d  i n  Chap t e r  6 . P i e c e s  

o f  in t e s t in e  w e r e  removed f r om t h e s e  animnls n s  s o on a s  p o s s i b l e  

a f t e r  d e a th , a l though removal o f  t h i s  t i s s u e  �os d e f e r r e d  un t i l  a l l  

o th e r  t is s u e  s ampl e s  had b e e n  t ak e n . 

T i s s u e  s e c t i ons w e r e  f i x e d  and pre par e d  f or l ight and e l e c tron 

m i cr o s c opy �s d e s c r ib e d  prev i o us l y . 
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Re sul ts 

The r e  was n o  evide nc e o f  damage t o  t h e  in t e s t inal muc os a  

d e t e c t ab l e  b y  l i gh t m i c ros c opy in eny o f  thes e anim al s . h t  the 

u l tras truc tu�al l e v e l  t h e r u  was s c rn e e ar ly au t olyt i c change in 

the i n t e s t in e  b u t  in £'.nimal s· .. where level s of toxin of over 1 , 000 mouse 

l e th�l d o s e s  o f  t o xin wer e  kncwn t o  hav e been i n  c on t ac t wi th 

the muc o s a  f or more than 3 h our s ( an imal 8 1 - s e e  Chap ter 6 )  there 

was n o  e v i d e n c e  o f  muc osal d am age at tri butnb l e  to  e p s i lon t oxin detcc� 

1abl:.; by ele c trOn microsco py .  Th e c e l l s  thems e lv e s  2-.ppe ar e d  t o  b e  

unaffect e d  a n d  t h e  jun c t i ons be tween them were in ta c t .  ;\n e l e c tr on 

ph o t om i c r o gr aph of the int e s t inal mu c os a  o f  th is animal i s  i n c luded 

in Figure 1 1.. 4 .  

Dis c us s ion 

I n  v i ew o f  the kncwn n e c r o t i s ing a c t i on o f  e p s i l c n  t oxin , its 

irr i t an t  e f f e c t  urJ on the i n t e s t ine and the incr eas e in p e r m e ab i l i t y 

t o  pro t e in m o l e c u l e s  which oc c ur s  when the muc os a i s  a f f ected by 

this t ox i n , s ome m orph o l og ical c h ange s were t o  be expe c t e d . The 

s ev e r i t y  of the les i �ns produ c e d  in the l o ops o f  rabb i t  in t e s t ine 

c onfirm e d  th3t such damage d o e s  occur in this s p e c i e s . 

o f  l e s i cn1 v iz , an acute inflammat c ry ne cros is is s im i l ar t o  that 

d e s c r i b e d  by Tod orov & Tr i f onov 0 962 ) although the y did n o t  

c ons i de r that this l e s i on deve l oped when levels  o f  t oxin as low as 

250 mou s e  le thal dos e s/ml were pre s e n t  in the in t e s t i ne . 

One f inding in the exper iments w i th rabb i ts i s  0 f  par t i c ul ar 

intere s t .  While severe c apil lary endothe lial d amage o c c ur r e d  i n  

the muc o s a  o f  t h e  t oxin-containing l o op , i t  w as n o t  p r e s e n t  in t h e  

ad j ac e n t  b roth- c on t aining c on t r ol l o op al th ouGh t h e  amount o f 

t oxin abs orbed was l e thal t o  t h e  an i mal . B e c aus e the loops w e r e  

l igat e d so tha t t he ir blood s upply and d r a i nage were l ar g e l y  

ind e p e nd e n t  o f  one another the r e  w ould be l i t t le o r  n o  d ire c t  

tran s f e r  o f  t ox i n  from the cap i l lary ne twork o f  one l o op t o  that 

o f  t h e  o th e r . Und e r  the s e c i r c ums tanc e s , wh i l e the c on c e n t r a t i on 

o f  toxin enter ing the b l o od s t r e am o f  the t oxin c o n t aining l o op 

c ould be q ui t e h i gh ,  the lev e l  in the ad j ac en t  l o op would be 



Figure 11 . 4 :  

A B 

C D 

The Effect of Epsilon Toxin on 

the Mucosa of Lrunb Inte s tine 

A.  Control : 

Normal intestinal mucosa from a loop of lamb intestine 

which had been l igated for 6 hours and had been inoculated 

wi th 3 ml . of sterile nutrient broth . 

Mv microvilli 

N nucleii 

BV small blood ve s sel or lymphatic . 

B . Mucosa from a Liga ted Loop of Intes tine which had been 

Inoculated with 3 ml . of a Solution Conta ining 500 l\Iouse 

Lethal Dos us of Epsi lon Toxin/ml : 

The appearance of this tissue i s  ess entially similar 

to the normal mucosa in A .  

c .  Mucosa from an Intestinal Loop which bad been Inoculated 

wi th a Solution Containing 4,000 Mouse Lethe.l Doses of 

Epsilon Toxin/ml : 

Again there i s  no evidence of pathological change in 

this section . 

D . Mucosa from the Intes tinE. of a Case of Experimental 

Enterotoxaemia : 

One thousand or more mouse lethal doses of epsilon 

toxin had been present in the intestinal contents of this 

animal for at least � hours before death . 

Although there appears to be some early autolysis in thi s 

section ( see text ) , there are no change s which could be attri­

buted to the action of epsilon toxin. 

Eo = eosinophil 

These figures should be compared with the sections of 

rabbit intes tine in Figure 11 . 3 . 

lilagnifica tion 2 ,  800 
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the same as that in the rest of the systemic circulation. No tissues , 

apart fror:J. the in te s tine , were taken from these rabb i t s  but it appears 

that the vascular darnD.ge vrhich dev:::lops in tbis spe cie s during intoxi ca­

tion may not be as severe as th2.t which oc curs in lambs . 

'l1he fi-brinous peritonitis Hhi ct occur.red around the intestinal 

loops of the rabbits which survived for 7 hours [!_nd also around the intes­

tinsl loops of the lcunbs v:a s almost certainly the r e su l t  of the intesti-

nal ligation , It could be exp e c ted to occur in any situation where 

intestin.--'11 obstruction developed &."ld was therefore not the result of the 

admi:listration of epsilon toxin. It had been expected that thi s type of 

lesion would occur if anima l s  were permitted to survive for many hours 

and was the reason wl� surviving animal� were killed 6 - 7 hours after 

intestinal ligation in these experimGnts , 

The ll=l,ck of any detectable damage to the muc osa of loops o f  18..mb 

intestine which could be at tributed to the action of epsilon toxin was 

very surprising, It could be argued tha t , since neither of the anima l s  

died,  the level of toxin in the intustinal loops was not maintained at a 
high enough concentration for suffi c i ent time for ei ther intoxication or 

intestin2l damage to develop . This is borne out to some extent by the 

fact that , when examined 6 hours after inoculation , the amount of toxin 

in one of the loops wh i ch o:riginall;y cont&ined 4 , 000 mouse l 2thal doses/ml 

ha.d fallen to the region of 250 mouse lethal doses/ml . Nevertheless 

this decrease had o c curred over a period of 6 hours and it was probable 

thnt l evcols of 1 , 000 mouse doses/ml could have been prese::1t for at least 

an hour after inoculation . On the othc;r hand it is  difficult to explain 

how a sus ceptible lamb could ab sorb the amount of toxin whi ch had disap­

peared from the int e s tinal loop without exhibiting signs of intoxication 

and it  i s  possible that some ina c tivation of the toxin had occurred in 

the intestinal lumen. Nedyalkov and Stoyanov ( 1965 ) ha-v-e. suggested that 

this may occur . Todorov and Trifonov (1962 ) consider that both the level 

of toxin and the surface areA. available for absorption are important in 

epsilon toxin intoxication and in the present instance the length of the 
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l o op s , wh i c h  was appr o x i m � t e l y  20cm/l o o p , m�y have b e e n  ins u f f i c i e n t  

f e r  ade qua te ab s orp t i on o f  t ox i n  t o  o c c ur � lth ough th i s  s h o u l d  n o t  

have a f fe c te d  i t s ac t i o n  on the in t e s t i nal muc os a . 

D e s p i t e  t h e s e  p o s s i b l e  shor t c om i n gs o f  the i n t e s t inal l o op 

e xp e r im e n t s  in lambs the fac t r e mains t h a t  e v i d e n c e  o f  i n t e s t inal 

d amage was als o abs e n t  f r om lambs in wh i c h  e n t e r o t oxae m i a  had b e e n  

i n d uc e d  b y  t h e  infus i on o f  C l .  p e r fr i ngens type D c u l ture plus 

c arb ohydr a te . High l e v e ls o f  t oxin w e r e  d e mons trat e d  in the 

i n t e s t i nal c on t en t s  of  these a n i m � ls and had b e en s h o wn t o  have b e e n  

p r e s e n t  t h e r e  f o r  s e v e r a l  h ours p r i o r  t o  de ath in a t  l e as t one of t h o  

a n im als examine d . Th i s  sugge s t s that the f i nd i ngs i n  the l amb 

i n t e s t inal l o op expe r i me n ts w e r e  in f a c t  valid and r e f l e c t  the fac t 

t h a t  there may b e  a c on s i de r a b l e  d i f fe r e n c e  in the ac t i o n  o f  e p s i l on 

t oxin on t h e  i n t e s t in � l  muc o s a  o f  rab b i t s  and s h e e p . 

From the s e  e xp e r im e n t s  i t  d o e s  n o t  appe ar t h a t  there i s  a 

d e t e c table m orph o l o g i c a l  bas is for the a l t e r e d  i n te s t inal perm e ab i l i ty 

i n  the sh e e p  in t e s t ine i n  e ps i l o n  t oxin i n t ox i c a t i o n  or e n t e r o t oxae m i a ,  

C onc lus i on s  

1 .  Eps i l on t oxin produces a s e v e r e  a c u t e  i n f l ammatory n e c r o s i s  o f  

the muc os a  and s ev e r e  i n f lammat ory oedema o f  t h e  s ubmuc o s a  o f  

l i ga t e d  lo ops o f  rabb i t  i n t e s t i n e . 

2 .  W h e n  i n troduc e d  i n t o  l i ga t e d  i n t e s t i nal l o ops a t  a le v e l  

o o f  2 , 000 mous e le t h a l  d o s e s/ml e p s i l o n  t ox i n  i s  l e thal t o  

rab b i t s b u t  i t  i s  non- l e tha l when 250 mnuse l e thal d o s e s  i s  

g i v e n  i n  the s am e  manne r . 

3 .  S e v ere v a s c u lar e nd o t h e l i al damage oc c urs i n  the c ap i ll ar i e s  

o f  t oxin- c on ta in i n g  l o o p s  o f  rabb i t  in t e s t in e  b u t  t h e  e n d o t h e l iu� o f  

o f  c ap i l l �r i o s  in ad� a c e n t  c an t r o l .  loops i s  n ., t  obv i 'us l y  

a f f e c te d  e v e n  when l e t hal l e v e l s  c f  t oxin have b e e n  abs or b e d  

i n t o  t h e  c irculat ion . R ab b i t  e nd o t h e l ium 

may t h e r e f o r e , like that o f  m i c e , b e  l e s s  s u s c e p t i b l e  than that 
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of lambs to the ac t i on o f  e ps i l o n  t oxin . 

4 • Levels o f  e ps i lon t oxin o f  1 2 , 000 mouse l e thal  d o s e s  were 

non l e th a l  when a s i ngle ino c u lum , cont aininG 4 , 000 mouse 

l e thal d o s e s/ml , i s  introdu c e d  into l igatc d  inte s t i n a l  

l oops o f  s u s c eptible lambs , Thi s  m�y b e  due t o  inac t ivat i on 

o f  the t Gxin in the inte s t inal lumen , inad e qua t e  c on c e n t r a t ion 

o f  t oxin f o r  a s uff i c i e n t  pe r i o d  o f  t ime or insu f f i c i e n t  

surfa c e  ar e a  f nr absor p t i on o f  l e thal leve ls o f  t oxin . 

5 • N o  morph o l o g i c al damage was d e t e c t able  in the muc os a  o f  

l i gated l oops of l amb i n te s t ine when the an imals were  d e s tr oyed  

6 hours af te r  the l o ops had b e e n  inoculated  w i t h  1 2 , 000 

mouse l e thal dos e s  of e ps i l on t 0x i n  in 5ml  of nut r i e n t  br o th . 

6 ,  There was n o  d e t e c t able  morph o l o g i c al d amaee t o  the i n t e s t i n a l  

muc oss  o f  lambs i n  wh i c h  e n t e r o t oxae�ia  had b e e n  induc e d  b y  

the infus i on o f  C l . pe r f r i nsens type D c ul ture plus c arbohydra te ! 
even whe n  t oxin l evels in the i n t e s t ine exc e ed e d  1 , 000 mouse 

l e thal d o s e s/ml f or s e v e ral h ours . 
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Chapter 12 1 THE MOTIPI:iOIDGICAL CHANGES I N  SKIN, PLNCREi-;.S ,  THYROID, 

ADHENJ\.1, EUSCLE, PITUIT�\RY AriD LIVER PRODUCED BY THE 
i"DMIHIS rP-\TION OF CL. PERl<'R.HiGEFS TYPE D EPSILON TOXIN. 

I•!os t  •)f the maj or norpholrJgi co.l changes whi ch •Jccur ,;.u:ring 0p si lcn 

tr.lxin int .)xi cc-,tion h,::;ve novr bc8n covc.::rerl an(' in thi s  chupter th<..: changes 

v.-hich were s c; ,;n in o ther ti ssues wi l l  be dG s cri bE-d and di s cus s ed . 

No coDpletely satisfactory explana ti on fnr the hyr,Grglycat.;r.1ia v:hi ch 

occurs 2"s e rc sul t of the a\."t!ninis tra t i ,Jn or absorpt i on r;f epsil on toxin has 

been put forward by previous workors an(!_ it is ir.!portant to notC; tha t , vri th 

thc: ·�xception of skin , all the t i ssues in this chap ter are invol v.::�cl to a 

gr0E.: ter or les ser extent in the DR in t....nancu of a s t , blc 'ol uod SUG2 r leve l .  

Fer examp l e the I sle ts - f  L·:mgerhans i n  tho pancruc.s e:;:-e probably one of 

most ihlport:::, nt s ingle .Jrgans in gluco s c  home.)st- . t i s . Insulin , whi ch i s  

proC:uced by the beta cells o f  the s e  i sl e t s has < m  anab o l i c  ac tion , l eading 

to the transfer of gluco s e  frc.m the bloodstreo.m to th'-' glycogen rc surves in 

the skel e tal crus c l e  and l iver . The cff8 c t s  of thi s hormone are ba.lanced 

by those of gluc�gon froG the �lpha cells of thG pancrea t i c  i sl e t s , 

adrenal in frcn the adrcms.l medulla , growth hormonG from the pitui tary and 

s tero i d  homone:c fror.1 thG adrenal cortex . �lG adrenal rrlt;dullary and 
corti cal hormonal s e cret i ons provide short ancl long term influences res­
pectivoly on glucose mobi l i sation ancl Trifinov & Sotirov ( 1967 ) and 

So tirov ( 1967 ) havo sugg-2s t e d  that op s i l on toxin produces di s turbance s  in 

both medullary ancl corti ca l aQrcnal fuu�c ticn . 

I t  has a l s o  b e <O.n sugces tc d by Jubb & Kmmc:.ly ( 1 963 ) thc_t there i s  

sone experir%ntn l evidence tha t -:�he hyyerglycaomia of  enterotoxaemia 

resul t s  from F. rnc b i l i sa tion of h epa t ic glycogen res erve s . Further , 

Trifinov & Todorov ( 1965) have produced evidence that hepat i c  damage occurs 

when eps il on toxin passes through the liver . 

To c omplete the pre sent s tudy i t  Vlas neces sary to examine the effec t s  

of the t :.Jxin on both thyroid and pi tui tary morphology although i t  was 

unlikely that damage to the se organs would affec t  blood glucose leve l s  in 

a short term intoxi cation . 
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Although the B.ppearance of the skin l esi ons produc ed by the intra­

dermal inj ection of epsilon toxin is important in the as say and i dent ifi ­

cation of the toxin , tho s e  le sions are 1J.sual ly only examined vi su:!lly and 

no description of the light or e l e c tron mi croscopic appearance of them 

appears to havo boon pub l i s he d . Vn1ile i t was beyond the scope of the 

pre s ent proj ect to undertake a comprt:lhensj_ve s tudy of pattern of hi sto­

pathological change s produced by the vr�ri ous toxins of C l . perfringens 

s trains , i t  was of interes t  to determine whc;ther the change s which oc cur­

red in skin , af ter the intradern1al inj ec ti 8n of epsi lon toxin,  differed in 

any important re spect from those which occurred in o ther tissue follo\:ing 

intravenous admini s tration ot this subs tance . 

Materials & Methods a 

A series of cutaneous lesions v1ere produced by the i ntradermal in­

j ection of 5ug of batch CWD epsi lon t oxin in O . lml saline into the clipped 

lateral abdomi�ql wall of an adult mal e  guinea pig. The inj e ctions ':ere 

made at 3 hour intervals wi th a final inj e c tion one hour before the animal 

was destroyed by nock di slocation. Sections of skin for l ight micro scopy 

were taken diametri cally through each of the lesions including bo th the 

ful l  thickness of the skin and a margin of normal tissuo on either side of 

the lesion . The ti ssue s were fixe d i n  Zenker 1 s fixative follovmd by 

appropriate washing in Iodine and Sodium thi o sulphate solutions (Culling ,  

1963 ) . Processing ��d s taining o f  sections was carried out as described 

in Chapter 8 .  

Ti ssue for electron microscopy was taken from the area o f  increased 

capillary permeability in each lesion and sections were prepared as des­

cribed in Chapter 8 . 

Re sults : 

The gross appearance of l esions of different durations , produced in 

guinea pig skin by the i ntradermal inj e ction of epsilon toxin were as 
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follows . At thr e e  hours post-ino culation there was intense erythema and 
increased capillary permeability around the si te of the inj e c ti on . Aft . ..::r 
a further 3 hours had olapsed the central part of th e ::. e sion was b e c oming 

devitalised and thi s area was pal e . I t  W�""S surrounded by a zone of ery-
thema , and increas ed capillary perm€,abili t;y- :v�:�s still prominent at thi s 

time . By 9 hours aft er inj ection the central devi ta l i s e d  zone wa s appr.)x-

imately lcm in diameter and the: surrounding zone of hyperaemia vra s less 

marked .  Final ly , by 12 hours po s t-ino cula ti on , when the exp eriment was 

concluded ,  the central area was obvi•msly m:crotic and the epidermi s had 

be come firm and dry to the touch . 

Light micro scopic examina tion of the s e l e: s i ons showed tha t ,  one 
hour after the inj ection of the t oxin , there was sc•me inflammat ory oedema 

in the subcutaneous connec tive tissue . Thereafter the mo s t  no table fea-

ture was an acut e infla!llflatory infiltration around the blood ves s el s . 

Al ong v.ri th the inflamrnat�;ry oedema , thi s bf)Cai:Je progre s sively more 3evere 

and diffuse as the duration of the l e s i on increas e d ,  

Unfortunately skin i s  very difficult t o  prepare fc:r e l ec tron micro­

scopy (Rhodin, 1963 ) . Several att empts were ru:tde to prepare sui table 

sections from the skin l e s ions by using different hm�dnc,sse s of e:poxy 

re s in and sec tioning with a diamond knife on the ul tra:r1i crotome but the 

defi�1i t i on of the epidermi s was poor in all s e cti ons . In the derois there 

were no marked changes apart from the oedema and inflarnmetory cells seen 

by light micro scopy . The capi llary endo thelium apr1eare d  to be norm�:�l in 

all the s ecti ons Ylhich were examined. . 

Morphological Changes in Liver, Pancrea s, 

Thyroi d, Adrenal, Pituitary and Skel e ta l 

Muscle of Intoxicated Mi ce and Le..mb s . 

Materials & Methods : 

The fol l owing t i s.sues were taken for light and ele ctron micro scopic 

examination: 

i •  1fuscle , liver , ske letal mus c l e  and panc+eas from the control and 

intoxicated rJi c e  de scribed in Chap t er 5 . 
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ii . Liver , pancreas , adrenal , thyro i d  ancl pitui tary from co.r1trol lambs 

and tho s e  whi ch rec eived parenteral ly a��inis tered ep si lon toxin ( Chapter 6 )  
ii:i, . Liver from the lam 'os wh:� ch recsi ved enteri c origin toxin (Chapter 6 ) .  

Sc,ctions were prepared for light and e l ec tron mi croscopy as de s cribe d. 

in Chc:.:pter $ .  In addi t i on ;Jai r e d  l iver se c t i ons from the c on �ro l and i n­

toxica te<l anima l s  •·rere trea ted vri i:h di2.s tas e  (IJay & Baker ) ac cording to 

the me tho d ae s cribed in Culling ( 1963 ) . 

Result s : 

Liver : 

Apart from the vas cular endothelial damage , which wa s pre sent to 

some extent in all ti s sue s from i ntoxi cat ed animals , there were no diffe­

renc e s , in the appearance of the l ivers of intoxi cated and control mi ce , 

detectable by ei ther light m· e l e ctron mi cro scopy . There was lipid 

pre s ent in the hepatic c e l l s  and the amount vari ed consi dere.bly fror.1 aniraal 

to anim2.l in both c ontrol and intoxi cated gToups . Unlilce the si tua tion 

in the ki dney ,  the accunulation o f  li:;:Jid did not appear to be a s s o ci at e d  

wi th s tarvation .  

::Jo consis tent difference s  11ere no ted i n  the P • .A .  S ,  s taining affini ty 

of the hepatocytes of control end intoxi cated mi c e .  This was in direc t 

contra st to the situ9..tion in lambs . The hepatocyte s of all c ontrol lambs 

contained abundant P . A . S .  po s i t ive granule s ,  whi ch were confirmed as gly;.. 

cogen by dias tase dige st ion . Thes e  e,rranules were either great ly re duced 

in number or entirely e.bsent from the hepatic c e l l s  o f  intoxi ca ted anim8.l s .  

Thi s reduction occur:r9d irrespec tive of Phc ther the toxin we..s parenteral ly 

admini s tered or of 8nt eric origin . 

The light micros copic appearance of repre s entative P.A . S .  s tained 

liver sections from intoxicated and control animals are shown in Figure 12 . 1 .  

Glycogen granules are very electron dense in sections s tained wi th 

lead s tains . They tend to have a fairly typicul appearance in e l e ctron 

photomicrographs and e.re usually e,bundant in the hepatic cells of normal 

animals . Electron dense granules of this type were abundant in the hepa-

to cytes of liver sections from control lambs in the present study but were 

almos t  entirely absent from the hepatic cells o f  intoxicated animal s 

(Figure 12 . 2 ) .  



Figure 12 , 1 : 

A B 

c D 

The Loss of Glycogen from the IJi vers of 

.Intoxicated Lrtmbs - Light Microscopy. 

A.  Liver - Control J�mb : 

The hepatocytes , particularly around the centri­

lobular veins contain large amounts of PAS positive 

material resr�mbling glycogen (Gn ) . 

CV centrilobular vein 

PT = Portal triad 

B . Liver - Control Lamb - after Treatm�nt of the Section 

with Diastase : 

The idc.:nti ty of the PAS positive material in A as 
glycog<::n i s  confirmed as i t  has been removed from this 

s,., ..... e_ svction , from t heA bl ock of liver , by diastase digestion . 
H Hepatocytes 

C .  Liver - Intoxicated Lamb : 

There is  no PAS positive material , resembling that 

seun in A ,  present in this section . 

D .  Liver - Intoxicated Lamb - after Treatment o f  the Section 

with Diastase : 

Diastase digestion has not noticeably affected the 

appearance of this section which is  from the same block 

as c .  

Stain PAS 

Mag:nifica tion 120 





Figure 12 . 2 :  

B 

The Loss of Glycogen from the Livers of 

Intoxicated Lambs - Electron Mi croscopy. 

A . Liver - Control Lamb : 

Very large numbers o+ �ggrcgations of electron­

dense granules ( Gn ) , resembling glycogen grEmules , are 

present in the cytoplasm of thio hepatocyte. 

N nucleus 

Mi mi tochondria 

B . Liver - Intoxicated Lamb : 

Only a few glycogen-type granules (Gn) are present 

in this hepa tocyte . 

Cy cytosome 

Magnification 12 , 000 
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Pancreas : 

Vascular endothelial d.ar<Jage vrn. s  a l s:J prE: s ent in the panc reas of 

int ·)xi cated aniraals . Nr_, o ther l e  si r  ns were seen in ei th er the gla...vldular 

p:Jrti -,n r:f thn : .rgan or in the I s l c: t s  cf Le! ngerhans . Parti cular at t ::mt ion 

was pai d  to the appearance ,·_,f the di fferent c e l l  types in the lat ter , 

cmdc crine pc;rtion of thG gland . The appem:r:ncc-, .;f bc.•th the alpha and 

be t2. o e:. l l s , •,;hich are current ly regarded as being the.: c el l ty-pes whi ch 

prc duce glucagon and insulin r8 sp 2 c t i  ve ly , was s iL1i l:::. r in control and int0x­

i ca ted animt1ls . 

ii.dr€ngl, Thyrc·i d and Pi tui tary: 

As in other ti s sues from intoxi c�ted o.ni:n[! l s  there wa s evidence uf 

vas cular end--::• thc l ial drunage in the thyrdd , pi tui tary and a drenal s e c t Lm s  

taken frr:m int -;xic:::.ted o.nimal s . Ap2.rt from these l e s ions hcwever , there 

were no difference s between the 8 pper:r<:mcc ·�· f thes"; �Jrgans frrJm intc)Xi cated 

and control animcc l s  de t e c tabl e  by l i ght and e l e c tr·:m mi c ro s c·::>py . 

Ske l e to.l mus c l e : 

SkeL� t2.l mu scl e was rh t taken from intoxi co. t e d  lanbs . However , in 

intoxicated mice where there wc=t s va s cular end.,) thG lial damage in the skele­

tal mus cles there was no evi dence .Jf oedema 'Jr intracellular fluid accu­

mulation in the mus cl o ce l l s . 

Di s cus si cm 

Keratini s e d  t i s suas are difficult to prepare for l ight mi cro scopy , 

as well as e le c tron micro scop;y ,  and fixativea such us formalin and Bouins 

fluid e i ther pene trate poc rly , giving inadequate fixation ,  �r e l s e  mD ke 

the t i s sue s brittle and hard to se ction . In the pre s ent ins tance Zenker ' s  

fixative was employed and gave good fixa t i on and pre servation of cytologi cal 

detail as well as reasonable s e cti oning chara cteri s ti cs . 

In view of the apparent severity of the gro s s  appearance of the skin 

lesions produced by the intradermal inj ection ,Jf cps i Lm toxin i t  was 

rather surprising to find that they were not more prominent when examined 

hi s tologically. This finding emphasises the importance of careful visual 
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�ss essment of cuta�eous l e s i ons where , despit e promine�t c l i nical s i gns of 
irri ta tiun o..nd g-r0 s s  lesi ons , the hi s t ologi crcl appearance nay be pre. c ti -

cally normal . The abscnce c·f capil lary end-J the lial damage in the s e sec-

ti ons sugge s ts th-::. t the protein mu l ecul e of epsilm1 t cxi n  may not be 
capable of pa s s ing intr:.1 the vascubr lumina '::hen inj ected int:J the ti s su e  

subs t0 nce . To s ome ext.:::nt thG lc:.ck of ce.pil lary <:md\·theli.;;.l daPJe.ge mo.y 

a l s o  reflect the site from which the ti s sue s fer 2l0ctrcn mi crr·scopic 
exF�nination were taken, As l)C int c d ·,ut earl ier , they �wre always taken 

from the erythEmi c nD.rgin of the l c s i )n rr.: thcr than from the sc.me si te 
relative k' the point ··. f  inj ection \lhich , in r(� trc·spect , wr :uld probably 
have been the be t ter proc edure . 

Turning now to the change s in o ther ti s sue s whi ch have been de scribed 
in thi s  chapter , I t  is no t eworthy that there was a genera l lack of de tec-

table dE..mage: to cell s , o tho::..' than tho se o f  vas cular endothel ium . This 
was to be expe ct ed when th& findings in previous chap ters concerned with 

morphological changes are considered, In m o s t  ins tance s the le sions 

a s s ociated with intoxi cation in mi c e and lambs have been referabl e to the 

vas cular endothelial �uage . 

It appears therefore that the c l ini cal signs and biochemical and 

physiological change s whi ch occux· duri ng ont�ro toxaemia may be due to 

di s turbances· in t i s sue me tabo li sm , brou&ht about by inadequat e transfer o f  

nutri mlt s and metabol i t e s , as a result of the va s cular damage , rather than 

any dire c t  effe ct of th8 t oxin on o ther t i s sue cel l s . Further cons i dera-
t i on of tbe s e  point s  hor;ever can be conveni ent ly po s tponed until the 

functional s tatus of thc.: ti s sue s has been as s e ss ed , 

No quantitative e s timat::.ons of the glycogen content of the livers 

of control or intoxicat ed ani� l s  have been carried out in the pre sent 

s tudy . Hm7ever it appears , from. the light and electron mi croscopic change s 

described in thi s chapter , that hepat ic glycogen reserve s are reduced very 
rapi dly in intoxicate d lambs . It i s  intere s ting to no te that Berg & 

Levinson (1959 ) bas e d  their hypothes is , that thG hyperglycaemia whi ch 

occurs in experimental Cl,. perfringens ty-pe A alpha toxin intoxi c a t i on i s  

due t o  mobili sation o f  hepatic glycogen reserve s 1  on the fact that they 

demons trated a reduction in the nQmber of P . A . S .  stained glycogen granules 
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in the livers of their animal s . Although Jubo & Kennedy ( 1963 ) refer to 

the above findings in the relevant chapter on the pnthological change s 

which occur in Cl perfringens tyPe D enterotoxaemia , i t  i s  not cl .::ar from 

their bibliography whe the;r this forms the b2.sis for the s tateiTJ.ent , that 

the hyperglycaemia in the latter condition may be duG to the mobil isation 

of hepati c glyc ogen , or whe ther o ther experimental evidence was 11J sc avai­
lable .  

In thG pre sent study further i nv�:; s ti ga tions were made into th.: 

pos sible role of hepatic glycogen and oth2r factors in thG pathogenesis of 

the hyperglyca emi c response to epsilon t Jxin and thG se will be described in 

Chapters 19 and 20 . 

Conclusions 

1. The skin le sion which is produced by the intraderrnccl inj e c ti on of 

epsilon toxin is an acute infla.Jnrnc tory oedema o f  th12 dermir; followed by 

necrosis  of th8 overlying epi thelium . Tht. s e  changes do not appear to be 

associated with direct drunag8 to the vas cular endothelium. 

2 .  Z8nker 1 s  fixa tive i s  useful for the preparation of skin s ections for 

light mi cro scopy . 

3 .  On the basi s  of light &nd electron microscopic findings , i t  appcr-:.rs 

that the glycogen content of the; liver of la..':lbs i s  rapidly reduced under 

the influence cf C l .  perfringcns_ type D epsilon toxin. The reduction 

occurs irre spec tive of whether the toxin i s  parenterally administered or 
of enteric origin. 

4 •  Morphol o gical changes in musc le , thyroid,  adrenal , pituitary and 

pancreas in int oxi cated animal s were c onfined to vascular endothelial 

damage similar to that which has been described in the t i s sues di scus sed 

in earlier chapters . 
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One o f  t h e  s t a t e d  a i m s  o f  t h e  pr e s e n t  pr c j e c t  w a s  t o  r e late 

the c h a n g e s  p r o d u c e d  by th e p ar e n t e r a l  admini s tr a t i o n  o f  e p s i l 8 n  

t oxin o r  e xpe ri me n ta lly . in d u c e d  e n t e r o t oxaemia t o  t h e  c h �nge s w h i o� 

o c c ur i n  f i e ld c a s e s  � r  e n t e r o t o xae m i a . U n f o r t u n a t e ly no f i e ld 

c a s e s  o f  � c u t e  e n t e r o t ox a e m i a  w e r e  p r e s e n t e d  a l i v e  d u r i n g  t h e  p e r i o d  

o v e r  wh i c h  the s e  inve s t i g a t i u n s  w e r e  c ar r i 6 d  o u t  a n d  t h i s  p r e c luded 

any e x t e n s i v e  s t udy o f  t h e  ' c li n i c a l ' p a thology of the natural 

d i s e as e . H o w e v e r , the c l o s e s i mi lar i t y b e t w e e n  the me thod s that 

ar c employed t o  i n d uc e e n t c r � t o x a e m i a  e xper ime n t ally a n d  t h e  

c o n d i t io n s  und e r  whi c h  it o c c ur s i n  the f i e ld mad e it m o s t  unlikely 

t h a t  b i o c h e m i c al changes i n  th e natural d i s e as e  w o uld d i f f er 

markedly from t h e s e  wh i c h  o c c ur d u r i n g  e xp e ri men t a l  i n toxi c a ti on , 

On e f i e l d  c as e  o f  a c u t e e n t e r o t o xae mia was p r e s e n t e d  a shor t 

time a f t e r  de a th and i t  was ther e f o r e  p o s s ib l e  t o  s tu d y  the 

morph o lo e ic al c h ang e s  which o c c ur r e d  i n  this ani mal . H limi t e d  

a m o u n t  o f  b io c h e m i c al i n f o rm a t i o n  was als o ob t 3 i n e d  f r om i t  and 

will be dis c us s e d  alc. n g  w i t h  t h e  e xp e r im .::: ntal data in the r e le van t 

crh apters ( Chap t e r s  1 9  & 22 ) . Ho we v er , the morp h o l o g i c al c h an g e s  i n  

t is s u e s  o f  t h i s  animal ar e m o r e  c o n v e n i e n tly all s t udi e d  t og e t h e r  

i n  t h e  pr e s e n t  c h ap t er r a t h er t h a n  i n  as s o c i a ti o n w i th t h e  

i n d iv i dual t i s s u e s of e xp er i m e n tnl animals . 

In a d di t i o n  t o  t h e  a c u t e  c as e  o f  e n ta r o t ox a e mi o , o n e  c as e 

o f  f o c al s ymm e tr i c a l  0 n c e phalomala c i a  was p r e s ·� n t e d alive • Th e 

c li n i c al s i g n s  and morph o l o gi c al c hanges wh i c h  o c c ur r e d  in this 

animal will a l s o  be d e s c r i b e d h e r e . B e c aus e this p ar t i c u l�r 

animal had b e en a ff e c t e J  f or s o m e  w e eks b e f o r e  i t  was pr e s e n t e d  f or 

e xami nati on , the l a s i o n s  w e r e  o f  s u c h  a dur a t i o n  a s  t o  b e  h ardly 

r e l e va n t  to the pr e s e n t  inve s t i ga t i o n and the d i s c u s s i o n  of this 

c a s e  w i ll t h e r e f o r e  be very b ri e f . 

Ve t e r i narians and f i e ld o f f i c e r s  of th e D e p ar t m e n t  o f  

Agr i c ul ture i n  t h e  Manawa t u  ar ea which s ur r ounds Mas s e y  Unive r s i t y  

wer e a s k ed t o  submi t ,  t o  t h e  un i v e r s i t y ,  a n y  l i v e  c as e s o f  s us p e c t e d  
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e n t e r o t o x a e m i a  whi ch t h e y  e n c oun t er e d . A s  a re s ul t , a numb e r  

o f  lamb s wi th c li n i c al s i gns o f  n e ur o l o g i c a l  dis t u r b an c e  w e r e  

s ub mi t t e d . The s e  i n c l ud e d  c as e s  of ��a e r oph or u s  sp . s p i na l  

a b s c e s s  a n d  E s c h e r i c h ia c o l i  m e n i n g o � n ce p h al i t i s  as w e l l  as the 

c a s e  o f  f o c al s ymm e tr i c al e n c e p h a l o m a la c i a  me n t i o n e d  ab o v e . 

A c u t e  En t e r o t o xa e m i a  C a s e : 

H i s t ory : 

An unvac c i n a t e d  2 w e ek- o l d  male R o m n e y/d ow n  c r o s s  l amb 

w e i ghi n g  7 . 7 kg was p r e s e n t e d  f or e xami n u t i o n  3ppr o x ima t e l y  2 h our s 

a f t e r  d e a t h  was b e l i e v e d  t o  h Q v e  o c c urr e d . 

Ma t e r i al & E a t h o d s : 

N e c r o p s y  o f  thi s a n i m a l  was c ar r i e d  o u t  as s o o n  as i t  

ar r i v e d  a t  t h e  u n i v e r s i t y a n d  s e c t i o n s  o f  c e r e b r a l  c or t e x , t h alamu s , 

m i db r ai n , c e r eb e l l u m  and m e d u l l a  o f  t h e  b r ai n  p l u s  k i d n e y ,  a n d  

l iv e r , w e r e  f i x e d  an d p r e p ar e d  f o r  l i g h t  and e le c t r on m i c r o s c o p y  a s  

d e s c r i b e d  f or t i s s u e s o f  e x p e r i m e n t al an i mal s . I n  a d d i t i o n , 

u r i n e  a n d  h e ar t  b l o o d  w e r e  a l s o  c o lle c t e d  f or b i o c h e mi c a l  

e xam i n a t i on . Th e w a t e r  c o n t e n t  o f  s e c t i o n s  o f  c e r eb r a l  c o r t e x , 

thalamus and c e r e b e l lum and lung was a l s o d e t e r m i n e d  as d e s c r i b e d 

i n  Chap t e r  8 . 

Th e i n t e s t i na l  c o n t en t s  w e r e  m i x e d  w i t h  an e qual v o l u m e  

o f  s a l i n e  and e x am i n ed f or the p r e s e n c e  0 f  e p s i l o n  t o x i n  b y  t L e  

m o u s e  pr o t e c t i o n  t e s t  d e s c r i b e d i n  Chap ter 4 .  

Re s u l t s : 

G r o s s  P a th o l ogy :  

Th e c ar c a s e  w a s  that o f  a g o o d  c o n d i t i o n  lamb and the 

s t o m ac h c o n ta i n e d  a quan t i t y  of milk c ur d .  Th e lun g s  w e r e  

i n t e n s e l y  c o n ge s t e d a n d  s l i gh t l y  o e de ma t o us . Th e r e  w e r e  
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approximately  5 0mls of c lo tted  s traw- c oloure d  fluid in the 

pericardial sac . The kidneys w�re c onges ted  and soft  although 

they  still r e tained their normal shap e . All other organs 

appeared to be  grossly normal . The intestinal c ontents  were  

sparse and of  a thick c reamy c o nsistency and colour . They were 

toxic for mic e and the toxi c i ty w a s  specifically neutralised  by 

Cl .perfringe ns type D antiserum . 

Th e b rain cf this animal weighed  70grams and the w a t e r  content  

o f  the various tissuas was as  f ollows : 

Cerebral cortex 

Thalamus 

Cerebellum 

Lung 

4 . 53mgH2 0img . D . M . 

4 . 43 " I " 

4 . 1 3  " I " 
4 . 1 9  11 I " (No total lung weight was 

r ec orded ) 

Ligh t  Microscopy : 

The light micros c opic app8aranc a of  H&E s taine d sec tions of  

formalin fixed  kidney from this an imal w�re  similar to  those 

previously mentioned as b eing c onsidered  to  b e  typical of 

entero toxaemia . There was ' necrosis ' o f  the proximal tubular 

epithelium , and extensive intersti tial ' haemorrhage ' b e tween these  

tubules . These changes have  b een illus trated in  Fig ure 1 0 . 1 

( Chapter 1 0 ) , and formed  the most  prominent lesion  which  was s e e n  in  

the  tissues  from this animal . The re was also  evid e n c e  o f  myocardial 

oedema , d e t e c table  by light mic r o s c opy in  sec tions of heart . 

N o  de tec table lesions were  seen in the brai n  of  this lamb . 

Elec tron Microsc opy : 

There  was s ome evidence  of  autolytic change in  all the 

tissues from this  animal which  were examined  by ele c tron microsc cpy . 

This  was less  severe i n  the brain than in tissue s such as kidne y .  

I n  the brai n  sec tions there was evidenc e  of  s ev ere vascular 

endothe lial damage . This was s imilar in all r espec ts to that which  
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o c c u r r e d  in exp er i m e n ta l l y  i n t o xi c a t e d  animals and was a s s o c ia t e d  

wi t h  s w e l l i n g  o f  as t r o c yte f o o t  p r o c e s s e s . The v a s c ular l e s i o n s  

i n  t h e brain o f  this f i e ld c as e  o f  a c u t e  e n t e r o t o x a e m i a  ar e 

i l lu s tr a t e d  i n  Figur e  1 3 . 1 .  

Th e d e g e ner a ti v e c h a ng e s  i n  the k id n e y  o f  t his an i m a l  w e r e  

e s s e n t ia l l y  si m i lar t o  th o s e s e e n  i n  the la t e r s t ag e s  o f  au t o l y s is 

f o l l o w i n g  experi m e n t al e n t er o t o x a e m i a  ( s e e  Chap t e r  1 0 ) . Th ere was 

e x t e n s i v e  d e g e n e r a t i o n  of the c api l lar i e s b e tw e en the p r o x i mal 

tubu l e s  w h i c h  had r e sult e d  in t he pr e s e n c e of i n t a c t  er y thr o c yt e s i n  

t h e  i n t e r s t i t i a l  ti s s u e s  ( Fi gure 1 3 . 2 ) . 

F o c a l Sym m e t r i c al E n c eph a l o malac i a  C a s e  

H i s t o ry : 

Th e a f f e c t e d  an imal was a 6;1- v1 e e k- o l d  f e ma le c r os s b r e d 

( R o rn n e y  X Southd own ) lamb w e i gh i n g  9 . 5 K g  whi c h  had shown c l i n i c al 

s i g n s  of c e n tral nerv ous s y s t em dam ag e f or 3i w e e k s  p r i or t o  

s ub m i s s i o n . I n i ti ally i t  had b e e n  f ound lying i n  a r e c umban t 

p o s i t i o n  e xhib i t i n g  ex t en sor sp as m s . S ome i�pro v em e n t  o c c ur r e d  

o v e r  the ne x t f e w  d a y s  a n d  f r o m  the n o n  i t  m ov e d  i n  c i r c l e s  and 

pr e s s e d i t s he ad agai n s t  ob j e c ts i n  i t s  p a th . Hand f e e di ng had 

b e e n ne c e s s ::.;.ry dur i ng this time a s  it was unab l e  to suc k l e  n o r m a l l y  

f r o m  i t s d am . The lamb was f r om a f l o c k  of 1 80 e w e s . No 

vac c i nati o n  agai n s t  e n t e r o t o xae mia l1ad b e e n  c ar r i e d  o u t , and no 

d e a th s , s us p e c te d as b e i ng a s s o c i a t e d  w i th th i s  di s e as e , had b e e n  

r ep or t e d . 

Ma t e r i al s  & M e t h o d s : 

Jugular b l o o d  s am p l e s  w e r e  t ake n f r o m  th i s a ni ma l  i n t o  

h e p ar i n i s e d , pl ai n a n d  p e r c h l o r a t e  t r e a t e d  ' Va c u t a i n e r s ' i n  th e s am e  

m a n n e r  as f or th e lambs d e s c r i b ed i n  Ch npt e r  1 5 .  Th e animal was 

the n d e s t r o y e d  w i t h  i n t r av e n o u s l y  admi n i s t e r e d  s od i um p e n t ob ar b i t o n e  

( ' Eu t h a t a l ' - May & Baker ) . N e c r o p s y w as p e r f or m e d  i m m e d i a t e l y  a n d  

s e c t i o n s  o f  a s i m i lar s e le c t i o n o f  t i s s u e s . t o  t h a t  take n f r o m  t h e  
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Figure 13 . 1 :  Vas cular Endo thelial Danage in the CGrebral 

Cortex of a Fi eld Case of Acute Enterotoxaemia . 

The endo thelial cytoplasm (En) has be•.:.n reduced t o  a 

thin electron-dense band . There is also severe swel ling of 

as trocyte foot proce s s e s  (AFP) around the cnpi l lary. 

Tbe changes in thi s elec tron photomi crograph should be 

compared with tho s e  in Figure 8 . 7  whi ch were produced by 

experimental ent8rotoxaemia and the parenteral admini s tra tion 

of epsilon toxin .  

Magnification 2 9 , 500 
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Figure 1 3 . 2 :  

A B 

c 

Autolyti c Change_s end Vascular Damage in Ki dney 
fron a Fi e ld Case of Acute Enterotoxaemia . 

A� The proxinal tubular epithel ium (Ep)  in this sec tion 

still contains a recognisablG nucleus (N) and microvilli 

although there i s  a consi derable amount o f  debris in the 

capillary lumen (L) . Tho endothelium of the capillary 

(BV)  appears to be damaged although the ve sse l wal l  do es not 

appear to have been di s rupted. 

E erythrocyte s 

I • Inters titium 

B .  This area was adjacent to A above and in the same 

. ' 

tubul e . �he epithe lial changes are similar in both sect ions 

but ,  i n  the pre nent ins tance , the cap i llarY wal l  has di s­

int 2grated . 

c .  More advanced changes are pre sent in thi s se ction 

which was from another area of the same kidney from whi ch A 

and B were taken . 

Degenerative change s in the tubular epi the l ium appear 

to be 1:10re advanced and erythrocytes are lying free in the 
inter s t i t ium 

Magnification 5 ,  300 
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a c u t e  c a s e  o f  e n t e r o t o x a e m i a  d e s c r i b e d  ab o ve , w e r e  t �ken f o r  l i gh t  

m i c r o s c op i c  e xamina t i o n .  Uri ne was a l s o  c o lle c t e d  b y  b l ad d e r  

p u n c t u r e , � n d  s e c t i o n s  o f  b r a i n  w e r e  t a ken f or w a t e r  c on t e n t  

d a t e r m i n a t i on s . 

R e su l t s : 

Gr o s s  P a t h o l ogy :  

Th e an imal was i n  fair c o n d i ti o n  o n l y . 

w e r e  d e t e c tab l e  in a n y  o r g a n  e x c e p t  the b r ai n . 

No gr os s l es i o n s  

I n  t h e  b r a i n  t h e r 8  

w e r e  l e s i o ns c o n s is t e n t  w i th f c c a l s ymme t r i c a l  e n c eph 2 l omal ac i a . 

Th e s e  w e r e  b i l a t e r a l l y  s ymm e t r i c al pale fawn �- �c m  d i a m e t e r r a th o r  

i ll - d e f i n e d  ar e a s  i n  t he i n t e rnal c ap s u l e  a d j a c e n t  t o  t h e  l e n t i f o r m  

and c aud a t e  nuc l e i i  n n d  c o n t i n u e d  i n t o  t h e  m i d - b r ai n . Le s i o n s  w e r e  

a l s o p r e s e n t  i n  t h e  c e r e b e llar p e dun c l e s . Th ey w e r e  v er y  h a r d  t o  

de t e c t  v i s ua lly . 

The w a t e r  c o n t e n t  o f  the v ari o u s  s ampl e s  of b r ai n  w a r e : -

C e r e b e l l u m 3 . 50mg w g_ t e rlmg D . H . 
Thalamus 3 . 49 ,,  I 1 1  

C e r e b r a l  
C o r t e x  3 .  71  1 1  I I f  

Ligh t Mi c r Q s c opy : 

Th e o n l y  s i gni f i c an t le s i o n s  i n  t he t i s s u e s  f r o m  t h i s  

a ni m � l r wh i c h  we r e  e xamined b y  l i g h t  mi c r o s c op y , w e r e  i n  t h e  

r e gi o n s  o f  t h e  b r ai n  wh e r e  g r o s s  FSE h a d  b e e n  s e e n . I n  th e s e  

ar e a s  the r e  was e v i d e n c e  o f  o l d  s t an d i n g  mala c i a  i n  t h e  fomn:of rovitHtmn, 
f o c a l  p r o li f e r a t i o n  o f  f i b r o u s  as t r o c y t e s  and c ap i l l ar i e s , p l u s  

s c a t t e r e d  gi t t e r  c e lls . 

The s e  l e s i o ns ar e i l l u s t r a t e d  in Figure 1 3 . 3 .  



Figure 1 3 . 3 :  

A 

B 

The Thalamic Le s i ons from a Case of 

Focal Synune trical Encephalomalacia . 

A .  Low Magnification Photor.1i crograph : 

Be tween the relatively normal t i s sue (1� )  of the 

thalamus and the area of cavi ta tion (ea ) whi ch hns 

re sul t e d  from earl i er damage , there i s  a zone of marked 

gl ial prolifera tion (GP) . Thi s  suggests that the 

l e s i on h2 s been in exi s t enc e for some time aEd i s  

undergoing re solution . 

B .  Higher T:Ta.gni fi cation of an Area of A :  

Numerous si tter c e l l s  (Gi ) can be seen i n  the 

t i s sue s a dj ac�nt to the area s of cavi tati on . 

Stain PAS 

Magnific.q,tion A 180 

B 450 
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D is c u s s i o n  

I t  i s  a n  i n t e r e s t i n g  f � c t  t h a t , o v e r  t w o  c on s e c u t i v e  lamb i n g  

s e a s o n s , a numb e r  o f  v e t e r i h ar i ans and A gr i c u l t u r e  D e p ar tm e n t  p e r s on­

n e l  app a r e n t l y  did not see an y live l amb s whi c h  t h e y c o n s i d e r e d  to 

be t yp i c al c as e s  of a c u t e  e n t e r o t o x a e mi a .  Thi s  e m ph a s i s e s  t h e  

c ompar a t i v e  r ar i t y  o f  the o c c a s i o n s  o n  wh i ch l i v e  c as e s  o f  th i s  

d i s e a s e  are s e e n . A numb e r  o f  di f f e r e n t  fac t o r s  h av e  le d t c  t h i s  

s i t ua t i o n . Fir s t l y , th e r e  i s  the a c u t e n a t ur e o f  t h e  c o nd i ti o n . 

The s h o r t surviv a l  time o f  i n t oxic a t e d  a n i m a l s  ma k e s  i t  u n l i k e l y  

th a t  l i v e  a f f e c t e d  animals w i l l  b e  s e e n  u nl e s s  a c o n s i d e r ab l e  

numb e r  o f  c a s e s  o f  the d i s e a s e  ar e o c c urr i ng . Th e l a t t e r s i t uat i o n  

i s  m u c h  l e s s c o mmon n o w  th an i n  t h e  days of G i l l  ( 1 933 ) a n d  H opkirk 

( 1 928 ) ,  as w i d e s pr e ad v a c c i n a t ion is c arrie d o u t  and l ar g e  o u t b r eaks 

of the d i s e as e  are s e ld o m  s e e n . I n  a dd i ti o n , i n  t h e  pr e s e n t  

i n s t a n c e ,  alth ough the Manaw a t u  r e g i o n  h a s  a l a r g e  s h e e p  

popu l a t i o n ,  seas o nal c o ndi t i on s  duri n g  t h e pe r i od i n  qu e s t i o n  w er e  

n o t  p ar t i c u la r l y  fav our ab le f o r  the d e v e l opme n t  o f  e n t e r o t o xae m i a . 

Th e r e  was a s ev e r e  d r o ug h t  i n  the f i r s t s e a s o n  wh i ch made f o o d  

suppli e s  l � s s  ab u n d a n t  than u s ual . I n  t h e  s e c o n d  y e a r  t h e  f u o d  

s u p p l y  w a s  b e t t e r , b u t  s e l d o m  p l e n t i fu l ,  a n d  t h e  e w e s  t h e m s e l v e s  

w e r e  s t i l l  r e c o v e ring f r o m  t h e  e f f e c ts o f  t h e  d r o ugh t a n d  p r o b a b l y  

p r o du c e d  l e s s  m i l k  t h a n  i n  a n o rm al s e as o n . 

Th e opp o r t un i t y  t o  e x am i n e  th e morph ologi c a l c h an g e s  i n  e v e n  

o n e  t yp i c al f i e l d  c as e  o f  a c u t e  e n t e r o t oxaemia was e x t r e me l y 

v a l ua b l e  as i t  p r o v i de d c o n f i rma ti o n  o f  t he f a c t t h a t  t h e  l e s i o n s  

whi c h  o c c ur i n  t h e  n a tu r al d i s e a s e  a r e  i n d i s t i n gu i s hab le f r o m  t h o s e  

whi c h  o c c ur i n  e xper ime n t a l  e n t e r o t o xaemi a and e p s i l on t o x i n  

i n t ox i c a t io n . I n  b o th i n s t a n c e s  t h e  b a s i c  l e s i o n  app e ar s  t o  b e  

s e v e r e  vasc ular e n d o t he l i a l  d amage t o  whi c h  sub s e qu e n t  c h a n g e s  a r e  

r e f er ab l e . I d e al l y ,  par t i c u larly i n  th e kidne y ,  l e s i o n s  i n  wh i c h  

au t o l y t i c  chang e s  w e r e  l e s s  advanc e d  w ou l d  have b e e n  p r e f e r ab l e , 

b u t  t h e  p a t t e r n  o f  c h ange s o  c l o s e l y  r e s emb l e s  t h o s e  i n  

e xp e r i m e n t a l  e n t e r o t o x a e m i a  a n d  is s o  d i f f e r e n t  f r om t h e  au t o l y t i c  

c h an g e s i n  n or ma l  kid n e y  t hat this l i m i t a tion o f  t h e  p r e s e n t  s tu d y  

w a s  l e s s  impor tan t t h a n  i t  m i g h t  o th er w i s e  h a v e  b e e n . The e x t e n t  
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o f  the au t o l y s i s  i n  a n  animal w hi c h  was s uppo s e d  t o  h a v e  b ee n  

d e ad for 2 h o u r s  was r a t h e r  surpr i s in g  s i n c e  i t  was o f  a s i m i lar 

s ev e r i t y  to changes w hi c h  oc curred a f t er 6 h o ur s  or m0r e o f  

a u t o l ysis i n  exper ime n t �lly i n t oxi c a t e d  animals . I t  i s  p o ssib l e  

t ha t  the c �r c as e  m a y  h ave b e e n  lying in d i r e c t s unlight or that 

the anim �l h a d  b e e n  i n  c o nvul s i o n s  f or some t ime prior t o  d e ath . 

S i nc e the animal was n o t  r e c o r d e d  as ha ving be e n  s e e n  a li v e  i t  i s  

a l s o  p o s s i b l e  t ha t  i t  m a y  have b ee n  d ead f 8 r  rnthe r  l on g e r  t h a n  w as 

r ep or t e d . 

One f e a t ure o f  i n t e r e s t  is the f � c t  t hat the wa t e r  c o n t en t  

o f  t h e  v�ri o u s  r e gi o n s  o f  th0 b r �i n o f  t h e  a c u t e  c a s e  o f  

e n t er o t oxae m i � was wi t h i n  t h e  normal range e s t ab li s h e d  f or lamb s 

o f  this age ( s e e  Chap t er 8 ) . I t  may b e  r e c alled that t h i s  was 

a l s o  the c as e  w i th anim�ls which r e c e i v e d  par e n t erally 

a d mi n i s t e r e d  e p si l o n  t oxin . 

Th e wa t e r  c o n t e n t  of the v ar i ous r eg i o n s  o f  the b rai n  0 f  

t h e  animal w i t h f o c a l  s ymme t r i c al e n c ephal omalac i �  was l o w e r  than 

f or t he ab o v e  an imals . Th is may have b � en due t o  the f a c t that 

the f luid i n t ake of an animal 1 wh i c h  was b eing hand fed and w as 

a l s o  r a th e r  d e b i li t a t e d , may h�ve b e e n  le ss t h � n  n ormal , b u t  i t  i s  

i n t e r e s t i n g  t o  n o t e  t hat t h i s  animal was alsc o l d e r  than the 

f o r e g o i ng an imals and t.h � t  t h e  brEin water content of the · normal o�der 

l ambs has als o b e en s h o wn t o  b 0  l e s s  than in the young lamb s 

( s e e  Chap t er 8 ) . 

Th e e x t e n d e d  dur a ti o n �f t h e c li n i c al c ourse and t h e  

r e s ul t a n t  o l d  s t an d i n g  natura o f  t h� le s i u n s  in the c a s e  o f  

F . S . E . did n o t r ender i t  pa r t i c ularly sui tab l e  f o r  t h e  p ur p o s e s  

o f  the pr e s e n t  i nv e s t ig a t io n . The l e s i u n s  produc e d  b y  t h e  t oxi n 

had la r g e ly h e ale d and were thus n o  l o nger r e le v an t  t o  a s t ud y  

dir e c t e d  primarily a t  t h e  i n  v i v o  a c t i o n  o f  the t oxin i ts e l f . I t  

i s  nppropr i a t e  t o  m e n t i o n  b e fore l e a v i ng th i s  case that Gill ( 1 927 ) 

has also m e n t i o n e d  the appa r e n t  r e gr e ss i o n  o f  th� c li ni c al s i gns 

o f  neurologi c al damage in a nimals w h i c h  surv ive the ini t i a l  a c u t e  

p h a s e  of the d i s e as e . As i n  m o s t  o t h e r  c as e s  o f  c e n tr a l  nerv ous 

s y s t e m  damage i n  man a nd a nimals t hi s  i s  prob ab ly an adaptive 

p h e n o m e n o n  r a t h e r  than a true r e c o v e r y  o f  n e r v ous func ti on in the 
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d � m a g e d  �r e as . 

C o n c lu s i o n s . 

1 .  Th e l e s i o n s  i n  th e b r ai n  o f  f i e l d  c a s e  o f  a c u t e  

e n t e r o t oxa�mia w e r e  s i mil�r t o  t h o s e  i n  e xper i m e n t al 

e nter o t oxaemia a n d  c o n s is t e d  b a s i c a l l y  c f  vas c u l �r e n d o t h e l i a l  

damage . 

2 . The ' t ypi c�l ' r e n a l  l a s i o n s  a l s o  a p p e a r e d  t o  b e  the 

r e s u l t o f  t h e  au t o l y t i c  b r e akd o wn of t h� d�m�g e d  V d s c u l a t u r e  i n  

t h e  f i e l d  c as e  o f  t h e  d i se a s e . 

3 .  An o l d - s t an d i n g  c a s e  of f o c al symm e t ric�! 

e n c e ph a l omala c i a  w a s  a l s o  e xami n e d . The d i s t r i b u t i o n  o f  l e s i o n s  

w a s  s im i l a r  t o  t h o s e  s e � n  pr e vi o u s l y  a n d  d e s c r i b e d  i n  t h e  

l i t e r a t u r e . R e g r e s s i o n  o f  c l i n i c al s i g n s  o f  n e rv o u s  d a m a g e , a l s o  

d e s c r i b e d  i n  t h e  l i t e r a t ur e , was s e e n  i n  th is an i ma l . 
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CHAPI'ER 1 4 :  THE EFFECT OF EPSILON TOXIN ON TISSUE FUNCTION 

The severity , and rapidity of onset , of the vascular endothelial 

damage described in Chapters 8 - 1 2  is remarkable and it is surprisi ng 

that in lambs , apart from the swe l ling of astrocytes in the central 

nervous system , the damage is c onfined to the endothe lium with no 

alterations i n  the subcellular architecture of the other t i ssue s examined . 

It has been shown in Chapter 8 that protein can e scape from the 

vascular lumen in intoxicated mic e and it could therefore be expected that 

epsilon toxin wou ld also e scape and c ome into contac t with other cells , 

unle ss it is selective ly bound to endothelial membrane s .  I f  this i s  the 

case it might explain both the severity of the endothe lial damage and the 

lack of change elsewhere . 

There are two commonly u sed ways in which the detec tion of the 

binding of substances to cell membranes can be approached .  First ly , 

membranes known as red cell stroma , which are frequent ly u sed in quantit­

ative studies on the surface propertie s of plasma membrane s ,  may be 

employed . However in vitro procedure s ,  using the se erythrocyte membrane s ,  

will not detect specific surface binding to other tissue s and different 

methods must be employed when studying struc ture s such as vascular 

e ndothe lium in vivo . 

Fluorescent antibody techniques provide a sensitive means of 

detecting a wide range of antigens in tissue s ,  the main limitations of the 

t echnique being autofluorescence of tissue c omponent s and non-specific 

binding of the fluore scein-conjugated gamma globulin .  It c an be seen 

that both procedure s have certain advantage s ,  as we ll as limitations , and 

both were therefore u sed in the pre sent investigation . 

A large number of toxic agents produce severe disease or death , 

without being bound to plasma membrane s ,  by ac ting direc t ly or indirec t ly 

upon the pathways of energy metabolism . The c omplexity of the inve stigat ­

ions nece ssary to de termine a prec ise biochemical site of action of epsilon 

t oxin place this ob jective well beyond the scope of the pre sent proj ec t .  

Nevertheless techniques are available for studying many aspe c t s  of tissue 

func tion in vitro and some of t he se were employed in t he pre se nt studie s 

to determine whether epsilon toxin affects tissue energy me tabolism . 
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Pr obably the mo s t  widely used tec hniques for s tudying the 

oxidative me tab o lism of tissues ar e tho s e  bas ed  on r espirome try , 

emp loying ins trume n ts such as Warb urg res pirome ters , Thunb erg tubes  

or , more  recently , oxyge n ele c tr odes for measuring oxygen uptake . 

Of the s e  the Warburg respirome ter is s till the mos t wid e l y  used and 

also probably th e most  sui table  for the s tudy o f  tissue s lic e s . 

Al though homoge nates and mitochondrial pr eparat i o ns have b een used 

extens ively in s tudi� s  leading to the e lu c idation o f  me tab olic 

p athways , s impl e  tissue slices yie ld information on the overall 

e ffic i enc y of me tab o l ism in organised tissue whic h  is not obtainab le 

when o ther preparations ar e used . 

In vitro  Studies  o f  the Possible Binding of Epsilon Toxin t o  C e ll 

Membranes Employing Red C e ll S tr oma 

Preliminary Experime nt 

A simp l e  preliminary exp erimen t was c arried  out to d e t ermine 

whe th0r or not  there is demons trab l e  b inding o f  epsilon toxin to c e ll 

m embrane s . 

Materials & Me thods : 

A sample o f  red c e ll s tr oma was pr epared by  c ollec ting 20ml 

of heparinised blood  fr om a sheep with less  than 0 . 08 units o f  

e psilon anti toxin/ml of s erum . The b l o o d  was c e ntri fuged a t  1 800G 

for 20 minute s , the plas ma dis c arded and the er ythr o c y t e s  l ys e d  b y  

r e suspe nding t h e m  in 50ml of dis tilled water . The resul tant lysate 

was c entrifuged at 2 , 500G for 30 minu tes and the supernatant 

d is c arded . The deposit  was re suspe nded and washed thr e e  t imes wi th 

Kreb s-Ringer-Phosphate s olution with s imilar c e n trifugal separation 

b e tween e ach wash . 

After the f i nal wash s olution had b een removed , the deposit  

o f  r e d  cell  s tr oma was mixed with 1 . 0ml o f  a s olution o f  eps ilon 

toxin , c ontaining 1 5ug toxin/ml , and h e ld at r o om temperature f or 30  

minutes . The s tr oma was then  r emoved by  c en tr i fugation as ab ove 

and 0 . 2ml of th e supernatan t  was i n j e c ted  intrav enously i n t o  each of 

3 mic e . The same volume o f  the untreated  epsilon t oxin s olution 
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was in j e c t e d  int o  each o f  3 similar mic e . 

Re s u l ts : 

All thr e e  mic e whi ch  r e c e ived the s tr oma- treated t oxin 

survived wh ile the 3 mice wh ich r e c e iv�d the untreated toxin 

s o l u tion had died 1 2  hours after inoc ulation . 

Main Exper imen t 

The r e sult  in the pre liminary exp eriment sugge s t e d  that th e 

t o xin had b e en removed f r om the s olu tion b y  the red  c e ll s tr o ma and 

a further e xperiment  was nec es sary to  d e t ermine wh ethe r this was a 

s p e c i fic or a non- sp e c i f i c  ph enomenon . Inac t ivat i on of  toxin without 

s p e c i f ic b inding t o  c e ll membranes c o uld o c c ur in this type of  

e xp e r imen t i f  t here  was any r e s idual epsilon anti toxin associated  

wi th th e r e d  c e ll s troma or if the toxin i t s e l f  was ad sorb o d  non­

s p ec i fically t o  t he  s tr oma . 

Th e pos sibili t y  o f  r e s idual an t i t oxin be ing pr e s e n t  c an b e  

e liminated b y  using blood from a spec i e s  which d o e s  n o t  normally 

hav e circula ting epsilon an ti toxin . Non-spec i f i c  ad s orption  

p h e n o �ena c an also b e  ov er come  by  p r e tr eating the s tr omal pr eparation 

w i th a he t e r o logous pr o t e in such as  ovalbumin or a p o l ysac c haride 

like dextran . Th e e xperimental m8thod given b e low was the r e f or e  

u s e d  i n  the main exp erime n t . 

Ma t e rials & Me thods : 

Thr e e  s eparate 40ml hepar inised b l o o d  samples were ob tained , 

v i z . one samp l e  from a he althy male r abbit  and two from the same 

s h e ep that was used in  the pr e liminar y  exp er ime n t . All b lood 

s amples wer e us ed on the day that they were  c o l l e c t e d  and the r ed 

c e l l s tr oma was pr epar e d  in  the same manner as in  the preliminary 

exper iment . Each s tr omal sample  was the n  divid e d  into thr e e  e qual 

aliquots and th ese were pr e tr e a t e d  wi th 1 %  ovalbumin i n  saline , 1 %  

dextr an in saline o r  s aline alone . The s tr oma samples  w e r e  

i n c ub ated in  these  r eage n ts for 3 0  minut e s  t h e n  washed 3 times  a s  i n  



1 30 

the pr eparative proc e dur e . Thereafter the s tr omal s amples were 

e ach mixed with 1 ml of  an epsilon toxin solution c on t ai ning 20ug 

toxin/ml and inc ubated  as b efor e . Af ter c e n tr i fugal s eparation of  

the  s troma 0 . 2ml of the sup er na tant f r o m  e ac h  s ample was  in j ec ted 

intrav e n o usly into mic e . 

Results : 

�11 mice  d i ed i n  this exper ime n t . 

Th e results  of the preliminar y  9-nd main experime n t s  are tabulated 

in Tab l e  1 4 . 1 .  

Tab l � 1 4 . 1 

The Results Ob tained from Experiments Aime d at D e t e c ting 

Bind ing o f  Eps ilon Toxin  to Red Cell S troma in vitro 

Exp ' t  Toxi n  No . of Cell Pr e tre ::.tment of C e l l  S troma 
IL g/ml * the e/ Sour c e  Nil 1 1 %  Albumin 1 1 % Dextran 

Toxin 
Con tr ol 

Group Numb er of Mi ce Dying per Group 

Prelim . 0 . 01 5  

Main i 0 . 020 

1 1  

l t  

* 

i i  0 . 020 

ii i 0 . 020 

Not  Done  

0 . 2ml/mous e 

3 

3 

4 

5 

Shee p  0 - -

Rab b i t  3 3 3 

She e p  4 4 4 
1 1  5 5 -

In  v iv o  Stud i es o f  the Po ss ib le Binding of Eps i l o n  Toxin to 

3 

3 

4 

5 

C e ll Membranes Employing an Ind irec t Fluor e sc ent Ant i b ody Teehnigue 

Although c ommercially p repar ed and fluor ochrome e o n j ugated 

gamma g l ob ulins pr epar ed fro m  h yper immune hor s e  s er a are availab l e  

f o r  the d e t e c t i on and ide n t if ic a t i on o f  c los tridia in tissue s by  

us ing d ir e c t  fluoresc en t  antibody techniques ,  thi s  t ype of  r e agent 

i s  less s atis fac t ory for the d e tec t ion o f  Cl . per fringens t oxins in 5 

t issues (Batty  I .  - p ers . c omm . ) The indir e c t f luor e s c en t antibody 

technique is c on s ider ably more sens itive how ever and was the r e f or e  
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u s e d  in an a t t e mp t  to d e t er m i n e  wh e th e r  there i s  a n y  b i n d i n g  o f  

e p s i l o n  t ox i n  t o  t i s s u e s , such a s  c ap i llary e n d o th e l ium , i n  v i v o . 

P r e l iminary Experi m e n t s  t o  De t e r m i n e  t h e  Ac ti v i ty a n d  Spe c i f i c i ty 

o f  Fluor e s c e i n  Co njuga t e d  Rab b i t ' � n t i- h o r s e  s e rum ' G l o b u l i n  i n  

I n d ir e c t  Fluor e s c e n t  A n t i b o dy Pr o c e d ur e s  

Flu ore s c e in c o n j ug a t e d  r ab b i t  ' an t i - h or s e  s c r um ' gamma 

g l o b u l i n s  a r e  av ailab l e c o mmer c ia l l y , b u t  o ne s ample o b t a i n e d  f r o m  

S ylvana C h e mi c a l  C o . ( Or ange , N . J . , U . S . A . ) d i d  n o t  r e ac t e f f i c i e n t-

l y  i n  p r e l i m i nary e xp eri m e n ts . A f r 0 s h  s ample o f  r ab b i t  ' an t i -

h o r s e  s erum ' gamma g l o b u l i n  w a s  t h e r e f ore p r e par e d  a s  d e s c r i b e d  i n  

h p p e nd ix 9 an d  t h e  s p e c i e s  s p e c i f i c i t y  and a c t i v i t y  o f  t h i s  r e age n t  

w e r e  c o n f i r m e d  b e fore i t  was used i n  s tu d i e s  o n  t h e  t i s s u e s  o f  

e x p e r i m e n t a l  an i mal s . 

The c r i t er ia e m p l o y e d  wer e as f o ll o ws : 

i Tha t  t h e  g l obulin was spec ific f or hor s e  t i s s ue a n d  w ould n o t  

c r o s s  r e ac t  w i th o th e r  s p e c i e s  e g  s h e e p . 

i i  That t h e  g l o b ul i n  w o u l d  p r o du c e  d e m o n s trable s p e c i f i c  

f lu or e s c e n c e  whe n  u s e d  i n  a n  i n d i r e c t f lu o r e s c e n t  a n t i b o d y  t e s t  wi th 

a known a n t i g e n - a n t i b o d y  r e ac ti o n . 

M a t e r ials & Me t h o d s : 

Th e f ol l o w i ng air - d r i e d  s m e ar s  w e r e  pr e par e d : 

i Thr e e  s m e ar s  o f  normal h o r s e  b l o o d .  

i i  Thr e e  s m e a r s  o f  n ormal s h e e p  b l o o d .  

i i i  N i n e  s m e ar s  o f  C l . s ep t i c um - c on ta i n i n g  b o v i n e  t i s s u e  e x ud a t e  

i n  wh i c h  t h e  pr e s e nc e  o f  C l . s ept i c um h ad b e e n  c o n f irm e d  b y  cul tur al 

i s ol a t i o n  and d ir e c t  f l u or e s c e n t  a n t i b o dy m e th od s  u s i n g  c o mm er c ia l  

f lu o r e s c e in- c o n j u g a t e d  C l . s ep t i c um a n t i s erum . 

All t h e  s m e ar s  w e r e  f ix e d  i n  ab s o lu t e  m e th a n o l  f o r  1 0  minu t e s . 

Th e s me a r s  of b o v i n e  t i s s u e  e xu d a t e  w e r e  t h e n  p r e t r e a t e d  

a s  f ol l o ws : 



i Thr e e  sme �r s  were c ov e r e d  wi th normal hor s e  s erum . 

ii Thr e e  sme ars were c ov e r e d  w i t h  c o mm e r c i al u n c o njuga t e d  

C l . s epticum an t i s erum . 

iii Thr e e  smears w e r e  c ov e r e d  w i t h  c ommer cial unc o njuga t-:: d 

C l . c h auv o e i  a n t i s erum . 
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Th e s e  s e r um- c ov e r e d  s m ears o f  exudate were i n c ub a t e d  a t  r o om 

temperatur e f or 30 minu t e s  in a mois t  c h amb er , t h e n  washed in 0 . 05M 

phosphate b u f f e r e d  saline pH8 . o for 1 0  minute s .  

�11 the b l o o d  sm ears f r om the horse a nd t h e  s h e ep , plus t h e  

a b o v e  e xud a t e  smear s , we r e  c ov e r e d  wi th the c o n j ug � t e d  r ab b i t  ' an t i­

h o r s e  s erum ' g l ogulin and i n c ub a t e d  i n  the mois t c hamb er f or 30 
minu t e s  a t  r o o m  temperature f o l l o w e d  b y  a buf f er ed s alin e  wash as 
d e s c r ib e d  ab ove . Coverslips were p l:::tc e d  o n  t h e  s l i d e s  using 90% 

g lyc e r i n e  in the phosphate b u f f e r e d  saline as a mou n tan t . The 

sm ears w e r e  examined for fluo r e s c e n c e  wi th a R e i c h e r t  m i c r o s c o p e  

f i t t e d  w i t h  an H B O  200 merc ury vapour lamp using b r i gh t  f i eld 

illumination a nd an E2 e xc i te r  f i l te r . 

Re s u l t s : 

Th e r e  was n o  d e t e c tab le fluor es c e n c e  in t h e  s h e e p  b lood sme ars . 

The h o r s e  b l o o d  sme ar s  s howed fluo r e s c e n c e  o f  t h e  i n t e r s t i tial 

mater i al wi th the e r ythr o c y t e s  app e ar ing as dark c i r c l e s  th e re i n . 

The Cl . s ept i c um c e lls in th e exudate smears which had b e e n  

pr e tr e a te d  w i t h  the homologous a n t i s erum showed i n t e n s e  gr e e n  

fluor e s c e nc e . The r e  was no d e te c tab l e  f luores c e nc e in the e xudate 

smear which was p r e t r e a t e d  w i t h  normal h o r s e  ser um . The e xudate 

smears pr e tr e a te d  w i t h  the h e t erologous C l . chauv oei antis erum showed 

organisms with l o w  grade gr e e n  fluor es c e nc e . 

Comm en t : 

Since n o  Cl . chauv o e i  h ad b e e n  d e te c t e d  in t h e  original smears 

of  e xu d a t e  with a c ommerc ial rhodamine c on j ugate d  C l . c hauv o e i  

antiser um i t  app e ars tha t ,  in the pr e s e n t  ins tanc e , there m a y  have 
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b e e n  s ome c r o s s  r e ac ti o n  w i t h  this he t 0r o l ogous an tiserum whi c h  was 

d e t e c t e d  b y  the more s e n s i ti v e  indir e c t  fluor e s c e n t  a n t i b ody m e tho d . 

This c ould b e  expec t0d as s o m e  an tige ns ar e known to  b &  c ommon to  

b o th C l . s dpt ic um and Cl . c hauv o � i . ( Smith & Holde m an , ·  1 96 8 ) 

The Use o f  I n d i r e c t  Fluo r e s c e n t  .�n t ib ody Te chnigu � s  t o  D (; t e c t  

Eps i l o n  T o xin in Tis s u e s  from I n toxic a t e d  Mi � e  

Having a s c e r ta i n e d  that t h e  rabb i t  anti-horse s erum g l obulin 

was s p e c i e s  spe c ific and also r eac t e d  i n  an i n d ir e c t  f luor e s c e n t  

a n t i b o d y  p r o c e d u r e  i t  was p o s s ib l e  t o  utilise  i t  in a n  a t t e m p t  t o  

d e t e c t  possible b inding o f  e p s ilon t o x i n  to  tis sue s truc tur e s  i n  

viv o .  

Ma t e r ials & Me t h o d s : 

Pairs o f  m i c e  were give n intrav e n ous epsilon t o x i n  a t  d o s e s  

of 1 0  a n d  250ug . Fr esh f r o z e n  sec t i o n s  o f  brai n , lung a n d  kidn e y ,  

c u t  a t  8 u  o n  a Bright ' s  c r y o s ta t , ( B r i g h t ' s  Re frigera t i o n  Servic e s , 

Hun t ingdon , Engla n d ) were ob tained f r om t h e s e  animals as s o on as t h e y  

d i ed . � nor mal c on trol mouse was also s acrifi c e d  a t  the same time 

and the tissues w e r e  treated in the same way . Sec t i o n s  o f  e a c h  

organ fr om t h e  i n t o x i c a t e d  animals wer e p i c ked u p  o n  t h e  s a m e  s lide 

as a s imilar s e c t i on fr om the c o n trol animal . 

Th e sec t i o n s  were air - d r i e d  and i n c ub a te d , without prior 

fixa t i o n , with e i th er c ommercial C l .pe r f r i nge ns type D a n t i s e rum , 

Cl .per f ringe ns type C antiserum or normal horse serum for 30 minutes 

at r o o m  t e mperatur e , followed b y  a 10  minute wash in t h e  b u f f e r e d  

salin e . Thereaf t e r  the y were i nc ub a t e d  with the c o n j ugated r ab b i t  

' an ti - h o r s e  serum ' globulin f or 3 0  minut e s , washed f or 1 0  minut e s  and 

examin e d  f or fluo r e s c e nc e  as d e s c r ib e d in the pr eliminary exp erimen t . 

Results : 

The r e  was marked gr e e n  fluor e s c e n c e  of cer tai n · s truc tur es i n  

a l l  s e c t i o n s , n o ta b l y  nuc le i i  and vascular s truc tur es , but there was 

no d e t e c t ab le d i f f e r e nc e  b e t w e e n  c on tr o l  and i n t oxicated t i s s u e s  
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pr e tr e a t e d  with the d i f f e r e n t  s er a .  N o  d e t e c t ab l �  flu or e s c e nc e  o f  

e n d o t h e l i um o c c u r r e d  i n  a n y  o f  the s e c t i ons . 

Oxyge n Uptake of Ti s s u e  S li c e s ., f r om C o n tr o l  and I n t ox i c a t e d  

Animals i n  Warb urg Re spir ome t er s . 

Thi s  work was aim ed a t  d e t e r m i n ing wh 8 th e r  e p s i l o n  t ox i n  

affec t s  t h e  overall r espira t o r y  a c t i v i t y  o f  t i s s u e s  or i n te r f e r es 

wi th t h e  m e tab o l i s m  of gluc o s e  i n  e i ther the E m d e n  Me y e rh o f f  or 

Tr i c arb oxylic � c i d  Pn thways . 

I n  the p r e s e n t  inv e s t iga t i o n  mouse kid n e y  s l i c e s  w e r e  u s e d  

for m o s t  o f  the w o r k  in pre f e r e n c e t o  l i v e r  as k i d n e y  t i s s u e  i s  

mor8 o r i e n ta t e d  t o war d c a tab o l i c  me tabolism a n d  t h u s  h a s  a higher 

oxyg e n  up take per unit weigh t t h an l i v er . � small s er i e s  o f  

e s t i ma t i o n s  were a l s o  made u s i n g  g u i n e a  pig brain , l u n g  and kidney 

t o  s tu d y  the e f fe c t o f  the t o x i n  i n  o t h er tissues and i n  a s e c o n d  

sp e c i e s . Sever al sub s tr a t e s  which o c c ur a t  ke y p o i n t s  on t h e  

e nergy y i e l d i n g  pa thways w e r e  c h o s e n  i n  a n  a t temp t to d e t e c t a n y  

p o i n t  a t  w h i c h  i nh i b i t i o n  o c c ur r e d . 

Two separ a t e  runs w e r e  c arri e d  o u t  using t i s s ue s  from animals 

which h a d  r e c e i v e d  in vivo t ox i n and one run e ac h  was made u s i n g  

mouse k i d n e y  a n d  g u i n e a  pig t i s s u e s  b y  a d d i n g  the t o x i n  i n  v i t r o  t o  

f lasks c o n taining t i s sue s l i c e s  from n ormal animals . S i n c e e p s i l o n  

t ox i n  i s  a pr o t e i n  and i s  t he r e f o r e  unab l e  t o  c r o s s  c e ll memb rane s b y  

d i f f us i o n  i t  was f e l t  that i t  would b e  unlikely that t h e r e  w o ul d  b e  

marked d i f f e r e n c e s  in the ac t i on of t h e  t o x i n  i n  v i v o  a n d  i n  v i tr o  

i f  i t  e x e r ts 

s tudi ed . 

i t s  e f fe c t  dir 8 c t ly u p o n  the c e l l s  o f  the t i ss u e s  

Ma terials & Me thods : 

C o n v e n t i o nal Warb urg r e s p ir o m e t r y  t e c hn i q u e s  and r e agen ts 

were us e d , as d e s c r i b e d  b y  Umb r e i t  �tal(VDV for t i s s ue s l i c e  pro c e dur e s . 

Kr e b s - R i n g e r-Phosphate s o l u t i o n  pH ? . 4  was t h e  b u f f e r  u s e d  i n  all 

i n s tanc e s . 
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The sub s trates  employed were  gluc ose , s odium pyr uva te , 

sodium dl lac tat e , s od ium succ inate , .<llld sodiu.In ci'!rate . 
C on trol flasks c on tai n i ng n o  subs tra ta were 

inc luded , to measur e  e ndo g e n o us r e s p i r a t i o n  o f  the tissu e . All 

sub s trates were made up i n  0 . 5M c on c e n trations i n  t h e  b uf fer a n d  th e  

pH was  chec ked and r � ad jus ted to  pH7 . 4 i f  nece s s ary . Pyruvate an� 

ke toglu tarate solutions were made up daily and the o the r s we ekly . 

hll r e agen ts were s tored at  4oc .  

Two flasks c o n t ai n i n g  the s a o e  sub s trata were se t up i n  every 

expe rime n t  for each of t h e  tis sue s use d .  One of  t h e s e  wus us e d  for 

the c on tr ol tissu e slic e s  and the o t h e r  f or t h e  ' t ox i n ' t i ssue sli c e s . 

�Jh e r c  .; p s i lon t o x i n  was EJ.dd e d  i n  v i tr o 2 ug o f  Batch CWll i n  0 . 1 ml 

s al i n e  was pla c e d  i n  the ' toxin ' f la sk and the same volume o f  saline  

ad d e d  t o  t h e  c o n tr o l  f la sk .  � h e n  the t o x i n  w a s  giv e n  t o  t h e  ani�al 

in vivc the tissues  slic es  fro m the i n t o xi c a te d animals were p la c ed 

in the ' t oxin ' flask w i t h o u t  any ad d i t i o n a l  t o xi n .  

Th e re age n t volumes plac e d  i n  th0 respirom eter flasks w e r e  

:J. S  f o llows : 

1 0N KOH 

Krebs Ringer Phosphat e 

Sub s trata 

Eps il on t oxin 

or 

Saline 0 . 8596 

0 . 2ml ( C e n t r e  we ll with wi c k ) 
2 . 8ml ( 2 . 9ml in ' in vivo ' exp t s ) 

0 . 1 ml 

0 . 1 ml ) 
) 
) 
) 

wh ere applic able 

Prep�rati on  of  the ti ssue slic e s  f or t h e  e xperimen t s  in 

whic h  th e toxin was a d d e d  in vitro was c arrie d out as follows : 

Six 6 we ek old male mice  were s t arved  over n igh t t o  r e duce  

e ndogenous glyc og e n  r eserv e s  the n killed b y  neck  d i slocat ion . The 

kidneys were  removed i mmediatel y and plac e d  in i c e  cold Krebs R i n g e r  

Phospha t e s olution for a few minu te s . This har de n ed the organs and 

ass i s t e d  in the pr epar ation o f  ti ssue s l i c e s  of the optimal thickness  

of  0 . 5mm wi t h a S tadie-Riggs h and ope r a t e d  ti ssue sli c er . 1i p o ol 

o f  s lic e s  was prepared and h eld i n  the above so lution until  sufficient  

were  available f or the experiment .  A s imil ar pro c e dure was  employed 

f or t h e  preparation of sl ices  of lun g ,  brain and kidney from a pair 
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of 3 mo n th old gu i ne a p igs . 

Whe r e  e p s il o n t o xin was g iv e n i n  v ivo 1 0ug was admin i s t e r e d  

i n t r 1v e n o u s l y  t o  each  o f  a gr oup of  t w e l v e  6 w e e k  o l d  mal e mi c e  

whic h had b e e n  s t arv a i  o v e r n i g h t .  Th e h i gh J o s e  of  t oxi n r e s u l t e d  

i n  a numb er o f  an i mal s d ying i n  c o n vul s i o n s a t  the  s am e  t ime , 

appr oxi�a t e l y  one hour a f ter in o c ul at ion . The kid n e ys f r o m  s i x 

o f  th e s e animals wer u r e mo v e d  an d t i ss u e  s l i c e s  p r ep ar e d  as ab o v e . 

A t  th e s a m e  ti me  ki dn e y s lic e s w e r e  prepared from a s imilar group 

o f  n orm al c o n tr o l  mi c e . 

Tw o o f  thG ap pro pria tv t i ss u e  s l i c e s  w <.: r e  a d d e i.l  t o  e a c h  o f  

t h �  ' c on tr o l ' and ' toxi n ' f lasks f o r  t h e  v ari ous sub s tr ate s 

e mp lo ye d . �ll flasks w e r e  p la c e d  on th e ir man om e t e r s  and f l u s h e d  

w i t h  oxyge n via the s ide ar m  for thra a minu t e s  at � f l o w  o f  

appr oxims t e l y 500c cs/flask/mi n u h � , u s i n g  ·'l gla s s man i f o ld . The 
r e s p i r o m e t e r s  w e r e then p lac e �  o n  t h e  h e G t i n g  b a t11 an d a l l o w e d  t o  

e q ui lib r a t e  a t  3 7 ° C  f o r 1 0  m inu t e s . Th er e af t e r  r e ad in gs o f  

oxygen up t ak e W d r e  made e v e r y  1 0  m i nu t e s  f or 6 0  minu t e s . 

� t  t h e  c o nc lus ion o f  th� r un the t i s sue s lic e s  w e r e  � e m o v o d  

f r o m  the fla s ks a n J  p l a c e d  in p r e � e i g h e J  4 c m  diame t e r  p la s t i c p e t r i  

d i s h e s , fr e e z e dr i e d  for 24 h o u r s  an d weigh e d  tu ob tain a dry-m a t t e r  

c o n t e nt t o  whi ch o x yge n uptake: c a u l· � b e  r e la te J . 

Re su l t s : 

The r e s ul t s  o f  the s e  e xp er i me n t s er e s h o w n  in App e nd ix 10 

a n d  i l lu s t r a t e d  in ?i gur 0 1 4 . 1 a.-f. Th ere was no s ign i fi c an t d i f f e r e nc e 

be tween t h e  oxygen up tak e o f  c o n tr o l un d i n toxi c a t e d  mous e ki d n e y  

s l i c e s  u t ili s in g a n y  o f  the  sub s tr at e s . Although there ar e 

d i f f e r e n c e s  i n  the m e t ab o lic ac t iv i t y  of the d if f er e n t t yp e s  o f  

t i s s u e s u s e d  i n  t h e  i n  vitro  t oxin 0 xp eri m 0 n ts t h e s e  d o  n o t  appear 

to be influen c e d  by e p s i l o n  toxin whe n i t  i s  in c on tact wi th the 

t i ssues duri n g  incub ation . 
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D i s c u s sion 

I t  was n o t  p o s s ib l 0  t o  dem o n s tr a te binJing o f  epsilon toxin 

t o  c e ll memb rane s using the technique s employed in thu s a  exp erim e n ts , 

n or d o es th e toxin app ear t o  affe c t  the func ti onql in te8ri t y  o f  

tissues t o  the extent tha t  i t  is  d e t e c tab le b y  � �rburg r esp irome tr y . 

The ab i l i ty o f  in toxic .::-, te :.l t is s ues to u t i l i s e  molec ular 

oxyge n at the same rate as c o ntr o l  t i s sues impli e s  that the 

oxidative ele c tr o n  transpo r t  chain is  unaffec te d .  S imi lar ly , s i n c e  

a l l  t h e  sub s tr n t e s  were dealt w i th equally e f f e c tive l y  b y  in t oxic a t e d  

n n d  c o n trol t i s s u e s , i t  is unlike ly that the hyperglycaemia o f  

e n t e r o t oxaemia i s  d u e  t o  a me tnb o l i c  b lock i n  e i ther t h e  Emden­

Me ye rhoff pathway or t h e  Tr i c arb oxylic Acid C y c l e . I t  shoul� b e  

n o t e d  that the oxyge n up take figur e s  i n  these exp0rico n t s  were 

similar t o  those given by Spec t or ( 1 956 ) for mou s e  and gui n e a  pig 

t i s sue s .  

Fur ther i nformation may have b e e n  gai n�d from the s e  experiments 

i f  p o s t - incuba t i o n  e s timations o f  t h e  ac tual s ub s tra t e s  and s ome o f  

the o ther i n t e rm e dia t e  c ompounds h a J  b e e n  c arr i e d  out siuc e i t  i s  

the ore tically p o s sib l e  that the abnormal ac c umula tion o f  an 

i n t e rmediate might have o c cur r ed . However , since a range o f  

s ub s trates from vari ous par t s  o f  t h e  nor mal me t ab olic pathways were 

e mp l o ye d  and there was n o  e v i den c e  of a n  inab ili t y  of i n t o x i c a t e d  

t i s s u e s  t o  oxi d i s e  a n y  o f  these s ub s tanc e s , i t  i s  unlike ly that 

use ful informa t i o n  wauld hav e b ee n  ob tai n e d  i n  this mann er , 

In the e xpe rime n t s  using r e d  c e ll s tr oma t o  d e te c t t oxin 

b inding , the pre liminar y r e sult was anomalous . Th e  r ea s o n  f o r  this 

is not c lear . I t  is unlikely tha t n on - spec i fic b in�i n g ,  r e s i dual 

an tib ody or dilution of the t oxin by r e s iJual wash s olution a f f e c ted 

the r e sults since they would have a l s o  affe c t e d  the results in the 

main e xperim e n t . Th e m o s t  likely e xplanati o n  is th� t a por tion of 

the fre shly made up t oxin ' s oluti o n ' was in fact s t i ll in an 

emuls i f ie d or fine ly divide d par t i c u l a t e  f or m  anl was r e m ove d with 

the s tr oma during c e n tr i fugal s eparat i on . 

A t  the s li ghtly higher l ev e l  o f  t oxin employed i n  t h e  m�in 

exp er im e nts , the numb e r  of b inding s i t e s  required p er e r yt h r o c y t e  t o  
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c ompl e t ely r em o v e  t h �  t o x i n  f r om t he s oluti o n  wo uld b e  of t h e  o r d e r  

o f  5 , 000 1 i n  c o n tr as t  t o the 800 , 000 b in d i n g  s i t e s  wh i c h  a r e  k n o w n  t o  

b e  avai l�ble for the gluc o s e  m o l e c u l e  ( S t e i n , 1 968 ) . On this b as i s , 

any s ig n if i c an t b in � i n g  of the t ox i n  to r e d  c e ll s troma should h2ve 

b e e n  de t e c t e d  b y  t h e  m e th ods e mp l o y e d  and it the r e f or e  appears that 

e p s i l o n  toxin i s  not b ound t o  r e d  c e ll s tr oma i n  v i t r o . 

The i n c r e a s e d  s e n s i t iv i t y  o f  t he i n d ir e c t fluor e s c e n t  an t i ­

b o dy t e c hnique d i d  n o t  p r o v i d e  a n y  e v i d e n c e  t h a t  e p s i l o n  t ox i n  i s  

b ound t o  vas c u l ar e n d o thu l ium . W i th t h e  mas s i ve J o s e  o f  250ug o f  

e p s i l o n  toxin wh ich w a s  u s e d  i n  s om e  �nimals t h e r e  would b e  appr ox­

iwa t e l y  1 00 n a n o grams of t ox i n  p er cubic millime tre o f  b l o od . 

S i n c e  the indir e c t  flu ore s c 0 n t  a n t i b o d y  t e c hn i qu� i s  c ap a b l e  o f  

d e t e c t i n g  quan t i t i e s  of � n t i g e n  o f  th0 order o f  . 0 1 4  - . 028 

nanograms/ 1 mm3 t i s s u e  ( Pr e s s man , 1 958 ; q u o t e d  b y  Kawamura 1 1 96 9 )  

i t  app ears thc:t  e v e n  i f  o n ly a v e r y  s mall p r o p o r t i o n  o f  the t o ta l  

c ir c ul a t i n g  t o x i n  was b o u n d  t o  the e n d o th e lium i t  would b e  d e t e c tabl0 

by this t e chn i qu e . 

Th e ex t e n t o f  th e n o n - s p e c i f i c  fluorochr oming w h i c h  oc c urr e i  

i n  t h e  t i ssue s o f  the s e an imals c o nfirms t h e  impr e s s i o n  t h a t  th i s  

pr o c e du r e  would n o t  h�ve b e e n  s u i t a b l e  f or de t e c t ing a n y  l o s s  o f  

pro t e i n  f r om t h e  b l o o js tream i n t o  t h e  t i s s ue s  o f  i n t ox i c a t e d  an imals . 

C o n c l u s i ons : 

1 .  De t e c table b indi n g  o f  e p s il o n  t o x i n  t o  r eJ c e ll s tr oma d o e s  

n o t  cc c ur i n  v i t r o . 

2 .  B a t c h e s  of c o mm e r c ial r ab b i t  ' an ti- horse s e r um ' glob u l i n  w i th 

low ac t iv i ty c a n  b e  e nc o un t e r e d  and all such ma t e r i a ls should b e  

t e s t e d  f o r  s p ec if i c i t y  and ac t iv i ty b e f ore us e . 

3 . Th e indir e c t  fluor e sc e nt an tib ody t e s t  u s i n g  c o mm e r c ial 

unc o n j ug a t e d  diagn o s t ic c l o s t r i d i al a n t i s e r a  and a f r e s h l y  p r e p ar e d  

rab b i t  ' an t i-horse s er um ' g l o b u l i n  i s  a t  l e a s t  as s e n s it ive , i n  

d e t e c t i n g  organisms i n  t i s sue e xudate s ,  a s  t h e  d ir e c t  fluor e s c e n t  

antibod y t e s t  u si n g  c o mme r c i a l  f lu or e s c e in- c o n j ug a t e d  d iagn o s ti c  

c lo s tri dial ant i s e r a . 
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4 .  No b i nding o f  e psilon toxin t o  vasc ular e n d o the lium or o ther 

s tr uc tur e s  c ould b e de t e c t e d  us ing the i nd ir e c t  fluor e s c e n t  a n t i b o J y  

t e c h n i qu e .  I n  this r e s p e c t the m e th od i s  n o  more s a t i s f ac t or y  than 

. the l e s s  s e n s i t iv e  d ir e c t  f lu or e s c e n t  a n t i bo d y  m e th od u s e d  b y o ther 
worke r s . 

5 �  Kidn e y  s li c e s fr om intoxic a t u i  mice c o uld u tilise molec ular 

oxyge n , f o r  th e m e tab olism o f  gluc o s e , pyruv a t e , suc c i nn t e 1 c i t r a t e  

� n d  lac t a t e , a s  e f f e c tiv ely as s imilar s l ic e s  fro m normal c o n tr o l  

3ni mals , Additi o n  o f  e p s i l o n  t o xin t o  the i n c u b a t ing me dium d i d  

n o t  af f e c t t h e  o x y g e n  uptake o f  normal t i s s ue s  u t ilising gluc os e , 

pyruva t e , suc c i n a t e  or lac ta te . 

6 .  I n  v i e w  of the s e  f i n �i ngs i t  app ears that th G hyperglycaemia o f  

e n t e r o t ox n e m i a  i s  n o t  due t o  a n  int e r f er e n c e  w ith t h e  func tioning 

o f  th e Emd e n- Me y e r h o f f  pa thway o r  Tri c arb o xylic Acid C y c l e  b y  

e ps i l o n  t o x i n . 



Chapter 15 : 

140 

THE NORMAL VALU1!;S OF A NUf,'ffiER OF BLOOD CONSTITU:CHTS OF 

LAlffiS Alill THE TECHNTQUES Er lPLOYED li'OR THEIR ESTil\IATION 

Some of the earlier biochemical and haemato1ogical investigati ons 

into the action of epsilon toxin,  notably those of Gordon et al (1940 ) and 

Ke1laway et al ( 1940 ) , have shown that the ma j or changes whi ch occur 

during intoxi cation are a progressive haemoconcentation ( 1 anhydraemia 1 ) , a 

considerable increu.se in the l8vels of glucose and phosphate in the "blood 

and severe glycosuria. Ir1 the course of thc�ir inve stigations those 

workers exalllined a nuntber of other blood constituents including certain 

ions , ru;1ino- and non-protein nitrogen ; alkali res8rve ; oxygen content 

and haematological data . 

In the present study it >"as not considered necessary to examine all 

of the parameters investir,ated by thes e  workers as , in an acute intoxi­

cation such as enterotoxaemia , factors such as sedimentation rate , eryth­

rocyte fragility and clotting time were unlikely to be affected . On the 

other hand there are sor.1e notable gaps in existing information on the action 

of the toxin that i t  was e s sential to fill . For example there i s  no 

published information or1 changes in thf..; levels of plasma proteins during 

the course of intoxication and these could be expected to reflect the 

markod haemoconcenir�ion. There i s  also a complete lack of information 

on whether blood levels of the me tabol ic products of gl11cose metabolism ,  

e . g. pyruvate and laotate , are altered in association with the hyper­

glycaemia 'Nhich occurs during the course of intoxication. 

Modern techniques have extended both the range and accuracy of the 

information which can be obtained about clectPlyte balance , acid-base 

balance and respiratory exchange . In viev1 of the pulmonary oedema des-

cribed by other workers and the effusions which occur in the natu_ral disease 

it  was necessary to investigate the ionic s tatus and acid-base balance of 

intoxicated animals more fully. Trifonov and Todorov ( l965 ) have extended 

the biochemical studies  on intoxicated animals to include es timations of 

the levels of s ome of the serum enzymes ,  primarily to ascertain whe ther 

the toxin produces hepatic damage . The range of enzymes examined by thes e  

workers was limited and i t  was extended , in the present study , t o  include 

a number of the enzymes which may be estimated in veterinary clinical 
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pathol ogy . 

:Becau s e  the lambs usecl in the exn eriments in v;hi ch epsilon toxin 

was 8.dmini E; tered parenterally were only 2 .. 3 we eks of age , th�:;y were 

effecti ve l:r s ir::;:p le stnrnached anime l s . Under the s e  c ondi t i ons the l eve l 

of b l -::> ·J d r;lu c o s e  and the pat tern of excre ti on of s c r.1e of the ionic cons U.-
tue n t s  are different from th o s e  of the adult she ep . 'i'hey a r e  a.l so in a 
s ta t e  c·f f lu .. 'C as the cha�lge from a milk t o  a 5Tass di e t  oc curs . Thu s j_ t 

;-;a s  e ssenti<:>.l to obtain an ac curat e pi c ture of the normal range of the 
rel evant c on s t i tuents in e. number of norr:1al heal thy laobs of this ag-e . A 

great deal of thi s info:i.··ma t i on coulcl be ob ts im;:d from the pre- ino cula t i on 

samples frvrn the animals -r;hi ch were to receive toxin and al s o  from the 

paire d unino cul ated control animal s . However , since i t  was e nvi saged 

tha t there v.roul d  be a cons i derab l e  munber of pre- and p ;)s t - ino cula ti on 

sampl e s to be examined for each cons ti tuent it �me. been decided to auto-

m& te as many of the analyti cal procc:� dures as po 2 sible . Under the s e  

circumstance s  i t  was possible t o  inc lude a nur:1bcr of addi tional blood 

samples v1i tb out the manipulative pro c e dure be c oming unnaEageab l e . By 

inclv.ding bl oo d samp l e s  from a further group o f  lambs sisi lar tc  thC'se 
us ed in the experiment s •.ri tll  ep s i l on t oxin , i t  ·.;as po s s i bl e to obtair1 
addi ti onal information about the normr;.l value s fo:c vari ous bio chemi ca l  and 
haematological parameters of youne lambs in New Zealand . 

At thi s s tage j_ t i s  c onveni e nt to de s cribe and di scus s the va:;_·ious 
me tho ds which ''iere emp loy-ed to obtain thi s data fror1 both the no:cmal lambs 

and thos e nhich :r:-e ceived parer.teral ly admini s t ered ep s i l on toxin . The 

data obtained from normal lambs wi l l  a l s o  be re corded and di s cu s 8 e d  h5re 

whi le the changes which o c cur b. the l eve l s of the indivi dual blood c ons ti ­

tuent s during eps i l on toxin intoxi cation v:ill be inve s tiga te d in sub sequent 

chapters . 

1:-fu. terials & Methods : 

Ani..rnal s : 

The Es tima tion o f  Bio chemi cal and 

Haema toloe;ical Parameters in Lambs . 

Preinoculation blood samples were taken from the lamb s  which were 
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to recr.;ive parenterally ack,ini s tero d.  toxin and also from the paired u;1ino-

culatecl contr'-il le..1r.bs de s cribe d  in Chap ter 6 . In additi on , blovd saDples 

were taken from twenty eight 2 - 3  r:eek old. l�:u;1bs frr)m a crossbre d flock 0!1 
ano thr.::r farJT. , wi th a �:;imilar soil t;n)e ant� c :!.imate , s i tua t e d  abou t 5 mi l ,� s  

Blood Samplr_; s : ------- -

1 Vacuts iners 1 were used f�r the col lection of all b l o o d  sampl es a s  

th::. y  are c :mveni ::·nt t o  us e and c.r 2 parti cuh:rly sui table for obt2 ining 

arteri 2 l  l)l o o d  sr::;p l e s  from anima l s  by p8rcute.neous pun cture o f  the 

femoral artery . ·:rhey arc C\Va i latln in P.. �w;;ber c.f di fferent s i z e s  and 
r.'i th a llUl'lbor c·f diffsreEt pre s._,rva ti vcs and ant i c oagulants a deled . l'hrJ se 
c ontaining heparin havo be�n � town to be very sui table for thG c � l l e c t i on 

r_;f blood r.�anpl e s  intfmde d for blood gas analys e s . ( Ga2 .• bino , 1967) . 

Be cause the pro c edure s  r..;com1end2d for the Emz;y1na tic e s t imat ion of the 

leve l s  of pyruva t e  or lactate require th.s.t the blo,· :d l1e deproteinised ,  

wi th cold p orchloric a c i d , a s  soon .:. s  the s&aple i s  colJ.ected,  e. nunbor o f  
plain lOml 1 Vacut2 iners 1 vrer·e opened and 3 . 5rnl s of e. 6% solution of per ch-

lcr:L c  ac id in di s t i l l ed v:a ter "'erG- added t ,) each tube . Tht; s t oppers i'Jero 
then rcinsert ed c.nd the tube rG- evacua t e d  vi th a 20ml syringe and a 2 0 m'7g 

ne e dl e . These 1 Vacutainers 1 were l1e l d  in i c ed va ter for at least 30 

minutes before use . 1 Vacutainers 1 are manufaciA.lrEd by Becton Di ckinson & C o , 

Rutherford , N . J . , U . S . A . 

Venous b l o o d  snmples uero taken fr( •r;J tho jugular vein into each 

of the fol l owing 1 Vacuk,iners 1 ;  1 x 5E:l heparini s e d  - for blood ga s 

an;:clysc. :s , haer.te,tologi cal examinations und pro tein e s tima ti o n ;  1 x 7nl 
plain for serw:1 ioni c and e nzyma ti c consti tucmt e s t ir:! a t i ons and epsilon 

ant i toxin t i tra tion ; 1 x 7ml p0:rchlorate- containing 1 Vacutainer 1 for 

glucos e , pyruva te , l.'?..ctJJ. te and pho sphate e s t irna ti on . A 3 . 5rn1 saTiple of 

blood was added to the lat ter· container by adding blood to  the level of 2. 
nark on the 1 Vacuta iner 1 holder with tho tube and holder hel d in an UIJ-
right po si ti on . Pr-eliminc.ry expGrimc-nts had shown that the appro:pri2.te 

volUl!le of venous blood from normal animal s  could be c onsi stent ly added 
wi th an accuracy of bet ter than 0 . 2  ml using thi s te chnique . 

A sL1ilar serie s  of art erial blood sanp l e s  was taken from the lal!lbs 
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which were to receive parenteral toxin and thoir p&ired controls only ; 

i . e .  no 3.rterial sampl e s were taken from the 28 lrunbs frOL; the se cond 

property . The artc:ric:.l samp l e s  wGc:e: tc.ken from the fcnoral c rtery using 

the same equipment as for the venous sar:·�'lir;.g , but b l o od. '.vas ktk e:n ir..to 

heparini s ed and pGrchlora te treo tod 1 Vacutainers 1 only . Percutane ous 

puncture of the:: femora l art ery in the fc.:moral trie.ngl e wa s carried. out 

with the lsmb he l d in a s i t t -Lng position.  Under the se conditions s ome 
difficulty wc..s enc ')untered in accurately adding the required amount c,f 
blood to th� perchlorate treated containers and thi s wi l l  b e  referred to 

e gain in the di s cu s s i on secti on of thi s chap t er . All blood 3arnple s  were 
taken without o c c lusicm of the blood vessels but pre s sure was sub s e quent ly 

applied to the fvc10ral rG·tery for s ev'"ra l r1inu tc;:;s after rcr;,ovl:l l of the 

neodle to limi t haemat oma forma ti .)n . All blood samples  �ere held in i c e: d  

>:later i n  a va cuum flask until furthe r prepara t ive prc>cedures o r  the actual 

es ti�a tions wore undertaken . Blood ge.s analyses \vere carried out ';'.ri thin 
3 hours of sample c o l l e c ti on ancl haema to l ogi cal examina ti"ms wi thin 4 hov.rs 

of collection .  Sepa:.cation Jf pl a sma and serum sa.mp l o s  with subsequent 
0 

s torage at ... 20 C in a domes t ic dc epfreezer wa s also comple t e d.  wi thin four 

hours of coll e ction . 

The perchlora te treate d  sumples 11erc shaken thoroughly a t  the tir:ie 

of coll ecti on and after centrift:0C:tl separaticn (l800G for 15 minutes ) th8 

supsrnatc..nts r;ere remcved , n0utrnli sed in the cold with 5 N. KOH , \'li th 
0 .05% methyl orange as int€)rnal indice.tor , and then s t ored at -20

°
C pri or 

to analysi s . Thes e  sc.mple s  vr<::re in storage wi thin 4 hour s of coll ecti on . 

Analytical Procedures : 

Blood Ge.s Analyses : 

Whole blood pH and p02 leve ls were determined on the arterial and 
venous blood samples using the appropriate ele ctrodes of a ' Hadiometer ' 

As trup-micro Blood Gas Analys er , Type Al'.!EI (Radiome ter - Copenhagen , 

Denmark ) . The pC0
2 

and s tande.rd- and actual- bicarbonate levels of the 

blood samples were calculated from the pH of e. liquot s  of the blood which 

had been equi l ibra ted wi th o2jco2 gas mixtures containing different 

partial pressures of co2 using the above instrument . 'rhe Sigaard-

Andersen nomograms used for these  calculations were those provided wi th 
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the ins tment and cul ibre.tion and operation wore a l s o  according tc the 

manufr:.cturers ins truc t i on mc:nua J. . 

Es�j_Jile. t i ,'n of Haema tologi cal Ve.lue s :  

The t E; chniquc s t:np l oycd .for th i s  purpo s e  .,,-ore s tandard r:cocedure s 

whi ch are des cribed in 11any laborat Jry manual s ,  e . t:;· . D[lCi e· &: lewi s 

'' Pr;o..ctical Haematol og-/'and only the ty-pe of me thod employe d will be d�s cribed 

here .. 

Th2 cyerunE:: thaenoglu1Jin Ele thod was usod and the: r E. su l  t s  obteinod 

wi th nn EEL din:ct r·Jadinc E.-:temoglobino!:wteJ:' (E'v<m[J El t: ctr �' - s c, l eniur, Ltd . , 

nal s teed. ,  Enr;·land )  Cc� l ibra tcd e.gainst cya�ethe.cmoglobin s tandard (Diagno­
s t i c  R8agcnts Ltd . ,  Thaille , England ) , 

Haema t o cri t (_Packed Cell Vo lume_) : 

Heparini sed b l o 1. • d  wa s placed in plnin mi crohaGmatccri t capi llary 

tubes and c entrifugE:d i'or 5 rdnutes in an InturnP.ti ::mal Microcapillary 

c entri fuge model ?1ill . The rc sul t s  were read on nn Interne. tic.�nal Iilic:ro-
capi l lary reader (Interna ti':mal Equipmont Co . , Nccd.ha.m Hei ght s , :Me s s . ,  

u . s . . r.. . )  

Mean Cell Haemo;;lobin C•:)ncentrati c m :  

This was C£'.lcul11 ted fron the ha em-:;gl obin a�1d haerJa t c:cri t va lue s 

according to the usua l fomula vi z . 
Haer;oglcbin (Gro50) x lOO 

Mean Cell Haemoglobin Cc1ncentra t i on 

Haematocri t (%) 

Total Vfuite Cel l C8unt : 

Cell c ounts �ere carried out in Spencer bright line haemocytome t ers 

wi th an improved Neubauer ruling with 1% ace tic aci d soluti on as di luent . 

Dupl icate count s  were made on the two separate chambers of the haemo cyt o­

meter. 

Plasma Prote in· Fract i onati on : 

Electrophoretic s eparation with Mill ipore 1 Phoro s l i des ' equipment 

(Mil lipore Corp . , Bedford , Mas s . ,  U .S. A . )  used according to the manufac-
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turers instruc t i ons . Densi tome t r i c  s csnning of the uncl cc-�re d ,  s tained 

strips w:::. s carri e d .Jut on a Photovo l t d cnsi t ometer model 520A with e. 
540 mu green fi l t er in the s cnnning heecd . Tho densi t ome t er was coupled 

to a •Vari cord ' model 42B chart rc.:corder �' nd e l e ctroni c int egra t .')r a t tacb ­

ments (Photovol t  Corporation , lTev: y,-.rk , U . S .A . ) .  

AutoJ�ated Iliocbomical Anulys c s : 

Full de to.ils of th<:- procedure s  usGd including fl:)w chart s , cali ­

bration datn and R di s cus s i un J f  th� t c c1mi cal aspe c t s  (Jf the dcvelopncnt 

n nd use of the; se me thods ar e given in Appenclix ll but i t  i s  conv0ni cnt 

to outline hE--re the type o f  De thod that v:2.s used .for each b l o o d  conc tituGnt . 

It i s  e. l so importar.t t:-) n :1 te thn t al l bl2od s.�r.1ples from the same P_nimal 
vrere kept t oge th:::r in the analyti cnl runs for each c ons ti tu ::;nt . 

Tok l  Pl<J.sD..a Pro k i n :  Biuret :Gl8 thod 

Fln.r::e photome ter Sod�UY.: and Potassiun : 
C�:loride : 

Phosphate : 

Gl-.J.C O S 8 : 

�vate : 

1c'1 c tr:, t e : 

Thio cyana te di splnce!•lent fror:: me)CUriC thi o cycnn. te ; 

measured as ferric thiocyanct e  

Production of phosphor.�olyhli c ac i d v;i t h  ecid BolybdatG 

fol l mred b y  s tc.nnou s chl·.,ri de/hydrn zine sulpha t e  

reduction 

Glucose .::;xidcs e -Peroxidn.s c- diani s i dine me th< >d 
Lacti c de:tydrc.gc.nase/DPlili oxi dctti :m 

•·• " /DPI·:· re duc tion with h ydra zine 

sulphate trappi:1g of the :pyruvate formed . 
k. c ti c dehydrogenas e : DPJ'ill · 'Xi d.aticn wi th pyruvat e  n s  substrat e  

I soci tric dohydrogena s e : TPN reduction with isoci tra t e  as sub­

s trate 

Glutami c oxal oac e tic a;.1d Glutamic pyruvic �an sB..rninn s e s : 

DPNH oxide. ticn in coupled rcn c ticms with m al i c  and la&t i c 

dehydrogenase respect ive ly 

Acid �nd Alkaline Pho spha tase : 

De t e c tion of phenol l ibera ted from phenyl phosphate with 

ferricyanide/runino-antipyrine at the e.ppropriate pH .  



R e sul t '-> � 

The 1 e sul t s  cbtn.ined by the ane.lys i e  of blo�) d  fror-! nc rmo l 2- 3 Fi:cek 

publi sl:ed in the li tcra ture f:rr sheep , provi h.nr clue o,l 1 owance i s  nade fer 

c· : �1s t i  tuent s in the r,:rascnt seri e s  , ·; f  arterial r:nd venous b l c-:' Od so.m;J l e s  

publi shed vGlu<:; s . Dc trc i L: ;  nf the nlli:lbe:r ,_,f an2,lys .::. s , a�cl s tandard devi &-
t i ::ms plus the s en s i tivi ty )f the: me tho ds u s u d  are a l s c  given in the talll J . 

·rhe da ta tire fs'"i vcm in Appendix I 2 .  

Dis cu s si c.n ------

I t  i r: El,_ r,r:_:pria te to coEinL:nt first upon the cho i c e  of <>omu o :f tlk 
r:i<: thods u s e d  to obtaj_n tha forego i ng resu l t s , as :sorr,o of tfK; pro c e durG s 

s t i l l  in current u s e  hFtve short c omings whi ch may influence the re su� t s  

o1) t a ine d . For cxamp l G , for many ycaTs i t  has been cus tomary to teko 

b l o o d  sar:1p l c s  for blood ,g·n s !lnE>.lys e e>  <md s t ore tb cD under a layer of liqui d 
pHra ffin to prevG nt .:�-a s c ou s  oxchangc; . I t  i s  only relat i v e ly recently 
thn. t i t  ht: s been found that C':trbondi oxi do will di s sol vc in the- oil Lwer 

and thus l ead to errors in the e s t i�na ti.on of thi s c ompon---�:t in thu b l o od 

sampl e . In a ddi t i on i t  vm s c ons irlcred th.J.t only artorial blood smnp l e s  

•;;era reliab l e- f o r  b l c \ 1 d  gas ana lys i s , but rnor'"' recent ly i t  h!l s b e e n  found 

that c s p i l lnry b l o o d  sar:�p l c s  are equa l ly satisfr-: c tcry fo:r the s tudy of the 

b lood ga s e s  in man and rout ine bl ood GUS analysc: s  nre now frEXJUcmtly 

carried out on s amp l e s  of cap i l l ary blood c o l l e c ted in heparini s e d  capi l ­
lary tube s  wi thou t  any c ontc, c t  wi th oi l .  

In dome s t i c  animal s ,  adequD.tc s ampl e s  of true capi llary blood are 

not a lways easy to obtain and , whero samp l e s  h2ve to bb h e l d  for s ome time 

b e fore analys e s  can be carri e d  out , s amp l e <>  in capil lary tub e s  are not 

part i cularly sa t i sfa c t ory as they are diffi cult to kE: o p  cool and the bloud 

t ends t o  c l o t . Gambino ( 1967 ) ha s shown that bl ood samp l e s  col 1 e c t ed i n  

v::-. cuuL'l tub e s  s imi lar t o  1 Va cut2..iners 1 are very sui tab l e f o r  b l o o d  gas 

ar>_,.'J.lys e s  '�nd that samp l e s  c o l l ec t e d  in thi s way are s t�l b l o  for s ome hours 

if kept coo l . 
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Table 15 . 1 :  Th e Ha er-m t'Jlogicnl and. Biochemicr .. l Paro.motors 

C onstituent 

Haumogl::>bin 
Gm% 

Haemabcrit 
(%) 

liT . C . E . C . (��) 

pH 

pC02 (rnraHg) 
HC03-Actual 
HC03- standard 
p02 (mmHg) 

TotECl whi te 
cells  (/rnrrf) 
Tr,tal Protein 
G�� 
A1hunin % GlobulGn % 
Sodium mecijl ) 
Po tassium 
(mcq/1 ) 

Chlo�'ide 
(meq/1 ) 

Pho�)hate 
(Llgia 
Glucose (mg7�) 

Lactate (r1g%) 

lactic 

of 1brna l 'I'wo to Thre:u Uc0k Old. I§.mbe 

M8an Values L:r N0r�:,�tl Sheou Skndard 
?r.:;sent Expc;rinent s Di::vi.:.:. ti on 

Publishd. 
VENOUS (V) .iiliTERI1�L I N"Olu'I!l.L t + (v) (ii. ) 

10 . 3 , 10. 9 
10 . 7 10 . 5 ( l0-1LG ) 1 . 0  0 . 8 

31 . 7 
3 5 . 3 34 . 2 ( 29 . 9- 3) . 6 ) 2 . 9 2 . 3 

30 . 3 30 . 7 34. 5 1 . 1  1 . 3 

7 . 36 7 . 40 7 L]. tl  ( r1 rtr-r ) • •  � r:... ........ ' 

( 7 . 32- 7 . 54 ) 
0 . 03 0 . 05� 

3 9 . 2 34 . 0 38 . 0 4 . 8 4 . 7 

2 3 . 0 2 1 . 5  - 2 . 0 2 . 3 
2 2 . 4 2 2 . 2 - 4 . 1 1 . 9 
70 165 - 14 22 

5 , 400 - 4 , 000-10 , 000 1700 -

6� 7  ·- 5 . 7 o. G'f -

36  - 5!t h -
64 4b 5 

1 54 •. 9 - 146-161 4: .. 4 -

5 . 2 - 4 . 8 0 . 4 -
103 , 116 

112 - ( 98-109 ) 5 -

6 . 9 
4 . 3* 3 . 3* (4-9 ) 1 . 7 1 . 5 

80 . 2* 89 .8* 70-l20 ( lamb � 
30-57 (adult 

19 . 0 20 . 5 

60* 71* ( 5-20 ) 
(9-12 ) 

3 -..0 2 . 9 

Dehydrogenc, s e\i ..) 810 - 2 , 000 103 -

Isocitric 
Dehydrogenase\'"' 1 5 . 6  - - 5 . 7 -

Glutamic 
oxaloacetic 43 . 5 - 31 8 . 7 -
Transaminase \·,�,�) 

No . of 

1l11alysc s  

(v) (A ) 

63  3 5  

63 3 5  

63  35 

56 28 

55 27 

55 27 

55 27 

27  24  

52 -

6 3  -

21  -
21 -
61 -

61 -

34 -

59 3 5 
59 35  

55 34 

6 3  -

6 3  -

6 3  -

Mc th ;d 
Sc:�ls i t 
-ivi ty 

0 . 1 

o . s 
0 . 1  

0 . 01 

l 

0 . 5 

0 . 5 

10 

50 

0 . 1 

1 

0. 1 

l 

0 . 1 

l 

l 

10 

l 

contJ.nued • • • . • • • . . •  
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Table 15 . 1 :  continued • • • • . • • • • •  

1.18811 Value s  for l'Jc:rnnl She(op St::l.ndnrd No . o f Method 

Constituent Present Experir.en t s 
Dt::viG ti on Annlys8 s  S8n s i t  

Publi shed -ivity 

VENOUS (V) LR.TERL,L I NORJ'�[cL I + (v) (A ) (v) (A ) 

Glutm:i c  
pyruvic ( i >.� )  8 . 5 - 8- 24 2 . 2  - 63  - 0 . 5 
Tr.:::.nso.wina r3 G 

illb:�l inc: \ I  "' )  
Pho sphatase 761 - 14-42 7 2 30 - 63 5 5 

Acid \ ·, ..;) 
Phosph2..kst: 2 5  - 4 . 5 - 20 - o . 5 

+ Adult sheep unle s s  otherwi se stated Spector ( 1 9 5 6 )  

* Estir.1a t e d  o n  perchlorn te tre� tsd sar.1plos 
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Turning now to the metho ds whi ch arc: currently employed fo:;:o the e s tima-

tion of U:e blood ge.s 1-�p,ramc:: tcrs t!J er:wel ve 3 . Th<e· use of very s ensi ti v0 

mi croe l 0 c trode s ,  whi c h  are rnaint�ined at an a c curate ly contro l l e �  temp crfl -

tu:ro , for the e s tiJTl.s.tion of pH and p02 moa sure;'lo:.mts on bl ood are well 
do cumentE:d in the li ten' ture 2cnd do not requjre further di s cu s s i on here . 

On the o ther hand the measurement of pC02 and bi carbon.J.t ,; concontra ti ans 

by equi l ibra tion of the b lood sample wi th atmo sphere c or..te.ining two dif fe­

rent part i al pre s sure s  of c�rbon di oxide as in the As tn1p t e c hnique doe s  

require c omment . Thi s  is '1 wel l o s to.bl i shed pro ce dure in hume.n medi c inE: 

e.nd the ro. ti onaln ,  methods of co li brc. tion and a c cura cy of the nomot:,rr:--.ms 

used for thG calculn t i on of the vari ou s parameters have bc(m c l o s e ly 

s tudi ed by workcl' S in the f i el ds of hu;11an phys i oloczy and human c linicc l  
pathology . Unt i l  re c.:.:ntly, thE. pro c e dure has be�n 2 pp l i ed to dome s t i c  

11nimo.ls wi thout any c.:vicl.ence th2 t the nonograms deve loped for u s e  in ;:1rm 
11re r=: l s o  vn. lid for use in other animal s ,  11ut i t  nov: o.ppoars froo the: v:ork 

of Phi llip s ( 1970 ) that the s o  to chniC1_ues and nomogra:ms are in fa ct sui tab l e  

for use in sh0ep at l Gas t . 

The t e chnique s er:Jployed for the e s ti mati on of ha�mogl obin by the 

cyanmethaemoglobin me thod s.r1d pp_ckod c,; l l  volume by thG use of a micro­

haem8.tocri t c entrifuge and. reader have replaced most of the earlier me thods 

and nre now r0garded a s  preferred proc e<.lur o s  for the s e  purp o se s . In the 

same way , th.: 11se of f lame phot ome try for the e s t imo.t i on of s odium and 

pota s s iui'D. in 'blood has SlJ_pEJrs ede;d the chemi cal methods previ ously e:mpl oyed 

for thi s purpo se . The Te chni con 1 Au toans.lys er 1 wi th flame pho tomo t or and 

s imi lar ins truments arc wiC:.:.-,,ly u s e d  in medi ca l  labor2. tori es for the auto -

mated e s tim� tion of tha s e  cons t i tuents . The s imultaneous es timation of 

chloride �ith the s e  i ons , usua l ly by the thiocyanate di splac ement method 

ad.<.ls cons i derably to the u s G fulne s s  of the automated pro ce dure . 

The e s timation of to tal pl asma pro te i n  by the Biuret r8action i s  

widel;y used and the me thod has been adz.pted for automated analyse s . Moro 

re cently there has b een a tendency to use refrac tometry to e s timate plasmCl 

protein as i t  provid e s  a qui ck resul t but i t  has not entirely sup ers eded 

the Biuret method . Although the fractionation o f  p la sma pro te ins by 

chemi cal means is s t i l l  wi dely used to provide a me�sure of the albumi n : 

globulin re.tio , this method doe s  not provide a s  much information as the 



electrophoretic s eparation of protein cons ti tuents . 
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Quanti tation of th8 

re sult s  obta ined by tho lattGr mc:thod is n.ore difficul t ,  but dcmsi torm:: tric 

cxnmination of th;� strip with c. s soci[·.tc d integrated counting tl: chniques 

provides results v:hich are at l c;as t  as reproducible as tho se obtfcine d  by 

ch0mi cal frac tionati on . Unfortunately the resul ts obtained by chemico.l 

fx·actioriR tion a:Le no t C.irec tly cor:rparable wi th those obtained by '�1c ;cto-
phorotic s epara tion . 

A ·,vi de vAri s ty of procedure s hr,ve 'bet:n enployed for e s t imati ng· the 

various enzyrnn tic components of blood and in most in star1ces  mort: than om; 

method i s  s ti l l  currently t:l:!ployed f or. doteroining the e c t ivi ty of indi-

vi duo.l cmz;y'I!!e s . In g8nerc.l the: nxi s tinc; r:�e thods r8ly u.pon the enzyr.w 

c onverting i ts ne. turo.l subs trate or a simi lc:r artifi cial substrate through 

one or more steJ:JS to an end-product . The amount of product prod11Cod. in Q. 
given time may bo e s t ir:v:: tccl by calorime tric or other· ;:l\Jftlls . Since 

accur<::.te t ining i s  necosso.ry in o:Lcier to obtain rep q�duc ible resul ts , 

sutom£,tod methods have di s tinct advant.<:, ge s for assl;]ss ing enzymatic ac tivi t;y . 

I t  i s  known tho.t a number of the enzymatic reactions require thE; :pre s enc e; 

of ei ther tlw rccluc c:d or oxidi sed forr.1s of one or the othel' of the pho spho­

pyridinc nucleotidcs (DPN or 'I'PN) as hydrogen ion donors O:!:' e.cceptors . 

These nucleotides are qm:�ti ta ti  vely oxidi s e d  or reduced. as the enz;y1:1a tic 

reaction procc t: ds . The reduced foiTis of the nuc lE:otidG s  (DPNH and TPNH ) 

have an abs orption p0ak in tho ul travio l e t  region at a wavc:;length of 340mu 

and also fluore sce s trongly wh.:m irradiated rrith ligh t  of thi s wave l ength . 

Thi s  i s  no t the case with the oxi di s e d  foc m of thG nucleotide and thus 

the enzyme.ti c r�action can be quanti tated indirec tly 'by spectrophotome tri c 

or fluoromc tric es tiL'ln tion of the amount of nucleotide which i s  oxi di s e d  

o r  reduced in a given time . Where a nur�er of different enzyoe s are 

being examined this method has certain advantages as the same c ompound i s  

being assayed and , apart from the subs trates , only c omparatively Tiinor 

alterations are needed to �:;;s timat e  a nUDber of different enzyme s by the 

same basic procedure . Thi s  makes the method vE:ry sui tab le for use in 

aut omated analyses and it was therefore used wherevc:;r possible in the 

present inve s tigat ion. Automated methods of this type were develope d for 

the e stimG.tion of isoci tric dehydrogenase in s erum. 

procedure : and. the necessary . 
Thi s new automated 
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c.ltera tions to published nutomated procedures to mD.kc them sui table for 

use in these experiecnt s  are des cri bed and di scussed in Appendix 11 

One complication whi ch hn s ari sen as 2 re sult of the multipl i ci ty 

of methods avai l1'ble for the 8s timation of e.ny givEm enzyme lw s btJ·�n th;:) t 

a number o f  arbi trary sys tems of units have be0n devolopod for q_uRntito.ting 

the enzyn;u s . Me.ny of these are still  vii clely used but there is  a gradu.'! l 

tendency to change "e o  the; intern:;.tionnl syster1 of uni t s  which r..r0 bP,sed. on 

the m�·tount of substro. te or nu cleotide u t i l i s Gc� in a ei ven time . ]'Towa days , 

for convenic.:r,c e , the cnl ibration curves employed i n  o·bt!.'dning vn lue: s  for 

enz;yBe: activi ty ,  regardless  of the uni ts emp l oyec''c ,  r:.rc oht-::. ined by u s ing 

c omi'ilcrciRl na tur2.l or o..rtificial 1 scrum 1 s b.ndo.rds which cont<� in normal 

or cl evo.tc-d l eve ls of the vari ous onzYJ11.:-t tic cons tituents and this was thE; 
meth0d er1ployc d in the pr0 s2nt i�st.:mcs . 

Before dealing wi th the techniq_ue s used for ostir.12.ting the re::::::1e.ining 
blood constituents studie:d i n  the pre scmt invc: stigation, vi z .  glucose , 

phosphBte ,  lactc,te and pyruv0 t � ; some considerD.tion mus t  be givGn to the 

method of colle ction of the: sr..mples whi ch required deproteinisntion prior 

to c.nalys e s . Depro teini sation with perchl ori c acid i s  now widely used 

where enzymes are tc be r.::mploycd in thu Emalyti cL..l procedure . The con-

centrc. tion of the p8rchlori c acid and tho r:::tio of the volUI'le of sample 

to the volume of acid however vari es  consi derably depending upon the 

published sourc e  of the method . For example , whc..n di scuss ing dc:proteini ­

sation, Henry ( 1966 ) recommends 1 volu..'il.G of blooC. to 9 vo lume s of 7% 

perchloric a c i d ,  but in his method for pyruvate he uses eque.J. volumes of 

blood nnd 7% perchloric nd.i d . I t  WE'. S therefore consi dered to be justi­

fiable to use a11 eq_ual volume of blood and 7% p2rchloric acid for all the 

procedures which req_uired deproteini sation in the present inves tigc:.tion . 

It  wa s realised th::J.t the sru!lple :acid ratio was rather low by the: s te.ndards 

of Bergmeyer ( 1963 ) ,  but to enable constituents whi ch '.7ere l ikely to be 

pres ent in low c oncen'$.tions to be detected it  was de sirable to take as 

much blood as possible consistent with ndeq_u�te deproteinisation . 

The use of a perchloric acid s o lution in 1 Vncutainers ' does  not 

appear to have been recorded by other workers but as i t  had been proved 

to be a feasible method for obtaining blood samples from normal animals 
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it was felt that it would be very useful in the present instance as the 

different typ e s  of bl ood samples required at any given time vi z .  heparin­

ised , plain and perchlorate-treated,  cou l d  a l l  be obtained with a single 
insert i on of the n e e dl e  into the appropria t e  blood vessel . In the case 

of arterial puncture this would greatly reduce the risk of haematoma 

formati on . 

Apart from the blood gas parameters the arteriovenous (A/V) diffe­
renc e s  in other constituents are generally small in normal a.'1imals but 
since both arteri al a nd venous samp l e s  were being taken for gas analyses 
it  was de cided to compare arterial and ver1ous value s  for some of the other 

constituents , as a measure of the accuracy of the manipulative procedures . 

While  the agreement be tween arterial and venous values for the haemato­
logi cal parameters has already bee� seen to be good thi s  did not prove to 
be the case wi th the components v·h i ch v:ere e s timated on the deproteinised 

sampl e s . VVi th these more lal)ile components ,  so;ne of the differe n c e s  can 

be phys i o l ogi ca l , and paired arterial and venous samples are not true 

dup l i cates in the ana lyti cal sense . The arteriovenous difference in 
blood gluccse l evel in adul t ruminants for exarap l 9  i s  usual ly of the order 
of 5mg%. However in s imJ, l e  stomached animal s  such a s  man it is genern l ly 

of the order of lOmg% and may be considerably higher after a meal . As 

mentioned in Chap ter 6 no attempt was made to deprive tlw pre s ent l ambs of 
food prior to sampling. A similar situation to tha t occurring with 

gluco s e  could a l s o  be expected to occur '"'i th the products of glucos8 meta­

bolism e . g . lactate and pyruva te . 

However , the main cause for concern was that the A/V differences 

were not always i n  the correc t  direction and in s ome instances  were much 

greater than could be expec ted to be due to physiological difference s . 
This sugge sted tha t there L1UY have been ma:1ipulative errors in the depro-
teini sation procedure . Any 1 single extraction ' deproteini sation procedure 
can introduce errors into the final result ,  pa rticul arly if the compound 
to be e s timated is at all difficult to extract from the sample (Bergmeyer ,  
1963 . p  267 ) .  Thi s  may have accounted for some of the inconsi s tencies in 

the results obtained frcm arterial and venous sample8 taken from the same 
animal at the same time . Deproteini sation appeared to be complete 
although according to Henry ( 1966 ) ,  perchloric acid does not remove certain 
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globulin.'J and o ther sub s ta n c e s  whi ch may have contributed t o  the back-

ground fluore s c enc e , I t  wa s a l s o  found. 1 af t er the worY:- was c omplt: te d , that 

Henry (p 171 ) s tat e s tha t perch lora t e filtrat e s  are unsui tabl e  for glu c o s e  

e s t ima t i ons . However , i t  appears likely tha t  he was re fe::-ring to c�emi c a l  

rather than enzym.ati c me tho ds o f  analysi s . There �nay al s o  have been 

i nc ompl e te extra c tion of some of the pla sma cons t i tuents w i th the l arge 

samp l e s  of b l oo d re l ative to the amount of depro teinis ing agent . The 

difficulty ',vhi ch was encount ered in accura t e ly addi ng the required amount 

o f  arterial b l o o d  to the 1 Va cutainers 1 may a l s o  have i ncrea s e d  the er-::·or 

of the proc e dure . These fa c t ors woul d all be aggrava t e d in the po s t-

ino cu l a t i on pcrchl ora te trea ted sarr:p l e s  de s cribed in Cha pters 18 and 1 9  

where s trnggl ing 5 circulat ory fa i lure ::t n d  haemo concentrs. tion a l l  a dded t o  

the di ffi cul ti e s  in ob taining b l ood . 

Whi l e  the arteriovenous difference s  i n  these anir.m J. s provide some 

measure of the errors pre s ent i n  the me thods used to e s timate the cons t i ­

tuent s  in que s t i on , they have no dire c t  be2 . . cing upon the changes induc e d  

b y  epsi l on toxin a dmini s trat i o n  since i t  w i l l  be s e-::n ,  in Ch2 p t e:r·s 16-19 1 

tha t the compar i s ons o f  pre- a nd po s t - inocul & t i on l ev e l s  of the varim� s  

cons t i tuents , v1i th the 11os sibl e except i on of the b l o o d  gase s ,  were alv· ays 

made wi tll e i ther venous or ar terial san1:p l e s . No a t t emp t 7.'as made t o  
int e rpre t arteri ovenous di fferences . I t  w i l l  a l s o  be s een in Chap ter 19 

that the change s in gluco s e and l a c t a t e  l eve l s  whi ch o c curred f o l l oning 

the admini s trat i on of eps i l on toxin were so largG that they comp l e t e ly 

overshadowed any ina c cura c i e s  i n tr o duced by the manipula t ive proce dure s . 

One further po int mus t  be made regarding the handl ing o f  the 

depro t e ini s ed sampl es prior to a c tual analys i s  and tha t c oncerns the 

s torage of the samp le s and the e s timati on of pyruva t e . When us ing aut o -

ma ted te chni que s i t  i s  pre ferabl e , i f  a t  all p o s s i b l e , to analyse a l l  

sarap l e s  i n  a continuous ru n  and in the pre s ent instance thi s meant that 

0 
samp l e s  were s tored a t  - 20 C for up to four weeks be fore the analyses were 

carried out . Al though Henry ( 1966 ) stat e s that py ruva t e is s table for a t  

l eas t  one month at 4 °C i n  perchlori c ac i d f i l t ra t e s  o f  b l oo d , the a'.lto­

mat e d  analys i s  of the s tore d samp les in the pre s ent ins tance fai l e d  to 

yi e l d  r e l iabl e  re sul t s  for thi s me tabol i t e . I t  appeared however , that 

s torage di d no t aff e c t  the values obtained for gluco s e , pho spha t e  or lac tat e r 
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To c onc l u de the d i s cu s s i on on the biochemical me thods used i t  i s  

ne c e s sary t o  menti on tho s e  employed t o  e s t ima t e  the pla sma c ons t i tuen t s  in 
the pcrchlora t e  t::.�eated s amp l e s . Glu c o s e  vm s e s tieated by the gluco s e  

oxi da s � -�eroxi da s e - o diani s i dine me tho d . Thi s  i s  a pro c e dur0 v:h:._ch 
e s t ima t e s  1 true 1 glu c o s e  ::.'ather than the a s c.: orted reducing su b s tan c e s  

d e t e c t e d  b y  t h e  o l der chemi cal methods . 1'c:chniques hs. s ed on gluc o s e  

oxi da s e  have b e e n  replR, c e d  t o  s ome ext ent b y  a- tolui dine m e thods but the 
fo:=-mer methoc s ,  b e i ng more s p e c i fi c , arc s t i l l  .-·i dc:l�r u s e d  and have been 

aut omat .:: d . 

The Gomor i  modifica tion of the Fi sk.::; an cl Su b::::.rrow metho d ,  ( Gomori , 

1942 quo t ed by Varl ey , 1962 ) i s  wi d.:o ly u s e d  for e s t ima ting b l ood i norgani c 

pho s phate and the avai lable automa t e d  procedure s  em:ploy a basically s imilar 

t e chni que . 

As stc.'. t e d  earl i er in thi s di s cu s s i on , the e s tir.a t i o n  o f  p;y-ruva te in 

the pre s ont s er i e s  o f  samp l e s  was unsa t i s fa c tory . Consi derabl e  non- s p e -

c j_ f i c  fluore s c e n c e  occurred in s orr,e: sru;1� l c: s  m2.ki ng f1uorome tri c d.e t e c tion 

of the chcnges i1 1  the leve l s  of DPI\lH imp o s s ib l r:J .  ThE: l ev e l  of non- speci­

fic f luore scence ws s insuffi c i ent to affect the e s tima t i o n  of l a c t c t e  

(vide infra ) but l i121i t e d  the u s e fu lne s s  o f  f luorofilc tri c de t e c t i o�-. wb e::::·e 

maximum s ensi tivity of the ins tru.'Tlent wa s being used to de t e c t  the low 
leve l s  of change in f luore s c ence produc8d i n  the e s tin;at i on of pyruva te . 

The e s t i;:Ja t i on of l a c ta t e  was a l s o  carri ::d ou t by fluorome tri c 

de t e c t i on of ch&.nge s in the leve l s  of D?l-:11 when lactate i s  conve r t e d  to 

pyruvat e  by lac t i c dehydrogenase and the pyruvat e  produced is trappe d  by 

hydra zine sulpha te . The advantage of thi s method i s  that i t  i s  s p ec i f i c  

for the 1+ isomer of lactic a c i d  whi ch i s  almo st entirely o f  me tab o l i c  

origin from within the animal body .  

Having di s cussed the me thods emp l oyed f o r  the e s t imation of the 
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biochemic�l and haemntological parameters in the pre sent series of anima l s , 

i t  i s  neces sary to cons ider bri efly the va lue s obtained from normal young 

lambs before passing on to an examina tion of the e ffe c t  of epsil on toxin 

on the s e  values . Sone c om}lari sons are possiblC:J be tv;ecm the vc:c lue s  ob-

tained in th<:: pre s ent study and those v1hich are given in the l i t era turc 

for adu l t  sheep , l ambs n.nd other s_fecies . 

I t  np�ears that in lambs , in contra s t  to the young of s ome o th&r 

species , the haemoglobin cont ent of the erythrocyte s may be s omev:hat l ower 

than i n  the adul t animal . As could b.:; expec te d the haematological para-

mebrs did not differ sj_gni fi cantly in paired art eria l r, nd venous blood 

samp l G s . 

All the bl ood gas pa ramG t crs for arterial and venous samp l e s  fa l l  

wi thin very nnrrow ranges and the differenc e s  betrwe:n. them are what could 

be expe cted to oc cur on the bas i s  o f  tho physi o l ogi cal transfers whi ch 

occur a s  blood pas s e s  through the capillary beds in the t i s sue s . There 

i s  a l o s s  of oxygen from th8 blood and an increase in i ts C02 cont ent . 

Th i s  re sul ts in n fe. l l  in ph and bicarbona te . Al though figures for the 

arteriovenous differences in the se parameters are no t readily ava i labl e  for 

normal unann e s thetised sheep , the di fference s  in pE and pC02 arc o f  a 

s imi lar order to tho s e  in w.an . The pO,.., on the other hand i s  higher in 
"-

both arterial and venous samnl e s  than the va lue-s whi ch arc usually obtained 

in man . 

The; level o f  total protein in the pre s ent S8ri e s  of la1aos ','las 

higher than the value given for adult sheep and. thi s too i s  a feature of 

the young of other species . The albumin : globulin ra tio nas also diffe-

rent t o  the publi shed figure s bu t this may refl e c t  the fact tha t the 

figur e s  in the pre s ent s tudy were obtained hy integrated densi tome try 

following electrophoretic s epara tion ins tead of chemic a l  separation . The 
overa l l  pattern was generally consis tent in all the s e  animal s and d iffered 

markedly from the p lasma protein pat terns of normal o lder lambs - see 

Chap ter 1 7 . I t  therefore appears th8 t this �ay be a reflection of the 

imma �uri ty o f  the pres ent animal s . Examp l e s  of the difference between 

the densi tometric tracings of the electrophore tically separated plasma 

proteins of the present animal s  and thos e  of the older lambs are shown in 
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Figure 15 . 1 .  

The conc er1trations of sodium , potass ium and chlori de were fairly 

cons tant and s i mi l ar to tho s e  fmmd in norEml adul t sheer' · Thi ..:; poi:--1t 

wi l l  b e  referre d t o  again in Che.p t er 21 when the cancer� tra t i ons of the s e  

ions whi ch are excre t ed in the uri ne are b e i ng di s cuD s ed . Lev e l s  o f  

phosphate o n  the o the:r: hand fluc tua ted ra ther widely -but this probab ly 

reflr� c t s  the lilfli ta t i ons of the p erchlora te der�ro tE.ini sa t i on and sarrrpl ing 

pro c e dure di s cus s e d  earlier in th i s  chrrp t e r  as the A/V di fferenc e s  are a l s o  

ra ther wi de . 

Al thoug·h there were s ini l a r  fl'.lc tua ti ons in the l 0vels o f  glu c o s e  

and la c tate in the s e  sar:-�pl e s  wh"L c h  resul t e d  in large s taeda.rcl deviations 

and arteriovenous diffc.;rence s  the mean valu e s  obtained for l eve l s  o f  glu­

cose were s j_mi lar to those obtained by o ther workers . 

Fi.nal ly the enz;yma ti c c ons t i tu en t s  mu s t  be consj. dered . Leve l s  o f  

s ome of th e; s e  enzyme s  e . {'; . lactic dehycb_·ogena se a n d  a lkc.line phosphatase 

wen: extremely high re lative to the va lu e s  of the s e  cons t i tuent s in corn--

merc ial s tandard 1 s erum 1 sampl e s . In some i n s tanc e s  the values were 

h i gher than the highe s t  assayed l ev e l s  o f  the enzyme in human serum 
samples w i th pathol ogi ca l ly e leva ted l eve l s  o f  the particular enzyme . 

Thi s  meant tha t ca l ibration of the me thods in sor.·,c i n s tance s  had to be 
carri G C:t out cy dilut ing one of the senm S[tmp l e s  v;hi ch showed a high 
a c tivity , asse s s ir�z i t s  activity agains t a knu:rn s tandard , them us ine; the 

undi lu ted samp l e  to _prepare the appropri a t e  calir•ra t ion curve s and. p ea ks . 
Neverthe l e s s  the value a obtaine d  were fairly c ons i s tent in a l l  animal s and 

i t  appears that the high leve ls  c ould be part ly due to spe c i e s  and par t ly 

to the fact that s ome enzyme s ,  par t i cularly the pho spha ta s e s , lac t i c  de­

hydrogena s e  and i s o c itric dehydrogenas e  tend to be high8r i n  young animal s 

than in adults ( Bergmeycr , 1 96 3 ) . 

C onclusions 

l .  1 Vacutainors 1 are very convenient for the coll ection o f  b o t h  

arterial and venous b l ood samp l e s  from lambs for b l o o d  gas analys i s  and 

haematologi cal and b i o chemi c a l  examinat ions . The addi t i on of depro t e ini-
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sing s o lutions to the se contn im;rs prior to sampl e col 1. c c t ion hov.·ev()r i s  

n o t  entirely sati sfactory for the e s t imat i on of component s  by pro c e dure s  

whi ch rc·q_1J.ire d0>pro t e ini sa ti on . 

2 ,  Considerab l e  care i s  ne c 0 s sary to ensure comp l e te extra c t i on of 

some blood cons t i tuents from the samp l e s  during depro t cinisation and re s i­

dual protein component s  i n  perchlorate fi l tra t e s  can interfere with fluor­

ome tri c analys e s . 

) , The haemc;gl obin contl:nt o f  the Grythro cyte s  o f  young l amb s i s  l ower 

then that o f  thE": erythro cyte s of o l der s heep . Thi s i s  1Jrought about b;y a 
higher haema to cri t value and a sirr.i lar hae;nogl o b i n  cont,;nt of the b l ood o f  

the you�g lambs , 

4 . The blood pH and pC02 of th e lambs in the pre s ent s tudy wa s s imi lar 

to the publ ishe d v&lue: s for adul t sheep and thc ar teriovenous di ffEJrcnc e s  

i r .  the s e  va lues w e r e  c ons i s tent and wi thin physiol ogi cal l ioi t s . 

of b o th arterial and venous bl o o d ;va s higher than in na n . 

5 .  Total pl·1 sma pro t£;in l evels  : iere higher in younc l ambs than in adult 

sheep and the pa t t ern o f  the com�onent s obtained by electrophore t i c  s epa­

ration of the pro teins was di fferent to publ i shed albumin : globulin ra t i o s  

in the a&1 l t  sheep . The e l e c trophore t i c  pat t ern a l s o  contained fewer 

peaks in the: young lamb s , 

6 . Leve l s  of s o dium and. I)O tass ium , ob ta.ined by auto:r:�a t e d  flame pho t o-

mE: tric ana lys i s  of b l o o d  sa1:1p l e s  from the s e  lambs , f e l l  wi thin a re s t ri c ted 

range and corre sponded c l o s i3 ly with publ i she d valuE: s for the s e  ions in the 

blood of adult sheep . 

in these sampl e s . 

A s imi l ar s i  tua tiori o c curred v1i th the chlori de ion 

7 . Leve l s  of b l o o d  inorg<mic phosphate were variab l e  and mean va lue s 

tended to be l ower than the pub l i shed normal va lues for she ep . Some o f  

the variabi l i ty may have been due t o  errors introduced during depr o teini� 

sa tion . 

8 .  Mean value s for b oth lactate and glu c o s e  fell within normal l imi t s . 
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Marke d  differenc e s  were encoun t&red in the l evel s o f  the s e  c omponent s in 

paired art0rial and venous blood samp l e s . Thes e  �ere partly physi o logical 

and partly inac cura cis s  introdu c e d  during s ampl ing and depro te ini sat i on . 

Pyruvat e  l cvr3 l s  could no -: bo e s t imated due t o  background fluorescence 

which intco:rfe:rsd wi th fluo r orne t:ric anal;'f3 e s . 

9 .  Some t:nz;yma t i c  cons ti tuc,nt s o . ,g; . l a c t i c  dehydrogena s e  and alka l i ne 

ph o s phatase 1.vere very high in young lamb s . 

10 . Aut oma t ed analys e s  wi tb the Te chn i c  on 1 Au tonn.e.lyse>r 1 provide a c on­

veni ent .me;:ms l'ihereby a lare.:; numbc;r of samples can be subj e c t ed t o  a ':�i di3 

range of analyt i cal r-roc edure s . 

l l .  A wi de range of s e rui'l cl:zy:I:.e<J can be e s timated by fo l lowing the 

oxida t i on or reduction of tht:.; pho sphopyridine nucleotides du-ring the 

cour s e  o f  the enzyma b c  rea c t i on . The method is parti cu larly sui tnble 

for automa tion where fluoromstric or spec tropho t ome t r i c  d€ t e c tion can be 

employe d . In the pro sent ins tance a. f luoroew tri c method for the au toma t e d  

e s t ima t ion o f  i s o c i tric dehydrogene. se based or. the reduc t i on of 'rP?T was 

deve l o p ed . 
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CHAPTER 1 6 : THE EFFECT OF CL . PERF R I NGENS TYPE D EPS ILON TOXI N  

O N  RESP IRATORY EXCHANGE li.ND AC ID-BJI.SE B ;.;.Li;.NCE I N  LAMBS . 

Kellaway e t  al ( 1 940 ) h �v e  r e c or d e d a f ail i n  ' Alkali 
R e s e r ve ' and o x yg e n  s a tur ati o n  in the b l o o d  f o l lo wi ng t h e  

par e n t e ral admi n i s t r a t i o n  of epsi l o n  t o xi n t o  lamb s . Mod e r n  

me t h o d s  of b lo o d  g a s  analys i s  have m a d e  i t  p os s ib l e t o  ob t ai n  m o r e  
e x t e n s i v e  an d pr ec i s e in f or ma t i o n o n  g as e ous exc hange a n d  a c i d - b as e  

b a lan c e  i n  an imals �n i man t h an c ou l d  h a v e  b e e n  Gb t a i n e d  b y  t h e s e  

w o r k e r s . Dur i n g  t h e  pr e s e n t  inves t ig a ti o n  i t  was i n t e n de d t o  use 

the A s trup t e c h n i q u6 t o  follow the c n ang e s  i n  blood pH , pCOz , pOz and 

b i c a r b o n a t e  dur i n g  the c c ur s e  of e p s i l o n  t o xi n i n t uxic a t i o n  i n  l am b s . 

Th e d a t a  o b tai n e d i n  this way from lamb s whi e h had r e c e i v e d  

pare n t er ally admini s t e r e d  t o x i n  co uld t he n  b e  c ompar e d  w i th 

Kellaway ' s  f i nd i ngs . I t  was hoped that the addi t i o n al i n f or m a t i o n  

ob t ai n ab l e  i n  t h e  p r e s e n t ins t a n c e  � ou l d  a ss is t i n  d e t e r m i n i ng 

whe ther the a c i d o s i s  ( f a l l  i n  ' tlkali R e s e r v e ' )  e n c o un t e r e d  b y  

Ke llaw a y  e t  a l  was due e n t i r e l y  t o  d e f ic i e n c i e s  i n  r e s p i r a t or y  

exchange ass o c i a t e d  w i th the p u lmo n ar y  o e dema w h i c h  oc c u r r e d  i n  

their animals . 

I t  was appre c ia t e d  tha t the re ar e a numb e r  of d i f f e r e n t  

c au s e s  o f  a l o w e r e d  b l o o d  pH ( a c i d o s i s ) i n  anim al s . The s e  fall 

i n t o  two b r oad t yp e s  how eve r . The r e  i s  the s o- c alle d  r e sp i r a tory 

a c i d o s i s r es u l t i n g  f r om a f a ilure o f  r e s p i r a to r y exchange an d a 

fall i n  t h e  e f f i c i e n c y  o f  trans fer o f  c a r b o n  d i oxide from th e 

b l o o d  t o  t h e  a t m o sph er e . On th e o t he r h an d  a m e t ab o l i c ac i do s is 

c an o c cur which m 3 y  b e  a s s o c i � t e d  wi th e i ther a loss o f  b a s i c  

c omp on e n t s from t h e  buf fer s ys t em o r  a n  i nc r ease ifr a c i d i c  

c omp o n e n ts i n  t h e  b lo od . The lat t er c o mpounds do n o t  i n c lude 

c ar b o n i c  a c i d  r e s u l t ing from i nc r eas e d  c o n c e n tr a ti o n s  o f  carbon 

d ioxid e , b u t  r 8 f e r  to sub s t a n c e s  such a s  lac t i c  acid p r o du c e d  b y  

t i s s u e  m e t a b o l i s m  o r  inge s t e d  i n  the di e t . Thus i t  was o f  

par t i c ular i n t er e s t  t o  d e t e rm i n e  whe t he r  there was a n  a c i d o s i s  

or alka l o s is i n  i n t oxic a t e d an imals , i n  w h i c h  r e spira tory e xchange 

was no t af fe c t e d  by the d e v e lopme n t  of p u lm o nary o e d ema , as thi� 

would sugg e s t  t ha t  m e tab oli c f a c t or s  c o u ld a f f e c t the ac i d -b ase 

b alan c e  dur i n g  th e c o urse o f  i n t o xi c a t i o n . 
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For s eve ral r easons  the  current  work was intent ionally 

c o nfined to the c hanges in b l o od gas par ame ters whi ch oc curred in 

l amb s which had r e c eived  par e n t erally admini s t e r e d  e p s ilon t o xi n . 

Firs t l y , in th e s e  animals i t  was p o s s ib l e  to c ompar e the influence  

of  pulmonar y  fac t ors  such  as o edem� upon  the  blood  gas  s ta tus of  

the  animal without the  inter f e r ence o f  o the r fac tors such as changes 

pruduc e d  by  h igh levels of carllo hydrate in the d i e t , exci t eme nt e t c . 

Sec ondly both  arter i al and v e nous s amples  c ou l d  b e  ob taine d from 

the s e  animals =md Jt/V differen c e s  could therefore  be examined to 

provide i nforma t i on on s ys temic  and pulmo nary aspec t s  0 f  gase ous 

exchange . �r terial  blo0d s amp ling was difficult  in the animals 

which rec eiv ed e n ter ic - or igin t oxin . I n  ad di ti o n , th e period  over 

which the blood s amples  were c olle c t e d  and the number of  manipulative 

pr o c edur e s  to  whic h  the latter group of  an imal s were sub j e c t e d ,  made 

it te chnic ally diffi cult t o  ob t ain r e liable blood gas data from 

them . Never the less  i t  was c on side r e d  d e s irable to fe llow th e 

change s i n  b lood gas parame t e r s  fr om at l e as t  one o f  these  animals 

for comparison  wi th the data fr om animals which had r e c e iv e d  

pare nterally admi n i s tered tvxin . 

Materials & Me thods : 

Repetitiv e heparini sed  ar t erial and venous b lood samples  

wer e taken wi th ' Vacut�iners ' from the l�mb s described i n  Chapter  6 

both b e f or e  and a t  intervals af t er the administrati on of  toxin . 

The fir s t  p o s t- inoculation sampl es  were  ge nerally t a k e n  as soon  as 

c linic al s igns of i n toxic a t i o n  were  evid e n t  ( ' Ini tial ' s ample s )  

and a fur ther sample was taken j u st b e for e  the death o f  the animal 

occurred ( ' Terminal ' s ample ) . The int erval b etween these tw o 

s amples  var i e d  be twe e n  1 5  minut e s  and 1 h our and add i ti o nal s ample s 

were taken between  the two ab ove sample s i f  the oppor tun i ty o ffered . 

Blood samples were also take n in  the i nt erval b et we e n  inoc ulation 

and the onset of c lini cal signs of intoxi c a tion whe n thi s  was 

prolonged . In s ome animals it was not pos s ible  to  ob tain the 

' terminal ' s ample s , due to  cir cula tory c ollaps e  or death of the 

animal . 
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A series of heparinised blood samples was 'J.lso taken from one of 

the �mim.:1.ls ( No .  77 ) whic h re ceived enteric -origin toxin.  The se sample s 

were take n prior tu and during the course o f  the intraduodenal infu sion 

and the development of c linicQl signs of intoxication. 

The colle c tion of blood samples and the analytical methods u sed 

for the blood gas al1i3.lyse s have been described in Chapter 1 5 . 

Result s :  

There were no detec table alter::ttions in any of the blocd gas 

prtrnme ters prior to the onse t of c linic <:1l signs of L. ': oxicntion . 

Following the development of depr e ssi � n  e tc . , there was a marked 

progre ssive fall in the pH of both arteri2l and ve nous blood samples 

from all the animals which had re ceived parenterally administered 

epsilon toxi n .  In many of the se animals the fall in pH was assoc iated 

with an increase in the pC02 . Levels of ' standard ' �icarbonate 

( bicarbonnte calculated at D. stand..:..rd pC02 of 40;nmHg . )  .::J.nd ' ac tual ' 

bicarbonate ( bicarbonate cnlculat0d at the pC02 of the sample ) fell 

in the post-intoxi cntion samples c:cnd this was associated wi th a fall in 

total buffer base c oncentrat ion in the blood . 

The change s which oc curred in the mean value s for the se 

components are shown in Table 1 6 . 1  and i llustrated by the hi stograms in 

Figure 1 6 . 1 .  The data is tabul[tted in Appendices 12 /x 13 . 



� i £ u r e  1 6 . 1 : · The E f � c c t o f  I n t r a v e n o u s l y  � d � i � i s t e r 0 �  � p s i l o � 
T ox i r.  on :<!. o o d  " ; :  a":. d :;:; J . i :: :.e ::-. 'c s  - . c. 

I 
I ';"', 
� � 

5u 

I E " -

! -.: t. . u  . ..  
I • 
� :\J 
! � 
I � 
I eo 
I ClJ 
! � 30 
I j-20 
: r------------------------------------------------------, 

I : 

� � 120 p I 7. o 
I 
�-�.·u·�o�--��L-�----����----���� 1. Pr c - ' I n i t i a l ' ' T e r c i na l '  

I � o c u l a t i o n P o st - I n o c u l a t i o n  



162 

Table 16 , 1 :  Alterati ons in Bl�od Gas Parameters 

�n Intoxi cated Lambs - Time of Sam�ling 
+ Means 1S . D .  Preinoculation n Onset of 

Intoxication 
n Time of Death n 

pH 

Std HC0
3 

Aotua.l 
HC03 
Buffer 
Base 

Venous 
Arterial 

Venous 
Arterial 

Venous 
Arterial 

Venous 
Arterial 

Venous 
Arterial 

7• 3 5  ± 
7 . 41 � 

2 1 . 7 + 

2 1 . 5  ;. 
2 2 . 3  : 
2 0 , 7  !. 

42 . 3 = 
42 . 5 : 

0 •04 
0 . 04 

6 . 5 
4 . 5  

2 , 6  
4 . 2  

2 . 5  
4 · 3  

2 0  
19 

19  
19 

19 
19 

19 
19 

lj 
19 

7 . 24 .!  0 , 11* 
7 .  31 .± 0. 04* 

51 . 3  t 7 . 1* 
41 . 2  ± 5· 7* 

18 . 5 :: 3 . 5 
19 . 0 + 1 , 3 

19 . 7  + 3 . 3  
19 . 2 .!. 2 , 0 

39 . 7 � 5 . 2  
40 . 4 :t 4 . 9 

* t test between pre1noculat1on flt,.rure a..r1d trn s value 
+ t test between preinoculation figure and thi s value 

11 
8 

11  
8 

10 
8 

10 
8 

10 
8 

7 . 06 +-

7 , 11 + 

0 , 18 
0 . 09 

54 · 7 
43 . 6 

+ 2 1 . 7 
±. 17 . 0  

17 . 9  ± 1 5 . 3  
12 . 6 .!. 5 . 1  

16 , 7  ± 5 . 3  
14 . 7 ± 5 . 4  

31 . 2  ! 6 . 5  
30 . 8 ± 8 . 9 

p = < . 01 
p c < . 05 

17* 
6* 

1 5 
6 

1 6  
7* 

14+ 
7 

16* 
7 

Although the fall in pH was very consi stent , it was not alviays 

associated with rise in pC02 and thi s is !.'efle cted in the very large stan­

dard deviations ·.-,hi ch occur in the 1 Terrrrinal 1 pC02 colunm of the table , 

The rise in pC02 tended to be greatest in the animals wi th pulmcnary oedema . 

In the animal s  which did not deve lop pulmonary oedema , and also in a fevr of 

the anilll£.l s  which did show thi s change , the ri s e  in pC02 was ei ther absent 

or very slight . 

The di fferent relationships between pH and pC02 in representative 

animals with and wi thout pulmonary oede;na are illustrated in Figure 1 6 . 2 .  

In the se animal s whi ch had received parenterally alli�inis tered toxin 

tl1e levels of p02 fluctuated very widely in samples from the same animal 

during the course of intoxi cation . In some animals i t  was higher in the 

post-inoculation samples than in the pre-inoculation sampl es . On the other 

hand , in some animals the p02 fell to extremely low level s ,  particularly in 

the 1 terminal 1 samples . 

in Appendix 1 3 .  

The po st-intoxication p02 re sults are tabulated 

The pattern of change s in the blood gas parameters of the anil'l'lal 

which received enteric-origin toxin were essentially similar to those  des-

cribed above . There were no consi stent changes in any of the values prior 

to the onset of clinical signs of intoxication. At about the t ime that 

the s e  signs developed there was a marked fall in blood pH from 
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7 . LfO t0 7 . 27 .  Subsequently t here VJas a transient ri se in pC02 from 

3CXnrr!Hg to 44omHg but this h:.1.d re turned to almost t he origi nal leve l by 

the t ime the • te rminal ' blood samples were t ake n .  The p02 showed no 

marked alterations during the whole c ourse of intoxication . 

Re su lt s  from this animal are giver� in Appe ndix 1 4  and i l lu strated 

by Figure 16 . 3 .  

Di scussion 

Seve re acute pulmon.::try oedeme. , such as the .. t which occurre d in 

many of t ) ;e animals in the pre se nt expe rime nt s , must of ne c e ssity 

interfere with re spiratory exchange . Under these c ond i tions a severe 

re spirat ory Cl.cidosis associ� ted with hi ,:}: pC02 value s  and low blood pH 
could be expe c t ed to occur . In the present inst <:> n c e  tte leve ls of 

bicarbon:::�.te in the sample s from t he ac idotic anim.:;.ls were also low 

indicat ing that the c ondition was uncor;1pensate d . Thi s too c ould be 

expe c t eC. in -::t rapidly progre s si ve c ondi t ion where renal c ompensatory 

me chani sms such as sodium re t e nt i on would not have time to influenc e  t he 

plasma e lec trolyte system t o  any extent . 

It is noteworthy that the p02 of tne blood sample s from many of 
the se animals was not a s  marke dly �ffec ted as the e levate d  pC02 value s 

might sugge st . The fact that in sone instanc es they were a c tually 

higher t han in t he pro -inoculati on sCtmple s sugge st s  t!w.t iJ. compe nsat ory 

me c hani sm must have been in e xi ste nce . The most like ly explanation 

for this result appear s t o  be that the i ncre3.sed ht.temoglobin cont e nt of 

the circu lat ing blood re sulting from the haemo c o ncentration has 

com1� nsated in large measure for the de creased efficiency in re spiratory 

exchange as far as oxygen is c oncerned . In addition, the increa sed 

respiratory stimu lu s  resulting from the rising carbon dioxide le ve ls in 

the blood �ould have increased the respiratory e ffort and assisted in the 

oxygenation of the available haemoglobin. The overall result would be nn 

incre a se in p02 although , be cause of the ine fficient re spiratory exchange , 

the avai lable haemoglobin was probably not fu lly saturated with oxyge n .  

It i s  i nt e resting t o  note i n  this res1� c t  that a s�ilar situation ap1� ars 

to have oc curred in the animal whic h  Ke llacray et al u sed to i l lu strate 



their blood Bas c hanges . In thnt .:;_nimal too there was very lit t le 

ch.:mge i:1 the oxygen c onte nt of the b lo od sampl es from t�e animal during 

the course of i nt oxi cati on anJ the fo.l l  in oxygen saturation of the bloo-:1 

whic h  they describe appears to have be <:: n associateu with the increased 

haemoglobin pre se nt due to haer.io concentrat i o n .  

\'Jhile on t he sub j e c t  of oxygen c ont e nt o f  the blood sample s  i t  

should b e  menti oned t hat some of the very low pOz value s e nc ountered i n  

the ' Te rminal ' sa1nple s  from some o f  the c:�nim.J.ls i n  the pre se nt study 

were taken at a very .:J.Jvanced stG.ge of i nt o xi cat ion whe n the animal was 

prac tically c lini c o. l ly Je:J.d anc,� under the se circumstanc e s  suc h  low 

value s  c ou ld have been ex¥e c tecl . 

One o f  the must inte re sti ng feature s of the :prese nt serie s of 
e stimati ons was the fact th&t L< some (,f the intoxicated. animals the 

fall in b lo od pH was not associo.ted wi th a c oncomit �nt rise in pCOz . 

Thi s implies that ,  in the se animal s , the acidosis was not of re spiratory 

origin � The basis o f  metabolic acidosis i s  often c omple x in natural 

d isease stat e s  bu t in the pre sent instcmce many of t he possibilities 

c ou ld be disc ount ed . In these animals there was a fall in bicarbonate 

and also in tot��l bu ffer base leve ls anc1 , sinc e there vns no severe 

d iarrhoea or prolonge <l renal insu fficie ncy , the most like ly e xplanation 

appeared to be e xc e ssi ve acid fornatiun in t he body . This c ou ld only b ....... ve 

been o f  me tabolic origin and the acid under these c ircumstan c e s  c ould be 

expec ted to be lac tic acid . This was eve n  mor8 pro bable in view of the 

hyperglycaemia which o ccurs in ent erotoxaem ia , but a di scu ssion of the 

change s  in the various produ c t s of glucose me t abolism which oc c urre d during 

the c ourse of int oxication in the prt: se nt e;.nimals can be c onve nie nt ly 

deferred until Chapte r  1 9 . 

Be fore leavi::1g the b lood gas nnalyse s it is also important t o  

note that in the animal VJhic h  rec e ived e nteri c  origi n  toxin there was o. 

fall in b lood pH whi ch was not entire ly re ferable to the le ve ls of pCOz 

implying tho.t in experimento.l enterotoxaemia too , there i s  a me tabolic 

acidosis .  Here agai n the de tails of the me tabolic c hange s a ssoc iated 

with altered gluc o se me tabolism can be de fe rred . 



Conc lu sions . 

1 .  There were no c or:.sist ent :1lterntio:r.s in any of the blood go.s 

par.'lme t e rs betvJe e n  t:1e ::tdi·ilinir3tration of epsilon toxin .. md the onse t of 

c li nical s i gns o f  intoxico.t i o n .  

2. A se ve re , prog:re ssi v e  ac ido si s d e ve loped in b o t h  arterL!.l 

and ve nous b lood sc.mple s t c�ke n from animals which showed c linico.l si gns 

of intoxi c a t ion f ollowing the pare nteral administrat ion of epsilon 

toxin . Thi s also o ccurred ir. an animal in which expe rimental 

enterot ox9.emia ho.d been induced . 

3 .  The re vms 'ln increase ill the pC02 of t he blood in many of 
t h e  anima l s  due to deficieat re spiratc, ry exch.:J.nge ccssociated with the 

pulmonary oedema . 

4 .  PlasGJu. bicn:::·bonate levels Vkre low in all animals which 

develope d  ac idosi s indice,ting that t he ac idosis wa. s uncompe nso.ted and 
that renal c ompensatory r;;ec hani sr:1 s  had not C :.)mc- int o e f fec t .  

5 . De spi t e  the e levated pC0
2 

and deficient re spirat ory e xchc..nge 

the p02 did not fall consiste�J.t ly in all intoxicated animals . The 
c ompenso.t ory mec hani sms in this c o. se were : i . I ncreased re spi rat ory e ff ort 

assoc iat e d  w i t h  stimulation o f  the re spiratory centre by the rising pC02 . 
ii . I nc reased haemoglobin c ,mtent of the blood due t o  the 

haemoc oncentration . Thi s resulted in a rnainte nG.EC 8 of uormal or above 
normal p.:::trti&l pre ssure s o f  oxyge n i n  the b lood de spit e e. dtJ crense in the 

saturat iun of the hae>;1e;gl. )bin with oxyge n .  

6 .  In some intoxicr:ted animals there VJCJ.s a severe a c idosis with 

normal or reduced pC02 levels ir"di c a t ing that there was a me t abolic 

acidosis pre se nt . In SOti1e animal s , e . g . the animal in which e X:t:JerirJental 

e nterot o xaemia had been i�du c ed , there was e vidence that both re spiratory 

and me tabolic acidoses were prese nt . 
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CHAPTER 1 7 :  HAEMATOLOG ICAL ALTER,·, TI ON S dW CHANGES IN THE 

LEVELS OF PLASI"L� PRO'!'E I NS IN L.ri.r-IBS FOLLO.NING THE 

..-•DMIN I S TR,:. T ION OR .HBSORP'I'I ON OF CL . PERFRINGENS 

TYPE D EPS ILON TOX I N  

G o r d o n  a n d  h i s  e o - w or ke r s  ( 1 940 ) h av e  sh o wn t h � t  C l . 

pe r fr i n g e n� type D t o x i n  p r o duc e s  a s e v e r e  a nhydr a e m i a  (h a e m o ­

c o nc e n t r a t i o n ) in s h e e p . In t h e  c o ur s e  o f  t h e ir s t u di e s , t h e  

a l t e r � t i o n s  wh i c h  � c c ur r e d i n  a n u m b e r  o f  h a e ma t � lo g i c a l p a r a m e t e r s  

w e r e  e xam i n e d . T h e y  faile d to s h o w  an y mark e d  c h ange i n  c l o t t in g  

t i m e  er erythr o c y t e  f r �g ili t y . Th is c o uld b e  e :�.- ·� c t e d  i n  an ac u t e  

i n t ox i c a t i o n  wh er e l i t t l e  t i m e  was availab l e  f or t h e  pr o du c t i o n  o f  

e r ythr o c y t e s  o r  f a c t o r s  ass o c i a t e d  wi th t h e  c l o t t i n g  m e c hani s m  t o  

b e  af f e c t e d .  S i m i lar ly , a l t e r 3 t i o n s  i n  e r y t hr o c y t e  numb e r s  w o u l d  

g e n e rally b e  dir e c t l y  p r op o r ti onal t o  c h a ng e s  in h a e m o 5 l o b i n  l e v e l  

an d h a e m a t o c r i t  ( p a c ke d c e l l  v o lum e  - P . C . V . ) i n  a n  a c u t e  n o n -

h a e m o l y t i c  i n t o x i c a t i o n . Ta t 51 e r y t hr oc y t e  c o u n t s  w e r e  t h e r e f o r e  

c o n s i d e r e d  t o  b e  u n l i k e l y  t o  y i e l d u s e f ul i n f o rma t i o n . 

I t  was d e c id e d  t o  limi t t h e  h a e m a t o l o g i c al me asur e rn e n t s � in 

t h e  p r es e n t  i n s t a n c e  t o  v a lu e s  f o r  h a e m o gl o b i n , h a e m a t o c r i t  a n d  t o t a l  

wh i t e  c e ll c o unt . C a l c u l a t i o n  o f  t h e  M e a n  C e ll Ha e m o g l o b i n  

C o n c e n t r a t i o n  ( MCHC ) f r om the f i r s t  t w o  value s w a s  c o ns i d e r e d  t o  b e  

d e s i r ab l e  t o  c o n f i r m  tha t  t h e  a l t e r a t i o n s  i n  h a e m o g l o b in l e v e l  w e r e  

i n  f a c t a s s o c i a t e d  w i t h  c or r e s p � n d i n g  c h an g e s  i n  pa c ke d c e l l  v o lum e . 

J•l th ough G o r d o n  � t  al had d e mo n s t r a t e d  a s l ig h t  leuc openia in their 

p o s t - i n o c u l a t i o n  b l o o d  s ample s t h e  m a i n  p ur p o s e  o f  c ar r ying out whi te 

cell c o u n t s  in the p r e s e n t  i n s tanc e w a s  a s  an i n d i c a t or o f  

p o s s ib l e  i n t e r c urre n t  i n f e c ti o n  i n  t h e  c o n t r o l  and e xp e r i m e n t a l  

an i mals . 

As t h e  name impli e s , the anh ydrae m i a  or haemo c o nc e n trati on 

which was e n c oun tere d by pr evi o u s  w o r k e r s  was b eliev e d  t o  r epr e s e n t  

a l o ss o f  fluid f r o m  t h e  c ir c ulati on . F o r  r easons which will b e  

d i s c u s s e d  i n  Chap t e r  1 8  i t  was unlik e l y  that mar ke d alterati ons i n  

i no rganic i o ns such a s  s od i um , p o tassium or c hloride would b e  

e n c oun t e r e d  u n d e r  the s e  c i rcums t an c e s . 
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Wh e th e r  or n o t  c ha n g e s  in b l o o d  l e v e l s  of c o ll oi dal 

sub s tanc e s f: such as pr o t e in s , would o c c ur wc uld d e p e n d  e n t i r e l y  

u p o n  the u n d e r l ying basis f o r  the fluiJ l o ss . U n d e r  th e s e 

c ircum s t abc e s  a s t ud y o f  the c u n c e n tr a � i c n s  o f  the p l as m a  pro t e i n 

c ompon e n t s  dur in g the c J u r s e  o f  int oxic a t i � n  c cul d p r o v i d e  u s e ful 

i n f o r m a t i o n  o n  the pathoge n e sis u f  the fluid l o s s  and hae mo -

c u n c e n t r a t i o n  •. As t he s e sub s t an c e s  d o  n o t  appear t o  hav e b e e n  

s tudie d b y  pr evious w orkers i t  was ne c e s sary tu  examine the ch ang e s 

in b o th t o t � l  pr c t e in l e v e l s  and th e d i f f e r e n t  p r o t e i n  f r ac t i o n s  

i n  the pr e s e n t inve s t i� a ti on anJ t 0  r e l a t e  t u e s e t o  th e  m or pho l o gic al 

c hanges in c ap i l lar i e s . 

A l t e r a tions I n  Haemato l ogi c a l  Parame t e r s  a n d  P l as ma 

P r o t e in Levels i n  Lam b s  F o l l o wi ng the Par e n t e r a l  

Adminis t r a t i o n  o f  Eps ilon Toxin 

Ma t �r ial & Me thods : 

The animals u s e d  a n d  the m e t h o d  o f  s ampl e c o l l e c t i o n hav e 

b e e n  d e s c r i b e d  in Cha p te r 1 5  a l o n g  with t h e  p r o c e d u r e s  u s e d  f e r  

d e te rmin ing t h e  haema to lo g i c al parame t e r s , t o tal p r o t e i n  l ev e l s  i n  

p lasma a n d  t h e  e l e c t r opho r e t i c  p a t t er ns of t h e  plas ma p r o t e ins . 

As in the p re v ious c h ap t e r the ' I n i t i a l ' p o s t  i n o c ul a t i o n b l o od 

s ample s w e r e  t h o s e  t aken a s  s o o n  a s  c l i n i c al s igns o f  i n t o xic a t i on 

w o r e  e v i d e n t a n d  the ' T e r mi n a l ' s a mp l e s  t h o s e  taken j u s t  p r i o r  t o  

the d e a th o f  t h e  ani mal . 

R e sults : 

The r e  were no alt e r a t ion s i n  any o f  th es e parame ter s , 

r e f e rab le t o  the ac t i o n  u f  the t o x i n , in p o s t  inoculation b lo od 

s amples take n prior t o  the ons e t  o f  clinical signs of i n t oxic �ti o n . 

I n  some o f  t h e  animals which survi v e d  for s ome time and w e r e  

the r e f o r e  samp l e d  on s ev e r al o c c as io ns the r e  was , prior t o  t h e  o ns e t 

o f  signs o f  i n toxication , a slight fal l in the hae ma t o c r i t  and the 

lev els of haemoglobin due to  b l o od l o s s . 

Following t h e  onse t o f  c lini c a l  s igns of in toxic a t i o n  there 
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was evidenc e of a rapidly d e v e loping h aemo c o n c e n t r a t i o n  in m o s t  

animals • . Gro s s l y  the hae m o c Gnc e n tr a t i o n  was d e t e c tab l e  as a 
mar ke d incr ease i n  the v i s c o s i ty o f  t h e  b lood as i t  was b e ing 

c ol l e c t e d  into the ' Va c u t a i n e r s ' an d  quan t i t a t i v e l y  it was 

r e f le c t e d  i n  an i n c r e a s e  in the hae m o globin l ev e l  o f  t h e  b lood 

and also i n  t h e  h�emat o c r i t  v a lue . T h e  changes in th e s e  two 

valu e s  we r e  p r o p o r t i o nal , wi t h  the r e sult th 3 t  t h e  me�n c e ll 

haemoglobin c o n c e n t r a t i on calcula t e 1  f r om them r emai ned alm o s t  

t h e  s ame a s  t h 0  p r e i n o c u la t i o n  valu e . 

The h a e m o c onc en trati o n  was mor8 s e v e r e  in the animals 

whi ch were sub s e qu e n t l y  shown t o  hav e d e v e loped pulmonary o e d ema 

and in s ome of t h e s e  animals the pa c ke d  c a ll v olume and 

haemuglobin c on t e n t  o f  the ' Te rmin al ' b lo o d  sample w e r a  more t han 

double th e pr e - i n o c ul a t i o n  valu e . B y  C Jmpar i s o n , the c h an5e s whi c h  

oc c ur r e d  i n  t h e s e  param e t ers in lam b s  w h i c h  d i d  not s h o w  l u n g  

o e d e m a  w e r e  f a i r l y  small . F o r  e xa mp l e  i n  two o f  th e l a t t e r  c as e s  

no signi f i c an t  c hange in e i th er haemoglobin c ont Gn t e r  p a c k e d  c ell 

v o lume was de te c t e d . The ov e r a ll c ha n g e s  wh ich o c c ur r e d  i n  t h e s e  

par ame t e r s  i n  v e nous b l o o J  dur ing i n t oxi c a t i o n  a r e  s h o w n  i n  

Table 1 7 . 1 and i llustrat e d  w i th t h e  m e a n  haema t o c r i t  valu e s  i n  

Figure 1 7 . 1 a .  I n  addi t i on t h e  i n t e r - r e l a t i on ship b e t w e e n  t h e  

d e v e lopment o f  pulmonary o e dema a n d  t h e  e xt e n t  of  the chan g e s  

whi c h  oc curr e d  i n  the haema t o c r i t  a r e  i llustra t e d  in Figure 1 7 . 1 b . 
The p o s t  i n o c ul a t i u n  data on i n t cxi c a t e d  lamb s is  pre s e n t e d  i n  

J'1.pp e n d ix 13 • 

Tab le 1 7 . 1 : 
A l t e rat i o n s  i n  Haemoglob in , Haematocrit and Total Plasma 

Pr o t e i n  i n  I n to xi c a t e d  Lamb s 

Mean + 1 Std . Dev . Time of  Sampli n g  

Pre - On s e t  o f  Time o f  
inoculat i o n  n In t o x i c a t i o n  n D e a t h  n 

' I n i t ial ' ' Terminal ' 

Haemoglobin Gm% 1 0 . 4  + 0 . 9  26 1 1 . 3 + 1 . 4 1 5  1 5 . 2  ± o . B  24 
Haema t o c r i t  % 34 . 6  + 2 . 5  26 37 . 6  + 4 . 6  1 5  � 1 . 4  ±1 4 . o  24 
Total Pro t e in 6 . 5  + - 0 . 5  26 5 . 9  + 0 . 5  1 5  6 . 3  + 0 . 8  22 

t test ·' Raemoglob�n Pre�noc : In�t�al p= � .05 Pre�noc :Term�nal p = < . 001 
p = < . 00} FttJI u " p= <. • 05 

Protein 11  " p=<. OOl 
" " 

" 11 p = not sig­
nificant 
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Th e r e  was an J V e r a l l  t e n d e n c y  for the t o t a l wh i t e  c e ll c ou n t  

t o  b e  e l e va t ed i n  t he p o s t  i n a c u l a t i c n  s a mp le s . 

The l e v e l  o f  t o t a l p lasma p r o t e i n t e n d e d  t 0  b e  s l i gh t ly 

l o w e r  i n  m o s t  uf t h e p o s t - i n t o x i c u t i � n  b l o o d samp le s . The c h a n g e  

w a s  0 . 5  3m% o r  le ss in m o s t  i ns tanc e s ,  a n d  th e m e a n  f all was n o t  

s t a t i s t i c ally s i Gni f i c a n t . The c hang e s  w h i c h  o c c ur r e d  i n  plasma 

pr o t e i n  values in i n t o x i c a t e d  a nimRls are als o i l � �s t r a t e d  i n  

Fi gur e s  1 7 . 1 a wh e r e t h e y  a r e  r e la t e d  tu t h e  c hang e s  i n  h ae ma t G c r i t . 

A l t e r a t i < l n s  in H a e ma t o l ?si c a l  P arame t e rs a n d  P lasma 

Pr o t ein Levels i n  Lamb s w i t h  Expe ri m e n t al En t e r o t o xaemia . 

Mat e r i als & Me thods : 

Th e p r o d u c t i o n  o f  e xp e ri m e n t a l  e n t e r u t o xa e m i a  i n  l amb s i s  

d e s c r i b e d  i n  Chap t e r  6 i . e .  t h e  ' e n t e r i c - o r i g i n ' t o xi n  group of 

l amb s . Th e m e t h o d  use d f or c o ll 8 c t i o n o f  b l o o d  samp l e s , the 

e s timat i o n  o f  haemoglob i n  e t c . h ave a l r e a d y  b e e n d e s c r i b e d . 

To t al wh i t e  c e ll c oun ts w e r e  n o t  c ar r i e d  o u t  o n  th es e 

ani mal s . 

T o tal plasma pro t e i n  l e v e l s  in th e b l o o d  sample s w e r e  

e s t ima te d b y  the man ual ' Biur e t '  m e t ho d d e s c r i b e d  i n  W o o t t o n  ( 1 964 ) . 

The sp e c t r o pho tometric me asur eme n ts for this es tima t i o n  w e r e  made a t  

540 nm wi th a B au s c h  & 1omb ' S p e c t r 0 n i c 20 ' s p e c t r o ph o t o m e t e r  

(Bausch & Lamb I n c . , R o c h e s t e r  I l l . , U . S . d . ) .  The s t an d a r d s  

empl oye d w e r e  a sample o f  ' V e rs a t o l ' s e r um s t an dard ( w a r n er 

Chilc o t t  Morris J Plains N . J . , U . S . A . ) c on ta ini ng 7 . 2Gm% t o t al pr o t e i n  

A pr e p a r a t i o n  o f  1 00mg f ra c t i o n V b ov in e s e rum albumin i n  1 ml 

d i s t i l l e d  water was also used. 
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R e s ul t s : 

N o  s i gn i f i c a n t  c h a n g e s  oc c ur r e d  i n  any o f  t h e s e  p a r a m e t e r s  

i n  an y a nimal u n t i l  the on s e t  of c l i n i c al s i g n s  o f  i n t o xi c a t i on 

even t h o ugh s e v e ra l  h o ur s e l a p s e d  b e t w e e n  the s t � r t  o f  t h e  

i n t r n d u o d e n al i n f u s i 0 n  o f  C l � pe � f r i ng e n s  type D c u l t u r e  p l u s  

c a r b o h yd r a t e , a n d  t he d e v e l o p m e n t  c, f d e t e c tab l e  in t oxi c-n. t i o n . 

S a mp l e s  take n a f t e r  c l i n i c a l  s i gn s o f  i n t o x i c a t i o n  w e r e  

e v i d e n t  showe d an i nc r e a s e  i n  h n e m o � l o b i n  c on t e n t.  � n d  p a c k e d  c e ll 

v o l um e  in th r e e  ani ma ls . H o w e v e r  t h e s e  par am e t e r s  d i d  n o t  c hange 

s i gn i f i c a n t l y  f r um the p r e i n o c u l a t i o n  l e v e l  a t  2 � y  t i me in t h e  

f o u r t h  animal ( No . 78 ) a l t h o u Gh i t  e xh i u i t e d  ' t yp i c al ' s i e n s  of 

e n t e r o t c x a e mi a ( s e e  Chap t e r  ? ) . 

The c han g e s  i n  t h e  lev e l s  c f  t o t.al pr o t e i n w e r e  m o r e  

var i ab l e  i n  the s e  a n i mals than i n  l amb s r e c e ivi ng par e n t e r a l l y  

admi n i s t e r e d  t o xin . To tal p r o t e i n  r o s e  s l i g h t l y  f o l l owi n g t h e  

d e v e l o p m e n t  o f  c l i n i c a l  s i g n s  o f  i n t o x i c a t i o n  i n  al l i n s tan c e s . 

In t w c  animals t h i s  r i s e  c o n t i n u e d up t u  t h e  t i m e  o f  d e a t h  b u t  i n  

t h e  o t h e r s  t h e  l e v e l  r e turn e d  t o  n o r m a l o r  f e ll b e l o w  t h e  p r e ­

i n o c u l a t i o n  le v e l  t e rm i n a l l y . 

The pr ogr e s s i v e c h a n g e s  in t h e s e  p a r ame t e r s  from p r i o r  

t o  t h e  c omm e n c e m e n t o f  t h e  i n t r o d u o d e n a l  i n f u s i o n  un t i l  t h e  t im e  

o f  d e ath are i l l u s t r a t e d  i n  Figure 1 7 . 2  a n J  t h e  data i s  t ab u l a t e d  

i n  A p p e n d i x  14 • Th e r e  w e r e  n o  c o n s i s t e n t  di f f e r e n c e s  i n  t h e  

p r o t e i n  pat t e r n s  o b t a i n e d  b y  e l e c t r o phor e t i c  s e par a t i on o f  p r e - or 

p o s t - i n o c ulat i o n  p l a s ma s amp le s . 

As men t i o n e d  in C h ap t e r  1 5 ,  t h e r e  w e r e  c o n s i d e rably m o r e  

p e ak s  i n  t he p a t t e r n s  o b t a i n e d  f r om t h e s e  an imals t h a n  i n  t h e  

p a t t e r n s  f r o m  t h e  young lamb s u s e d  f o r  e x p e r i me n t s  i n  whi c h  t o x i n  

w a s  g i v e n  b y  i n t r av e n o us i n j e c t i o n . 
Di s cu s sion 

Frum the s e  f i n d i n g s  it appe�h a t  t h e  a l t 8 r a t i o n s  w h i c h  

o c c u r  i n  t h e  haema to l ogi c al parame t e r s  dur in g  in toxi c a t i o n  ar e 

almo s t  e n t i r e l y  d u e  tu c ha n g e s  i n  f l u i d  b a l an c e  b e t we e n  t h e  b l o o d  

s t r e am and t h e  extravascular f l u i d  c omp ar tme n t s  •. il.s c ould b e  
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exp e c t e d  in a n  a c u t e  in t o x i c a t i o n  i n  whi c h  intravascular 

hae mol ys is is no t a pr omi n e n t f e ature the m e an c e l l  haemoglob i n  

c on c e n tration r emained r e l a tive ly c o n s ta n t  a n d  d i d  n o t  r ev e al 

an y ev i d e n c e of b l o o d  d e s truc t i o n i n  ani mals wh i c h  r e c e ived 

par e n terally admi nis tered t oxin thus c o n f i r m i n g  the earli er in v i t r o  

e x p e r i m e n t s  w h i c h  show ed that a l pha t o xin was n o t  pr e s e n t  i n 

ap pr e c i ab l e quan t i t i a s in b a tc h C �D e ps i l o n t o xin ( s e e  C h ap t e r  4 ) . 

The ch�nge s in the t o t al whi t e  c e l l  c o un t s  in i n t ox i c a t e d  

ani ma ls were small a n d  c ould b e  e xpla i n e d  o n  t h e  b a s i s  o f  t h e  

ha e m o c o n c e n tr � t i o n . This sugg e s t s  that the toxin may n o t  e li c i t  

an ac u t e inflamma t 0ry response when admini s t erEd i n t r ave n ous ly . 

Tw o i t ems o f  i n t e r e s t  i n  r o gard t o  the whi t e  c e ll c oun t s which d o  
n o t  eme r ge fr om t h e  resul t s  giv e n  in t h i s chap t e r  ar e as f o l l o w s : 

Two ani m als whi c h  were remov e d  f r o m  the e xp e r i me n t on th e basis o f  

suspec t e d  i n t e r c ur r e n t i n f e c t i o n s  had very high whi t e  c e ll c ou n t s  

( 38 , 000 and 63 , 000 wh i t e  c e l ls/mm3 ) a n d  o n e  o f  t he s e  animals w a s  

sub s e qu e n t ly shown t o  have a s ev e re Sfhaercphorus spp n av e l  

i n f e c t i on . O n  t h e  o ther hand t w o  o f  the f i e l d  c a s e s o f  ne ur o l o gi c ­

al d i s e a s e  unass o c i a t e d  wi th e n t er o t o xa emia wh i c h  w er e e xami n e d  v i z . 

the c a s e  o f  E . c ol i m e n i n g o e n c e ph a li t i s  and the c e rv i c al spinal 

ab s c e s s  c a s e s  m e n t i o n e d in C ha p t e r  1 3 had white c e ll c ounts within 

t h e  normal range ( 6 , 95 0  and 5 , 500 whi te c e lls/mm3 r espe c tiv e ly . 

The s e c ond interes ting feature was the f a c t t ha t the t o tal whi t e  

c e ll c ount r o s e  f or a pre-inoc ulation lev e l  o f  5 , 8 00 c e l ls/mm3 t o  

a fi gur e o f  1 3 , 800 c e lls/mm3 i n  5 hour s i n  th8 lamb whic h  r e c e i v e d  

eps i l on t oxin by in trap er i t o neal admi nis tration . Thi s  was almo s t  

c er ta in ly d u e  t o th e extreme ly s evere per i t on i t i s  which was induc e d  

a s  a r e s u l t  o f  using this r o u t e  o f  admin i s tr a ti o n , ( s e e  Chap t e r  6 ) . 

Th e c ompar a t iv e l y  minor c h anges in haemoglobin and haemn t o c r i t  

v alu e s  that occurred in the ma j or i t y  o f  t h e  animals which di d n o t  

deve lop pulmonary o e dema a f t e r  t h e  par en teral adminis tration o f  

toxin sugge s ts that hae m o c c n c entration may n o t  always o c c ur i n  

e n terotoxaemia . Thi s  i s  als L s uppor t e d  b y  the fac t  that no marked 

alternt i on t o  the s e  parame t ers oc c urred in one of t h e  animals whi c h  

r e c eived e n t eric origin t oxin ( No . 78 ) .  I t  app ears likely however 

tha t  t h e  e x t e n t  o f  the  haemoc onc e n t ration i s  almo s t  e n t ir e ly 
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depe nde n t  u p o n  the s ev e r ity o f  the vas c ular e n d o the lial d amage and , 

while this c ould b e  e xp e c t e d  t o  vary from animal t o  animal , i t  i s  

prob ab l e  that i n  th e ma j or i t y  o f  c ases i n  whi ch rapid d e a th oc curs 

the damage would t e  su f f i c i en tly severe t o  pr o d u c e  h a e m o c o nc e n tr a t ­

i on . Animals No . 78 and 8 1  w e r e  the o n e s  whi c h  s urviv e d  t h e  

longe s t  f ollowing the o n s e t  o f  c li n i c al signs o f  i n t o x i c a t i o n  and 

it i s  i n t e r e s t in g  to note that whi le the former animal did n o t  

show any haemc c o n c e n tr a t i o n  i t  was pr e s e n t  i n  t h e  lat t e r  animal . 

Ev e n  in  ani mals where pulmonary o e d e ma di d n o t  o c cur t h e r e  

was u s u a l l y  s ome e v i d e n c e  o f  hae m o c onc e n t ration a n d  this sugge s t s  

that fluid i s  l o s t  i n t �  o t her t i s s u e s  a s  w e ll a s  the lun3s . I t  

has alr eady b e e n  shown i n  Chap t e r  9 tha t s ev e r e  myo c ar d i al o e d e ma 

o c c urs and n o  doub t t h e r e  are a l s o  o ther s i t e s  i n  which fluid i s  

los t f r o m  t h e  c i r c ul at i o n . In  t h i s  re spec t i t  was 8 f  c o n siderab le 

i n t e r e s t  t o  f ind tha t  th ere was a loss o f  pr0 t e i n  f r om the 

c ir c ulation al ong w i th the flu i d  and tha t  in fac t the fluid which 

� s  extrav a s a t e d  mus t have a c ompc s i ti o n  c losely r e s e m b li n g  whole 

p lasma as not only did the level o f  t o t a l  plasma pro t e i n  tend t o  

fall r a t h e r  t h an r i s e  b u t  all t he pr o t e i n  c omp o n e n t s  app e ar e d  t o  

hav e b e e n  a f f e c t e d  t o  the same e x t e n t . Thus the c o n J i t i on is n o t , 

s t r i c tly s p e aking , an u n c ompli c a t ed anhydraemia . The ou tpour i n g  

o f  pro t e i n s  i n t o  t h e  extravas cular fl uid mus t i n e v i tab ly hav e  a 
p r o f ound e f f e c t  upon the c ol l o i d  o s m o t i c  pressur e  o f  the extra­

vascular fluid and th is would t e n J  to a c c e l e r a t e  the e x t ravasat i o n  

o f  fluid and could c o n tribute t o  t h e  haemo c onc e n trat i o n  and 

c ir c ula t o r y  c ollap s e . 

The s e f i n d i ng s  �r e n o t  al t oge ther surpris ing i n  v i e w  of the 

vascular e n d o the lial dama ge wh i c h  has b e e n  shown t o  oc cur in a w i d e  

var i e ty o f  tissues i n  lamb s an d th eir oc currence c o uld also hav e 

b e e n  an tic ipated from the loss o f  h or s e  radish p e r oxidase fr om the 

c i r c ul a t i o n  i n t o  the brain e x t r a c e llular spa c e  i n  mic e . I t  i s  

p o s s ib l e  t h a t  the y  may h e lp t o  e xplain o n e  o f  the rather anomal o us 

r e sults i n  Chap ter 8 .  I t  was shown in that chap t e r  that , whi l e  

an i nc r e a s e  i n  water c on t e nt o f  b r ai n  t i s s u e  oc curred i n  i n toxicat�d 

mi c e , a s i milar change c o uld not b e  demo n s trated in i n t oxicated 

lamb s . I t  appears p o s s ib l e  that , s i n c e  p lasma c on tains 
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approxima t e l y  6% pr o t e i n , if a f luid of this type wer e b eing 

e x trav as a t e d  i n t o  brain t i ssue whi c h  i ts e l f  has a fairly high 

water c o n t e n t  ( 8 4% i n  grey ma t t e r  o f  adult sheep - S p e c tor , 1 956 -
p o s s i b l y  higher i n  young animals - s e e  G r e e n  1 966 ) ; then marked 

c h anges in fluid b alanc e c ould oc c ur b ef o r e the y  w e r e  d e t e c tab le ,  

a s  a change i n  ab s o l u t e  water c o n te n t  o f  the ti ssue . 

Some m e n t i � n  mus t  also � e  mad e  o f  the difference  in t h e  

e l e c trophore t i c  pa t t e r n s  of  t h e  p lus ma pro teins in samp l e s  fr om t h e  

2 - 3  w e e k  o l d  l a m b s  and in sampl es from 8 mo n th old lambs . S o  far 

the pre i n o c u l � ti on values f er the haematoloci cal and b i o ch e mi c al 

param e t ers o f  the 8 m o n th old lam G s  whi c h  w e r e  u c e d  fer the 

e xp e rime n t s  w i th e n t e r i c  origin t oxin have n o t  b e e n  d i s c u s s e d  

e x t e nsiv e l y  becaus e i n  m a n y  i n s t a nc e s  th e y  d i d  n o t  differ significant­

ly from tho se of thu 2 - 3  we ek o l d  lambs which have alr e ady b e en 

d e s crib e d .; There w e r e  c er tain n o t able d i f f e r e n c e s  however and 

t h e s e  will be d i s c us s e d  as they ari s e . In partic ular th er e were 

very  marked dif ferenc es  i n  t h e  e le c t rophore t i c  pa t t e r n s  o f  t h e  

p lasma pr � t e in s� 

Th e ele ctr orJh o r e t i c  p a t t e r n  o f  the young lamb ' s  plasma wi:th its few 
high globulin p e aks pr ob ab l y  r e fle c t s  the c onsiderab le amo u n t  o f  

pr o t e i n  whi c h  is ab so rb e J f r o m  t h e  d am ' s  c ol o s trum dur ing the early 

l i f e  o f  the lamb . The pa t tern of p e rme abi l i ty o f  t h e  

i n t e st ine t o  t h e  dif f er e n t  typ e s  of pr o t e i n  m o l e c u l e  i s  known to 

change rap i d l y  during t h e  fir s t  f e w  days o f  life . In the rnt , all 

t yp e s  of pro t 0 i n  are ab s o r b e d  i n i tially but there i s  a pr o gre ss i ve 

s elective r e duc t i o n  in p r 0 t e i n  absorption w ith t h � t  o f  globulins 

gene rally continuing for  t he lo nge s t time (Jordan & Morgan , 1 968 ) . 

In the lamb the ab s o r p t i o n  o f  intac t Globulins d oes n o t  app ear to  

c ontinue f o r  more than 4 8  hours af t e r b ir t h  ( Mc Car th y & McDougall , 

1 953 ; quot e d  b y  C o ope r , 1 967 ) � 

On the o the r han d , judgi ng  b y  the pe � s is t e n c e of  passive 

pr o t e c t ion agai ns t  c ertain  dise a se � which is  c on f e rr e d  by c ol o s tr um 

d e r i v e G  an t i t oxins , the gamma globulins ab s o r b e d  dur i ng the early life 

of the animal can p e r s i s t  a t  appre c iab le levels in the plasma until 

at least 1 2  weeks o f  age . From this t i m e  onwards the animals own 
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electrophore tic pattern of prote ins will begi n  to emerge more c learly 

and will t e nd to increase in c omplexity with increasing maturi t y .  

Finally , i t  alJpears that the loss o f  high molecular weight 

substance s  from the blood stream wi ll bi� a maj or fac tor limiting the 

use fulne ss of many of the existiug methods for studying the pat tern 

of absorption of epsi lon toxin from the int e stine . It is obvious that 

under conditi ons where the t oxin or tracer substance s ,  such as the 

antibodie s used by Bul1en & Batty ( 1 956 , 1 957 ) and the PVP used in the 

pre se nt study, are not being re tai�1ed in the c ircu lation following 

ab sorption from the inte stine 2_."''\0rnalous results are like ly to be 

obtained whe n as says are carried out on blood sample s .  It appears 

probable there fore that the sudde n fall in the leve ls of PVP in blood 

samples take n from animal no . 81 ( see Chapter 6 )  following the onset of 

c linical signs of int oxication were due to loss of this tracer into 

the extravascular fluids via t he damaged capillarie s .  

Conc lusions 

1 .  A se vere haemoconc e ntration usually occurs fo llowing the 

o nse t of c li nical signs of intoxication after · pare nteral e psilon 

toxi n  administration aud also after the e xperimental induction of 

e nterotoxaemia by the i nfusion of �l .perfringens type D and 

carbohydrate i nto the duodenum of lambs .  This change i s  not 

invariable and probably refle cts t hE: extent of tJle vascular damage 

which occurs . 

2 .  The total plasma prutein falls in association with t he 

hae moconce ntrati c n  indicating that protein is being lost from the 

circulation and this may help to e xplai n  the lack of detec tab le increase 

i n  water content of the brains of i nt oxicated lambs . 

3 .  The e lectrophore tic pat tern o f  the plasma proteins c.f 

normal 2-3 week o ld lambs is different from t hat in normal 8 month u ld 

lambs . 

4 .  There were no detectable c hange s i n  t he electrophore tic 

pattern cf the plasma proteins after the onset of int oxication 

indicating t hat all protein fractions wev� be ing lost from the c irculation. 
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5 .  The tL.tal whi t e  c e l l  c ount i s  not influenced by 

i ntravenou sly adr;Jini stered e psilon t ()Xi n ,  but is e levate d  followi ng 

t he intraperit oneal: ndmini strat ion of toxin due to the pe ritoni t i s  

w h i c h  occur s .  

6 .  The !-lean C e l l  Haerr,vglobin Conc e ntration i s  unaffe c t e d  

duri ng epsilon tuxin i ntoxi cat i o n  show i ng t hat the change s in t he 

haematocrit and haemoglobin cont e nt o f  t he blood are due to flu id 

l o s s  and haemoc c nc e ntrat i on only . 

7 .  The loss o f  h i gh mole cular we i ght subs tanc e s  from the 

bloodstream of intoxi c ated aEimGls e xplains the fal l  in plasr.>.a l eve l s  of PVP 
u se d  in the pre se nt study to inve stigate the c hange .:, in intest ina l  

pe rri1eabili ty, which :Jc cur during e nterot oxaemia . 
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CHi ... PTER 1 8 :  THE EFFECT OF CL . PERFR INGENS T YPE D EPS I LON TOXIN 

ON THE CONCENTRATIONS OF SOHE OF THE MAJOR IONIC 

CONST I TUENTS OF THE PLASM/l. OF LAMBS 

A l t ho ugh a var ie t y of cati ons oc c ur in p lasm a the ones 

most c ommonly s tud i ed ar e s o dium , p o tass ium , calc ium and magne s ium . 

The la t t er t w o  ions are i mpor t an t i n  a wiJe var i e t y  o f  physio l ogi c al 

and bi oc h e m i c al pr oc e ss e s  and d i s turb a n c e s  in their av ailabi li t y 

wi thin the b od y  c an le ad to s e r i ous disease and d e ath . Howev er ,  

t h e  c lini c al si�ns of e n t ero t o xa e mia d o  n o t  sugg e s t  any maj or 

alterat ions of the s e  i o ns . The f ind ings o f  Ke llaw:1y et al ( 1 940 ) 

support this impr es s i on , a n d  the s e  ions w e r e  not inve s tis ate d 

further i n  the present i n s t an c e .  

S o dium and p o t ass ium on the o the r hand are t h e  ma j or c a t i ons 

inv olv e d  i n  th e ac i d-bas e Lalanc e s  which maintain the hydr o8e n ion 

c on c e n t r a t i o n  o f  the blv od w i th i n  physi ol o gi cal limi t s  as w e ll as 

b ein g  involved in a v ar i e t y o f  o the r physic o-chemi c al pr0 c e s s e s . 

Th e y  will b e  af f e c t e d  wh en th er e are maj or change s in acid- b as e 

balan c e  or in  dis turbanc e s  of f lu i d  e qui li b rium . D i f f e r e n t  

c on c e n tr a t i on s  of th e se i ons o � c ur i n  the in t r a- and e xtrac ellular 

fluid and the grad i e n t  is maintained b y  e ne rgy d e p e n d e n t  pro c e s s e s . 

I f  any o f  the fac t ors involve d i n  mai n tai n ing the s e  i onic gradi e n ts 

across c ell  membrane s  were  a f f e c t e d  b y  e p s ilon toxin this migh t b e  
r e f le c t e d a s  alt e r e d  c o n c en trat ivns o f  the ions i n  plasma . 

Along with the b i c ar b on a t e  i o n , chloride anJ pho spha te f orm 

the major i n o r ganic anions in �lood  and it was als o n e c e ssary t o  

e xamine t h e  le v e ls of t h e s e  ions  t o  e nab le a c omp r eh en sive p i c ture 

to be ob ta in ed of any c hanges which oc curre d  in  the i o n i c  s tatus of 

lamb s duri ng the • cur s e  o f  ep s il on toxin i n toxic a ti on . I t  was 

c on sidered t h a t  thi s  would provide inf ormation o n b o th r enal 

func tion and the c e ll membran e  in te gri t y of in toxicated animals . 

Al though phos pha t e  ions do f orm part of the b u f f e r  b as e 

c omplex o f  b lo od , t h e i r  r ol e  in this r es pe c t  i s  minor c ompare d t o  

t h e i r  fun c t io n  in b o ne and e nergy me tab o li sm . F o r  u tilisati o n  o f  

g luc os e  t o  oc cur i n  the animal b o d y  the f or mati on o f  phophorylat e d  

i n t e r m e d i a t e  c omp ound s i s  e s s e n t ia l  and , i n  a s i t uat i on whe r e  



177 

h yp erglyc a e m i a  o c curred a s  a r e sult o f  an i n t e r f e r e n c e  wi th 

o x i d a t iv e  p h o sphor yla t i o n  of gluc o s e  or i t s i n t e rmed i ate s ,  t h e r e  

m i g h t  als o b e  a n  i n cr e as e in c i r c ula ting le v e ls o f  i n organ i c  

ph o s pha t e . On the o th er han d , any c h a n g e s  i n  t h e  level o f  

p h o spha te i o n  i n  b l o o d  d u e  t o  i n t e r f e r e n c e  w i th the pro d u c t i on 

o f  organ ic p h o sphate e s t er s  c o u l d  b e  masked b y  c h a n g e s  i n  the 

e qu i li b ri um whi c h  e xi s t s  wi th the p h o s pha t e  i n  bone m i ner al . 

The Ef f e c t o f  t h e  Pare n t e r a l  n d m i n i s t r a t i o n  of Epsi lon 

To xi n on t h e  C c n c e n t r a t i c n  of S o d i u m ,  P o t as s i um, Ch lo r id e 

a nd Phc sph a t e  I o n s  i n  th e B l o o d  o f  Lam b s . 

Ma t e rials & Me thod s : 

The b lo o d  sample s us e J  f or t h i s  s t u d y  were v e no u s  s am p l e s  

c o l l ec t e d  a t  t he same t�me as the h e pari ni s e d s ampl e s  d e s c r i b e d in 

C h a p ter s 1 6  & 19 and i n  t h e  same way as t h e  p re i n o cu l a t i o n  and 

c o n t r o l  b l o o d  samp l e s  d e s c r ib e d  in Ch ap t e r 1 5 .  

Re s ul ts : 

The r e  were no c on s is t e n t  c hange s i n  the lev e ls o f  Na+ , K+ 
o r  C l  wh i c h  c o uld b e  a t t r ibu t e d  t u  t he a c t i o n  of e p s i l on t oxi n . 

A n i mals whi c h  had r e c e i v e d  prolonged i n travenous i n fu s i o ns of 

t o xi n  in s ali ne and wh i c h  h ad t h er e f or e r e c e i v e d  lar e e  quan t i ti e s 

o f  s o d i um and chloride i o n s  sh o w e d  sligh t e le v a t i o n s  o f  th e 

c o n c e n t r �t i u n  of the s e  i on s  in s e r um b u t  e v e n  the s e  c h an ge s w e r e  

n o t - large i n  r e la t i o n  t o  th e n ormal s e rum v alu e s , c on s idering t h e  

amoun t  o f  the s e  i o n s  whi c h  h a d  b e e n  adminis t e re d . The change i..n 
s e ru m  level was alw ay s  l e s s  t han 5% o f  t h e  pr e i n o c ula tio n  level 

even i n  an im als which had r e c e iv e d  appr oxi ma t e ly 400me q  o f  Na
+ 

and 

300 meq o f  Cl- . 

No c o ns i s t en t c ha n g e  in t he l ev e l  o f  in or ganic phospha t e  

w a s  d e t e c t ab l e  i n  the b l o od o f  t he s e  lamb s p r i or t o  o r  a f t e r  the 

o n s e t  o f  c li ni c al signs of i n t oxic a t i o n .  

Th e r e s ult s ob t ai n e d  from the p o s t i n t oxic a t i o n  i o n i c  analy s e s  
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are tabulat ed  i n  Appendix 13 and summar i s e d  in Tab l e  1 8 . 1 ,  

Tab l e  1 8  .. 1 

The E ffe c t  o f Eps i l o n  Toxin o n t he I o n i c  C o n s t i tu e n t s  

in B l o o d  o f  Lamb s . 

Time of Sampling 

Ne an + 1 std . d ev . n Pr e - inoculatiun  n Ons e t  o f  n Time of D e a t h  
Intoxic a ti on 

S o d ium ( meq/1 ) 2 5  1 52 . 6  + 3 . 0  1 3  1 5 4 . 4 + 4 . 7  9 1 5 1 . 3 

Po t -::t ss ium ( m e q/1 ) 2 5  5 . 1 6  + 0 . 35 1 3  5 . 6 1  + 1 . 2 9  9 5 . 8 1 

Chl o r id e ( me q/1 ) 2 5  '1 1 1 .  6 + 4 . 5  13  1 1 6 . 2  · ' · 4 . 9 9 1 1 3 . 2 
- -

Pho sp ha te ( mg/b ) t 26  3 . 50 + 1 . 8 2  1 5  3 . 1 7 + 1 .  09 2 5  4 . 4 1  

;f + test Phosphate Preinoc :Terminal p between . l  and , 05 

Th e Ef f e c t  o f  Experi me ntal Cl . Pe r fringens Type D 
En t er o t oxaemia on the B l o o d  Lev e ls of Sod ium, P J t ass ium , 

Chloride and Ph csphqte  I o ns in Lamb s 

Ma ter i als & Me thod s : 

+ 5 . 0 

+ 1 . 05 

+ 6 . 5 

+ 1 , 6 1  

Th e b l � o d  sampl e s  w e r e  o� tai ned  f r om t h e  animals which 

r � e eive d e n te r i c  origin toxin d e s c ri b e d  in Chap t er 6 ,  and the 

au tomated me t hods  d e s cribed  in C hap t er 15 w e r e  u s e d  t o  d e t er mine 

th e lev e ls o f  s o dium , p o tass ium and chloride in th e s e  s ampl e s . 

Chlor ide was e s tima t e d  on  s am p l e s  fr om t w o  animals N o ' s .  77 and 78 , 

o n l y .  

U p  t o  t h i s  p o i n t  a l l  the m e t h o d s  empl oye d  for sampl e  

pro c e s s ing h a v e  b e en t h e  s am e  f or t h e  animals whi c h  h ad r e c e ived 

par e n t e rally adminis t e r e d  t o xin and for tho s e  wh i c h  r e c e i v e d  t oxin 

o f  e nteric or ig in . How ev e r , t h e  la t t e r  gr oup o f  animals w e r e  

e xami n e d  o n  an i n di v i dual b a s i s  o v e r  a n  e x t e n d e d  p e r i o d  of t i me . 

In v i e w  o f  the lab i li t y  o f  s o me b l o o d  c o m p o n e n t s  and t h e  p r e v ious l y  

e n c o u n t e r e d  d i f f i c u l t i e s  w i th d e p r o t e i ni sation in ' Va c u t a i n e r s ' 
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i t  was d e c i J e d  that s amp l e s  whic h  r e qui r e d  J epr o t e in i s a t i on or 

c o n tained lab i l e  c omponen ts from the p r e s e n t  animals c ould 

p r e f e r ably b e  daalt wi th by n urmal m e t h od s  o f  d epro teinisation and 

e s t ima t e d  by manual pr c, c e J.u r e s  a s  s o on as p o s s i t l e  a f t e r  c oll e c t i on . 

A t  the s ame t im e i t  w as d e s ir ab le to  utili s e  b a s i c ally 

s i mi lar m e t h o d s  in  b o th t h e  au t 0m a t e d  an J t h e  man u al pr o c e du r e s  and 

it wi ll t e  s e e n in thi s a n d  sub s e q u e n t  chap t ers tha t , wh ere manual 

me t h o d s  were employe j on semples from �nimals r e c e i v i n g  e n t e r i c  

a r i g i n  toxin , they w�re simi lar t L  � h e  au t omated me thod e mpl oyed f or 

t h e  samples  from animals whi c h  r e c eived p �r e n terally admini s t er e d  

t oxi n . Thus in the �res e n t  ins t a nc e  inor � � nic phospha te was 

e s t imated b y  the nc id-Mu l yb date metho� �( Gomori ( 1 942 ) modif ic a t i o n  

o f  t h e  Fiske & Subar r ow me thod d e s c r i b e d  in Var l e y  ( 1 962 ) . )  

S p e c tr cpho t u m e t r i c  mea sur e m e n t s  were made at 660n m i n  a p, .. .,. .> c:A  ... L-o •-6 ' S r '- - t .- o n.; , l.O ' I 
and the phosph a t e  s t and ards c o n t ain ed 4mg/1 00ml e xpr e s s e d a s  

ph o sphorus . 

R e s u l t s : 

A�ain in th e s e  animuls th e levels of  s o d ium , potass ium and 

c h l o r i d e  did not show any c o n s is t e n t  � l t er a t i ons d uri ng th e c o urs e  

o f  i n t o xic a t i o n . Incrganic phospha te was mark e d ly e le v a t e d  i n  

b l o od s amp l e s  taken from th e s e animals l a t e  in t h e  c our s e  o f  

i n t -:, xi c ation . The e le v a t i o n  o n l y  uc curred in s amp l e s  taken l e s s  

t h a n  h a l f  a n  h o ur b e f 0 r e  d e a t h , e v e n  in animals whe r e  there we r e 

c l i n i c a l signs o f  i n t oxi c a t i o n  f a r  an hour or m o r e  pr i or t o  d e a th . 

Th e valu e s f or t h e s e b l o G d  c o n s t i t u e n t s  in t h e  p r e s e n t  animals are 

t a b u l a t e d  in Appe ndix 14 and th e pa t ta r n  of change in t h e  b l o o d  

i n o r g a n i c  ph ospha t e le v e l s  o f  t h e s e  ani mals d urin g  i n t ox i c a t i o n  i s  

i ll u s t r a t e d  i n  Fi gure 1 8 , 1 .  

Di s c u s s i o n  

The largely n e g a t i v e  r e sults whic h  were ob t ai n ed in th es e 

i nv e s t iga t i o n s  i n t o  the e ffec t o f  epsilon toxin intoxication u p o n  

t h e  c on c e n t r a t i o n s  of s ome o f  the i mp or tan t i nor gan i c ions i n  p l a A m �  
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we r e  n o t  a l t o g e t h er unexp e c t e d . Th e s e  i o n s  ten d to d i f f u s e  

f r e e l y  t o  a n d  f r om t h e  b l o od s t r e am s o  t h a t  a n  e qu i l i b r ium e xis t s  

b e t w e e n  t h e  c o nc e n t r a t i on o f  the s e  i o n s i n  t h e  plasma a n d  their 

c o n c e n tr a t i o n  i n  e x t r a c e l lu l ar tis s u e  f lu i d . Thu s  i n  a d i s e a s e  

wh e r e  the �r imary l e s i on a� pears t o  b e  s e v e r e  vasc ular e nd o the l i a l  

damage r whi c h  d 8 es n o t  r e al l y  a f f e c t  t h i s  e q ui l i b r i um , t h e r e  i s  

unlikely t o  b e  any m arke d c hange i n  t h e  l e v e ls o f  the s e  i o n s  i n  

p la sma . 

N e v e r the l e s s  t h e  fac t t h a t  s u c h  c hanges did n o t  o c cur d o e s  

prov i d e  s o m e  informa t i on wh i c h  is o f  v alue in inc r e as i ng o u r  u n d e r ­

s t an d i n g  o f  the ac t i on of epsi l o n  t o xi n o n  t i s s u e  fun c t i o n . T h e  

mai nt e n an c e  o f  ' n or mal ' c o n c e n tr a t i o n s  o f  thc sQ � o n s  i n  p lasma i s  

l ar g e l y  d epend e n t  u p on the e xc r e t o r y  e f f i c i e n c y  o f  t h e  ki dn e y  and 

the fact that the pr e s e nc e  o f  r e l a t i v e ly c on s t a n t  l e v e l s  o f  t h e s e  

i o ns i n  t h e  p lasma o f  i nt oxi c a t e d  an i m als , e v e n  w h e n  t h e y  h a d  

r e c e iv e d  c o n s i � e r a b le quan t i t ie s  o f  i n t rave n vusly admi n i s t e r e d  

s od ium a n d  c h l o r i d e  i o ns , sugge s t s  th�t t h e  ki d n eys abili t y  t o  

e xc r e t e  t h e s e  i o n s  was n o t  i mpair e d  b y  t h e  c.. c t i o n  c f  e :J s i l o n  t ox i n . 

Thu s ,  a l t hvugh o t h e r  w orke r s  helve s h o w n  that th i s  t ox i n  c a us e s  a 

r e d uc t i o n  in r enal b l o o d  f l o w  and have sugge s t e d  that t h e  glyc o suria 

of e n t e r o t o xaemia may b e  a s s o c i a t e d  w i t h  fu n c ti onal d i s tu r b an c e s  i n  

t h e  r e nal pr ox imal t ubul e s , i t  doe s n o t  app ear t h a t  o t h er e n e r sy­

d e p ende n t  r e n al f un c t i o n s  such as the ' S o d ium pump ' are marke d l y  

a f f e c t e d  b y  e p s i l o n  t o xin . 

S i n c e  the mai n t e n an c e  cf high c on c e n t r a t i o n s  of p o t a s s i u m  

w i thin c e ll s  r e la t i v e  t o  the c o n c e n tr a t i on o f  t h i s  i o n  i n  t h e  

e x trac e llu lar f luid i s  a l s o  an e n e rgy d e p e nd e n t  pr o c e s s  and i n  

addi ti o n  r e quire s i n t a c t  plasma m e mbra n e s  i t  app e ar s  that i n  t h e  

a b s e n c e  o f  c on sis t e n t  al t e r a t i o n s  i n  plasma p o t as s ium c on c e n tr a t i o n s  

i n  i n t �x i c a t e d  animals , eps ilon t oxin has l i t tle dir e c t  e f fe c t  u p o n  

t h e  e n e r gy me t a b o l i s m  o f  c e l l s  or upun t h e i r  plasma m e mb ra n e s . 

Thi s  provi d e s  s om e  i n  v iv o  c on f irma tion o f  the i n  v i .tr o  s tud i e s  on 

tissue fun c t i on d e s cribed i n  Chap t e r  1 4 .  

Although t h e r e  was a t e rminal r i s e  i n  b l o o d  inor gan i c  

phospha t e  le v e ls i n  t h e  animal s  wh i c h  r e c e i v e d e n t e r i c  o r i g i n  t ox i n , 
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this did n o t  appear t o  be ass ociated in any way with th e 

hyperglycae mia and probably reflects  the mob ilisation of  phosphate  

t o  counter the me tabolic ac idosis . I t  is thus not  the r esult o f  

any un c o up l i n g  o f  oxidative pho sphor ylation � Due t o  the short 

c linical course  �f intoxication in  t h e  sn imals whi ch r e ceived 

parenterally administereQ  t o x i n  a n y  c h ange in plasma inorganic 

phosphate  l evels would be small and would have b een masked by the 

variability  introdu c ed b y t h e  deproteinisation prucedur es use d  

prior to  t h e  automated  analyses  ( s e e  Chapter 1 5 )� 

The fac t that the o ther ions were unaffected i n  a situation 

where  there was a m o d e r � t e  to severe metabolic P cidosis  indicates  

that  the  ma j cr ionic  shifts  whi ch produced the  !all  in p H  were 

b e tween  bicarb onate a n d  lac tate  and that the re was insuffic ient  

time for c ompensatory me chanisms t o  e xert an effe c t .  

acidosis i s  therefore largely  unc o mp e n s at e d . 

The me tab olic 

The chan0es whi ch oc cur in the  pattern uf excr e t ion o f  the 

i n o r g an i c  i ons in  urine will b e  describ ed and discussed  in 

Chap ter 2 1 . 

Conclusions 

1 .  No c onsis tent  c h anges in the plasma levels  of s o dium , 
p o t a s s i um or chloride occurre d  durin g the c ourse of i n t oxi cation 

f ollowi n g the parenteral administration of epsilon t oxi n or  the 

experimental induc t i o n  o f  e n ter o t o xa e m ia . Th e severe vascular 

damage therefcre doe s n o t  affec t  the equilibrium which  exi s ts 

b e twe en these  ions i n  the bloods tream and the extracellular fluids . 

2 .  The administration of c onsi derable amoun t s  o f  s odium 

and chloride ions to these  animals did net marke dly af fe c t t h e  

plasma c oncen trations of these i ons . This implie s  that renal 

c ontrol o f  +.h e h 0 m e o s t a s i s  of these ions is  unaffec te d  by  epsilon 

toxin . H owever , ther e is n o  ev ide nc e of c ompensatory sodium 

retention to balanc e the acidosis produced b y  rising pC02 and 
lac t a t e  c oncentrati ons  in the b lood. 
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3 .  Le v e l s  of p l asma i no rgan i c  p h o s p h a t e  r o s e  late in t h e  

c ours e o f  e xp e r i m e n tally induc e d  e n t e r o t o xa e mi a . The c hange i n  

t h e  c o n c e n t r a t i on o f  t h i s  i o n  w a s  unass 0 c ia t e J  w i th the d e v e l o p m e n t  

o f  hyperg lyc aemia and was pr ob �b ly a r e su l t  o f  the ac i d o s is , r a t h e r  

than an i nd i c a t i o n  o f  i n t e r f e r e n c e  wi th glyc o l ys i s  b y  t h e  ac t i o n  o f  

t h e  t oxin . 

4 .  Th e lack u f  c h ange in p lasma p o t as s i u m  c on c e n t r a t i o n s  

d u r i n g  i n t ox i c a t i o n  s ugge s t s  t h a t  t he r e  i s  li t t l e  o r  no l o s s  o f  

i n trac e l lu l ar po t as s i um . Thi s  i n d i c at e s t h a t  t h e r e  is n o  damag e  

t o  plasma m emb ran e s  o r  t h e i r  e ne r gy- r e qu i r i n g  i o n  trans p o r t  

m e chanisms a n d  s tr on gl y  sugge s t s  tha t t h e  uverall c e l lular e n e r g y  

m e t ab o lism i s  n o rmal . 
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THE PATTERN OF CHANG�S IN. 'P.dE_LJi.:VEh.� OF BLOOD GI.UCOS�, 

PYRUVATJt . .-bi!:.QT£\f'_E ,.J.J:P�'1'0Grp:TA11f�TE AND KETOI� BODIES 

�prG T� ADMINISTRATION OR ABSORPTION. 0? 
C L .  :t:_�RJ<'RINGENS 'T'YPE D :fJ;pSILO� _TOX!}�_]N :f:,IJvffiS . 

Undoubt edly the most wide ly k_�own of the biochcmicnl changes asso­

ciat ed wi th epsilon toxin intoxi cation and enterotoxaemia are the hyper­

glycaemia and glycosuria whi ch oc cur . The pattern of change in gluco se 

in blood and urine have �ven studi ed by a number of inv e s t i gators but the 

hyperglycaemia do es no t app ear to have been s tudi ed with the aim of eluci­

dating its pathogenc si s . It �s bc,:: n  sugge s t e d  c;r Jubb & Kennody ( 1963 ) 

that i t  may be as s ociat0d wi th n m'Jbi l i sotion of hc p a ti c p,lycogcm r e serve s . 

In the abs ence of infor::J.'='.t i on on pos s ible change s in the pl.:!.sma 

l evG l s  of some of the compound3 "'hi eh result from the metabolism of gluco c.. ..: 9 

e . g. l<" c to.te and pyruvate i t  is diff i cult t o  as certain the pos sible ba s i s  

o f  the hYlJerglycao::Ji a  which occurs i n  ent erotoxa.;;;mia . Lacta te value s 

pr0vide informat i on upon •;hcther gluco s e :i. s being iV s s e d  through the gly- · 

c olytic s teps of the Emden :Meyerhoff pathway as fe r as pyruva te . VThcn 

c ons i dered in as sociation with pyruvate , lactate a l so provide s informa ti � ·.1 

on the oxi cla t j_vc capaci ty of the ti s sue s since th'3 pyruv�te : lact2.te ra tio 

refl e c t ::; tllJ cdrami to chondrial rc C::.ox p o tentj_pJ_ ( j;: �:n: :DP:J rr.tio ) of the 

c2l l . This in turn is influence d  by fac tors suc�1 c.s :respiro. tory and c ir­

culat ory func t i on . 

It  has alrondy 1leen s ta"'.;ed tha t for technical rea s ons it wa s not 

possible to ob tain usefu l  information on blood pJ'Iuvate l E dels in lambs 

whi ch received parenterally admini s t ered epsilon toxin and in the pre s ent 

chapt er this me taboli te wil l  bE: s tudied in aniu;o.l 8 where c:ntE.'r::. -.:: origin 

toxin was used to produce int 0xication . In tho s e  animals pyruvate can be 

studi ed in relati on to both lactate and glu co se . 

Pyruva t e  occupies a key po siti on in energy metabolism and there is  

a n  increasing awarene s s  o f  the usefulnes s  o f  e s t imating this compound i n  e. 
number of clinical conditions where there is an interference with energy 

metabolism. Some of the condi tions in which there is �� increased produ­

ction or decreased utili sation of pyruva t e will be dealt wi th more ful ly 
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in the di scu s s i on section of thi s chapter . 

Changes in the blood values for some of the o ther compounds involved 
in glucose metabolism have not beE-m <'.s \lide:ly studied as pyruvate and lac­
tate in di sease condi tions , but it was considered that us eful informa tion 
might be obtained if one o f  the intermediate compounds which occurs late 
in the oxidative metabolic pathways c ould be e stimated . Thi s  would pro­
vide informa tion about thE: functional integrity of the Trice.rboxylic cycle . 
One such subs tance , which can be conveniently e s timated in b lood is alph:.'l­
ket o  .glutaric· ncid and it was decided to determine it in samples fron 
some of the present animals .  

Because some condi tions in whi ch hyperglycacn�a and neurologi cal 

di s turbance s  o c cur e . g. diabetes mellitus , nre also asso ciated with marked 

ke tonaemia i t  was desirable to examine blo,ld samples from intoxicated 
anima l s  for the presence o f  ke tone bodies . Thi s , in association with 
the temporal relationship between the hyperglycaemia and the ons et of 
clini cal signs o f  intoxicatic.m 1 would provide information on both the bas i s  
of  the neurologi cal signs o f  intoxi cation and a l s o  upon the pos sible 
relati onship betweEm hormone s ,  such as insulin , and the h;y-perglycaemia of 
ent erot oxaemia . There do no t appear to have b e en any studies on the 
influence of either insulin or nutritional status on the changes in blood 
glucose levels  i nduced by epsi lon toxin but a consideration of these fac­

tors C8.n t)e conveniently left until Cha]Jter 20 . Similarly the al terations 
in all  urin�ry cons tituents including glucose can best be studi ed together 
and this has been deferred until Chapter 2 1 .  

Alterations i n  the Level s  of Glucose and 

Lactate in the Blood of Lambs Following the 

Intravenous A��nistration of Eps i lon Toxin 

1�terials & Methods : 

The animals employed in these experiments have been described in 
Chapter 6 . The methods used for the col l e ction of blood samples and the 

automated e stimation of glu c o s e  and lactate have been described and di s ­

cus sed in Chap ter 1 5 .  
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Re sul t s : 

No signifi cant al tera t L � ns in the b l o ·.:: d l evel s  of e i ther glu c o s e  or 
lac tat e occurr8 d  in the animals whi ch survivc:d the admini s tra tion of 
epsilon toxin , nor wcre there any signi fi cant chllnge s in the s e  c omponents 
in the interval bc;twecn the admi ni s trat ion o f  toxin and the c1ns ct of c lini -
cal s igns of intox i c� tion in the anima l s  whi ch succumb e d . 

Following the rms c t  of c l inical s i gns of intoxi ca t i on thGre was a 
rapid ri s e  in the c oncentrat i on of glucc: s G  in b l o c d  sampl e s  taken from 
these animals . In some ins tanc e s  the l ev8 l of gluc o s e  in the b l o o d  more: 
t han doubl e d  in the interval b e tween the admini stra tion of toxin and the 
dea th of the animal . 

Similarly the leve l s  .Jf lacte. to i n  the blood ro s e  sharply after the 

ons e t  of c lini cal s i gns of intox i cation and up to four fol d incre a s e s  in 

lac tat e conte::.1t were fmmd in s ome L)f thE:: ' Terminal' b l o o d  sa.:.1ples • 

The c!'lange s which occurr e d  in mean vo.lues for gluc o s E:  and lactate 
l eve l s  in 2..rterial and ven.)us blood so.mp l e s  from the s e  anir1a l s  during the 
cour s e  of intoxi cat i on are shoV�m in Tabl e  19 . 1 where they are compared 

wi th the preinocula tion value s . The pat tern of the change s which occurred 

in the s e  c onst i tuent s are a l so i llus trat e d  by the hi stogr�s in Fi f�O l9 . la , 

The basic data i s  pre sented in Append��s 12 & 1 3 .  

Tab l e  1) . 1 :  The Effect of Intravencus l��inis tered Eps i l on Toxin 
on the Leve l of Blood Glucose and Lac tate in Lanb s . 

Means :': l s td . dev . 

Vencus 
Glucose 

Arterial 

Venous 
le.ctate ll..rterial 

Time of S&�pling 
Pre-
inoculation 

+ 
82 . 0 - 22 . 3 
90 . 5 : 2 1 . 3 

64. 4 :': 32 . 8 
62 . 2 : 27 . 7  

_ . , · On:J e t  of 

26 
2 5  

2 3  
2 5  

Intoxi cation 
+ 127 . 3  - 37 . 0  

14 3 . 0 :!: 68 , 0 

103 . 9  :': 61 .0 
+ 78 . 4 54 , ? 

n= 
15 

8 

15 

7 

t Tes ts : Venous glucose pre 2noc : In2hal - p = ( . 05 ; 
preinoc : TerminB.l - p = ( . 001 

Time of Death 
+ 175 . 6  - 66 . 9 
+ 181 . 3 - 6 5 . 7  
+ 

173 . 1  68 . 4 
+ 168 . 5  - 53 . 3  

Venous Lactate preinoc : Ini t i al - p = ( . 05 ;  preinoc : �erminal - p = �, . 001 

n= 

24 
14 

25 
14 
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Al tern ti ,Jns in the Blood Lcve:ls of Glucose, Lc'lcta tG, 

P;y:plvnte, .Alphaketoglutarate and Ketone Bodic:s  During 

Experimental C l .  Perfringens Type D Enterotoxaeoia 

Ivlaterie.ls & Methods : 
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Blo,Jd sanples were collected from the animal s which rec<�i ved 1 ente­

ric-origin ' toxin as described in Chapter 6 .  It should be noted the.t 

lamb No . 85 receiv0cl 40 units Insulin B . P .  I/V 1 5  minutes before death . 

This  will  be rc;ferred to agnin in Chapter 20. Manual rwthods wt::re used 

for the e:valuation ::.•f these constituents in the present series of SE'.mples 

and s:pectrophctonetric :measurenents were made o.t th0: appropriate wave-

length with a B.::usch & Lomb t Spectrunic 20 t spoctrophotor.·�cter . 

The follo;;ring ere closcript Lms of the rnethod.s used . Where appro-

pria te they are l!laJme..l V<:!rsiuns of the au tomn ted procedures used for the 

samples froL: animals which received parenterally adDinisterE�d toxin . 

Glucose : 

Glucose was estimated by the glucose oxidase-peroxidase-dianisidine 

method using the reagents and procedure of the Sigrr:a kitset no . 510A and 

the associated Technical bulletin 510 (Sigma Chemical Co . St . Louis ,  U . S . A . ) 

Underproteinisecl plasma which had been separated from the blood sample by 

centrifugation , as soon as the samples were taken from the animal , was 

used. Plasma samples vrere stored in iced water prior to analysi s .  

Pyruvate : 

ImrJediately after collection 5 . 0  ml of blood was added to 5 . 0 ml of  

ice  cold  7% perchloric acid solution . After thorough mixing and standing 

for 10 minutes the supernatant was removed by centrifugation and neutrali­

sed with 5 N.KOH in the cold using 0 . 057� Methyl Orange as indic2 tor . The 

supernatant was removed from the crystalline perchlorate deposit and 

pyruvate v.-as determined using the reagents and method described in Henry 

(1966 ) . This i s  a Lactic dehydrogenase/DPNH oxidation technique . Fresh 

standards containing 5 mg% of pyruvate were prepared from sodium pyruvate . 

These s tandards were treated in the same way as the samples prior to 

analysis .. Spectrophotometric measurements were made at 340mu� 

Lactate : 

As soon as possible after separation, 0 . 1  ml of plasma was added to 
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0. 7 ml of ice cold 7% perchlori c acid solution . The superna tant s  v:ere 

removed and neutralised. as de scribe d  for pyruvate . The es timati on of 1+ 
lacta te vm s carried out v1i th the rea gent and methods described in Bergmeyer 
( 1963 ) . Thi s is a lacti c  dehydrogenas e/DPN reduction :procedure wi th 
hydre zine trapping of the formed p;y-ruvat e . Lacta t e  standards ( lOOmgfo) 

were prepare d from so diwn dl lactate as des cribe d in Ber(Smey er (p 271 ) 
and treated in the same v;ay as tb e plasna sample s :prior to analysi s . 

Spectrophotometri c  mea surer:-:ents -,l'ere made at 340mu . 

Alpha ketoglutarat�: 

Aliquots of the superna tan.t s ,  whi ch had been prepared for the pyru-
va te analyses t'ro:n the blood. sai:lp l e s  of t':"JO a:r1imal s , were used to measu::-e 
the alpha ketoglutarate content of the s e  sai:ipl e s . ... 'he ;Pethod emp l oyed 

was that described in Bergneyer ( 1963 ) , with the excepti :.m tha t , after 
measuring the init ial opti cal den s i ty and adding the enz;yme solution , the 

reacti on mixture y;as incuba ted at 37°C for 10 minute s , c ooled in. iced 
water and the chan ge i n  optical density of the s ol1 .1 tions at 340mu compared 
wi th that produced by a standard s olut i on ( ccmtaining O . lmg'f�) of a lpha­

ketoglutari c a c i d  which hFtd been treated in the s8L1e way as the sample s 
prior t o  the actual analysis . According to Henry ( 1966 ) thi s approach to 

enzymatic ahal�Js e s  is more reliab l e  for routine use than rnethods whi ch 

involve followint:.!," changes in opti cal dens i ty vli th time 

' Ketone Bodies ' 
-�-,� Qua.li tative Ro thera 1 s tests vrere carri ed out by placing a drop o f  

each pla smE SI".J!lple on povidered r1i troprus side rea,5ent ( Sodium ni tro:prus--
side l g ;  Jurunonium sulphate 20gi anhydrous sodium carbona te 20g) on a spot-
ting til e and obs Grving the colour chn.nge aft er 30 seconds . Quanti ta ti ve 

an<clyse s  were carri ed out us ing the a lkc.:.l ine vani l l i n  me thod de scribed by 

Henry ( 1966 ) . 

Resul t s : 

'rhere were no consistent alterations in the l evel s  of any o f  thes e  

blood components from the preinoculation va lue s  1mti l c lini cal signs o f  

int oxi ca tion were evi dent . At that time there was a marked e l eva t i on in 

the l evels of gluco s e , pyruva te ::md la ctate in all animals . The animal 
which fai led to develop c l ini cal s i gns of intoxication did not show any 

consistent change in  blood l eve l s  of these components . Glucose ros e from 
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preinocule.tion l eve l s  of 70- 100mg;0 to terminal value s o f  2 70- 3 50mg% , whi l e  

lac k  t e  rose from J. c s s  than 20mg51, to value s over lOOmgfo in intoxica ted 

anil::al s . The i nc rease in pyruva te follov .. ·ed n similar :pattern , rising from 

approximately lmg'j� in prei nocula t i on samp l e s  to over 2mg% in the th:ree 

animals  in v:.rhi ch i t  w2. s estimated . There ,-;as no r.12.rked di fference be b·teen 

the t imes at whi ch the l eve l s  of each of these c ompon,.mt s  began to ri s e  in 

any individua l animal ul though th&r•:> ''-'f:'c S 11 slight tendency for tho ri se in 

gluc o s e  and lactate to precede thn t of pyruvr, te in two animal s . No s ig-

nific8.nt alteration;; i:1 tho2 leve l s  of the s e:  con:;Jonent s  occurred in blood 

samples  taken from the animRl 't!hich survived (Ho . 79 ) . 

'I'he rc sul t s  of the estir::& t ions o f  these sub s tances are shovm in 

1l. }.Jpendix 14 and the patterns ob tained frm� the se an i mals <:.re i l lus trated 

in Figure 19 . 2 . In addition a hi s togr2m , Fi�1re l 9 . lb ,  has been prepare d ,  

o f  the change s i n  mecn blood glu c o s e  and lac tate level s which o c curre d ,  for 

comparison with the one for the animal s whic!1 received parenterally ad.rnini­

s t er e d  t oxin (Figure l9 . la ) . 

Alphake toglutr�rate norma l ly o c curs a t  very lo·:! concentrations in 

blood but in the h, o anir.lals  in which it v:2 s estimated there vms a de tC?c-

te.hle riss in the level of thi s m€tatoli tc in bl ood s m:rp l c s  tak<::n l a t e  in 

the c ourse of intoxication . In on.:: animal ( no .  78 ) ,  the l evel il-1 pl.?. sr.la , 

taken b efore tho ons e t  of clinical signs of intoxication dev� lop e d ,  flue-' 
tua t e d  bctvwsn 0 . 0 5 and 0 . 09mg� . The first de k c table ri s e in alphakcto-

glutarate Y'as to 2. va2.uo of G . ll)mc;�?o end thi i3 o c curred at E,bout the sane 

time: E:.S the: fir s t  de t e c tabl e  ri s e in blood. pyru-v2 te . The concentra tions 

of a lphaketogl"J.tara to in the t ermi nal blood samp l e s  o f  thi s ani me.l wa s 
O . l 7rngfo. In the o ther animal ( no . 81 ) ,  the pre-intoxicat ion value s for 

alphakctoglutarate fluctue. ted be tween 0 . 09 and O . l8rng%, and rose t ermina l ly 

to 0 . 2 7mtfo . The annlyhcal results for alphakot oglutara t e  are a l s o  

tab'J.la t e d  in Appendix 14 , a l ong with those of gluc o s e , pyruva te and 

lactc: te . 

The re su l t s  of the qua l i ta t ive Rothera 1 s t e s t s  for ke tone bodi e s , 

carri e d  out on pla sma samp l e s  from the s e  anima ls , were a l l  nega t ive with 

the exception of the t e s t s  carri ed out on the last three samp l e s  taken 

before death in animal no . 78 and the termina l sample from animal no . 81 . 
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In the la. t tcr samp l e s  there vra s a sligh t po s i t ive r8ac t i on Yrhi ch was 
readily di s tingui sha.b :!. e  from the n•�ga t ivo r e sul t s  of o ther samples on the 

same s po t ting t i l e . The l ower li;-ni t of sensi t i  vi ty of thi s t e s t  i s  gen-

erally taken to be l O:mgjo for 2. c e: tonc . Ho·,;rcvcr !  when quanti tativu 0 s ti--
ma tion s  of kdonc bodi e s  were carri<::d out m� ing the: alko. l ine veni l l in 

me thod th.;; va lue s  for ketune bodi<; s  in a l l  samp l e s  lay b e tween 0 and 2 . 2mg;:,, 

expre s s ed as ace tone . 

Glucose and La ctate Values in Po s t  !Lortcm T:il o o d  

SGXJipl•>s f::::-om a Fie:ld Ca se of Enterotoxo. cmia 

Tihtcrt_al s & MGtho d s : 

Th2 lamb from whi ch san;_pl.:s m;r'-' obtaine d 17B P the n. cut.:; ca s e  of 

ontero toxr:::.emi2. des cribe d in Chapter 1 3 . B l o o d  Y as c o l l � c t o d  from the 

he2rt duri ng nc.: cropsy 9 a nQ e s t ima ti ons of @;l ucose E,nd lactn ts 1.rcre made 
by ttc__ automa te d  proc C:: durcs eoploy�.- d for th-e sampl 8 s  frow lambs vrhi ch 

r<:: c e ived parcntt.. ral ly admini s tered toxin . 

Resul t s : 

6 J � 
Bl ood gluco s e  .-:as OOmgio and l a c k  to 820sg';·6 , 

Di s cus :.: i o n  

The; fa c t  that a n  81 '-'va ti on in blood glu c 0 '-4 S  o c C'.H'S durir.g epsi l ·')n 

t oxin i Y!toxi c ·J. � i on and in uxpc rim.cntr:. l  e:ntcrotox&e::!, :i:-: has been Tie l l  do cu-· 

m(;nted by o ther ·::orb�r:; and the tir.:e sequence of the chEtng8 in bl ood sugar 

l evel in r'=' l a  t i on to th0 onG•-· t of c l ini cal signs of intoxi cation have b.:.  en 
de s cribed by Bul len & Scc,ri sbrick ( 19:>7) . In the pre s t:nt oxp c.rim<:::nts 

with aninal s rr.::cci ving parentera l ly 2 clminj_ s terGd or cnt uri c origin t oxin 

i t  was found tha t ,  in all instanc e s , there wa s clini cal evi dence o f  intcn ci ­

cati on before blood gluco se l eve l s  v'iere markedly elevated al though Bul l e n  

& Sce.ri sbrick app(;ar to have found s ome e l evation in b l o o d  sugar before 
obvious c l ini c2 l intoxication o c curred. The re sul t s  of the pre s ent cxp cri -

ments sugg8 s t  that the c l ini ca l s igns are not the. di re c t r e su l t  of the 

el eva te d  blood suger l eve l s  or of conco�ni tant change s in blood pyruva te , 

lacta te or pH . However , in view of th0 lRck of change in those metabo-

l i t e s  in anim�1ls vhi ch survi v�:: d  exp(;riment al ep s i lon toxin intoxi cation 

and entero toxaemia ,  it appears tha t  the alterations are intimate ly 
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as socia t c d  ':Ii th the dcvc l opmt: nt of intox i ca t ion . 

Al though inv0 stie:;a t i ons of thi s tY}c provi d8 informa t i on or. the 
t im(; sequence and cxtc;mt of thu changG:3 in tlood glu c o s 8  they do no t 9 of 

thc:mscl v0s , provide a:rw c lue to the possible pe. thogcmvsis of th(-'! h;ypergly-
ca cmia . I t  i s  only by s tudyinG re l e. t e d  fce.tnro s ,  such as changes i:n 
interme diate produ c t s  and the ..;f i.'2 c t  of o ther fc c tors on the b l o o d  glu c o .J '-'  

respons e t o  toxin , that a n  i nsight c a n  bo gained into vJhc ther the hy-.Jer­
glycaemia i .c the :r8 sul t o f  incru:.s .: d mobi l i s a t ion o f  gluco se e;r s oD<=: 
i n t erference with i t s  s torage or me tabo l i sm . 

Before l ceving the discu r; s i•Jn of b l o o d  glucose i t s -a l f  s or:1c nent ion 

mus t  b0 ;:2ade of th<:. pre-inocula t i o n  l eve l s  o f  glucr � e  in the animal s  �7hlch 

receiv•J d enter i c- ori gi n t oxin . Al though the s e  e.nisa l s  we;re: 8 months ol d. 

and ha d bo,.::n we.s.nc;d and a t  pas ture, for S l3Vc.:rs l nonth s i t  cP.n be S (� <:m  tna. t 

the ir blood sugar leve l s  wero s irni lo.r to tho s e  of the 2- 3 week old lambs 
and vwre thus cor· si d,:; rD.bly higher than the pub l i shc= d vo.�ues for r>.dul t 
shG ep . 'I'h<:-; r::o s t l ik•2ly c:.·xplana t i o n  for thj o finding is that , bo co.u s c  o f  

severe drought c ondi t i ons 2 t tb e t ir11e , the s e  anima l s  h a d  been in \�c-ry p o o r  

condi t i on a n d  were ther0forc housLd f o r  s 8vcr�l w e eks prior to use . 

During thi s peri od they v:E:re fod on 8 r� t i on hi�t in concentre. t c s  and 

their body condi t ion ':VF�s impro ving narkc· dly . Under the se c ircUhls tanc c s a 
higho· than norma l bl ood glucos e  l evel could h ave be en exr e c te d . 

In re(prd to the nutriti onal rc:gir,K' of th e se r , niD.al s  i t  i s  '.north­

whi l e  emphas i sing th · impo rt.'1n cE:: of us ing an ::;.nc:. lyticnl pro c e c:ure whi ch i s  
specifi c for 1+ lac ti c acid \;·hon carrying out r;, :otabolic s tudi e s  on rumi-

m:.nt s . Under c i rcuins tancc s such ns th0 sc: mentione d 2 bove , 'i'ht: re 2.:1imal s 

were; on a high ::?lane of nutri ti on r;i th amp l e  cP.rbohyd.ra t e  in the di e t , 

b l ood leve ls of total la c tate ''·ere liable to be !i1arke dly influenced ·oy D­

lac tate which h�d b L en abs orbe d f o l l owing microbial breakdown o f  the di e­

tary carb ohyd.ra te in th6 rumen (Eedway et a l . , 1969 ) . 

Int <::rpre taticn of the resu l t s  of bio chef!lical es timati ons , carri 8.:l 

out on p o s t-mortem blood s��ples 1 i s  diffi cul t as very rapi d  change s can 

o c cur in l evel s  of labile componen t s after dea th o G curs . Thus , the 

extreme ly high l eve l s  of lactate in the blood from the fi eld. case of 
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enterot oxaemia nre a lmo s t  cc:rt;t inly large-ly due t o  post mortcn glyc olyt ic 

a c tivity of erythro cyt .o: s . It i s  probc.b l e , hmlov•:::r , thr:t c;  the e levated 

b l .)od g1ucosu l e v e l  in thi s E:.niraa l re su l t s  from an temortE::n cbc:: nge s since 

true gluc o s e  t ends to be l o s t ,  ra thcr t!um g[i inc d ,  froF, the blood a.ft e:r· 

doa th . 

I t  'i!�l S  of c: ons i de1.·.::� b l e  intc r·:; c t � a l thcugh no t unoXI·e c t o d ,  t o  find 

tha t  l •:;v e l s  C'f sone of thG intermecl iFi t e  produ c t s  of glucose nl\:.' t.'lbo l i srl 

b G CDDe e l Gvat ecl in e s s o c in t ion vd th the dcv e l op!'1cnt of hyr erglycaemia . 

The fact that th.::y arv e 1E)V2. t o d  ho,Jevc:r rul e s  out <::.ny p o s s i b i l i ty tha t tlh. 

hyperglycn cn�.a 11ight b .;  due to a di s turbanc e of t:w E..� dem Mo;yerhoff path-

Tray of glyc o 1ys is .  

I t  i s  w
·
orth,-;hi l c  consi dering s oTJ1C of the, p o s s ible: fa c t ors whi ch cc.n. 

influ8ncG the leve l s  o f  the: s s  nt.: tabo l i t es i n  the "blood ::: f anim2 l s  and man . 
In oo s t  cli::t i c::: l  t·d tuat i ons , p2rti cularly in runinan ts , e l evat i ons in b l c J'd 

pyr11vP t G  have t ended t o  b" consi da:r·c;d to result from condi ti ons \'!here there 

is Ln interfen.:nc :::: wi t h  the conve r s i on o£" py:ruvE te to o. c e tyl coenzyEJ.c A . 

Tld s has bscm shovm to o ccur in s t!�rva tion , :c1ala.bsorpt i on syndrone s and 

hGpati c d<U11age in o. numbc;r of spt: C i E: s  (Medtmy ot al . 9 1969 ) . In a d.di t i on 

there are c ondi tions where tl1ere i s  beli eved to bo an i n terference wi th 

thiar1in ava i l a b i l i ty or ut i l i sat ion and thus of coenzyme func t i on e . f > 
po l io mc ephe.l omalHc i e. of cal vE:s (P i l l ,  1967 ) ; or dde c t i  ve l i po i c  a c i d  

me tabc l i sr-1 'l.s j n  Subacute Hc:cro t i s ing Encephal or,Jyt: lope.thy o f  man ( Clayton 

e t  s l . s 1967 ; Pena 0 t  a l . ,  1970 ) . ElE:v'·' ti o!1s of py:ruva to occur i n  a l l  

of the se condi t i ons o.na i t  i s  intcrt: s t i nc t o  no te: the s i::�i lr..ri ty of the 
dj_ s tribution of l o s ions in the lat ter di sease to the di s tribu t i o n  of t he 

l e s ions in Focal Syr'J�w trical Encephalonala cia of she ep . 

However ,  i t  mu s t  be ro['· l i s o d  tha t  e l 8V8. t ion of blood pyruva tE: can 

al s •'l o c cur duG to the i ncri�a s e d  formation of pyruvate s ince thE:; oxi do. t i  vc 

portion of the pathways of glucoee L'le tabo l i sm tend to be tho l imi t ing 

fa c tor in normal anihla l s . Thus there i s  an e l eva tion in the level o f  

b l -::>c d  pyruva tc aft er feeding or exerci se (Med;i! ay e t .  ::1.1 . ,  1969) and under 

condi t i ons of exc e s s  pyruvete forma t i on it i s  rap idly c onverted to l a c ta t e  

pri or to oxida t ive de carboxylat i o n .  Th2 intravenous adr.J.ini s tra t i on o f  

glucose causos a rapi d  ri s e  in blood pyruvR t e  and i t  c a n  therefore b e  s e er" 
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tha t ,  in a ccmdi t i on l il:e enterot oxaer.1ia whore blood sugar i s  ol eva ted , 

pyruvate would a l s o  be corre spondingly c l 2vated r.nd th<1 t thi s does not 

ne ce ssc:ri ly indicr: t e  any reduc t:!. rm in t!r" :::.nimr-�1 ' s abili ty to uti l i s e thi s 
compound . 

Tho snme holds true: for lacta to s inc e , a s  s e- on nbove 1 this conpound 

vti l l  automatically increrwo in r>.s s ociatic·n with increa s �� d  l eve:ls of glu c o s e  

in the c ircula t i on . However , dE:pending upon t h e  re; dox sta tt:: of the c e l l , 

the re. t i o  b c tw0·.:.r: tl:.e �1 e  two sub s binc e s  w i l l  chf',nge . In the re s t i ng s tr� �;e 
th,.; pyruvate : lact2 t e  ra t i o  is u sual ly 1 : 4 or 1 : 5  and this may be increased 

to l : 20 aftE::r s r;ve;r<.; ex ·:;rc i s e , v:hGn DPNH oxi dation is th0 l imiting factnr . 

Apart from the st: lnrgely phys i o l og:!- cal re spc " · � o s  in the l cv c.:, l s  -::Jf 
l n c t1: t e , blood leve l s  of this sub s tanc e wi l l  be grea tly incre a s ed if then; 
is e.n.'/ int erferenc e wi th n:"Jrmal oxida ti ve pro c e s s 2 s  a s  \'!Ould occur in 
pncm .. JC!OEia or CC'cl'dis. c  failure . Thus i t  Cotn be � c on that the hiGh lcv;_; l s  

o f  lac tate i n  LhE: pr�s ent e.nimal s  r:Ja.;;r hc:,ve been due to a nu.mb(,;r o f  d i ffc-
rcr:.t fa ctors acting i n  combina ti on . On the .Jne hand the:cc would have 
bc,c;n an increa s e  in lactato and. pyruva te forrTJ.a t i on due to the nigh l eve l s 

of b l o o d  glucose D.nd. en the: otrn.::r th.Jre wa �; the s evere pulLlon.::.ry oed<:::ma i n  

s ome anin& l s  af£'8 c t ing respiratory funct ion , p lus haGii�o conccmtra t i c n , 

myocardial oedema and vascular daL�ge , reduc ing c irculatory e ffi c i ency . 

The ond re sult of thi s combina tion of fa c t ors w& s a. very high pyruv3. tc : 

lactate ra t i o  in int oxi ce.ted a nima. l s  .. whi ch ,  in one of th.c; nnimi.'.l s whi ch 
rece ived entGric�origin toxi n ,  r0sE: to 1 : 80 . In add.i ticm , the high 

leve l s  of lactate in the: blood led to the s evere uctabolic ac i dos i s  w i th 

the fa l l  in plasma bi carbonate concentration and low blood pH value s 

de s cribed in Chapt G r  16 . 

Al though l e s s  is known about the c lini cal signi ficance of e l evated 

l eve l s  of e>.lphaketoglutnra te this i s  a l so almo s t  certainly as s o ci a t e d  with 

an overall increas e in the me tabolism of glucose and refle cts the limiting 

nature of s one of the later steps in the oxi da t ive pathways . However , the 

fa c t  that some el evation of this m0tabolito oc curred sugge s t s  that there 

was little int6rference wi th the Tri carboxyli c  Acid Cycle . Furthe r , 

since the elevation in alphaketoglutarate l evel was not exce s s ive , i t  

app ears t o  be unlikely that there was any interference with the terminal 
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e l 8 c tron transport chain of enzym e s  .. 

The different findings in the: quali tativ<:; and qu':m ti ta tive t e s t s  

f o r  k c t onebudi E: s  are o f  int <:=re st s ince i t  2.J) pear!'; th2.t the mo s t likely 

explam1 t i 'Jl1 for thi s di fferenc e is rele t e d to fE< c t ors whi ch hav8 !llrol:'.d;y 

b u?l1 discuo s EJd. in this chapt er . Sil1CE:: the RCJ thsra 1 s t G s t  i s  ge:ncru l ly 

regc.rded as -: nly be ing cap� bL; o f  detec ting leve; l s  o f  ketone bodi : ,s  of 
l0ug7� or m.)re in bln:-·d o:r· o th.:;r t i s sue fluids i ·i; �light have boen expe;ctcd 
tha t the nore s ensi t:i. v� a.lkalinc vo.ni l l in t c! s t  \hmld rea c t in a l l  snnp l e s  

whi ch yi cl d8C'c a p c s i  ti v e  resu l t  tc the Roth<::ra 1 s t e s t  bu t  this wa s not the: 

case i n  the pre sent ins tanc e . 

vLry specific t e s t and wi l l  only d e t e c t  acotonE and acetoacetic a c i d ,  

whi l e  the: Ro thEJra ' s  t e s t  cloe s  shm7 f!::l s o  p o s i tive re 8 c ti ons when high 

l eve l s of k8 to acids such as PYJ.'UV£1 tc.: are pre sen t in the s.::.:nple (Me dway 

e t a l . , l�69 ) . The colcur produced in the lattc;r ins tance i s  s te t.:,d t o  

b e  royal blue ra tl:er than the purp l e  wh i ch i s  pr•)duccd w i th the ket0ne 

b odi e s . Because the; rca c t i .)ns in the; posi tivc samp l e s  in the :pr2 sent 

ins tance v:or<:; s l igh t  it was di fficu l t  t cJ d•::tormine whether tlw co lour 

produce d was in fac t  blue or purpl e but the iF1prco s s i o n  vms that the Ci)l ou�· 
tendc;d to bo r:Hn'e blu8 than usua l . Thus i t  c.pp<.:;ars that the po si ti ve 

ro sul t s  obt�:,inccl with the Ro thern. ' s t e s t  v:a s  probably duo to the pre s ence 

of higher than normal leve l s  of pyruva te il< the s2mpl e s  .s nd thr; fa c t  thE, t 

thi s  was a fa l s <J posi tive reac t i on is b orne out by the nega t ive fi:1.dings 

wi th the alkal ine vani l l in t e s t . 

Conclu s i ons 

l .  A severe hyperglyce eraia occurs follmring the in travenous admini s -

tra t i on of C l .  nerfri ngens type D eps i l on toxin and in exp8rimental and 

fi e l d  cas e s  of ent erotoxaemia . 

2 . The blood glucos e l evel do0 s not chango until at or about the ti�e 

that c lini cal signs of int oxi cation are evidunt , and the change does not 

"' c cur following the adminis trat i on of non-lethal amounts of toxin .. 

3 .  Associated wi th the hyperglycaemia , there i s  a concommitant ri s e  in 

the c oncentra t i ons of lac tate , pyruvate and alphak:s t oglutarate in blood 

and a ri se in the pyruvat e : la c ta t e  ra t i o . 
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4 . Th8 ch:::.nge s i"1 the l:1 tt er g-.coup o f  c omponEnts appear to be clue t o  

a n  increa s e: in the ir forna t i 'Jn i n  a s s o c i a t i oY, wi th the i ncrea s e d level of 

circulQting gluco se . There is  nu evidence to sugg" s t  that they resul t 

frr:•m c.n inturfcre1"lCe with the ca tab o l i c  !".::: tabolisn of gl,1co se . 

5 . The e l eva ted lavo l s  of circulating lnc te. t.:; are ru sponsibl c , in pe.rt , 

for the fal l  in blood pH and the displac ,:m).ent of pla si:la b i carbona te 'i.'hich 
o c curs durint; i n tcxi c :_ ticm . 

affected anio� ls . 
Tha t i s , a mo tnbol i c  0 c i da s i s  exi s t s  in 

6 .  The u se ·J f an analyti cA-l r:Joth d wJ-J i ch i s  s p e c i f i c  for L lac ta t e i s  + 
inp,-:-rt."'.n t  when s tudying acid0s e s  whi ch mE'.y be of metabolic origin in rwni ­

nant s , since large quan ti ties •)f D- l n c ta te m::.y be �;.b s orb ,: d from the rur10n 

v1hen anir1al s ara on ;_t high c2.rbohydra te di e t . 

7 .  There i s  n0 evi dence of ks tc .:; i s in e:: xp eriment0.l snt t::r o t c•xaer:1i2 

al though fa l s e:  P·) 8 i  ti ve ro sul ts may be ob tc.im: cl  fror.: the Ro t hsra 1 s (ni tro­

prus s i de ) qun l i t a t ive t e s t  for ketone b o d e s ,  due to the hit3'h h:ve l s  o f  

keto-�cids in the pl�snc of intox i ce t ed aninal s . 
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Chapter 20 : 'ri-IE Hfii'LUENCE OF Il�SULI N  AND STARVATION 

UI'ON TP..E HYFERGLYCAEJ'.UA INDUCED BY 

C L .  f!:lli':tiNGENS TYPE D ill'SILOH 'i'C'XIN.  

Jubb & Kennedy (1 (;63 ) s tat-2 tha t thore i s  some oxpe:riiDl'J1tal evi denc e 
to sugge s t  that the hyperglycaemia whi c h  oc curs in Cl . perfringens tYJ)8 D 

entero toxaemia may bo the re su l t  of increa s ed glycogenolys i s  in the l iver . 

If thi s i s  :i.n fac t the case then the blood sugar re spons e  during the c ou:rs ,:· 
o f  th i s  intoxi cCJ. tLm should bo profour1clly influer.c E:. d  l)y tho extc:�t o f  the 

t ;  
hepr\ tic glycogen rc: s c;rvc s ,  and thus t h e  short t c !'m nutrilol1a l s tn tu s o f  th e 

animal . 

In thr:; fi el d , ent..;rotoxaemia tends to o c cu:r mo s t  frequently in 

aninJ. l s  ,·,hich are i n  go od nutrifbm�l condi ti on . Under the s e  circums tanc e s  

hyperglycw-'mia coul d b e  c:x:pc. ct0d t o  occur rq;ularly i f  the pa thogeno s i s  o f  
thi s change" i s  ba s i cally a mobi l i sa tion o f  he:ps. t i c  glyc: o�jcn . On the othsr 
hand , i f  the hy-p•.:rglycaemiEI re sul t s 1 e i thc,r who l ly ,  or in par t , from e i ther' 

a fai lure of the intoxi c2.ted anim .. l tc u t i l i s e  gluc o s e or an i r.terfercm c c:  

wi th one e r  more o f  the endo crine fa ct ors iillp ortant i n  gluc o s e hone o s tas i s 
.,.; 

then the nu trj}onal s t8,tus of thC: animal would have li t tl c or no j_nfluenc8 

on the blood gluc o s e  changes fol l oning thE: admini s tra t i on of e p s i lon toxin . 

I t  v.rns therefore important to de te:;rhline whe ther d._;;p l e ti on of the hepP. ti c 

glycogen s to:c e s by s tarva ti on or other means , prior t o  tl1o aJmini s t ra t i on 

of toxin ,would ocl ter tho anima l 1 s respons e to the toxiE . 

One of the impo:c tElnt fa c tors in ma intaining re- latively con stant 
l evel s  of gluco s e in the blood i s  the hormone i nsul in , produced by the 
be ta c e l l s  of the pancrea ti c I s l c; t s  of Langerhans . Insulin influenc e s  

carbohydrat e  metabo l i sm i n  a number of different ways . Perhaps the: mo s t  

important of the s e , i n  the short term ,  i s  the hormone ' s role in a l tering 
the permeabi li ty of th8 pla sma membrane s of skel e tal TIU s c l e  and adi po s e 

tissue c ell s to glucos e thus al l owi ng it to enter the c e l l s  where i t  i s 

rapidly converted t o  glycogen or triglyc eride . In c ondi t i ons where there 

is a defi ci ency of insulin or an interference with i t s  action , glu c o s e  

tends t o ac cumula t e  i n  the c ircula tion and hyperglycaemia oc curs . On 

the o ther hand , increas ed levels of insulin onhance the trans fer of glu­

cose into cells and thi s re sul t s in a s evere hypoglycaemia whi ch i s 
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compensated for to some extent by a mobilisation of the hepatic glycogen 

reserves u.ndcr the influence of glucagon . Thi s latter hormone is  produced 

by the alpha c rJ l l s  of the pancree. tic Islets o f  Langerhans and released in 
response to low blood glucose lev& l s . It i s  tb . .::ndore possible t o  use 

insulin to enhance indirectly the eff-::ct of starvation in depleting 

hupa t i c  glycogen reserves in an acute experiment . The rapid dep l e t i on of 

hepatic glycogen produced by a combination of starvation and insulin ad­

ministration a l .s o  tends to e.s sist in overcoming side effe cts which could 

be produced by prolonged starvation alone . Since insulin is rapidly 

broken down in the animc.l body it does  ll ') t  persist for more than a few 

hours , unless "adjuvants' a:,.·e usocl ,  and i ts adl:!inistra tion wi l l  therefore 

no t i::-itcrf,_ re with subscquunt experiL1ents . 

By studying the abi l i ty of insulin to influence the hyperglyca cmio. 
produce<l by the rid.iiJinistration of epsilon tox:;.n to unstarved ani1aals i t  

should also be p o s s ible to  obtain some i nfonr,a t i on on  v1hether the toxin 

influences the action o f  this hormone on p lasma mer.1brane s although there 

are certain limi tations to this approach which wi ll be dealt wi th in morE 

detail in the di scuss ion section of this cha�t �r . 

In the present experim0nts the response of laiJ�bs to insulin alone 

wa s c ompared with their response t o  similar doses of insulin plus toxin or 

toxin alone to obtain informa t i on on the p o s s ible interact ion of the s e  

subs tanc e s . 

The Inf luence of Insulin a,nd Starvr� tion upon 

the Blood Gluco se Response i n  Lambs Following 

the Parenteral Adminis trati o n  of Epsi lon Toxin . 

Materials & Me thods : 

A series of 2- 3 week o l d  female lambs s imi lar to those de s crib ed 

in Chap ter 6 were screened for the pre s ence of epsilon anti toxin and 8 

lambs which had less the.,n 0 . 08 units of epsilon anti toxin/ml . of s erum 

were s elected for use in the pre s ent exp erimen t . 

All of the s e  animal s were removed from their dams and held i n  

small pens unt il u s e d .  One pair of lambs (No ' s .  92 & 96) was deprived 
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of food for 3 hours . A blood sampl e was then takon from. thGse animals 

ancl 40 units of Insulin :G . � . (Bu:rrow,�hs w e l l cone & Co . (�J . Z . ) Ltd . ) v:Els 

admini s torGd intravenously t o  each lar'io . Tho se two lambs were then 

doprivE: d  of food unt i l  the socond s t age of the expo..::cimont rras undGrtabm 

on the following day. The;r v;ore therefore known as the 1 s tarved 1 animD.l s . 

'rhe other six lambs wore given two feeds of an arti.ficinl Di lk 

preparation , 1 Fos tormilk 1 ( Glaxo Laboratories 1 Falr1orston North , N . Z . ) ,  

a t  8 hour i 1terval s on the first dRy and a further fee d on th2 morn:i.rtto' c f  

the following d.s.y, 2 hours be: fore tJ.1ey were us<::d .  

I n  the second stc:tgc o f  the ex1;orim :::r; t blood sP.nplcs wer < .  taken fro:n. 

all the animal s . 'rhe 1 starved 1 la:nbs (Nos . 92 {; s;G above ) were then each 
given 1 . 5 Bg of bat ch CWD opsi l on toxin in 10 nl se.line intrc..vcnously . 

The san& dose of toxin was also gi vcm to a further pair of lambs (Nos . 

97 & 91 ) by th<:o sam..; routE; . ThG latter animal s cooprise thE ' toxin ' 

group . ;rhc� third pair of laC:Jl's ( Nos . 89 8: 94 ) Wt?re also giver, the same 
do s e  of e:psil �m toxin intravenou s ly but in addition they <:ore given 

40 unHs of Insulin B . P . I/V at the same time as the toxin . These vrero 

known as the ' Toxin/Insulin 1 group . Finally , the fourth pair of lai'ilbs 

(Nos . 90 & 93 ) uere given 40 uni t s of Insulin B . P .  intr::- venou s ly . 

The s e  treatments are summari s ed be low � 

Lambs Group First Day Second D<;,y 

Fed Insulin Fed Insuli�1 Epsilon 

92 & 96 ' starved ' No 40 uni ts 

97 & 91 1 Toxin 1 Yes Nil 

89 & 94 1 Toxin/Insulin 1 Yes Nil 

90 & 93 ' Insulin ' Yes Nil 

:r-ro Ni l 

Yos Nil 

Yus 40 

Yes 40 

units 

U."li ts 

, r .1. e J 
1 . 5  

1 . 5 

Nil 

tlg 
mg 
mg 

At intervals following the administration of toxin or hormone , 

blood samples were taken from the jugu.lar veins of all animals . The 

samples were colJected in heparinised 1 Vacutainers 1 as described in 
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Cha p ter 15 . The plnsrJa v1a s s el-Jarn ted from the lJlood 1 by c entrifugation 

a s  soon as possible after c o l l e c ti on . Plas�a samp l e s  taken from th� 

' s tarve d '  animal s on the firs t day wero h2ld in a refrigera tor at 4°C 

overnight . Es tima tion of b l o o d  gluc o .:.G were carried out by the manual 

gluco s e  oxidase method d<..; s c ribed i n  Chapter 19 . 

Re sul t s : 

The admi: .ti s tra tL.n of insulin a l one di d no t pro duce marked 
cl ini cal di s turbanc e . Foll owing thE: a d.E1ini s tra tion of th e insulin th0 

blood gluc c· s t:: leve l s  of these Qnima l s  felJ  rapidly . 

de tectabl e  in b l o c) d  safTlp l s s  taken 10 minutes a.ftc,r' thcJ hormone was given 

and fdl to very l OI'.' l evel s  ( l e s s  than 20 1ng'J�) wi thin an hour . I t  

remained l ow for at l e a s t  two hours but had ri s en t o  7 4  mgj� by the tifTle 

6t hou�s had elap s e d  following e.dministration of the hormone . It was 

s ti l l  at thi s lat tGr level on the fcllowinG morning in ono animal . The 

blood glu c o s e  l evel of the o ther animal whi ch had r:; c c dvod insu l in was 

not fo l l owed for l o nger tho.n l hour after admini s trnt i on but the b l o o d  

glucose had risen t o  100 mg'/o by t�12 foll owinG Rorning . 

Fol l owing the admini s tra tion of eps i l on toxin to thG s e  animal s 

on the s e c ond day , one of the animal s  developed c l illi cal s i gns of intoxi -

cation and died a fter 50 minu te s . At the timo that c l incal signs of 

int oxi cation 0 c currc,d there wa s a transie:nt r i s s  in blood gluco s e  l evel 

from the pro inoculaticn figure of lOO Y.Ig% to a value of 187 mg% but thi s 

rapi dly f e l l again and reiT'.<'!.ined at 91 mg% unt i l  dca th o c curre d . ThE: 

b lood glu c o s e  level of the other anifTlal remained at lOO mrt/o or l e s s  

throughout the course of intoxi c�tion and the animal died one ho� after 

the admini s tr<!tion of the toxin . 

' Toxin ' lambs : 

The preinoculation blood gluc ose l evel s  of the s e  la.hlbs werG 94 

120 mg% re spe c tively . Fol l owing the admini s tra tion of epsi lon t oxi n , 

c linical s igns of intoxication deve l oped and a typical hyperglycaemi c 

response was obtained . The blood gluco s e  l eve l s  ros e  progres sively 
throughout the course of intoxi cation to terminal valu e s  of 382 and 460mg% 
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and the anime.ls died 45 a�1d 85 minute s after thd admini s trc.tion of the 

toxin . 

' Toxin/Insul in ' lambs e 

':'he p�r.-e-inoculation blood glucose leve l s  of thes e  lambs wo:!:'e 
lOO and 216  mg'/o. One animal had a rola ti voly s!:", ·)rt survival timt: of 50 

E1inutus following th8 ad.rninistro. tion of tltc tox:!.n nnd insulin . During 
int-:;xicr:: ti on the tload glucose l evtJ l ro s e  rapi dly and roached a terDinnl 

value of 450mg%. In the o ther auimal , thert:: was a con:<i derable lag 

(l hm:r ) befr:Jre the onset of cl ini cal s igns r;f intoxication. During thi s 

period th2 blood gluc o s e  level pr<lf.J-:::'G s si vely fell to a very l ow level 

( l 3m@o) . Fo l l ov;ing t!w onset of clini ca l signs of intoxi c�,_tion however 

the blood gluc os e l evel rosG rapidl.Y to o. t crmi11al l2v0 J. of 280n,gfo 

1t hours after toxin admini s tra t i on . 

/), 
'l'he ro cul t s of these exp eriment s art: t;:.bulEded in T::blc ZG .- Y 

and illustrated by the graphs in figure 20 . 1 .  

'rhe Effe c t  of Insulin upon tho Hypcrglycaemin rrhi ch Occurs 
in Experimental Cl . pe:rfringcns T:VJ?s D En te:ro toxacr:1ia . 

Material s  & Methods : 

The 2-3  vreek old. femal0 lanb No . 85  whi ch was cannulated and used 

in the experi::1cnts de s cribed i n  ChnptGr 6 W!lS gi •ren 40 uni t s  of Insulir. 

B . P . intr;:;.venous ly ,  30 T;linut<:s aftur the ons e t  of c l inical signs of in t oxi ­

cation i .  c . 1 5  minu t e s  before the dea th of the animal . 

The blood sampl es taken from this aninal and the analytical 

proc e dure s  used for e s t imating thG various blood cons t i tuents of thi s 

animal have already been described in Chapter 19 . 

Results : 

The bloo d glucose values obtained fror.1 thi s animal during the 

course of intoxicati on have been given in Chap ter 19 .  I t  is suffi c i ent 

to s tate here that for several hours pri or to the onset of clinical signs 

o f  intoxication the blood glucose level ranged from 100 to 108 mg%. When 
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clini cal signs of intoxi ca t i on be came evi d8nt the blood glucose value was 

12 5 mif;0 and 30 minutes later the h;y_t-> erglycaemia was well es tabli shed Yii th 

a gluco se level of 166 mg% in a blood s:"ll:tple  to.l:en jus t before the admini-

stration of the insul in . The c.nimal only survived for a further 1 5  minutes 

after the insulin wa s given but at the tic,1e of dE:&t h  the blood glucose 

had risen to 355 m�/o. 

Di s cussion 

The dr:1natic blood suga r response fcll ov:ing admini s trat i,:m of 

dos es of  insul in cf th e order of 4 uni ts per Kg to normal 2-3  week old 

lambs sugge sts that they rec..ct to thi G horr::::me i n  r. similar v.ray to ani:1als 

su.ch as dogs . In the la t t er spe cies  the therapeut i c  dos e  of insulin 

re commended. by thC: Bri tish Ve terinary Codex (196 5 )  is 5- 50 uni ts and this 

would be s imi lar to the dose used in the pre s ent exp<.:riments if i t  wc.r0 
expre s sed on a todyweight basis . In c ontr2. s t  to thi s  i t  ha s bt:en found 

that in order to produce a hY}loglycaenic respons e in adul t shce� it i s  

necessary to use a d·:) Sl' l evel of  8 units o f  inm::.l in/KgD . Yi .  (Lapvo o d  K .  
pers . COIT'.I'l . ) • 

Th8 pat tern of tLe bl;Jod sugar r12sponse ob taine d when insu l in 

and e:ps i l on t oxin were 2.dmini s tGrecl s imul taneously was inter e sting . I t  

appears tha t ,  while insulin was a·ble to influence blood glucose l eve l s  

during the prodromal s -tages of  intoxicn.tion , i t  was not effe c t ive in 

blocking tho hYIJerglycaemic response induc ed by eps i l on toxin . A possible 

explanation for thi s finding ':;ould be thst thG toxin interferes wi th the 

acti on of insulin in nllowing glucose to cross the plasma membrane �f 

skeletal musc l e o r  adipost tissue ce ll s . It i s  rath e r  unlikely thn.t the 
toxin would have such a specific effect upon the hormone i tself and , from 

the TIOrk de s cribed in previous ch�pt ers ,  it does not appear thRt ep s ilon 

toxin has a marked effe c t  upon th.:, morphological or functional e ffi c i c.·ncy 

of cell membranes . A more likely explanation would therefore appear to 

be tha t ,  due to vascular endothelial damage , the additional gluco sG in 

the blo ods trGam canno t pas s to the muscle and adipose t i s sue cell s  

sufficiently rapidly to enable insul in to reduce bloo d  glucos e l evel s . 

Thus it appears probable that the fai lure of insulin to control the 

hyperglycaemia induced by epsi l on toxin i s  the result of physical factor s  
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rather than any effe ct ,)f the taxin on e i ther the cell membran2 or the 

action of insulin . 

l\.s far as the p8. thogon c s i s  of the h;rpcrglycae!!lia i t se l f  :L s  con­

cerned ,  the fac t  tha t it f.::-'.iled to develop in :�ni!aals in w:1ich the he})e.tic 

glycogun s tore s hacl bGen deple t ed. by a c ombina t i on of starvat i on and the 

pri or c:..dnin:i. ;:; trat i. ::m ;; f insu1in suggc:: sts  thn t r-:rw e l eva t i on of blood 

glucose h:vul durine; intoxi cation is dcpend·:mt upon the pro sencc :.:; f 

aiequate hepati c glycogen reserve s . On thi s ba s i s  c.nJ judging by the 
hepa t i c  change s de s cribed in Chap ter 12 it ay:pea:es th2, t , as Jubb & 

Kennedy ( 1963 )  hc ·;e sugge s t e d , thE h:-'P(rglyca .::mic. of ont0ro t c xc.<.r;Jrtia i s  

due to a mobi l i sation of the hepa t i c; glyc �'gcn rG s orves . 

Conclus i uns 

l .  The do se of insulin rcquirud to prod1-<.cE. a oarke(l hypcrglycaenic 

re sponse in young l s.mb s i s  s imi lar o n  a bodyweight bas i s  t o  that requirG d 

to produce o. simi lar effect in man £J nd s :::Jn�.: o ther simp l o  s t o!:la ched anim<-:!. l s . 

L3.r1bs are therefcre :nr•r(; • .L . S G11 S l ulVG to th<-; hr:�rmon.G than a dul t shGep in 

whi ch a highE::r dose ra t e  is require d . 

2 .  Dep l e t i on c;f tho i lcpet i c glycogen ru serve s of y:mng lamb s by tlw 
ad..rnini s tration of insul i n ,  cor.1binod. wi th sk .. rvation , re su l t s  in a comp l e t e  

inhibition of the act ion of e p �Ji l on toxin on bl ood gluco s e  level s . Thi s 
impli e s  tba t the hyperglycacnia of e p s i lon t oxin i:lttoxi cation and C l .  por­
fri ngens type D cnt Gro t oxaomia i s  dependent upon thF.; mobi l i sati on of 

hepati c glycogen res e:rv<: s i . e . increa se d glyc ogenolys i s . 

Insulin �as capable of depre s s ing the blood sugar level of u_�-
s tarved aninal s  during the prodromal phase folJ.owing the pare:ntora l adr:ini-

s tration of eps i lon toxin . I t  did not prevent the hyperglycaemia whi ch 

subsequently o c curs fo llowine; the onset of c lini cal signs of intoxi ca t i o n ,  

n o r  did i t s  adinini s tra t i on influence the cour s e  of a n  e s tabli shed hyper­

glycaemia in 8. case of experimental Cl, perfringens t:rpc D enterotoxaemia . 

The inability of insui!.in to influence the blood sugar c hange s 

induced by epsilon toxin doe s  not neces sari ly imply that the toxin a ffects 
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cith&r the action of thi s hormone or tho permeab i l i t y  of th0 pln.sma meB-
branes of skclt:: to .. l mus c l e  ce l l s . I t  n]::·pe.s.rs rnurc l ike ly that the a c ti on 

of insulin , in lowering blood glt: c o s .s  l evG l s , i s  rendered ineffe c t ive by 

intcrfen:nce v!i th th"' trc:�nsf c;r r:f glu c o s e  from the c irculat i on to tr1-:: 

mus c l e  due to the vas cular d.Ene.ge . 
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TOX I N  O N  THE LEVELS O F  SEVER,:;. L S ERUr.I ENZ YME S  IN SHEEP . 

A l t e r a t i o n s  in t h e  l ev e l s  and propor t i o n s  o f  a v ar i e t y  o f  

e n z ym e s  have assumed c on s i d er ab l e  impor tanc e a s  d i a g n o s ti c a i d s  i n  

t h e  s t udy o f  a numb e r  o f  human and animal d i s e as e s . In g e n e r al 

c ha n g e s  in cir c ula t i n g  e n z yme lev e l s  and p a t t e r n s  i n  d i s e as e  

c o n d i t i o n s  a� e as s u c i a t e d  wi t h  t h e i r  r e l e a s e  fr om i n j ur e d  c e l l s  

w i th i n  t h e  t i s s ue s . The r e l a t i v e  p r op or t i o n  o f  t h e  v ari ous 

e n z ym e s  in s e rum in any p ar t i c u lar c on d i t i o n  th e r e f o r e  t e n d s  to b e  

a r e f l e c t i on o f  t h e i r  c o n c e n tr a t i on w i t h in t h e  d amag e d  t i ss u e s 

r a t h er than a d irec t e f f e c t  o f  the n o x i o us a g e n t  u p o n  t h e  e n z ym d  

i t s e l f  or i t s  p r odu c t i on . 

A fur t h e r  c o n s i d e r a tion which limi t s  t h e  us e o f  e n z ym e  

e s t ima t i o n s  in v e t er inar y c l inic al p a t h o l o g y  i s  that f a c t  t ha t , 

w i th a f e w  n o t a b l e  e xc e p t i on s , t h e  c hange s which o c c ur in t h e  

r e l a t i v e  c o n c e n t r a t i o n s  o f  the v a r i o u s  e n z ym e s  in s e rum f o l l o w i n g  

i n j u r y  t o  s p e c i f i c  t i s s u e s  hav e n o t b e e n as e x t e ns iv e l y s t u d i e d  

i n  J om e s t i c  animals as t h e y  have i n  man . Th e u s e  o f  o r gan 

s p e c i f i c  e nz yme p a t t e r n s  an d sp ec i f i c  i s o e n z ymes the r e f or e c a n n o t  

b e  as w i d e l y  u s e d  in v e t e r i nary d i a gnos t i c  � r o c e du r e s  as i t  i s  i n  

h u man m ed i c i n e . 

In t h e  p r e s e n t  i n s t a n c e  t h e  s i t u a t i o n  was fur t h e r  

c om p li c a t e d  b y  t h e  f a c t t h a t  v a s c u lar damage had r e s ul t e J  i n  l o s s  

o f  pr o t e i ns f r o m  t h e  b l o o d s t r e am i n t o  the t i s s ue fluid s . F o r  

t h e s e  r e asons i t  was u n l i k e l y  t h a t  a g r e a t  d e al o f  r e l e van t  

i n f or ma t i o n  c ould b e  o b t ai n ed b y  s t udying t h e  c h an g e s  i n  e n z ym e  

p a t t e r n s  wh i c h  o c c urr e d  dur ing e xp er i me n t al e p s i l o n  t ox i n  

i n t ox i c a t ion . Nev e r t h e le s s  i t  wa s  c o nsid e r e d  d e s ir ab le t o  

e s t i m a t e  a numb e r  o f  e nz ym e s  t o  d e t e r m i n e  whe t h e r  a c o n s is t e n t  

pa t t e r n  o f  c h ange e me r g e d  f o llowing t h e  o n s e t  o f  i n t ox i c a t i o n �  

This i n f ormat i o n  would b e  o f  value i n  e x t e n d in g  the w o r k  o f  

T r i f o n ov q· To do r ov ( 1 965 ) who hav e  s h o w n  t h a t  e p s il o n  t oxin 

i n t o xi c a t i o n  p r o d u c e s  a r i s e  in the l e v e l  of glu t ami c - o xa l oa c e t i c  

t r a n s aminas e  and ald o l a s e  i n  s e r u m .  
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The f o llowing e nz ym e s  w e r e  t h er e f o r e  e s t i ma t e d ; 

Glu t amic o x a l o ac e t i c t r a n s aminas e ,  

Lac t ic d e h y J r u genas e 1 

A c id P h o s ph a t a s e ,  

Glu t amic p yr u v i c  t r a n s aminas e ,  

I s oc i tr i c  d e h yd r o g e n as e , 

Alkaline ph o s pha t as e . 

Mate r i a l s  & Me t h o d s : 

Th e me t hods e mp l o y e d  f o r  t h e  c o l l e c t i on o f  b l o o d  s ample s 

f r o m  t h e  an i mals wh i c h  r e c e iv e d  p a r e n t e rally a d m i n i s t e r e d  t ox i n  

h av e  b e e n  d e s c r ib e d  i n  C h ap t e r  15 a n d  t h e  meth o d s  us e d f o r  th e 

a u t o m a t e d  d e t ermi n a t i on of t h e  v ar i ou s  s e r u m  e n z yme s w e r e  als o 

d e s c r i b e d  i n  t h a t  c h ap t e r . 

R e s u l t s : 

Th e c h an g e s  w h i c h  o c curr e d  f o llowing the o n s e t  o f  e p s i l o n  

t o xin i n t o x i c a t i o n  we r e  as f o l l ow s ; 

G l u t ami c - oxal oac e t i c  t ra n s a m i n a s e  ( SG O T )  

Th e r e  w a s  f a i r l y  c u n s is t e n t  inc r e a s e  in SGOT ac t iv i t y i n  

s er um samp l e s  taken a f t e r  t h e  o n s e t  o f  c l inic al s i g n s  o f  

i n t ox i c a t i o n . Th e m e an i n c r e a s e  was o f  the ord e r  o f  34%. 

G lu t am i c -pyruvic tr a u s am i n a s e  ( SGPT ) 

Again t he r e  was an e l e v a t i o n o f  the a c tiv i t y  o f  t h i s  

e n z ym e  f o l l o w i n g  t h e  o n s e t  o f  c l i n i c al s i g n s  o f  i n t o xi c a ti o n . The 

mean rise in this ins tanc e was of the o r d e r  of 44% . 

I s o c i t r i c  d e hyd r oge n a s e  ( ICD ) 

The ac t i v i t y  o f  this e nz yme was als o i n c r e as e d  in s erum 

s a mp l e s  f r o m  i n t oxica t e d  an imals . 

o c c as i o n was o f  the ord er o f  4 1 % .  

Th e m e a n  inc r e a s e  o n  t h i s  
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Th e levels of ae tivitr o f  this e n z ym e  in pos t -intoxi c a t i o n  

b l o od s amp l e s  var i e d  c onsiderably f r o m  the preinoeulation values . 

While the di ffer e n c e s  b e tw e e n  s e r ial s ample s fro m t h e  s am e  animal 

s howed fairly c onsis t e n t  changes the re sul t s  in d if f e r e n t  animals 

r anged from lar ge inc r e ases to d e c r e as e s  t o  b e l o w  th e pre ino c ulat i o n  

l e v e l  i n  o th er s .  

A c i d  and Alkali n e  ph osphata s e s  

H e r e  again t h e  value s  fluctuated wid el y ,  with e levat i o n s  i n  

ae tivi t y  in p o s t - i n o e ulation5 s amp le s from s ome anima ls and 

d e c r eas e s  in o ther s .  These a l t er a t i o n s  d i d  n o t  r eveal any 

s t a t i s t i eally s ignificant pat t e r n  of change for a i th er e n z yme . 

The r e sults o f  the p o s t - in t oxication e n z yme analys e s  are give n  
i n  App e ndix 13 and t h e s e  ar e s ummar i s e d  in Tab l e  2 1 . 1 .  

Tab\e 21 . 1  

Alt e r a t i ons in the A e t iv i ty o f  Some Serum Enzymes 

Foll o wins the Par e n t e ra l  Administration of EEs ilon Toxin to Lambs 

Time of Sampling 

Neans .:!:: 1 s t d  dev . Pre - n Ons e t  o f  Clinic al n Time o f  
i n oeu lation I n toxic a t i o n  De ath 

Enz-yme No . Enzyme Ac tivity ( I n ternational units . )  
o f  

Animals 

G lu t ami e - 26 46 . ?  + 1 0 . 0  1 8  
o xal � M tlic 
Transaminas e 

Glutamic .. 26 8 . 1  + 2 . 1 1 4  -
p yruvic 
Tr ansaminase 

Is oc itri c 26 1 6 . 6  t. 4 1 5  1 8 
d e h ydro genase 

LaD-tie 26 863 + 93 1 4  
dehydrogenase 

Alkaline 26 850 + 2 1 3  1 4 . 
-

Pho sphatase 

. A c id Pho sphatasE 1' 25 . 8  + 4 . ? 
t teat SGOT preinoc : terminal p f( • 005 

ICD u " p < • 001 

·., 

9 . 

56 . 5 + 20 . 1  1 9  64 . 0  + -

1 0 . 6  + ) . 6 1 9 1 1  .. 7 + -

25 . 9 ± 13 . 1  20 28 . 0  + 

881 + 97 - 24 8 8 1  + 

84() + �.79 - 1 7  841 + 

24 . 3  + 3 • .5 9 23 . 5 + 
-

SGPT preinoc a terminal p < • 01 

23 . 3  

5 · 3 

1 1 . 9 

1 05 

1 79 

4 . 3 
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Disc u s s i o n  

Vi th t h e  pr o f ound c hanges i n  haemo d ynami c s  and l o ss of 
p r o t e i n f r o m  th e c ir c ula t i on , wh i c h  o c c urr e d  i n  i n t oxi c a t e d  animals , 

a c e r tain amoun t of var i a t i o n  c o uld b e  e x p e c t e d  t o  o c cur in s erum 

e n z ym e  leve ls . Th is wo u :d o c c ur e v e n  in the ab s e n c e  of any 

sp e c i fic r e l e a s e  of e n zyme s from the t i s s u e s  and it is p r o b a b l e  

that th is e xp la i n s  the fluctua t i o n s  i n  LD H  and t h e  phospha t as e s  i n  

t h e  b l o o d  samp l e s  whi c h  w e r e  c olle c t e d  a f t er the o ns e t  of c l inic al 

signs of i n t oxi c a t i o n . I t  al so appe ar s that s ome e nz ym e s  may 

h av e  b e e n  l e s s  aff e c t e d  b y  the h a e m o d ynamic chan ge s than o the r s . 

I n  the c a s e  o f  th e transami n a s e s  an d i s o c i t r i c  d e h yd r o g e n a s e ,  t h e  

c o n s i s t e n t  i n c r eases wh ich o c curr e d  s u gge s t  that t h e s e e n z ym e s  may 

have b e e n  re l e a s e d  i n t o  th e b l o od s tr e am by the t i s s u e s  a f t er 

i n toxi c a t i o n  oc curr e d .  

The f a c t o rs wh i c h  govern the t i me and p a t t e r n  o f  r e le as e  o f  

t h e  various e n z ymes f r o m  damage d t i s sues i n t o  the e x t r a c e llular 

f luids are e x t r e mely c omp le x .  Thus the pa t t er n  o f  e n z yma t i c  

c hange ass o c i a t e d  w i t h  an y p ar t ic u lar t ype of i n j u r y  o r  dama g e  t o  

any par t i cular o r gan may v ar y  wid e l y . I t  is int e r e s t i n g  t o  n o t e  

however t h a t  Schmi d t  e t  a l  in B ergme yer ( 1 963 ) hav e sugge s t e d  tha t 

the r e t e n t i o n  of s o me en zymes i n t r a c e llularly is d e p e n d e n t  upon 

func t i onal , a s  w e ll a s  morpholog i c al , integrity o f  c e lls . Th e y  

quo t e  c o ndi t i o n s  i n  which i n t e r f e r e n c e  wi th e n ergy m e tab olism o f  

the c e lls r e sults in the r e le a s e  o f  e nzymes b e f or e  the r e  i s  any 

e v i d e n c e  of m orphological damage to the c e lls and a l s o  give 

e xamp les of c onditi ons in whi c h  mo rpholog i c al chan g e  is evi d e n t  b u t  

e n z ymatic c h a n g e s  ar e minimal . 

Th e s e  f a c t o r s  c ould expla i n , i n  p ar t , the d i f f e re n c e s  in the 

c hange s in p a t t erns of the individual e n z ymes in the pre s e n t  

i n s tanc e and a l s o  the f ac t t h a t  e le v a t i on o f  s ome o f  the s e  e nz ym e s  

o c c urred i n  th e � s e n c e  of d e t e c t ab l e  morph o logi c a l  d amage t o  c e lls 
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i n  the ma j or organ s of the b o d y .  

Thi s  s tudy h a s  not provided any evid en c e  t o  sugg e s t  that 

e p silon t o xin inter f e r e s  dir e c tly w i t h  the ac tion of any of the 

e nz ymes whi c h  were e xami n e d , 

Con c lusions 

1 ,  Th ere i s  rapid inc r e a s e  in th e ac tivity of SGO T ,  SGP T  

an d ICD f o llowing t h e  par e n t e ral adminis tration c f  e p s ilon t oxin 

to lamb s , 

2 .  Th e ac t ivi t y  o f  lac tic dehydr ogena�e and b o th ac i d  and 

alkali n e  phosphatas e s  fluc tua t e  wid e l y  b u t  d o  not show a c onsis t e n t  

r i s e  o r  fall , 

3 .  Th e fluc tuat i o n  in e n z ym e  lev e l s  in the p o s t - in o c ula t i o n  

samples m a y  b e  d u e  t o  the l o s s  o f  pro tein f r om th e b loods t r e am and 

the ine f fi c i e nt tran s f e r  of e n z yme s releas e d  from the tissue s i n t o  

t h e  b l o o d s t r e am .  

4 .  Wh ere e le v a tions i n  e n z yme l e v e ls oc cur the y  may 

indic a t e  func ti onal damage to the plasma membranes of c e lls . 

5 .  The r e  is no evi d e n c e  that eps ilon t oxin inter f e r es 

dir e c tly with the ac t i o n  o f  an y of the e nzymes e xami n e d  i n  the 

p r e s e n t  s tudy . 
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Although glycosuria i s  comr�only encot1nt ered in fi e ld cas e s  of 

entero toxaemia in :Lamb s H is no t a constant finding ( Smith , 1957 ) . 

Sotirov ( 1965� has carried out s tudi (: s  on the pat hogene s i s  of thi s gly­

c o suria and c onsiders that i t  o c c"'...J.rs a s  a re sul t of fai lure of the proxi-

mal tubu l e s  t o  reabs orb gluco s e  from the gl omerular fi l tra t e . On thi s  

basis the glyco suria i s ,  t o  some extent at l east , independent o f  the 

hyperglyca emia , Howev,::r the blood glucos e l evel frequently exc e e ds the 

renal thre shhold for glucos e  in experimentally induced ent ero t oxaemi a . 

To inve stiga t e  renal fun c t ion e f f e c tive ly it i s  ne c e s sary to 

e1:r� loy a var i e ty of proc edur e s  inc lu ding c l earance t e s t s  wi th c ompounds 

which are excre ted by different pro c e s s e s  w i thin the ki cLney but: many o f  

the se t e s t s  arc di fficult to adapt f o r  use in short term s tud.i e s . I n  

addi t i on , t h e  test compound i t s e l f  nay alter the pat tern of exqe t i o n ,. and 

reabsorption of nCJrmal urinary cons ti tw:mts by saturating transport 

sys tems in the ki dney . The s e  fac tors rendered many of the avai lc.bl e  

te chniqt;.cs unsuitab l e  for use i n  th2 pre s ent s tudy . Surgi c� l  carillul ation 

of renal ve s s e l s  and ure ters of experir;;ental animal s  was not cons i dered to 

be de s i rab l e  i n  thi s proj e c t . 

The i nve s t iga t i ons into renal function in the pre sent ins tance was 

therefore limi ted to a s tudy of change s , in the leve l s  of normal urinary 

constituent s ,  whi ch o c cur during the c ourse of intoxication . I t  i s  

intere s t ing t o  no te i n  thi s  resp e c t  that , al though o ther workers have 

inve s ti ga t e d  the glyco suria they do n o t  app ear to have exru:!ined the pat­

t erns of o ther 1..<.rinary c ons ti tucnt s  such as inorgani c ions during the 

c ourse of intoxicat ion . Since the s e  latter sub s tanc e s  are al s o  excre t e d  

b y  energy dependent pro c e s s e s  · they shou l d  provide useful information 

on the fw1c t i o nal s tatus of the kidneys , 

A nlli�her of factors can comp l i cate the interpre tation of the 

r e sul t s  of s tudi e s  of thi s type . For instance the patterns o f  excre tion 

of ioni c c ons tii�ents such as s o dium , pota s s ium and chlori de differ 
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markGdly in adult sheep and young milk fed larr.bs and var:J consi derably from 

animal to anima l , depending upon diet and fluid intake . Physiological 

flu c tuations also occur as a resul t of feeding and diurnal rhyth.rns in 

adult sheep ( Simpson , 1969 ) and it i s  possible that a simila:r situation 

cou l d  also occur in the inwature lamb . Further , because the epsilon 

toxin th£. t >ras used in the present s tudy "\>'"as d.i lu tecl with physiologi cal 

saline , the l evels of s odiur.i and chlorid.o in the urine o f  experimental 

anima l s  could refle ct changes brought about by the intravenous adminis ­

t::ca t i on of these ions . 

The Urine.ry Cons tituents of 2-3 wce:k old Lambs 

and the Influence of Parentere.lly Adminis tered 

Eps; lon Toxin upon Their Excreti on . 

Materials & Me thods : 

The lambs that v:ere used in these experiments have been des cribed 

in Chapter 6 .  Prior to the adr.lini s tration of toxin a sampl e  of urine 

was collected from the bladder 0f the s e  animal s and the 10 paired contro l 

lambs . A metal bi tch catheter and i l luminated (Wappler model auriscope 

with bitch specullliil at tachment - Holborn Ins trumer!t Co . , London , England ) 
speculum desi&,"'llod for the ea thc terisa tion of bi t chcs were used for thi s  

purpose and proved very sati sfactory . The �aximum volume of urine c ol-

l e ctcd in the preinoculation samp l e  vms 30ml . No a ttmnpt vras made to 

completely empty the bladder at this time al though this occurred i f  less 

than 30ml urine was present . 

Post- inoculation urine samples were collected in the same fashion 

or e l s e  by punc ture of the bladder wal l  wi th a di sposable hypodermic 

syringe and 20swg needle at necropsy i f  the animal died before a urine 

sample could be obtained . In animal s  which survived ,  or when the onse t  

of clinical signs of intoxication were delayed , samples of urine were 

collected at intervals after the administration of toxin . 

All urine samples �ere analysed for glucose by the automated 

glucose oxidase methoa des cribed in Appendix } /  • In addition all 

terminal urine samples were checked for the pre sence o f  glucose at the 

time of collection with a s emiquantitative dip-stick test ( ' Clini s tix ' -
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Amcs Co . , ElYJ1art ,  Ind . , U . S . A . ) .  Ionic cons tituents were estimated wi th 

the automated methods de s cribed in Appendix / I  The alterati ons to 
:pump tube size s  necessary t o  dea l with 

the levels of thes e c ons t i tuents in urine ins tead of plasma are also 

given in that appendix . Spe cific gravi ty of tho urine samp l e L  W.?,s 

�easured with a ' Uri con 1 hand urine specific gravi ty refracton1eter (Atugo 

Optical Works , Tokyo , Jnpan ) . 

Results : 

Pre-inoculat i on and Ccmtrol Urine Value s :  

The values for the vari ous cons t i  tucnts of urine from no1:me.l 2- 3  
'17ec-k c: l d  lanbs are shown i n  TablG 22 . 1 .  In addi tion to the means e.nd 

st2.ndard dcvia.tions , the range of V[1lues i s  also gi von as in sone cases 

e . g. s odiu.'n ,  the da ta has a non-normal d i s tribution . 

given in Appendix 16.  
The urine data i s  

Tab l e  2 2 . 1 :  Va lue s for Urinary Cons t i tuents 

Cons ti tuent 

Sodium meqjl 
Po tas sium 1 1  

Chloride 1 1  

Pho sphat e mrfio 
Bicarbonate raoq/1 

Spe cifi c Gravi ty 

Glucose mg{o 

of Normal 2-3 wouk o l d  L:wb s . 

Ho . o f  

"'Wraals 
+ Met=m - l Standard deviati on 

3 5 + 3 . 2 7 - 4 . 89 
35 38 . 8 + 2 3 . 6 -
35 20 . 9 + - 10 . 9 

3 3 40 . 0  + - 2 3 . 5 
35 Not detectable in any· seu.""Uple 

3 5  + 1 . 005 - 0 . 005 

3 3  Not detectable in any sa.rnp le 

Change s in Urine Constituents Following 

the Adminis trn.tion of Epsi lon Toxin . 

Rane:e 

0 . 30 - 2 3 . 7 5 
7 . 5 - 98 . 0 
4 . 0 - 46 . 0 

12 . 0 - 12 7 . 0 

1 . 000 1 . 032 

In animals whi ch survived for less than an hour after the admini­

strat ion of toxin, and in which thE: bladder had been emp t i EJ d  at the pro­

inoculation srunp:i.ing, no urine was obtainabl e  at the time of death by 

either catheterisation or b ladder puncture , 
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In the urine sampl e s obtained fo llowing the adnini s trati on o f  

eps ilon toxin there was a n  increas e in the concontra tior1s of a l l  the i onic 

cons tituents Rnd also in ths specifi c gravi ty in ::1ost ins tances . '.rhe sc 

increases occurred irrespec t ive J f  whe ther clini cal sit;;ns of intoxication 
were pres e:nt or no t .  

The da ta obtaine d  from urino sar.'lp les of thes e nnirmls i s  give� in 

Appendix 16 • Be cause of the wide range of vo.lue s in the dc.t£1. from the 

preinocula t i on sm1p l o s , the nl terG. tions in the concentr£! tions of the urine 

constituents follo11ing into:x:i co. tion 2re more c l cnrly s e en when expre s sed 

as the difference betwecm thG pr0- ancl po s t-inoculation value s .  

b 0 en dono in Table 22 . 2 .  

Table 2 2 . 2 : 

Consti tuent 

Sodium 
meqjl 

Pota s s iwn 
neqjl 

Chloride 
meqjl 

Phosphat 8 
mtf/o 

Specific 

Gravi ty 

Al te,..ati ons in Urine Co�s tituent s Fo llowing 

the Parenteral Adnini s trat i on of Epsilon Toxin 

Time of Sanpl inz 

No . of Pri or to onset of No . of  
Animc.ls intoxi ca t i on ( Include s Animc.;.l s A t  tine of Death 

Animals '!:hi ch Su.rvi ved) 
Illeans Increas e in concentrCJ. tion plus Range* 

5 + 21 . 7 (-0 . 5 to +44. 4 ) 19 + 14 . 8 (-0 . 3  to +70 . 4 )  

5 + 37 . 6 (-8 . 5 t o  +84 . 5 ) 20 + 27 . 6 ( -1 5 . 0  to +86 . 0 )  

5 + 15 . 5 ( -9 . 0 to +7 5 . 0 ) 20 + 14 . 6 (-s . o t o  +69 . 0 )  

5 + 128 (-41 t o  +316 ) 20 + 86 . 8 (-10 to +408 ) 

5 + o .on (-0 . 003 to +0 .032 ) 20 + 0 . 010 (-0 . 003 to +0 . 032 ) 

* + = increase ; decrease 
No te - s e e  table 2 2 . 1  for pre i n o c ul a t i on v a lue s 

Gluco s e  Tias dete c table in the terminal post-inoculati on sample from one 

animal only. The level of glucose in thi s sampl e  was 500mg% and gave & 
posi tive test wi th the ' Clini s tix ' dipsti ck .  No glucose was detectable 
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in a urine sampl e taken from this animal 1 hour before death and 15 min-

utes after the onset ·::.f c lini cal s igns of inbxi cat i on . The anir.1al fron 

whi ch the s e  samples vreJ.'t=; ob tained Ym.s the onu clo s cri bed in Chapt<::r 6 ,  which 

received divi ded do s e s  of toxin but fai l Gcl to devel op pulnonary oe dema . 

The: Urine Cons t i tuents of kwnbs which 

Received Eps i Lm 1l'oxin of Enteric Ories-in 

(Experimental :8ntorotoxaemia) . 

For tc; chni cal rea sons discus s e d  shortly , the e s timation o f  urinRry 

C�)ns ti tucnts in the s e  anima l s  V!ilS c onfined to a s tudy of changes in 

glucose l eve l s . 

Mat erial s & MGthocls : 

The l ambs used for thc s s  c:x1x:riaents were the animals ·whi ch 

received r�nteric origin toxin dE:Js cribed i n  Chapter 6 . 1l.s stated they 
were 8 month o l d  mal e lar:J.bs . Cathe teri sation of :n.al e she ep i s  VGry dif­

fi cul t due t o  E'. tendency for the tip of the catheter to Gnte:r the orifi c e  

of the duc t of the bulbourethral gland a t  the pelvic entre.nce (Vleavcr ,  

1969 ) . Aft er s everal unsuc c e s s fu l  at tewp ts at peni le cathe teri sation of 
t h e  b ladder under anae sthe sia wi th fluor o s copi c visualisation ,:: lf' the 

pas sage of the catheter , i t  was de c i ded to implant catheters Si.lrgi co.lly 

in three o f  the s e  animal s by procodures v:hich are des cri bed in Appendix Y- ,  

Urine se.mpl e s were c o l 1. c c ted from the catheters wi th a LKB 1 
' Radirac ' fraction colle c tor ( LKB  Productor ,  AB - Stock..l'wlm , Sweden ) and 
glu c ose e s t ima t i ons carried cut ty the manuo.l glucose oxi das e  me thod 

de s cribed in Chapter 19 ,  Samp le s were di luted Yrhere thi s proved to be 

nec e s se.ry . ' C l i ni s tix ' were a l s o  emp l oyed to de t e c t  glucose in thE se 

saP.lple s . 

Re sul t s : 

Consi derabl e  diffi cul ty was encountered in maintaining a continuous 

froe flow of urine from the ca the ters , pre swnably because of o c c lusion o f  

the internal orifi c e s  by the mucosa of the empty bladder . In addit ion , 

one animal deve loped a urinary tract infection after surgi cal implantat i on 

of the cathe ter . The infect i on was treated with antibi o t i c s  for several 
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days but tree.tment was wi thhold for a week before the main experinent D,nd 
there was evidence of pyuria in the samp l e s  of urine taken at thi s  time . 

No glucose v.ra s de: t e cted in the t erminal urine sampl e  taken from 

uncathe tcri s e d  animals (No s . 81 & 8 5 )  at the time of ne crop sy . One of 

the c athekri s o ct  animals (No . 79)  wa s the ani;:.1al whi ch fai led to deve lop 

clinical s igns of intoxi cat i o:1. . None of the urine scmplos frorr. thi s 

animal containe d de t .;:; c table gluc o s e . Glyc o suri a  developed in lamb No 77 , 

fifteen minu t e s  after the onset of c lini cal s i @1S of intoxication . ThA 

actua l concentration of glucose wa s 90mgfo a�'1d thi s only rose to 95meffo in 

the t orminal urine s8.I:lple nl though the b l o o c:l  glucose l evel was over 200mg% 

at that time . file glucose in the urine cf thi s animal wns not de tec -

table wi th ' Clini s tix 1 di ps ticks . 

The pyuria. in the fourth laub (no . 78 ) aade it nece s sary to 

c entrifugE; all urine ssmp l e s  from thi s  lamb before attempting to e s t imate 

urinary gluco s e . Ther12 wa s no de tectab l e  glycc suria in this animal unti l 

appr o:x:ir.lat . ...:ly one hour after the ons e t  of clinical s igns of int ·Jxica ti on . 
From thi s time onward the re was a severe cont i nuous glyc o suria with the 

urine c:mtaining between 5 .  5 and 8 .  5g glucose/lOOml urine . Blood 

gluc o s e  l evels at that time were of the order of 2 50mg%. 

The s G quence of change s  in the blood and glucose l evels in thi s  

animo.l are illustrated in Figure 22 . 1 .  

I t  shou l d  be no ted that , despi te the pyuria , there was no gro s s  

evidence of cysti tis or pye l o nephri t i s  i n  thi s aniran l a t  ne crop sy . The 

bladder wal l  was not exa.Iilined histologically, 1:mt the kidney did not show 

any infl&�atory cho.ngos when exaQined by e i ther light or ele ctron micro­

s c opy . 

N"J.a terials & Meth,Jds : 

The Urinary Cons t i tuents of a Field 

Cas e  of Acute K�terotoxo.emia . 

A urine 3ample was collected from the field co.se of acute entero-

toxaemia des cribed in Chapter 1 3 . Thi s sample was o.no.lysod at the same 
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time as those from the lambs which received parenteral ly administered 

eps ilon toxin . The same automated analytical procedures were us ed . 

Re sul t s : 

Sodiun 3 . 8meq/l ; PotassiUL1 41 . 5meq/l ; Chloride 20. 5meq/l ; Phos-

phate 43mg%. Glucose was pre sent at a concentrati on of 800mg/100ml urine 

and a 1 Clini s tix ' dipstick test for glucose was strongly posi tive . 

Di scussion 

The v11lues obtained for the urinary ioni c c-:msti tuents of these 

normal 2-3  week old lali1bs were vr::.ry much l ower than the VP.lues given in 

the literature for adult she8p . Those Are of the order of 60meq/l for 

Sodiun and l 30meq/l for Potassium and Chl oride ( Simpson , 1969 ) . The fact 

that bic11rbcnate was not detected in the present samples was of interest  

sincG it  i s  a major ionic cons tituent o f  the urine of adult sheep . The 

difference i s  a lmost certainly associated with die tary factors . 

The marked increase in the conc entration of i oni c constituents in 

urine snnples taken after toxin 3.clministra.tion is probably not entirely the 

result of epsilon toxin intoxication since changes of a similar order of 

magnitude occurred in urine samples from aninals which survived the 

adrninistra tion of toxin and also in samples collected before there was any 

clinical evidence of intoxication . While  some elevation in the levels o f  

sodium and chloride ions could have been expected as a result of the 

saline s o lution used for the intravenous infusi(lns this would not account 

for the concommittant rise in levGls of potassium and phosphate . in post ­

inoculation samples . 

The concentration of ions in urine fluctuates widely under normal 

conditions since it is by excreting excess i ons in the available water 

that the kidneys maintain ionic and fluid homeosta sis within the body. 

Thus if fluid intake is reduced, or water loss by other routes is  exces­

sive , then the urine will tend to be more concentrated , although the total 

quantity of ions excreted per unit of time may be the same . 

In the present ins tance , once the pre-inoculation sample of urine 
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had been taken fr om the bladder , the anima l s  did not hav8 a c c e s s  to fluid 

prior to the sub sequent urine sample s being taken . It was therefore like ly 

thR.t, undE:r the s e  c ondi t i ons , more c onc entrated urine would be excreted . 

Epsi lon toxin 1:1ay have had some inf luence in incrGaaing the ioni c  c onc en­

tra t ion of urine , s ince i t  has been shown to cau s e  a lo s s cf fluid from 

the blood s tream and also reduces renal blood fl ow . However ,  in thr,:; 

abs ence of informat i on on the vo lume of urine be ing excre ted per uni t  time , 

in int oxi cated and c ontrol anina l s  whi l e  deprived of fh:.i d ,  it v;as ne t 

pos s ible to de toroine what effect if any thi s toxin had UP'::m urinary i onic 

cons tituents . Thi s data could not be obtaineo_ from the animals whi ch had 

rece iv2d parenterally admini s tered toxin as it ha s already been s een tha t 

in sma l l  lambs the volume of urine excre t e d  over the short duration of the 

int oxi cation was insuffic i ent for i oni c change s to be inve s t igated i n  thi s 

way wi thout employing special sampling and analy t i cal me thc ds . The s e  were 

c ons i dered to bo beyond the s cope of the pres ent inve s t i ga tion . I t  had 

been hoped that the use of indwell ing cath0ter s , in the lambs whi ch 

r e c eived toxin of enteri c ori gi n ,  v.-oul d  overcome thi s probl GI:l but in this 

ins tance the irregular urine flow resulting from occlusion of the int ernal 

ori f i c e  of the ea theter rendered vo lume de,ta unre liabl e . 

It is interes ting to no te however , that the values for i onic c ons t i ­

tuent s i n  the urine from the field cas e  of ent ero t 0xae�ia were c l o s e  to the 

mean values for the normal anioal s . Thi s  iffip l i e s  that gro s s  change s in 

ioni c concentrati ons in the urine may not occur in the naturalljo c curring 

di s ea s e . Thi s  informat ion i s  ')f s ori1t:: importance be cause transfer of 
certain ions between blood and urine i s , like the re s orption of gluc o s e  by 

the proximal tubule s ,  an energy dependent proc e s s . Under the s e  c irc�­

s tanc e s , it could be expec ted that , if the glyco suria of entero toxaemia i s  

due t o  an interference with renal energy me tabo l i s o ,  s ooo change i n  urine 

ion c oncentrati ons might also occur . 

Turning now to the glycosuria of ent ero toxaemia . I t  was surpri sing 

to find that de tec table glycosuria only oc curred in one of the 24 lambs 

whi ch receive d parentera l ly admini s tered epsi lon toxin in whi ch urine 

samp l e s  were obtained after the onse t  of c lini ca l signs of intoxication . 

Thi s  may have been due to the short c l inical cours e  of the disease . In 

many instance s  too , due to the l imited formation of urine during the period 
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o f  i nt oxi cation , the terninal urine sanpl e s probab ly c ons i s ted large ly o f  

urin0 which had been pre sent in the bladder s inc e before the toxin was 

ad.L1ins tered . Neverthele s s , even in aniTI2ls in ,,•hi ch the volune of urine 

i n  the bladder at the time e:f death was very snal l , no gluco s e was G..e te c ­

tab l e  by the glucC>se oxi clase nc:thod whi ch is 2 5 - 50 time s more sensitive 

than the dip- s ti ck pr·,lcedurE:: s which are current ly u s e d  for ser�iquan ti ta tive 

uri nalysi s .  

A simi l o.r s i  tuo. t iun was found in the cas e s  o f  e:>..-perimentally indu c e d  

ent ero toxaemia v1here only one animal deve loped l eve l s  of gluc o s e  whi ch 

cculd be detected by dip - s t ick tests nnd two Rnimal s did not devel op de:: tc­

c to.ble l evels ')f urinnry glucose al though the b lood glucose levels res..ched 

more than 300m€f/o. Thi s  sugga s t s  that there may b e  n o  glyc o suria in some 
field cas e s of 8nter0t oxeemia , particularly if the c l inical course of 

int oxication is shcrt . Whi l e  thi s detrac t s  from the value of urine glu-

c o s o  de terminations as a diagno s ti c aids in suspected ca s e s  0f entero ­

t oxaemia , they may , as in the fi e l d  case examined here , be of considerable 

vo.lue 

C onc lus ions 

1 .  Cctthet erisation c f  cons ciol.i s young fema l e lambs is rea dily ac c om-

p li shed by employing a bi tch ca the ter and an illuminated bitch spe culun . 

However , ce. the ter i sa tion of allul t male rams i s  difficu l t  or impo s sibl e , 

even in anae s theti sed animal s wi th fluoro s ccpi c vi sua l i sa t i on of the pas ­

sage of the catheter , 

2 .  The c oncentrations o f  sodium , p o tas s ium and chloride in the urine 

of 2-3 week o ld lambs arc l ower than in the urine of a.du l t  sheep . 

3 .  Spe cific gravity and the concentration of sodium , potas s ium , 

chloride and phosphate were hi gher in urine sampl e s taken after the paren­

t eral admini s tration of epsi l on toxin , irre spe c tive of whether or not 

c l inical signs of intoxi cat i on o c curre d . Thi s was probably a s s o ciated 

with the excre t ion of more c oncentrated urine due to decreased flui d in­

take rather than an effec t of the toxin alone . 
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4 . De t e c t�ble glyco suria was not a c onstant feature of ei ther paren-

t eral ly Qdminis tered epsilon toxin intoxi cation or experimontal antero­

toxaemia and when i t  did occur was a late fea ture of the intoxication , 

developing s or.�e t ime after the ons et of hyperglycaer.J.ia . 

5 .  The bal a n c e  o f  e v i d e n c e  s u gge s t s  h a t  t h e  gly c o s u r i a  o f  
e n t e r o t o x a e m i a  i s  a d i re c t  re f l e c t i o n  o f  t h e  b l o o d  g u c o s e  l e v e l  

e x c e e d i n g  t t e r e n a l  t h r e s h o ld . 
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CHfi.PI'ER 23 : GENEk'�L DISCUSSION . 

Because the findings in each of the pre ceding c hapters h�ve already 

been d i scussed and conclu siollli draw� , it is unnece ssary to c onsider 

individual results at this time . It therefore remains t o  examine the 

overall pattern which has emerged and to c unsider i t s  relevance to t he 

pathoge ne sis of enterotoxaemia . Spe c ial feature s of the inve stigation 

whi ch have implications in fie lds of pathology beyond the immediate e ffec t s  

of epsilon toxin will also b e  wentioned . 

Probably the most important single fac t which has been found in 

thi s study is thu.t epsilon toxin produc e s  severe generalised vascular 

endothe lial dcunage . This has been found t o  occur in case s of 

enterot oxaemia as we ll as whe n partinlly purified epsilon t oxin is given 

intravenously . The appare nt ly spe c i fic nature of the se va scular le sions 

may allow the pre c i se role of e psilon toxin in c ondit ions such as rumincl 

bloat ( ty�panite s ) and overeating disease to be e stab lished in the future . 

On the basis of the vas cular e ndo thelial damage it is possible to 

explain most of the morphologi cal change s which oc cur following the 

administration or absorption of epsi lon toxin. 

The le si ons which develop in the brains of intoxic ated animals 

are of particular intere st as the se nre relevant , not only to Focal 

Symme t rical Enc e phalomalacia (F , S 3 . ) which is dire c t ly attributClble to 

the t oxin , but <-tlso have v:ider potent ial applicability in the fields of 

neuropathology and neuroanatomy . The brain lesions will therefore be 

discu ssed be fore other aspe c t s  of the pathogene sis of enterotoxaemia are 

c onside red . 

It is only comparatively re c e nt ly that the differe nt t ype s  of fluid 

ac cumulation which occur in the brain have been e lucidated . For exanple , 

in 1 965 'iiechsler � ( in Klatzo & Seite lberger , 1 967 )  proposed the fir st 

definition o f  c erebral oedema which inc luded both intracellu lar and 

extra c e llular a ccumulations of fluid . Even at that t ime the pre sence or 

abse nce of a true extracellulilr space in the brain was the sub j e c t  of 

debate . Horse radish peroxidase has proved to be particularly u se ful 

for demonstrating the distribu tion of protein when it leave s the blood ­

stre am  and it was the use of this sub stance which fir�lly e stablished 
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that a true extrace llular space exist s i n  the grey matter o f  the brain . 

It i s  now known that tbe capillary endothelium , with it s c omplete 

• ti ght junc tions ' betwe en cells , c onstitutes the muj or p_"lrt of the so­

called Blood-Brain Barrier ( Brigbtman et al , 1 970) and any int erference 

wi tb the func t ional inte grity of this vascular lining will interfere v;i th 

the normal transfer of metc-,bolites to and from nervous tissue c e l l s .  

However , tbe functional basis o f  the accumulation o f  fluid in the central 

nervou s system in disease has not been fully c larified , although it is 

known thr�t the o smotic pressure of brain tissue is highe r than that of 

plasiC�a. Energy i s  therefore required to maintain both ionic and fluid 

homeostat is ( Quadbeck , in Klatzo & Seitelberger , 1 96 7 ) . Any int erference 

with the transfer of nutrients ,  which are important in energy me tabolism , 

from the bloodstream to the cells cou ld there fore be expe c ted to re sult 

in f luid accumulation . 

The reason for the differential swe lling of the protoplasoic 

astrocyte s ,  in the grey rJatter type of brain oedeoa , and their precise 

role in the transfer of nutrients to and from the neurone e.lso ren1ains 

to be e st�bli shed . Epsilon toxin could therefore prove to be o. useful 

substance for i nve stigating the funct ional aspects of the grey matter type 

o f  brain oedema since i t  has been shown that it ;roduce s  both e ndothelial 

damage and astrocytic swelliag without ar: arent ly causing direct da.t1ago t o  

neurone s o r  other cell type s .  This could. be o f  rarticular value a s  brain 

oedema can be a serious probler1 in human medicine ( Klntzo & Seitelberger , 

1 967 ) and there m-e few eXJ_::-erimental r-rocedure s whi ch are suitable for the 

exr;e rime ntal inve stigo.tion of generalised brain oedema , resulting from 

incre ased vascular �ermeabili t y . 

Some re fere nce should also be made , at this ti121e , to the occurence 

of brain oedeP-Ja in do�e stic animals . It h�s not been wide ly re cogPised 

as a problem in ve terinary Eledicine , possibly because trnuP-Jatic hend 

injuries are le s s  c ommon thill1 i n  oan and brain tumours and congenital 

status spongiosu s  are corre spondingly rare . Neverthe le ss , it appears 

like ly tha t brain oedema c ould ac count for some of the early c linical 

signs of neurolo gi cal darartge seen in conditions such as polioencephalomalacia 

o f  cat t le and canine viral hepatit i s .  I t  will only be by care ful studie s 

of the ultrastructural morphological c hange s in brain ti ssue and the use 
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o f  tracers such as peroxidase , po ssibly associated with quantitiative 

studies on the fluid content o f  normal and abnormal nervous tissue , that 

the pre c i se r o le of brain oedema in the se disease syndrome s will b e  

e stab lishe d . 

I n  mode rn neuroanatomy , considerable work is sti ll required before 

the c e ll t ype s that are se e n  by e le ctron microsc opy can be c orre lated 

with those seen by li gll.t micro scopy . S tudies by Hori & L0 blond ( 1 96 9o.&b , 

1 970 ) have re c e nt ly provided c:. use fu l  basis from which to work bu t i t  

ap;:.ears th.::-,t useful information c ould a l s o  b e  obtained on the distribution 

o f  c e ll t ype s in re gions su ch as the cere bellar granular l::tyer , by the 

use of e psilon toxin to cau se fluid accumulation in proto plasmic 

astroc yte s .  

I t  has been shown on a numbe r  of occasions in t:he present 

inve stigation that une xpe c ted problems can arise in the interpre tation 

o f  morp:hologi c ;;d change s i n  tissu e s  from experimental animal s .  Perho.ps 

the b e st e xample s were assoc iated with t:he stud ie s carried out on the 

c hange s whic h  o c cur in the kidneys of intoY..ice>,ted animals . The 

pre se nce of free fat in the tubulnr epithe lium of the kidne ys from 

sto.rved mice aprears to have been known for some t ime but c ould rjrove 

to be a pitfall in exrerime ntal situati ons where food intake is 

i nadvertant ly reduced as the re sult of e xperimental pro cedure s in this 

spe c i e s . The rapid onse t of post rc1ortem au to lysi s  in the kidneys o f  

int oxicated lambs apr: ears to have b e en r;Jisinterpre ted ''-S a n  antemortem 

necrosis of re nal proximo.l tullular e pithelium by some previ·.)US worker s .  

The sequenc e  o f  c!Jange s in the int ensity u f  hist o c hemically 

dem0nstrable enzyme s ho.s proved use ful for de lineat ing areas of damaged 

t issue and also for esti!:ln t i ng the durnt ion of lesions in other patholog-

i c al conditi ons . However it a�rears that it may be unwi se to attempt 

to attribute spe cific biochemical ac t ions to toxic agent s on the basi s o f  

alterat ions in the se enzyme s at this stage of our knowledge . In t he 

pre se nt inve stigation there were no observable d i fferenc e s  in the staining 

intensity of a number of di f ferent enzyme s in t is su e s  suc h  as liver , brain 

and kidney from intoxicated aninals at the t ime of death ancl the 

alt erations whic h  occurred in leve l s  of alkaline phosphatase in the kidney 

would there fore appear to be associated with the dissolu t i on of the re�l 
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tubular cells after death . 

The deve lopment of the i nterstitial ' haemorrhage ' in the kidney is 

o f  spe c ial i nterest . 'rradi tionally , true haemorrhage is not regarded 

as occurring post mortem and , as far as is known , the pre se nt study is 

t h e  first occasion on whi c h  a ' haemorrhagic ' type of lesion has been 

shown to deve lop after death , albeit it i s  the result of autolytic 

dege neration of a pre-existing vc,scular le sion . It would be of 

c onsiderable intere st to determine whet her a similar sequenc e  o f  c hange s 

can occur following other forms of severe , acute generalised capillary 

damage , e .  g .  radiation d,:J...rnage or canine virc l hepatiti s .  

In all t he se instance s  CJ sound explanation has been available for 

the morphological c hange s which occurred in intoxicated animals . There 

are however , still many gaps in our knovJledge of the action of e psilon 

toxin upon tissue s .  So far n o  basi s  has been e stablished for t he endothe -

lial damage which occur s .  The toxin is not known t o  have a ny lec ithirmse 

ac t ivity , it doe s not appear to be bound to c e ll membrane s and there is no 
� 

evi de nce to sugge st that it produc e s
'
morphological or funct ional damage in 

spec ific cell structure s such a s  plasma membranes or mitochondria . It 

i s  possible that more refined biochemical technique s ,  such as those used to 

elucidate the sites of acti ons o f  other t oxins or enzymatic deficiency 

conditions , e . g .  plague toxin , ( Kadisetal, 1 969 ) and subacute necrotising 

encephalomy elopathy ( Coope r ,  1 969 and Pena et al 1 970 ) may sub sequently 

reveal a spe c ific structural or biochemical site of action of e psilon 

toxin . In view of the severit y  of the e ndothe lial damage caused by this 

toxin further inve stigations appear to be most de sirable and it is possible 

that studie s ,  possibly with tissue culture s of endothe lium , could provide 

useful information on the prec i se effe c t  of the toxin on the endothe lial 

cell . 

No ent ire ly sat i sfac tory explanation for the apparent speci e s 

variation in the susceptibility of the i nt e stinal mucosa to the a c t io n  

of e psilon toxin can be advanced , nor has the reason for the difference 

in t he survival t ime s of male and female mice been comple tely e lu cidat ed , 

In the latter instance it appears that the differenc e  in survival time may 

have a hormonal basi s ,  with testosterone being an important factor . As 

with sex differenc e s  in susceptibility t o  other t oxic age nt s  the 
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explanation of the difference i n  the effe ct of epsilon toxin on mal<: 

and female mice must await further knowledge of the mode of action of 

sex hormones , such as te stosterar.e on biochemical pathways . 

Since epsilon toxin doe s  not appear to have a marked e ffect on 

the me tabolic efficiency of tis sue s ,  as judged by Warburg re spirometry , 

some attempt must be made to expla.in the haematologicG.l and biochemical 

c hange s which oc cur in blood on the basis of the vascular e ndothe lial 

damage . 

The loss of protein from the blood stream is intere sting since i t  

is apparent that the haemoconce ntration , which occurs during the course 

of intoxication , does not re sult from the loss of water and ele ctrolytes 

alone . Unfortunately peroxidase cannot be used t o  demonstrate the 

abnormal loss of protein into the extracellular sp-ace s of ti ssue s ,  other 

than brain , since the pre sence of incomple te ' tight j unctions ' between 

t he e ndothelial ce lls out side the brain allows peroxidase to escape 

under normal circumstance s  ( Karnovsky , 1 967 ) .  However ,  the presence of 

myocardial and puL'Ilonary oedema , fibrin containing effu sions and severe 

endothelial damage in all tissues of intoxi cated animals sugge st that 

loss of protein from the bloodstream occurs in many tissue s .  

I t  appears probable that the extent o f  the protein loss and also 

the haemoconcentration ,  in any give n animal , will depe nd to a considerable 

extent on the severity of the vascular endothelial damage . It is 

therefore of interest to consider how these change s might be re lated to 

the various clinical syndromes o f  enterotoxaemia . 

In very acute cases of e nterotoxaemia , which are found dead with 

intense lung conge stion and oedema , there has obviously been severe 

vascular endothelial damage . Under these c ircumstance s  extravasation of 

fluid would occur , leading to irreversible haemoconcentration and 

circulatory collapse . Death would there fore tend to occur rapidly , 

with repiratory distress and prostration as the most prominent clinical 

signs4 Many field cases of e nterotoxaemia probably fall into this 

category . -· 

�'Jhere e ndothelial damage is le ss severe , protein loss and 

haemoconcentration would also be corre spondingly less . The animals 
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might t herefore survive for longer periods and , as a re sult o f  cerebral 

oedema e tc . , exhibit clinic�l signs of neurolo��cal disturbance such as 

convulsions and rigidity,  It appears from personal observation o f  

field case s o f  enterotoxaemia , which have b e e n  se en alive erl1ibiti ng this 

type of syndrome , that t�e lungs t e nd to be fairly normal whe n  necropsie s  

are performed o n  the se m:imals . This , comtined with the fac t  t hat the 

experime nted animals whi ch exhibited prominent sie;ns of neurological 

damage did not as a rule show marked lun6 oedernn or haemoconcentration , 

sugge st s that there is some factual basis for the hypothe nis that this is 

a less severe manife station of e psilon toxin intoxicat ion . 

Finc:tlly , in si tu'-l.tions where the absorption of toxin was transient 

with s��ll quantitie s being absorbed or where c irculating e psilon 

antitoxin partially neMtralised the absorbed toxin ,  vascular dam&ge would 

be minimal and confined to those areas of the brain where the vasculature 

was particularly susce ptible to toxic substance s or anoxia due to selec tive 

vulnerability ( Gre enfie ld et a 1 , 1 958 and Schade and McMe nemy , 1 963 ) .  

Under these conditions F . S .E . -type le sions wo"LLld deve lop , 

In e psilon t oxin intoxi catio n ,  as in Cl .perfringens alpha toxin 

intoxication ,  there is a rapid mobilisation of hepatic glyc o gen re serve s 

whi c h  probably account s for all , or the greater part , of the hyper­

glycaemia . This i s  borne out by the lack of a hyperglycaemic re sponse 

to administered epsilon toxin in animals in which hepatic glycogen 

re serve s had been deple ted by starvation and the administration of 

insu lin . Further confirmation is provided by the hi stochemic al ly 

demonstrable loss o f  glycoge n  from the liver o f  intoxicated animals . 

Many inve stiga.t ions have been made into hepatic glycogenolysis . 

The biochemical pathways and e nzymes that are involved have been 

elucidated and the influence of hormones such as insuli n ,  6lucagon and 

ndrenalin in med�ating this reac tion in t he liver have also been studied . 

There i s  however , practically no i nformation on the c ellular stimuli 

whic h  lead to the mobilisation of hepatic glyco ge n reserves �  

I t  is tempting t o  postulate that any interference with the 

respiratory ac tivity of hepc1.tic tissues would tend t o  favour catabolic 

pathways of glyco genolysis rather than the e nergy-requiring anabolic 

pathways of glycogenesis . Under these circumstance s the vascular 
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endothe lia l damage produced by epsilon toxin c ould re sult in a decrease 

in t he supply o: oxygen and other nutrient s to the hepat i c  parenchyma 

leading to glyc oge nolysis ,  glucone oge nesis and hyperglycaemia . 

I t  must also be remembered that the results of enzymatic 

estimations on the sera of i�toxicated animal s , in this and other studie s ,  

sugge st t hat epsilon toxin mQy have a direc t  effect upon hepatic c ells 

and t hat o. proportion of the toxin is re to.ined by the liver . As 

ment i o ned earlier , it \'Jould be possible to explain the loss of intro.­

ce llular e nzymes on the basis of a reduced supply of avai lable nutrient s 

since the it:Jpermeability of plasr:1a r.1embranes to the se enzymes i.s maintain­

ed by energy-depende nt processe s .  

The background t o  the e le vations in blood pyruvate and lactate 

leve ls which oc cur in intoxicnted animals have already been discussed 

in some d etail in Chapter 1 9 . Howe ver , there are some �;enernl 

considerati ons which it is intere sting to pursue further . 

In a situation where there is an increased produc tion of the se 

sub stanc e s  due to increased amount s of available glucose , both pyruvate 

and lactate tend t o  be ele vated as a refle ction of the normal rate ­

limiting steps i n  t he aerobic pathways o f  energy produc tion and oxidative 

phosphorylation . Therefore an e levation of lactate and pyruvat e  under 

the se circumstance s  does not imply that there is any direct interferenc e 

with their utilisatj.on. This is in dire c t  c o ntrast t o  the situation 

where noroal amounts of the se substances are being produced from glucose 

a;1d the elevation in blood levels is due to an interfere nce wi th steps in 

the oxidative Tricarboxylic acid ( T . C . A . ) cycle or c yt ochrome chain of 

enzyme s .  In the latter instance , either lac tate alone or both lnctate 

and pyruvate may accumulate depend ing upon the site of the me tabolic 

blo c k .  Thus , if the block interferes with the complex steps b e tween 

pyruvat e  and the passage of two carbon fr:::tgment s into the T . C . A .  cycle 

via ace tyl coenzyme A ,  then pyruvate tends to accumulate with an 

associated increase in lactate .  This occurs in c onditions such as 

thiamine deficiency ( West e t  al , 1 966 ) ,  subacute 11ecrotising 

encephalomyelopathy ( Clayton e t  al , 1 967 ) and possibly also in 

polioenc e phalomalacia in catt le ( Pill , 1 967 ) . If the block occurs at 

later stage s  as in various forms o f  anoxia then �nly 
lac tate will increase t o  any exte nt , since the accumulation of the 
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reduced form o f  diphosphopyridine nuc leotide alters the pyruvate : lactate 

equilibrium in favour o f  lac tate .  

Becau se lac tate in the blood of dome stic animals may b e  derived 

from e i ther the c. limentary tract or tissue metabolism the interpretation 

of lactate values in samples of blood from animals which are su spe c ted of 

suffering from grain overload ( ' overeating ' disease , exce ssive carbohydra.te 

intake ) , may be difficult . However , the lac tate produc ed by microbial 

action o n  carbohydrate in the inte stine is mainly D-lac tate and in the se 

conditions e stimat ion of lactate i s  usucJ.lly based on the c hemical assay 

of total DL lac tate . From the pre sent inve stigation it c an be see n  that 

the re sults of such an estimation could be misleading sinc e  high leve ls of 

metabolically produced L+ l�ctate , occurring in enterotoxaemia , c ould 

confuse the differe ntial diagnosis of tb.e se clinically similar c onditions . 

It would therefore appear to be desirable to either e stimate both total 

DL lactate and L+ lactate or , preferably , to e stimate D-lac tate only in 
cases where excessi ve i ntake of carbohydrate i s  suspe c ted ( Medway e t  al , 

1 969 and Bergmeyer , 1 963 ) . 

A rather simi lar situation to the above occurs when considering 

alterations in blood pH . It i s  obvious that e sti�ation of b lood pH alone 

i s  of little value as a diagnostic aid as it gives no indication of whe ther 

the acidosis or alkalosi s is of respiratory or metabolic origi n .  I t  is 

equally difficult t o  interpret routine blood gas analyses in iso lation . 

The pre sent study c l early shows that , in many of the experimental anim�ls 

b lood gas analyse s would have indica.ted a severe acidosis which was 

apparent ly e xplicabl e  on the basis of inadequate repiratory gaseous 

exchange and it would have been qui te possible to overlook the fac t  that 

there was also a severe intercurrent metabolic acidosi s caused by high 

leve ls of lac tate in the blood . 

It c an be seen from the foregoing t hat , while it is possible to 

e xplain most of the biochemical and haematological change s which occur 

in intoxicated animals on the basis of e ndothelial damage , formal proof 

of this is lacking i n  many instanc e s .  Further detailed biochemical 

studies will be nece s sary before this can b e  obtained but such 

investigations appear to be highly desirable as e psilon toxin intoxication 

appears to be a c o ndition which could be usefully employed to increase our 
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understanding c f  a large number of biochemical and physiological 

phenomena . 

The pre sent investigation emphasise s the importance of employing 

a rational , comprehensive range of haematological and biochemical 

parameters whe n i nve stigating the c linical pathology of a disease 

syndrome . The t e st s  which are selec ted in any given instance should be 

based on a reasoned approach t o  the problem and be sufficient ly 

comprehe nsive to allow u menningful pic ture to be built up . Any 

attempt to interpret the result s of a random selec tion of tests must be 

fraught with difficulty and freque ntly lead to erroneou s  conc lusions . 

Be fore a sound approach can be made to the clinical p�thology 

of the di sease s of dome stic animals a great d eal more i nformat ion is 

required on normal values for the different species and for differe nt 

age groups wi thin these specie s .  Knowledge is also required on the 

effect of environmental condit ions on many of the se parame ters . The 

range of substance s  in body fluids v1hich can be estimated by automated 

methods has increased enormously in recent years and it should be 

possible to obtai n  reliable normc-.1 vc>,lue s for a wide range of blood 

constitue nt s  quickly and easily . In the present instanc e the u se of 

automated procedure s made it possible to obtain normal value s and 

comparative data fvr control and intoxicated animals ,  from a c onsiderably 

large r number of samples and for a wider range of c onsti tuents than 

would otherwise have been the case . It appears possible that , since 

economic c onsiderations will alw�ys tend to i nflue nce veterinary 

clini c al pathology , simultaneou s ,  automated analyse s of a number of 

re levant c onstitue nts of blood , urine e tc . , may prove to be e conomically 

sound for the large scale i nve stigation of disease problems in live stock 

populations . 

The overall pattern which has emerged from this work is that 

the disease syndromes that re sult from absorption of Cl . perfringe ns 

type D e psilon toxin from the intestine are large ly due to damage to 

vascular e ndothelium caused by the toxi n .  The ext e nt of the 

morpholo gi cal damage depends upon the concentration of c irculating 

epsilon toxin. Where e ndothelial damage is severe there is extravasat-

ion o f  protein-containing f luid into the extracellular spaces and this 
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may re su lt i n  e f fu si ons into body c2vi t i e s  and oedema of the lungs , 

heart and brain. I n  addition the e xtravascular fluid. accumulations nnd 

lack of vascular endothe lial irr-ce gri ty may resu l t  in impaired transfer of 

substanc e s  be twe e n  the blood stream and the t i ssues , leading t o  de pre ssed 

e nergy metabolism of the ce lls and intra c e l lu lar fluid accumulat i o n  

in t h e  myocardium and brai n ,  Sele c t ive vu lnerabi lity o f  the 

vasculature of areas of the brain stem to low leve ls of e psilon t oxin 

c ould ac c ount for t he oc currence of F .S . � . in a nimals which absorb 

suble t ha l  amounts 0f t oxin . 

Although the re na l c hange s -?.ppear to be post -mortem ,
. 

aut olytic 

phenome na , th&y are referable t o  pre -exist ing vascular e ndo the lial 

damage . 

The physio lo gicc>,l , haematological and biochemical alterati o ns 

which occur duri ng the c ourse o f  intoxication a lso appear to be 

associated dire c t ly or indir e c t ly wit h  the va scu lar damage . In t he 

pre se nce of fluid loss via the drunaged capillaries , the haemoconce nt ration 

is se lf explanatory , but it is only when t he e xt e nt of the asso c iated 

protein loss is assessed that the severity o f  the damage and the se l f ­

perpe tuating nature of t h e  fluid lo ss can b e  appre c iated . 

The hyperglycaemia whi c h  oc c urs in int oxicated animals has b e e n  

shown t o  be D. ssoc iated w i t h  the mobilisation o f  heptitic glyc o ge n  reserve s 

and , whi le the exac t basis for this is as yet u ncertai n ,  it appears 

possib l e  that it may be a refle c tion of a st imulation of catabolic 

proce sse s in the liver as a re sult of reduc ed t ransfer of substanc e s 

be tween the bloodstream and the parenchyma in that organ . The 

resulting de crease in available ene r gy wi thin the hepatic c e lls may also 

r e sult in an incre ase i n  c e ll membrane permeability leading to lo ss of 

i ntra c e l lular enzyme s .  

e nzyme s in serum . 

This is refle c t ed in e levated leve ls of c e rt ain 

The i ncreased conc entrations o f  intermediate c ompounds o f  glu c o se 

metabolism , such as pyruvate ,  lac tate and alphake toglutarate , in blood 

during intoxication are a reflec tion of the hyperglycaemia and do not 

indicate any dire c t  a c t i on of e psilon t oxin o n  par ticular metabolic 

proc e s se s .  

From the fore go in g  i t  appears that t h e  present inve stigation has 
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provided use ful information on the pathology of enterotoxaemia and has 

gone some way towards elucidating the pa.thogenesis of certain of the 

haematological and biochemical cl1D.nge s which result from the action of 

Cl .perfringens type D epsilon toxin . The latter oubstance appears to 

have potential value as an agent for experimental inve stigation in the 

fie lds of neuroanatomy and neuropathology and also for studying the 

inter-re lationships of many aspects of the ce llular and c linical 

pathology of dome stic atrimnls . 
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APPENDIX 1 :  Surgical and . .  Manipulative Procedure s - Ieboratory Animals . 

Mic e  

Castration o f  Males : The animals were v7arrned to ensure relaxation of the 

cremaster muscles , then anaes thetised wi th ether in a j ar , The testes 

were removed by traction through bilateral ver t i ca l  skin inc i sions over 

the scrotum , 

Cas trat ion of Females : Anaesthesia was obtained wi th e ther as  above , 

The hair ovor the dorsal midli21e rw s then clipped and a 2 cm longi tudinal 

inci sion made in the skin over the hu:abe..r region , 'l'ha skin was then 

move d. to or1e side and a parameclia:!:l incision made in the abdominal wal l 

close to the lateral margin of the Longi ss ir.ms dorsi muscle s . The ovary 
on tha t  side '.lsually :protruded through thi s inci sion or could be found 

irnmedia tely beneath it . The ovarian liga:nents were cla1nped wi th small 

artr 3ry forceps and the ovary removed with a s calpel . After repeat ing tbe 

process on the other side of the midline , the skin inci sion was closed 

with a single monofi lament nylon suture . Note : the muscle incisions did 

not require c lo sure and no problems of s ep s i s  were encountered wi th the 

pro c e dure as dos cri bed, S..1rgic11l ins trwnents v:sre held in 70% ethanol . 

Rabbit s 

Intravenous In,jcctions . The ra"bbi t Y<o.s held in a s tandard rabbit holi:ling 

box and. the inj ections made into the marginal ear vc�in with a 2 6  gauge 

needle . 

Blood Sampling. Small volumes viere obte.ined. by pricking the marginal ear 

vein, Larger volumes \7ere obtained by anae s thetising the animal wi th a 
2 . 5% solution of sod.irun thiopentone intravenously to effect . 

The animal was then held in dorsal recuniliency and the blood removed 

by cardiac puncture using a 50ml , syringe and l4swg hypodermic needle . 

Inte stinal Ligation , Because thes e  were very short term exp eriments in 

which the animals were not intended. to survive for more than 12 hours , no 

a s eptic precautions were taken , The animals were anae s theti s ed wi th 



intravenous sodiwn thiopentone , the ventral abdominal wall was clipped and 

a 3 cn nidvc=ntral incision made po s terior to the lmbili cus . A portion of 

the intestimtl mass  as near to the middl e of the ilcun as p o s sib l e  wa s 

exposed and segment s  of the intestine with independent najor blood supply 

and drainage were ligated with s i ze 0 chronic ca tgut a�d the appropria ts 

inocula introduced into the lwr,ina of the loops ;;i th a h;y-podermi c syringe 

and 26swg ne edle . The inci sion in tlH: abdoninal wall  was closed with a 
series  of interrupted fu l l  thi ckne s s  suture s of size 0 chromi c catgut . 

Recovery from the anaesthe t i c  wa s genera lly almost  comp l c.: te within 2 hours . 
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Appendix 2 :  

2 o 4 5 

2 o 45 

2 o 7 5  

2 o 7 5  

2 o 7 5 

2 o 7 5  

2 0 92 

3 o 00 

3 o 00 

3 o 00 

3 o l7 

3 o 3 3  

3 . 3 3  

3 o 50 

3 . 58 

3 . 58 

3 o 58 

3 . 58 

4 o 00 

4 . 00 

* 

SEX : - SURVIVAL TIME DATA FOil. JliiiCE - Refer Chapter 5o 

Survival 'l'ime - llou:rs 

llales Females 

4 . 00 2 o 7 5 7 o 3 3  

4 . 2 5 2 o 92 7 o 3 3  

4 o 2 5 3 o 2 5 7 . 66 

4 o 2 5 3 o 7 5 8 o 2 5 

4 o 3 3  3 o 92 8 o 66 

5 o 3 3 3 o 92 9 o 00 

5 o 3 3  3 o 92 9 . 00 

5 o 3 3 4 o 3 3  9 . 1 7 

5 o 9l 4 . 41 9 . 50 

6 o l7 4 . 7 5 10 . 00 

6 o l7 5 o 00 lO o OO 

6 . 1 7 5 o 00 10 . 3 3 

6 . 66 5 o 4l 10 . 3 3 

8 o 58 5 o 4 l l0 o 42 

8 . 5£3 5 . 41 n . oo 
9 . 00 5 . 7 5  n . oo 

10 o 3 3  6 . 08 1 2 . 42 

1 2 . 7 5 6 . 41 12 . 42 

1 2 . 7 5  6 o 92 

12 . 75* 7 . 08 

Killed terminally. 
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Appendix 3 : Hormonal Sk,tu s : Survival Time 

De. tll for li.'Ii c e  - refer Cllnvt er s. 

Oc.'s trog·o11- '1\:: s t o s t erone 

'I'reated Enti:r.'e C2.s tra ted Entire '!'re·,, t e d  Ca s trE1. t e d  

Mal e s  �rlD.les I\1o. les  Ferno. les Fcnal-2s Femal e s  

Survival r.rine - Hours 

2 . 50 3 . 2 5 2 . 2 5  2 . 75 2 . 50 3 . 2 5 
2 . 50 �· . 2 5  2 . 50 3 - 2 5  3 . 00 3 - 75 

3 . 00 3 . 50 3 . 00 3 . 7 5 } . 75  3 - 7 5 

) . 00 3 . :)o 3 - 50 4 . 00 3 - 75 3 - 75  

3 - 50 4 . 00 ) . 50 4 . 00 3 - 75 4 . 00 

3 - 7 5  4 . 00 3 . 50 4 . 2 :� 3 - 7 5 4 . 2 5  

3 - 75  4 . 00 3 . 7 5  4 . 25 4 - 2 5 4 . 50 

4- 50 t; . oo 3 - 7 5 4 . 2 5 4 . 50 4 . 75 

4 . 50 4 . 0C s . oo 4 - 50 lt • 50 4 · 75  

4 . 50 4 . 0() 5 . 00 s . oo 4 . 50 5 . 00 

4 - 50 4 . CIO 5 . 00 s . oc 4 . 50 5 . 50 

4 . 50 4 . 50 5 . 2 5 5 - 2 5 4 . 50 5 . 50 

4 ,. 50 4 - 50 5 - 2 5  5 - 2 5 5 . 00 5 - 50 

4 . 50 4 - 50 5 - 50 5 - 25 5 - 2 5 5 - 7 5 

. 4 . 75 4 - 75 6 . oc 5 - 7 5 � · 75 5 - 7 5 

4 - 7 5  s . oo 6 . 50 5 · 75 5 · 75 6 . 00 

4 . 7 5 s . oo 6 . 50 6 . 2 5 c . oc 6 . 75 

5 - 2 5  5 . 00 6 . 50 7 . 2 5 6 . 2 5 6 . 75 

5 . 2 5 5 - 7 5  8 . 00 7 - 50 6 . 2 5 7 - 75 

6 . 50 6 . 00 11 . 2 5 l l . 7 5 6 . 75 8 . 2 5 
6 .  50 6 . 75 12 . 25 12 . 2 5  6 . 75 8 . 7 5 

7 . 00 9 . 50 12 . 50* 12 . 50* 7 . 00 n . oo 

. 8 .  50 12 , 25 12 . 50* 12 . 50* 8 . 7 5 12 . 50 

12 . 00 12 . 2 5 12 . 50* 9 . 2 5 

12 . 50* 12 . 50* 12 . 00 

• = Kil led te rmi nally 
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ii.P?ENDIX 4 :  Surgical ar.d I fr:mipula ti vc Procedure s - Shec:·p. 

Intes tinal Caru1ula e . Initially ::, ttcm:pts were made to pass a cannula vi11 

tho na sal pas sng•.:: , oesophetgus , oesophage2.l groove and abomasum into the 

duodemm , using direct vi suali sation under an X-ray oachine wi th image 

int�nsifier . Even ':'then 2% Co�per sulpho.te: solution was pas s0d down the 

tube or swabbed ove.r the;; pllar;ynx it was not po s s ible to re tain the tube in 

tte oesoph':'.geal groove and thG method was abandoned in favour of surgi cal 

implantation . 

Animals were prepared for surgery l:Jy ,-vi thhol ding food for 48 hours 

and water was a l s o  vrithhe ld for the last 12 ho'..1rs of thi s period . The 

wool "I'!BS clipped from th2 right side of the animc..:.l .  I t  wa s then r:tn8.c s-

tbGti sed with intravenous sodiu.TTI. thi opentone ( 5% s olution ) and a cuffed 

HcGi l l  Tracheal tube immediately introduced . J\_,_"laesthe sia was then D�ain-

tained wi th fluothanc:/oxygen wi th a Bri t i sh Oxy<:;en Co . (E-ngland ) vetcrim·,r;y 

anae s thetic trol ley wi tb "Fluot e c "  v? .. pouri s er £mc1. closed circui t app2 .. rat1.�s . 
The shcrn right �1i de of the ar:.ima l -.vc:. s scrubbed o.nd prcpan:d for surgury . 

Pull surgical a s eptic te clmiqucs v;ere nsod throug·Lou t thE. operation . 

A 30cm skin incisior.. wa s Ba de over the vE:ntro -lateral <.cbclor:Jine.l 

wal l  approxina tely 5 cu from the po}Jtcrior margin of the r:ib c�cge and 
parallel to it . A :.�us cle spl i tting approach was the:<l used unt i l  the: 

abdo7linal cavity was penetr&tell . The pyloric sphinc ter was located e. nd the 

proximal part of the cluodenum was then exteriori sed 8-nd two bov/Gl cl�eJnps 

applied to i so late a 5-10 cm segr.wnt of the latter as fetr as po ssiblG fron 

the pylorus (uoually 5-10 cm) . 1� lcm incision was :n£lde in the duodenum 

and a nylon duodenal cannula (wi th a temporary penetrating gui de cap ) vras 

ins erted and retained in place 11i th a purse string suture through the 

s erosa , muscle coats and submucosa of the intc!s tine . A piece of omentm1. 

was tied over the base of the cannula and the penetrating cap of the can.'1ula 

guided out through a stab incis ion in the abdor:tinal wall anterior to the 

surgi cal inci s i on and as close as pos s ible to the normal site of the seg-

ment of duodenun . The cannula was retained itt the skin surfu.ce  by 

s l ipping a rubbe:r; lar:tb castration ring over i t .  The pene trc,ting c&p of 

the cannula was replaced �7i th the perm;:ment cap , the bowel clamp s  removed 

and the layers of the abdominal wall closed individually v:i th interrupted 



0 6 
s i ze l chromic catgut suture s . Finally the skin inc i s i on was cl o s ed wi th 

Mi chelle cl ips and the anirnal given 500 , 000 uni t s  each of peni c i l l in and 

s trept onyc in , LYJ.iraal s  were nllorred to re covor froi:l surgery for r:!t l ea s t  

1 4  c1-'lys bcf ore usG . Whore an ileal ca11..nuln. wa. s ins ert e d , exactly the 

se.ne pro c edure was adopt e d  vd th the cannula being ins erte d 10 cm from the 

i lc:ocaecal valve and exteriorised at a point where no tensi on vm s plac ed 

on the c2.nnula t e d  area . 

Cathe teri saticn of RaEl Larrrb s . Catheteri sation of these anioa l s  i s 

extnn!lcly di ffi cul t 2. s the tip of the cathe t er gunerally ent '"rs the du ct 

of the bulboure thral gland instead o f  follm-Jing the curve o f  the ure thra 

over the po steri or r1argin of the pe lvi s . ScYeral unsuc c e s s ful a t t enp t s  

were made to introduc e cathe ters using x-ray vi sualisa tion a s  de s cribed 

previously , befoTe re course wo.s nade to surt.:i cn l implantat i on . 

Only two animal s were cathe t eri s e d . In one the cathetEJr we. s t i e d  

into the "b ladder v i a  an inc i s ion :::'!2de 5 cm ant eri or to the shaft of the 

i l iw-:1 and para l l e l  to the inc i s i on nnde for the: duodenc-: 1  cannulae . In 

the o ther animal a cathe ter wa s pa s sed up the urethra to thn pe lvi c brim 

and n midl ine inc i s i on raadc: to expo sG the urc thra :? en b e lov-: the anus . 

ThG urethro. w.;, s or:: ened and the refle cted margins of the nuco sa were suturod 

to the overlying skin . It vms po s s ible t o  pas s  a cathet er in to the 

bladder vie. thi s ure thro tomy . 

Re s traint of Lamb s During Intraduodenal Infus i ons . Al l anima l s  were 

allowed to recover fror:t the surgery for a t  l east 1 4 clays before be ing u s e d  

in experiment a l  pro c edures . They were then placed in cra te s made out o f  

l "  €:,"alvani sed water pip e . The s e  crates were fi t ted wi th a wire mesh flo or 

and adjus tabl e head s tal l . The latter was used to retain the animal in 

the c rate , In addi t ion , a he s si an s ling wa s fi t t e d  whi ch pas s e d  under 
the ventral areas of the animal . The legs :po.s s e d  through h o l e s  in the 

s ling ,  thus a l l owing the animal t o  stand or re st in the s l ing , but not l i e  

down . This was particularly important whi l e  aniiilal s  were c oma t o s e  and 

e l e c trocardiograms were being re corded , The lambs were placed in the 

crat e s , wi thout the sling ,  for s everal days before the experiment s began 

to a l l ow them to become fami l iar wi th handli ng and re s trai nt . 
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Intestinttl Loop Experiments :·- The procedure used for th e preparation of 

lambs wi th ligated inte Gtinal loops �as the sn1ne as tha t used for rabbits -

see page 0 1 . 
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Appendix 5 : Total Bod�1 Brain and Lung Weights2 E�silon 

Antitoxin Levels and Dosage of Epsilon Toxin 

for the 2-3 week old :S'xperimental L'3.IDbs . 

Control Lambs 

Animal Body- Brain Lung Epsilon antitoxin E'.i)silon toxin 
no , weight weight weight units/ml sel"UJ':1 Dose (mg� 

(Kg) (g) (g) (approx . 

0 8 . 6 J6 Not done not done 
1 3  10 . 0 58 " le s s t.tw.n 0 , 2  
2 3  7 - 7 58 " 1 1  " 1 1  

26 8 . 6 60 no l l  1 1  1 1  

32 10 . 0 58 126 1 1  1 1  1 1  

36 9 . 5 60 120 1 1  1 1  11  

40 9 . 1 61 1 13 1 1  " 1 1  

4 3 Ql ,.. / - J 59 107 1 1  1 1  1 1  

45 10 . 0 65  120 1 1  1 1  1 1  

49 10 . 4 68 176 0 . 4 

Lrunbs whi ch received Divided Doses of Toxin 

2 9 . 1 62 not done less tha:>.1 0 . 2 l* 
6 10 . 4 65 1 1  1 1  1 1  1 1  l* 

17 10 . 4 62 11 " 1 1  0 . 4* l* 
33 8 . 2 61 2 58 1 1  " 0 . 2 l* 
38 8 . 2 60 220 1 1  " 1 1  0 . 5CJ 
42 10 . 4 64 22 5 " " " 0 . 2 5 
44 8 . 6  60 220 1 1  1 1  1 1  0 . 2 5  
46 10 . 4 60 275 1 1  1 1  0 . 8* 0 . 2 5  
48 9 . 5 61 290 1 1  1 1  " * 1 . 30 
50 7 . 3  57 235  1 1  1 1  0 . 2 0 . 2 5 
51 10 . 0 68 104 11 1 1  1 1  0 . 2 5 
53 8 . 6 60 245 1 1  0 . 2 -0 . 4 1 . 50 
55 9 . 1 64 280 " 0 . 4-0 . 8 8 . 2 5 
56 9 . 5 69 340 0. 8 4 . 7 5  
57 8 . 6 65 330 less than 0 . 2 o . 50 
58 6 . 4 61 330 0 . 8-2 . 0 5 . 50 
61 9 . 1 6 5  380 not done 0 . 2 5 

Lambs which received 'roxin b� Continuous I/V Infusion 

62 10 .0 58 145 not done 0 . 2 5  
6 3  9 . 1 60 156 less than 0 . 2 2 . 5 
64 11 . 4 63  420 4 - 8 18 . 0 
66 9 . 1  64 128 less than 0. 2 l . O  
70 10 . 4 60 220 4 - 8 9 . 0 
71  9 . 1  60 180 0 . 4 - o . s 3 . 0 
72 10 . 0 6 5  410 0 . 4 4 . 0 
7 3  1 3 . 2  74 3 32 o . s 3 . 0 
75  10.0 59 147 less than 0 . 2 2 .0 

* lowest level tested , 



AppGndix 6 : 

Lnimc.:. l no . 78. 

Levels of r12 5 Polyvinyl J)Trolidone in Plasma 

;Following Infusion of this Conpound into the 

Duodenum of Nornal Sheep and Sheep l'li th Exuerimonta l 

Enterotoxc"0mia - see Chanter 6 .  

0 9 

l .  9ml of r12 5PVP ( 5 ,  5mg/ml ) admini s tered in T )O ml of inoculum (S,<J.lino ) 

1 .  5 ml sample of inoculum gave 1 1 5 , 700 count s/minute - equi ve"lent to  

5 .  5 c o,mt s/ngi12 5PVP 

Hours after s tart Count s/min . ngi12 5PVP/ml Pla smn 
of Infusion ( 1 .  5ml plnsma ) 

0 : 00 4 0 . 49 
0 : 45 6 0 . 7 3 
1 : 00 24 2 . 90 
1 : 30 28 3 . 40 
2 : 00 21 2 . 5 5 
2 : 30 38 4 . 60 
3 : 00 7 6  9 . 20 
3 : 30 70 8 . 50 
4 : 00 85 10 , 30 
4 : 30 110 1 3 . 30 
5 : 00 103 12 . 4 5 
5 : 30 130 1 5 . 80 
6 : 00 119 14 . 40 

iminal no . 77 
l . 7 5ml of I12 5PVP ( 5 . 5mg/ml ) admini stered in 700 m1 of inocul� ( Cl . per­

frin,;ens type D cul turs + s tar eh) 
l .  5 :1:1 Sc.mple of inoculum gave 97 , 280 count s/minute - equivalent to  

4 . 7  countsjngi1 2 5FVP 

Hours after start 
of Infusion 

0 : 00 
0 : 30 
1 : 00 
1 ; 30 
2 : 00 
2 : 30 
3 : 00 
3 : 30 
4 : 00 
4 : 15 
4 : 30 
4 : 45 

Counts/min 
( 1 .  5ml plasma ) 

0 
8 

39 
53  
7 5  
78 

114 
120 
133  
136 
148 
194 

ngi1 2 5PVPjml Plasma 

o . oo 
1 . 13 
5 . 51 
7 . 50 

10 . 60 
1 1 . 05 
16 . 20 
1 7 . 00 
18 . 90 
19 . 30 
2 1 . 00 
2 7 � 50 

cont 1 d  • • • • • •  
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Appendix 6 :  ( cont 1 d . ) 

Animal no . 81 Day l 

l . 9ml of I12 5PVP (2 . 5mg/ml ) edministered in 500nl of inoculum ( Saline ) 

l . Oml sample of ino culum diluted 1 : 50 gave 17 , 670 counts/lOmins . - equiva­

lent to 93counts/ngil25PVP 

Day 2 

Hours aft8r start 
'Jf Infusion 

0 : 00 ( 92.In ) 
1 : 00 
2 :00 
3 : 00 
4 : 00 
5 : 00 
6 : 00 
7 : 00 

Counts/lOnins . 
( l . Oml plnsmc. ) 

0 
58 

366 
374 
683 
806 
990 
875 

o . oo 
0 . 62 
3 . 92 
4 . 04 
7 . 35 
s . 9 5  

10 . 60 
9 . 40 

l . Bml of r125PVP (2 . 5mg/ml ) administered in 500ml of inoculum (Cl . per­
fringens type ]) cul ture + Dextrin ) 

l . Or:ll sample of inoculum diluted 1 : 50 gave 2 5 , 2 36  counts/lOmins . equiva­

l ent to 141 coUL�ts/ngi125PVP 

Hours after s tar t Counts/lOr.lins . ngi125PVPjml Plasma 
of Infusi on ( 1 .  Oml pla.sr:1a ) 

0 : 00 ( 9m-t) 892 6 . 35 
1 :00 1222 8. 70 
2 :00 1239  8 . 80 
3 : 00 1104 7 . 80 
4 : 00 1474 10. 40 
5 : 00 1351 9 . 60 
5 : 50 1308 9 . 30 
6 : 30 1241 8 . 80 
7 :00 115 0 . 82 
7 : 1 5  119 0 . 19 



Appendix 7a : SURVIVAL TThiE : BRAIN i!A'I'ER. CONTENT DATA FOR MICE 
Pre limim.ry Experiment 

Control 
Water Content Survival Time 

mg . H20/mg. D . M .  (hcurs ) 

3 . 24 2 . ')0 
3 . 12 3 . 00 
3 . 21 3 . 00 
3 . 2 5  3 . 2 5 

3 . 16 3 . 2 5  

3 . 3 3  4 . 00 
3 . 33 4 . 00 
3 . 1 3 4 . 2 5  

3 . 27 4 . 2 5 
3 - 37 5 - 75 
3 . 32 5 . 7 5 

3 . 37 7 . 00 

3 . 31 8 . 50 
3 . 32 10 . 50 

3 . 26  10 . 50 
3 . 31 12 . 00 
3 . 12 12 . 75* 
3 . 24 12 . 7 5* 

MeP...n 3 . 26+ 
Std. dev. o : u  
+ t test p ... ( .005 

* Killed terminally. 

Toxin 

see Chapter 8 .  

Water Content 
mg. H20/mg. D .M. 

3 . 29 

3 . 44 
3 . 26 
3 . 26  
3 . 32 
3 . 32 
3 . 40 

3 - 3 3  

3 . 38 
3 . 38 
3 . 14 

3 . 64 

3 . 44 
3 . 51 
3 . 71 
3 . 45 
3 . 5 5  

3 . 15 

3 . 39+ 

o . I6 

0 1 1  
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Appendix 7b g Survival Time : Brain V/ater Content Data for Mice 

Main Experiment s e e  Chapter 8 . 

I1Iales Fema l e s  

Survival Wat er content Survival Wat er content 
time-hours mg H20jmg D .I·f . time-hours mg H20jmg D . M . 

Contro l  Toxin Wat er Control Toxin Water 
I/P + I/P + 

2 3 . 32 3 . 34 3 . 50 2 3 . 62 3 . 40 3 . 63 
2 3 . 58 3 . 51 3 . 67 4 3 . 90 3 . 63 3 . 93 
2 4 . 09 3 . 31 3 . 60 4 3 . 52 3 . 75 3 . 59 
2 3 . 57 3 . 52 3 - 44 4 3 . 38 3 . 62 3 . 2 1  
2 3 . 34 3 . 44 3 . 5 5  4 3 . 54 3 . 65 3 . 89 
2 3 . 45 3 . 46 4 3 . 40 3 . 42 
2 3 . 34 3 . 48 4 3 . 36 3 - 55 

3 3. 58 3. 46 5 3 . 48 3 . 40 
3 3 . 50 3 . 46 5 3 - 57 3 . 74 
3 3 . 58 3 . 42 5 3 - 44 3 . 46 
3 3 . 48 3 . 50 5 3 . 52 3 �  52 

3 3 . 36 3 · 44 5 3 . 52 3 .. 52 
3 3 . 28 3 . 21 6 3 . 52 3 . 50 
3 3 . 38 3 . 30 6 3 . 48 3 . 56 

4 3 . 36  3 . 26 7 3 . 44 3 . 72 

4 3 . 36 ) . 38 8 3 . 6 5 3 . 82 

4 3 - 2 5 3 . 26 8 3 . 50 ) . 64 
5 3 . 36 3 . 60 10 3 . 53 3 . 7 5 
5 3 . 3 5 3 - 45 10 3 . 44 3 . 60 

5 - 5 3 . 60 3 . 50 ll 3 . 44 3 . 88 
5 . 5 3 . 80 3 . 44 ll 3 . 30 4 . 2 S 

5 . 5  3 - 43  3 . 30 12* 3 . 16 3 . 62 

5 . 5  3 . 24 3 . 20 12* 3 . 50 3 . 66 
6 3 . 44 3 . 52 12* 3 . 42  3 . 70 
6 3 - 54 3 . 44 12* 3 . 50 3 . 46 
6 3 . 36 3 . 46 12* 3 . 46 3 . 40 
8 3 . 40 3 . 34 12* 3 . 42 3 . 43 
9 3 . 52 3 . 67 12* 3 . 87 3 .  77 

1 2  3 . 32 3 . 49 12* 3 . 60 3 · 51 
1 2  3 . 2 5 3 . 5 3 12* 3 . 68 3 . 42 

- 12* � }.& 
Mean 3 - 4 5 3 . 42 3 . 55 43 . 50. ..1J .. 'b 1  3 . 65 
Std. dev. 0 . 1 9 o .1 o_ 0 .08 0 . 1 0  0 . 1 9  0 . / q  

..1 t test p :: < . 01 

* Killed terminally. 

+ All died within one hour of inoculation. 





Appendix 8b : 

IlL� an 

S td . 

Lqmb 

81 

77 

78 

Mean 

Std.  

+ No t e : 

Dev. 

No . 

Dev. 

Ti ssue Water Content Data for 8 rtonth o l d  Lar:tbs . 

Control UJ.mbs 

Cerebral Cortex Thalamus 
+ 

Cereb el lum Heart 

3 . 62 2 . 18 ) . 74 3 . 67 

4 . 57 1 . 63 3 . 98 3 . 45 

3 . 2 3 2 . 50 3 . 7 9  3 . 61 

4 . 22 2 . 3 3 3 . 50 3 . 69 

3 . 5CJ l .  78 3 . 61 3 . 98 

3 . 83 2 . 08 -;; . 72 3 . 68* 

0 . ) 5  0 . 37 0 . 18 0 . 19 

lambs wi th E:x::QGrimentr: l Enterotoxaemia 

3 . 61 3 . 20  3 . 74 4 . 76 

3 . 05 3 . 38 3 . 31 4 . 97 

3 . 49 3 . 52 3 . 88 3 . 90 

3 . 39 3 . 5 3 3 . 64 4 . 46* 

0 . 28 0 . 34 o . 30 0 . 49 

* t t e st i p l e s s  than 0 . 05 

The wa ter content s of the snmp l e s  of thalamus from the 

c ontrol anima l s  are cons i s tently l ower than those of the o th e r  

0 1 4  

area s of the brain in the se aniBal s . They were a l s o  l oTier than 

tho s e  of thalamus fron i ntoxi ca t e d  anima l s . I t  appears prob�b l e  

that thi s nay ha've been a samp ling error with thalamic  samples 

froo the c ontrol animal s  consi s ting predominantly of 1t1hi te matt er . 
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APFEI'IDIX 9 : FLTJORESCEl!T ANTIBODY :METHODS 

Prepo.rc:. tion of ConjugL� ted Globul in : 

i .  Horse se�� (0 . 3ml ) emulsified in 0 . 4ml Freunds adjuvant was injec-

ted intramusculnrly into each of tvro rc:.bbi ts on 3 occasions at weekly 
intervals ,  ( 1 Complete ' Freunds adjuvr.mt i73.S t:.sed for the initial inoculum 
and thereafter ' Incomplete ' Freunds adjuvant uas used to overcome the 
severe local tissue reaction whj_ ch can be encountered if the cmn.plete 
ad,juvant is  used throughout the entire course of injections . ) 

i i ._ One week after the final inj ection a 2ml sample of blood was col­
lected from the e:::tr veins o.nd put up against horse serum as antigen in a 
precipitin test according to the schedule shown below , which , using horse 
serum diluted 1 : 1000 , provides apJ!roximo. tely lOOug equine globulin/ml of 
antigen suspension . 

Tube l 2 3 4 5 6 
Antigen ml 0 . 2  0 . 4 0. 6 o . s  1 . 0  1 . 2  
Saline ml 1 . 0  o . s 0 . 6 0. 4 0 . 2  0 
Antiserum 0 . 1 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  
Precipitation was allowed to occur overnight a t  room temperature . 
(L serum which gives a precipitin reaction in tubes four , five and 
sj_x i s  regtcrded as satisfactory for the preparation of conjugated 
globulin - Dr. K .  Moriarty pers . comr.: . ) 

Both these  sera gave a reaction in all s ix tubes . 

iii . The rabbits were anaesthetised with sodium thiopentone intravenously 
and 50 ml of blood was removed by �ardiac puncture with a sterile syringe . 

The blood was allowed to clot and the serum removed and centrifut;ed 
at 3 , 000rpm for 10 minutes . 

0 iv. The s erum was cooled to 4 C and an equal volume of saturated 
ammonium sulphate added (with constant stirring) . The mixture wa s stood 
overnight at 4°C

.
to separate the globulin fraction. 



v .  The mixture wa s then centrifuged ,  the supernat::mt di scarded and thE: 

deposit dissolved in a minimum volwn.E:: of distilh;d WP.ter . 

vi . An equ.ql volume of saturated .qrnraoniur:J sulpha te was added and the 

solution recentrifuged. Thi s  vr?..s repeated twice . 

vii .  The deposit was re sus�ended in a minimuni vollifle of di stilled watE:r 

and dialysed in Cellulose casing dialysis  tubing (Visking Co . ,  Division of 

Union Carbide Co . ,  Chicago ) against 0. 85% saline . Four changas of saline 

were used and the total dialysis time was 24 hours and the volume of saline 

used was 2 litres . 

viii . Freedom of the dialysate from ammonium sulphate was confi rmed by 

adding an equal volume of sa turated BaC12 solution to a sample of the fluid. 

ix. The protein content of the globulin sample wa s found to be 2% with 

a refractometer and an equal volune of saline \'ias added to bring the 

protein concentration to the reco�nended 1%. 

x .  Ten percent of th8 volume of the globulin solution of ce.rbona te/ 

bicarbon2.te buffer pH9 . 0 (NaHco3 4 . 2Gm/100ml adjusted to pH9 . 0  with Na2co
3 

5 . 3Gm/100ml )  was added. 

xi . The mixture wc.s chil led in an ice bath and 0. 05mg Fluoroscein 

i so thiocyana te /mg protein (i . e .  10mg/20ml ) added with constnnt s tirring. 

The stirring continued overnight a t  4°C , 

xii . The solution was then pas sed down a 30 cm colliflll of Grade G2 5 

1 Sephadex ' (Pharmacia , Uppsala , Sweden) ( 6Gm of sephadex washed twice with 

saline and allowed to swell for at least 2 hours before packing into a lcm 

diameter glass chromatography column ) .  The globulin solution was ml Shed 
through the column wi th saline . An alternative procedure is to dialyse 

the glGbulin first against saline then against 0 .. 01M phosphate buffered 

saline pH7 . 5 for 2-3 days . 

xiii The solution was mixed wi th liver powder lOOmg/ml ( Sylvana ) and 
0 held at 4 C for 4 hours . 



FluorL s c ent Antibody Me thod ( continu e d ) 

xi v .  It 1:a s  then clari fied through a s b e s t o s  pads (gn�.de EKS C;; rl s on 

Ford, Ashton-under- Lyne , England ) r:rith a Hemnings ( Gnl l enkamp ) fi l t er . 

Reference : 

0 1. 7  

' Fluore s cent Ant ibody Techniques in th8 Diagno s i s  of C orm:mni cab l e  Di sec::.s e s 1 

Pub l i c  He[) l th Servi c e  Publi ca tion 7 2 9  by Cherry 'N . E . , Go ldm2.n M . , Carski 

T . R . 1960 . Uni t e d  S tat e s  Deportment of HeB. l th , Educa t i on and We l fare , 

Publ i c  Heal th Servi c e , Bureo.u of State S e rvi c e s , Co:r�'nuni ca.b l e  D i s e a s e  

C e::ntre , At lanta , Georgia . 
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Appendix 10 : The Oxyg0n 'Jptrrks :)f T i s sue Slices - s e e:  Chuptcr llf- • 

Mouse Kidnc:y-Toxin in vi tro Mouse Kidney G 1 pig kidney j 
Toxin in vivo Toxin in vi tro ! 

��------- -------------------��----------�---------------------------4 
Subs trate j GLUC OSE 

Tine 
Iviinutvs 

10 
20 

30 
40 
50 
60 

10 
2 0  
30 
40 
50 

; 

I 60 

10 
20 
30 
40 

50 
60 

10 
20 
30 
40 
50 60 

l ( I ) Oxygen Uptnl:e , ul mg . D . J:f . 

I 
Cbntro� 

1 \ l Toxin 
a a b c d 

2 , 1 1 , 7 1 , 6  2 . 1 1 . 1  1 . 3  2 . 1 
4 . 6 4 , 2 3 . 9 3 . 3 4 . 4 3 . lr 3 - 4 4 . 3 
6 ,1 7 • .  2 6 I� 5 · 0 1 7 . 1 6 . 1 5 . 8 6 . 6 • "-t 

8 . 9 9 • . 5 8 � 4 7 · 7 1 9 � 2 8 . 3 7 . 8 8 . 9 

11. 5 ll . 9 10 . 6 9 . 2 . 11 . 4 10 . 8 10 . 2 l l . 5 
t • 

13 . 5 14 . 4 12 . 2 10 . 3 ' 1 3 . 7 1 3 � 1  12 . 3 14 .0 

Subs trnte P1'RUVA'fE 
l , U o •. 7 1 , 8  1 ..7 3 . 0 2 . 8 1 . 7 2 . 4 
4 . 7 1 ._8 4 •. 4 4 .,2 5 . 8 6 . 2 3 . 9 5 · 9 

8 . 7 2 . 8 6 ._6 6 •. 9 1 9 . 5 9 . 8  6 . 6  9 . 2 
I 

12 , 0  3 a 3  9 •. 0 9 . 1 j l2 . 6 12 , 8  8 , 4 ll , 3 
I 

17 . 7  4 . 6 12 , 2  11 . 9 1 16 :1 1 5 � 5  11 . 2 14 . 6 
2 1 . 5 ?· 8 14 � 6

� 
14 . 5

1
18 . 6 19 . 8 13 . 7 16 . 5 

Subs tr.s tG I SUCCIN .. �TE ! 
2 , 6  2 , 5  2 . 2  3 . 1 j  3 . 0 1 . 3  
6 . 5 6 . 1 5 - 7 6 . 5 1 7 . 2 3 . 7  

• 

10 . 6 9 . 8 9 . 8 9 . l , ll . 6 6 . 7 
14 . 3 13 . 0 1 3 . 2  10 . 3 \ 1 5 . 3 . . I 

9 . 2 
18 . 2 15 . 4 16 . 6  11 . 1 19 . 1 11 . 8 

1 . 4  2 . 7 
4 . 3 5 . 8 
7 . 9  9 . 4 

10 . 6 13 . 1 
13 . 5 16 . 9 

2 1 . 7 20 . 7  20 . 1  13 . 6  2 2 . 5 14 . 3 16 . 7 19 . 9 

Substrate l C ITRATE 

3 . 8 8 . 9 1 . 8  
8 . 4 14 . 1 6 . 1  

13 . 2 1 3 . 0 10 •. 5 
1 7 .- 7  18 . 4  14 . 6 
2 2 . 9 1 19 . 4 19 . 6 
2 6  .. 3 18. 7 22 . 7  

I 

! I 

i l 
I 

I 
' 

I 

I 
I 
I 

I 
I 
I 

Control Toxin 

2 . 6 i 2 . 8 
I 

5 - 3 I 4 . 4 

7 . 5 7 . 5 I 
9 . 5 9 . 6 

1 1 . 7  12 , 0 
14 . 0 I 14 . 0 

2 . 2 3 . 5 
4 . 4 6 . 8 
6 . 5 9 . 9 

+ - 1 3 . 5 
11 . 7  16 . 8 
1 3 . 5 20 . 1 

3 . 8 I 3 . 4  I 8 . 0 7 . 3 ! I ll . O ll . O 
13 . 7 I 1� . 7 
16 . 4 18 . 6 
18 . 3 I 22 . 9 ' 

2 . 7 

5 · 7  
8 . 7 

11 1' 1  
14 � 0 
16 .. 3 

Contrc:1 

1 . 2  . 
I 

2 . 6  I t 
4 . 0 j 

I 
5 . 5 I 

I 6 . 7 ! 
8 . 2  

0 . 3  
1 . 2  
0 . 5+ 

4 . 4 

5 . 3 
6 . 5  

2 . 6  

5 . 7 
8 . 7  i I 12 . 4 

1 5 . 1  i 
18 . 0 i 

! I I 

2 . 4 

5 . 9  
8 . 4 

1 1 . 2  
14 . 1 16 . 5 

i I 
. i 

J:'oxln ; 

C• . 9 ! 
. 

2 . 0 I 
I 

I 3 . 2 I l 

L� , 5 I I 
I . 

5 . 5 I 
6 , 8 I 
0 . 1 I I 
1 . 2  i 
2 . 1  I 
3 . 6 

1;. � 4 
5 · 5  

2 . 2 
I 

s . o 
7 . 9 1 1 . 1 

1 3 · 4 
1 6 . )  

I 

I 
l 

continued ,  • • •  ,_ • • • • . • 
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Appendix 10 : c �:·nt inued • • • • • • . • • •  

Ti s sue 

Time 

Minu t e s  

10 

20 

30 

40 

50 

60 

10 

20 

30 

40 

50 

60 

Ti s sue 

Time 

Minute s 

10 

2 0  

30 

40 

50 

60 

Mouse Kidney- Toxin in vitro 

Oxyg·en Uptake (u1/mg. D .I\1 . ) 
Control Toxin 

i S'ubs trate LAC'l'ATE 

2 . 5 I 2 . 7 

5 . 4 I 5 - 9  

8 . 7 9 - 9  

1 1 . 9 1 3 . 2 

15 . 9 17 . 9 

18 . 0  I 21 . 0 

Sub s trate ABSENT 

2 . 2 I 1 . 8  ' I 

4 . 0  3 . 6  

6 . 4 5 - 4 

8 . 4 6 . 5  

10 . 5 8 . 4  

12 . 0  
I 9 · 6 
l 

i 
Guinea Pig Brain 

Substr . Glucose Sub s tr . Pyruvate 

Control 

0 . 9 

1 . 8  

2 . 7 

3 . 8 

4 . 6 

Toxin Control 

0 . 7 0 . 8  

1 . 7  1 . 8  

2 . 9 3 . 1 

3 - 9  4 . 2 

5 . 0  5 - 3 

6 . 0 I 6 . 8  
! 

+ � Reading Error 

* � Faulty Manometer 

Toxin 

1 . 4  

3 · 0  

4 • 1 

5 . 5 

6 . 7 

8 . 1  

0 1 9  

:N�ouse Ki dney G r pig kicLYJ.ey 
Toxin in vivo Toxin in vi tro 

---j ' 
' : I 
I Control Toxin C ontro l Toxin I I I I 
I - *  2 . 4 ! 

- 5 . 1  

- 7 . 6 

- 10 . 1 I 
- 1 2 . 6 

- 1 5 . 2 

2 . 3 3 - 7  

4 . 1 10 • 3  
I 

6 . 8 1 0 · 5 

8 . 8 10 ;. 4  

11 . 1  10 . 5 ! I 
1 3 . 0 10 , 1  

; 
I 

Gui nea Pig Lung 
Sub s . Succinate Sub s tra te Gluco se ' 

Control Toxin Control Toxin 

1 . 4  l . l  ' 0 • 9 0 . 2  0 . 0 0 . 7 

3 • 0 2 . 8  2 . 8 0 . 7 0 . 2  1 . 0  

4 • 7 3 • 9  3 - 9 1 . 3  0 . 6 1 . 2 

5 • 8  5 • 7 5 • 7  1 . 5  1 . 2  1 . 8 

8 . 0 7 . 0 7 • 1 2 . 0  1 . 6  2 . 1  

9 • 6 8 • 4 8 • 5  2 . 0  2 . 5 
! 
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APPENDIX 11 :  AUTOMATED BIOCHEMICAL ESTn!ATIONS 

A wide vnri e t;y of c l ini co.l bio chemi cal methods have been de·,re l o p e d  

to make u se of: the Techni c on ' AutoaY1a lys er 1 , ( Te chni c c n  Equipment Pt;y . I.td .  

Ire land ) and s imilur ins trument s . The main advantages of the s e  macbine s 

are rapid samp le proc e s sinG and high reproduc ibi l i ty of r e sul t s . W11en 

adequate s tandardi sat i on is carri ed out the m e thods are at l ea s t  as 

accurate a s  c oP1pt= ... rab l e  manual one s . 

Be cause a large nunber of pre ancl pos t inocul:1 tion samp l e s  had t o  

b e  exrunined and compari s ons between pre Rnd p o s t  ino cula ti0n value s i:lads , 
the high reproducibi l i ty of the Autoanalyser had considerable adve.ntage s . 

One di sadvantEc(SG of ma..'1y of the pub l i shed me tho ds i s  that tb ey arc 
not particule.rly ec onomical o f  ei ther samp l e s  or reagent . As i t  \ms hoped 

that a n1unber of different e s t imations wou l d  b e  carried out , the sample 
s i ze hRd to be limi t e d  to avoi d  introduc ing alt erations i n  t h e  b l o o d  

picture o f  t h e  ani:wal due to blood l o s s . Some of the publi shed me thods 
·1rere therefore modi fi e d  to econom i s e  on the s amp l e . In addi tion , since 

many of the pub l i shed methods are bas i cally s i;-:J_ilar , compara tively sma l l  

a l tera tions t o  reagent conc entrations and pump tube s i z e s  enab led the sarr.e 

manifold to be used for s everal di fferent e s t ima ti ons . 

'I'he following page s are s e t  out to show : 

1 .  A referGnce to the method whi ch was u s e d . 

2 .  A l i s t  of the reagent s . 

3 .  A diagram of the flow pattern ,  using s tandard ' Autoanalys er 1 syrr1b o l � . 

In c a s e s  where the same manifold was u s e d  for more than one �ethod 

a reference is given t o  the appropria te page . 

4 .  A no t e  o f  modifi cRtions appl i e d  to the published me tho d . 

5 .  A copy of the ' calibration peaks ' and a repres entative portion o f  

the sample peaks obtained using the me tho d . 

6 .  ilny relevant comments on the procedure which have not been di s cus s e d  

previ ously. 
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The 1 Autoanalyser 1 modul e s  used were : 

l X ' Samp ler-I I 1 automatic sample changer . 

2 X Proportioning ptlmps . 

1 X Dialys ar bath. 

l X 40 1 hen ting coi l .  

2 X Colorimet ors . 

l x ' Turner 1 * Fluorimeter modifi e d  with flovr thr<Jugh sru.-1ple C',we t t e . 

2 x 2-pen chart rGc orders . 

1 x Flame III Flnme photometer . 

* 'furncr Fluori;1r2tc�r - Turner & Associate s ,  Pa lo Alt o , Co.lif . , 

u . s . L . 



Blood Gl uc.:� se 

.ti.ut on.?.tod Estir:1u. tion g 

RE:ference : Saifor A .  � Robin M • .  in 1 A1.�tone. ti cn in Analyti cal 

Chemi stry ' - T<:>clmicon Symposia 1965 . . Ifie <lir:.<:!. , Ne\7 Y )rk . p . 589- 592 . 

0 2 2  

"Detorminati·.:'n of Gluc'> se in Biol ogic Fluids "i th ar" JmtonB:G c (l 

Enz;yma tic Pr•:>ceduxe'� . 

f/.ccgent s :  Glucc so SknC.qr;� . 
for Blood GJ.uc ) 2 8  <; s timc:ticn ) 

E-1.1ffer (Stock) : 2 3 . 3Ge Jo.fu.lci c Aci�l d s s olvecl in 80ili1l i1 :Jt di s-

tillod water . 

up to 1 l i tre . 

Add 24 . 2 Gm tri s hyJ.roxymc: thyl ar..'.inomdhane , co·:·l and make 

Buffor (v.'crkinr:;): 2_50ml s t a c k  buff(;r + 48ml lN. NaOH made up to 

l l i  trG ·,:·i  th ��i �3 ti ll ed �·1ater and adjus ted to p�I7 . 4 . 

Enz:vnc/Dye : 400ml Glycerol , ]QML Gluc·:) S t:  OxiG.as e-pero:ddase (Sigma 
en t .  no 510-6 ) 60<bg .J-diani si cline c.�ihyclrochlori dc mad.o up to l l i tre wi th 

dis tilled wat er �  

Sulphuri c  acir. : 301� v/v svlut ion . 

Flow Chart : 

Calibra t i on ��J Sn�ple ?eaks : 

Mc C.ificrJ. tir:ms ·t':l pub lished mo th0d : 

see page 0 )__ 5 0 J...G 
I 

Since prdiminc.ry clepr:J tcini-

sation· c·f' samp l e s  had. b um ca:::-:::-i eC. out a ( ':ialys er was unne s sary and was net 

i ncluded . Similarly , in tho �bsence of fluoricl� in the samples the 1�g-
ne sium sulphate solution was no t requirod to ove:rc01:1e inhibi tion of the 
gluc o s e  oxi ��se . Tho sensi tivity of the me thod using a haating bath at 
37°C (as requirocl for the sii!lul t.::mc<)us ly run Lac tate es timati ons ) was 

0 sufficient to obviate the nece s si ty of us ing a temperature of 50 C a3 rG -

commanded in the published me th0�. With prior diluti 8n of the sample 

during deproteini sation in as so ciation wi th the increase in sensi tivi ty 

due to e limination of the dialys i s s tep , the pump tube sizes were adjus ted 

t o  conpensate for these factors and thus retain the a�proximate glucose : 
reagont ratios ancl conccntra tions of the original metl.•od . 
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Blood Pyruvate 

Autcr.1ated Estimation : 

Refe""'i.:nce :  Minaire Y .  , Fcrichr:m J .  & Studievic C .  in 1 Automation 
in Analytical Chemis try ' - Technicon Symposia 1966 , Mediad New York , 

Vol . II p 145-149 . 

" Dosage Fluoro:n.e trique Enzymatique de 1 1Acide PyTuvique par l 1 Auto-

analyzer" . 

Reagents : 

Buffer :  6 . 05Gm tris hydroXYJiletdyl aminomethane in 900ml di s-

tilled water adjusted to pH7 . 6 with concentrated hydrochlori c acid and 

made up to l litre . 

buffer . 

Lactic dehydrogenase : as for lactate . 

Reduced diphosphopyridine nucleotide lmg/2 5ml of the above 

Pyruvate standards Stock 2 4 . 6mg Sodium �jTUvate in lOOml 
di s t i l led -water . (Equivalent to 20mg pyruvic acid per lOOm], Working 

standards of 0 . 5 , 1 . 0 , 1 . 5 , 2 . 0 , 2 . 5 , 3 . 0 , 4 . 0I:lg/ml \':ere prepared from this 

standard ) . 

Floi'.' Chart : 
see page () l_  s- , 0 1. 7  

Calibration and Sample Peaks : 

Modification to the Publi shed Method : Dialysi s  was not required 

and a 40foot heating coil at 37°C was inserted in its place . Thi s increased 

the sensitivity of the method and pump tube sizes were adjusted accordingly . 

The fluorometer was set at 340nm . 

Notes : This me thod gave satis factory results �ith the s tandards , but 

due to a high level of non- specifi c fluores cence in the samples , possibly 
derived from incomplete deproteinisation in the ' Vacutainers ' and the 
instability of pyruvate in s tored samples , the result s  of the estimations 

of pyruvate made on them are not regarded as being sufficiently re liable 

to be of value . 
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Blo<:Jd Lacta to 

Automated Es timation : 

Referenc e : i;1inaire Y . , S tudi cvi c C . , & Fcucherand F . ( 1965 )  
Patholoe;-ie � t  Biologi e  1.2. : 1170 " Do sage Autonatique C. c  1 1  L.c i ue I..-:1c t i que - "  

Rci:i.gen t s : 

Lac tate s tand!:'rC.s � C ' :·ntn.ining 10,  20 , 50 , lOO and 200Dg% 1 + 

lactate - prepal'ed from bc. 2ium c�l lactate - s e e  Bergr.wyer (1963 ) p 271 . 
Glycine/Hyc�ra zine Buffer : 0 . 5Ivi Glycine in di s t i l led water . 

MLc� O .l M Hydro. zine Sulphate o.nd adjus t tc pH 9 . 0 with lON HaOH . 

h w t i c  dehydrogenase : 2 . C  :'11 lactic dchyd.rogeno. s o  s o lution 

( Sigrn2 'I'ype II I.J)H ex Rabbi t  mus c l e ) to lOOml of the abc·vc buffer . 

Diphc sphcpyridinc Nuc l e o tide : 0 . 9Gm DPH in lOOr.1l buffer . 

Fl;::vl Chart : 
see page 0 2. 5  0 2. $5  ) 

Cali bra t ir_·n and Sa.!lple Peaks : 

Mod ifica t i ons to uublishecl Me thod : ib ;:lialys i s  wa s neces sary 2..s 

the saoples v:ere protein frGe ( s e e  glucose method ) . Mixing coi l s  were 
inserted t0 ensure so.!Tf· l G  dilut ion 2..nd reagent mixing prior t o  incubati ::>n . 

Punp tube s i zes were adjusted to give s imilar reagcmt : samp l e  c,,ncentrc t i c-.ns 

to the published me tho d in the abs ence 'Jf dialysi s . 
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Serum Glutnmic C!'...<Zl oac e t i c  and Glutamic Pyruvi c  Transanina s e s  

Automated Es t imation : 

Reference : LGvine J . B .  & Hil l  J . B . , in 1 Auto�ation in Analyti ca l  

Chemi s tr;y 1 . - Te chnicon Symposia" ( 1965 ) ,  Mediad New York p 569- 574 . 

0 2 9  

"Automated Fluorometric Determinationn of Serum Glutami c Oxalac e t i c  

Transaminase and Scru..11 Glutrunic Pyruvi c  Transaminase • 1 1  

Reagents : J�.s des cri bed in the originc.l mo thod wi th the following excep-

t i ons - Albumin s o lution was not used to di lute the nuc l 8 o ti de and enzyme s 

e.s the fluores c ence of many albumin s amp l e s  can seriously increas e  the 

background fluore s c enc e . The deter{;ent u s e d  was J3:ri j  3 5 ,  and th0 s t ock 

lactic and mal i c  dehydrogonases were supp l ied by Sigme. Chemi cal s Ltd . 

Standards were prepared by di luting ' Enzatrol ' (Dade R:ngents,M'ani,U 3 .1'>.)to 

give standards of 10 , 2 0 ,  3 1 ,  41 int . uni t s  of SGOT and 10 , 20 , 30 , 40 . 5 i nt . 

uni t s  of SGPT re s p e ctively . 

Flow Chart : 

Cali bra tLm and Sample Pcc:.ks : 
s e e  page 0 _'!> 1 1  0 .3  2.. 1 0 ::S 3  

Modifications t o  Putli shod Me thod : To e c onoEii s e  on tlh: amount of sample 

and reagents required, the pump tube si zes '.vere all reduced proportionately . 

It  was found tha t ,  while re taining a sampli ng rate of 40/huur , g0od sepa-

ration and washout characte:r:istics were obt ained . A portion of the 

e nzyrnc subs trate mixtures were removed after mixing to b e  11s c d  for total 

serum pro tein e s t imati ons . 



Total Protein 

Automated Es ti�a ti on : 

Reference :  ' Autoane.lyser \ Methodclogy File N-l4b . 

Reagents : Biuret recgent - as des cribed . 

0 3 0  

P:r·'-� tein s tendards . Serial diluticns of n C')runercia l 

serum sto.ndard - ( ' Versatc:l 1 ,  Warner Chi lco t t , Mc:rris Plains , N . J .  U . S . il. . ) 

coutaining 6 . 9% prot ein/lOOml serum . 

Flow Chart : 

Calibration and SP.rrrple Penks : 

see page o J 1 1  0 J L 

Modifica t i ons to Publi shed Me thod : Diluticn of tht: samp l e was with 

the subs trate used for the es t imation of glutamic-oxnloacotic transaminase . 

The diluted sample for pro tein e stimation was rcooved (after mixing) via 
the bottom arm of a debubbler and a p�p tube of the appropriate diafleter . 
I t  was then mixed with the biuret reagent and passed through a 40 foot 

heating coil at 37
°

C . 

Notes : The reac tion was not influencc:;d by ei ther the sub s tra to 

used for dilution n )r by the incuba ticn at 37
°

C . 
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Serum I so c i tric Dehydrogenase 

Au.toma t u d  Me thod : 

Re ferenc e :  V!olfson i3 . K .  ( Jr . ) & Wi l liams -Ashman H . G .  ( 1957 ) P1.·oc .  So c . 
Exp . Bi o l .  �.kd • .2.§.: 2 31-2 34 . 

Reap;8nt s : The ::>.bove r.:oference i s  t o  e.. rilanual me thod as no publi shed 

me thods for isocitric dehydrogenas e  could be found in the l i terature . 

Reagent solutions werG thvrt=for& made up so that , using the manifold 

de s cri bed for la c t i c  deh;y-clrogenF.:.se , the final concentra ti ons of reagents 
would be s imi lar to tho s e  used in the r.tn nua l method . 

Tri s Buffer : O . J11I , pH7 . 6 Thi s was the sane buffer as des cribe:d in the 

Pyr,1vat e  meth0d . 

Subs tr11te : 2 . 61Gm Sodium isoc i tra t e ( O . llvi ) , 300rag l,'[o.ngnnc.: s e  chloride 

( O . Olli'I ) in 600 ml of Tris Buffer . 

TPN (NADP) lOOmg triphosphopyri dine nucle o tide (ni cotinaoide adenine 

dinucleotide ) in 7 5ml tris buff5r . 
Recipient Tris Buffer , 

st.-,_ndards : Serial dilutions of Enza.trol - Dade were u s e d . The lamb 

0 3 4  

sera showed higher activity than thes-2 standards . A la.'Ilb serum was there-

fore di luted with buffer , measured agains t the comEwrcial s tandard , then 

used to prepare a calibration curve for the remaining sampl e s . 

Flow Chart : 

Cali bra t i  on and SarJ':Jle PE:aks : 
see page 0 J G, 0 J 7 

r:Iodifi ca t i ons to the Publ i shed Mcth_·d : The pres t.::nt r.<e: thod wo.s developed 
fro:a the above manuc.l filcthod n.nd E'. pub l i s he d  automa t e d  me thod for lactic 

dehydr0gcnase whi ch employs di:::.lysis and subsequent fluorime tric e s tima tion 

of the reduced nucleotide formed by the enzyme during incubation with the 
appropriate substrate see Lactic dehyarogenas e  n8 thod . 

No t e s : I t  can be seen from the s tandard and sampl e  peaks tha t , whi le 

the automa ted t: s ti�:1ati on of the i s ocitric dahydrogenas e dc..·es not appear to 

have been de s cribed previous ly , adaptation of exi s ting m2nual me thods 

appears to have provided a useful automated procedure with good lineari ty 

and washout charac teri s ti c s . 



Serum w c t i c  Dehydrogena s 0  

Aut omated Estima t i on : 

Reference �  Pa s s en s .  & Gerumrc il. ( 1966 ) Am. J .  Clir� .  Pc. t h  • .1§.: 69-85 

"An imt .Jrnated Sys t em for the Fluoror.1e tri c Determination of Serum La c ta t e  

Dehydrogenase " . 

Reagent s :  As des cribe d  i n  the original me thod . 

0 3 5  

Stanriards : " Enzatrol" - Dade: was r e c onsti tute d  and s erial dilut i ons 

were used as star1dards . In addi t ion a. series of htu'T1an bloods wi th high 
valu o s  r;0re obtained from the Palrnerston North Ho spital :1 nd used a s  

s tandards . As i n  oth er methods where snr:.1 p l e s  exceeded the s tr; ndn.rcls , the 

sample was di lu t e d  e.nd re run to obtain i t s  true value . 

Flow Chart : 
see  page 0 J (, , 0 j <15 

Cal ibration and Sam�le Peaks : 

Mo difi cati ons tc the Original Method : Slight proportional al tera t i ons 

v1ere madEJ t o  pump tube s i ze s  to economi se on rc:agent s  anc1_ samp l e . 

The s e  di d no t affe ct the washout chara c t eri s t i c s  ,Jr peak pat t erns to n 
not i c eable ext ent since a slowl�r flow ra te of 40 ins tead of 60 se;up l e s  per 

hour was being u s e d . 
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Serum Acid and Alkaline Phosphatase 
- - - - - · .  - ----·  . ! 

Automated Estimation : 

0 3 9  

Reference � Green s .• , Thomas J . G . , & Fishman Vl . H .  in ' Automation in 

ArtE.lytical Chemistry ' ·.-::- T<:: chnicon Symposia ( 1966 ) Mediad , New York vol .  1 

p 480 - 488�  

"Automated Differential Analysi s of  Several Serum Phosphatase 

Isoenzymes" � 

Reagents i Acid Phosphatase : As described under 'Manifold 2 1  in the orig­

i�a:l method (note that only total acid phosphatase was being estimated 

therefore the reagents for the estimation of ' tartrate sensitive acid 

p�osphatase viz ,  citrate tartrate buffer and solutions of naphthyl- and 

phenyl-phosphate in this buffer , were not required. ) 

Alkaline Phosphatase : As described under 1 W�nifold 3 1  in the 

original method (note that only total alkaline phosphatase was being e sti­

mated and both d- and 1-phenylalanine were omitted) with the exception that 

due to the high levels  of alkaline phosphatase activity encountered in  tho 

samples it was found necessary to use the concentrations of aminoantipyrene 

and potassium ferricyar�de given for the acid phosphatase to overcome 

exhaustion effects encountered when the concentrations recommended in the 

alkaline phosphatase method were used. 

Standards of phenol and also dilutions of the coilllliercial sercim 

standard 1 Enzatrol 1 (Dade ) were used. 

Flow Chart : 

Calibration and Sample Peaks : 

Modifications to the Original Method : Apart from the reagent alterations 

described abov� the manifold consists of the portions of the original 

manifolds which deal with the estimation of the ' total ' acid and alkaline 

phosphatase , with slight modifications to the pump tube sizes to give 

suitable sensitivity with the high levels of activity encountered. The 

manifold shown closely resembles that given in N28-29 methodology in the 

1Autoanalyser1 manual . In the absence of a pair of 505mu filters it was 
necessary to use a 520mu filter in the alkaline phosphatase colorimeter , 

but since the colour produced has a broad peak this did not seriously 

affect the sensitivity of the colorimeter re.sponse.  
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Not e s : - A te chni cal faul t deve l oped in the acid phosphatase mani fold 

while samp l e s  wore being run . Re sul t s  from a number of samp l e s  were l o s t  

and there was insuffi cient serum l eft to repeat the e s t imations . 
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Se� & Urine, Sodium, Po tassium, Chloride & Bi carbonate 

Automated Estimation : 

Reference : 

Reagents : 

Flow Chart : 

Autoanalys er Methodology File N2 lb . 

' Electrolyte De terminati on - Flame I ll ' . 

as given in reference . 

see page o y__ r - 0 4- y 
Calibration Peaks : 

Modifications to Publi shed Methods : Pump tube s i zes  and ioni c 

concentrations of standards were adjusted to suit the range of values 

encountered in the SB.Jllples  of sheep urine . BX: arbct!Ate e s tima tions were 

omi tted from the serum sampl es . 

Note : 

these lambs . 

No bicarbonate was detectabl e  in any urine sample from 
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Aut omcted Estint:ltL;n. � 

Referenc e :  ' Jm tonna lyscr 1 Ntdhodol'.\;"Y file H-4c 

Technicon Corpora t i on , New York , 1968 . 

Rea£:§-nts g 1\c i d  I.iolybde>.tc - St:mn�us chl oride:: - Eycl:rr, zinc ill<) thod 

as de s crib.::; cl . No te h�w0ver tha t 9  in the 1 G0neral De scription ' of 

the r;;e tho :l ,  i t  is s tatell that " Scrt<:rn i s  mixed w i th , and a l s o  dia-

lys e d  i:ntr. 1/o E,.,SO 1 " r"nd thi s vnw thGrefore clone . c. '+ 
Flow Cr,.art g 

sec page 0 )0 J 0 s- 1 
Co_ l i  br.r• t i on 3l!.cl S2.rrml c.  Peaks : 

�'rod; ficaticm to publi shed ac tho<ls : Siuce thi s e s timnti·�n was 

carrieC. out on the doprr--t eini s ed SD.l!lplc s tlic.lysi s  wa s unne c e s sar;y 

and this was omitte d . Pu!np tube si zes v:t::re adjus ted to c.l l ow for 

thi s . 

Notes : 'rhe use 0f H2SO 4 i s  not sll( •\7n in th . .:; l i s t  of reagents , 

nor in the publi shed flo'.': dingrc.n . Th:.; mcthoC. wi ll ne t func tion 

sati sfac t orily i f  sal ine i s  used ins t ead of the acid as the pho s­
phates pre cipitatG i n  the rnixing ' co i l s  &nc1 flow cuve tt e; . 
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Appendix 12 : 
CON TROL >i A E I�A T O L rY. ! C A L  A N n  fl ! nC H E '! I C A L  flA T A  -- V E NOUS R L nnn 

GROUP-- S F. C ONO P R11 P E R T Y  
-- --- ------ ---------- - - ---- ---- - - -- - -------- - - -- - - - - - - --- ---- - - - - - -------- - - - -- - - - -- ---- --- - - - - -
AN I MA L  HB PCV p ... P� l12 NI\+ K+ P H11 S VH � I I F F  E R  S T ,  HCI1 3 A C , HCfl3 f/C C  

GM 0 / 0  0 / 0 Ml4 HG f1F. O / L  14 F O I L  M I'; 0 / 0  11FIJ / L f\�0 / L  M tll / L  / M11 3 
-- --------------- - ---------- - -------------------- -- - -- --- - - - - -- - - -- - -- --- - - -- - -- -- - -------- -----

1 1 2 . 2  � 9 . 7 . 4� �2 . I A O , S l ,  l , 4  ·� . o  ? 1 , 0  2?. .  0 1) .  
3 9 , 9  3 s .  7 . 42 3 4 , I n O ,  s o .  � . o 4 5 , 0 7 3, � 2 1 . 0  o .  
4 9 , 9 � 2  • . 7 , 4 1 3 b .  1 5 7 .  � 4 .  1) . 6  4 1> , 0  7 4 . 5 ? L. .  'i 1) .  
7 l l . b 3 7 . 7 . 4 5  3 1 .  1 54 ,  5 1 ,  0 , 0  4 A .  5 2 4 , 0 ? ? .  5 o .  
8 1 2 . 5  3 9 , 7 ,  �A � I . I �4 , 5 1 . 1 , 0  4 7 . 0  ? 1 . 0  2 3 . 0  4 B  fl') , 
9 1 0 . 2  3 A , 7 . 4 1 � 2 .  I � 4 .  5 A ,  l ,  I 4 A . O  7 7 .  � 2 1 . 5  9 7 5 0 .  

1 0  'l . b 3 2 .  7 , l7 � " · 1 � 9 . '> 0 ,  7 . �  4 � . o  n .  � 7.2. 5 1 .  
1 1  1 0 . 0  3 3 .  7 , � A  4 0 .  I � � .  5 1 ,  � . o  '• 5 .  5 ? 4 , 0  2 4 . 5 o .  
1 2  1 3. 1 4 1 . 7 .  40 3 5 . l A '• • 5'· ·  > , 6  4 7 , 0 ? 3 .  n 2 2 . 5  � 2 0'1 .  
1 4 1 1 . 2  3 A , 7 , 1 9 3 4 ,  I � 5 ,  52 . o . o  4 A , O  7 2 . 5 2 2 . 0  o .  
1 5  9 . 3 ? 9 .  7 , 17 2 CJ ,  1 � 2 .  5 7 .  A , 4  4 5 , 0 ?0 . 5  1 9 . 0  5 3 50 . 
l b  1 3 . 0 3 9 ,  7 .  40 4 0 .  1 5  7 .  5 2 . q , o  4 1, . 5 2 4 .  5 2 4 . 5 o .  
l A  1 0 . 9  3 5 ,  7 .  � 9  3 b .  I � 4 , 4 9 ,  � . 6  4 � . 0  7 3 .  � 7. �. 5 o .  
1 9  1 2 . 9 4 0 ,  7 . 42 3 9, I A O ,  5 � . 4 , b  4 7 , 0 ? 5 . 0  ? 5 . 0  b 8 5 0. 
2 0  9 , 8 3 3 ,  7 , 4 1  3 b .  l '• "' · 4 5 ,  7 , tl  4 (, , 0  2 4 . 5 2 4 . 5 o .  
21 1 2 . 2 3 7 . 7 . 4 5 3 0. I 5 2 ,  5 2 . � . 5 4 "· 5 2 3 . 5 2 1 .  5 54 5 0 .  
2 2  8 . b 2 9 .  7 . �7  3 A ,  1 ' 7 .  5 0 ,  S , R  4 5 , 0 2 3 . 0  2 3 . 0  b 2 5 0 .  
14 9 . 9  3 4 ,  7 .  � 8 4 4 ,  1 % ,  6 0 ,  A , ?.  4 5 , 0  2 4, 0 2 4 . 5 o .  
2 5 1 2 . 0 3 A , 7 , 40 3 A .  1 I, I , 5 5 ,  5 , 5  46 , 0 2 4 , 0  2 4 . 0  a .  
27 1 0 . 5 3 4 .  7 ,  � 6  4 0. 1 64 ,  5 6 ,  A , 5  4 6 , 0  ? 3 ,  5 2 4 . 5 4 9 5 0 . 
2 8  1 0 . 2  3 6 . 7 . 40 4 3 . I 5 5 ,  5 1 ,  5 , 5  41> . 0  2 5 . 5 2 6 . 0 b 1 5') . 
29 1 0 . 6  3 4 .  7 . � 6 4 0 .  I b 4 ,  5 7 ,  o . o  1t 6 .  0 ? 2 .  5 2 1 . 5  3 4 5 0 .  
3 4 1 1 . 7 3 b . 7 . l 6  3 9 . 1 5 5 .  5 4 ,  1, , 4 4 b . 5  2 3 . 5 2 4 . 5 o .  
35 1 1 . 4  3 b ,  7 , 4 5  3 5 .  1 52 .  4 9 ,  4 . 1 4 b , O 2 5 . 5  2 5 . 0  5 5 5 0 .  
3 7  1 1 . 4 3 6 .  7 . 45 3 5 ,  I A 7 , 5 5 ,  7 , 3  4 b . O  2 3 ,  5 2 3 .  5 7 8 5 0 . 
3 9  1 1 . 9  39 , 7 . 4 3 3 2 .  1 55 ,  5 5 .  (, , 0  '• " ·  5 2 3. 5 22 . 0  b 5 0 0 .  
4 1  1 0 . 9  3 b .  7 .  42 4 3 .  1 5 q .  5 6 , ? . a  4 1> . 0  2 b. O  2 b . O o .  

------------ -------------- -- - - ------------- ---- -- -- --- ------ - ----------- ---- - - -------- - - - -------
M E A N  1 1 . 0 1  3 5 .  7 7 . 40 2  3 b. 2  1 5 b , <) 52 . 9 5 . 3 7 4 6 , 00 2 3 . b 4  2 3 . 3 5  b 2 00 .  

S T D  D E V  '1. 2 1  3 .  I , 0 2 9  4 . 1  4 ,  5 3 . 2  1 . 8 7 , 6 0  1 . 1 4 1 .  5 9  1 5 b 3 .  

NUM B E R  2 7  2 7  :>7 2 7  2 7  2 7  24 77 2 7 2 7  I 3 
-- ----- ---------------------------- - - ------- ----- -- - -- ------ ----- -- - - - ------- - -- - - - - - - - - - -------

C ON T R O L  H � MA TOLOr. I C A L  A ND B I OC H E M I CA L  DA TA -- VE NOUS AI_OOIJ 

GROU P-- SE C OND PROP� R T Y  

AN I M A L  

1 

3 
4 
7 
8 
9 

1 0  

1 1  
1 2  
1 4  
1 5  

1 6  
1 8  

1 9  

2 0  
2 1  

22 
2 4  
2 5  

2 7  
28 
2 9  
34 

35 
37 
3 9  
4 1  

L f) H  

I U  

8 5 0 .  

1 04 0 .  
8 1 0 .  
7 9 0 .  
b 5 0 .  
b A O ,  
8 20 .  

H O .  
7 5 0 .  
700 . 
6 5 0 .  

85 0 .  
94 0 .  

bb O ,  

7 1 0 .  
b A O ,  

7 3 0 .  

74 0 ,  

8 2 0 .  

no . 
. 'bbO , 

8 1 0 .  
7 6 0 ,  

8 1 0 .  
8 7 0 .  

6 1 0 .  
7 30 .  

! C O  

I l l  

1 3 .  

3 4 . 
1 4 .  

1 5 .  
1 0 .  

9 ,  

1 0 .  

1 0 .  

1 3 .  
1 5 .  

l b .  

9 ,  

1 7 .  

1 2 .  

l b .  
9 ,  

1 5 .  

2 3 .  
l A . 

1 3 .  
8 ,  

1 4 . 
1 0 . 

1 1 .  
9 ,  

1 2 .  
2 1 .  

sr.or 

I U 

5 4 .  

5 1 .  
� s .  
l 4. 

4 1 ,  

� 9 .  

4 t . 

3 7 .  

3 5 ,  
3 3 .  
4 6 .  

40 , 

� 7 .  

so . 
4� . 
4q , 

� A .  

3 � .  

� 7 .  

l 7 .  

2 A ,  

4 2 .  
4 � .  

5 5 ,  
54 , 

S A ,  
44 . 

SGPT GLUC O S E  L A C T A T F.  A L � PH O S  P � O T E ! N  

I U M(; 0/ 0 MG 0 / 0  I U MG 0 10 

7 .  

8 ,  

7 .  

R ,  
A ,  

8 .  
9 ,  

A ,  

7 .  
1 0 .  
1 A ,  

7 .  

1 1 . 
A ,  

R ,  
7 ,  

9 ,  

9 ,  
1 0 . 

9 ,  
R ,  

A .  

1 0 .  
A . 

1 0 .  
8 ,  
s. 

73 , 

QQ , 

76 , 

o .  
7 3 .  
4 3 . 
A 3 ,  

5 7 ,  

5 6 , 

o .  
o .  

97 . 
9 R ,  

n A . 

93 , 
6 5 , 

n .  
99 . 
S A ,  
Rb , 

5l • 
o .  

A O ,  

7 4 . 
92 . 
6A , 

4 A ,  

b . O  

2 . 3  
2 . 2  

o . o  
o . o  
o . o  
o . o  
3 , H  

4 , 3 

o . o  
1 2 . 7 

4 , 4  

4 . 7 

3 . 2  

3 . 2  
2 . 9  

3 . 1  

5 , 4  

2 .  1 

3 . 2  
2 . b  
o . o  
5 , 8  

3 , 4 
3 . 8  
b , b  

3 , b  

1 0 ? 5 .  

1 1  20 . 
5 A 5 ,  

4 ?0. 
7 9 0 ,  

5 5 5 ,  
H Q ,  
h ?5 . 
7 5 0 , 

1> 5 5 .  

b l 5 ,  

7 1 0 .  

1 1 20 . 

3 R O ,  

53 5 .  
3 4 0 .  

1 1 ? 0 .  
1 00 0 .  

495 , 

R 9 5 ,  

3 5 0 ,  

4 3 0 ,  

A b 5 , 

5 A 5 ,  
7 9 0 ,  

3 1 0 ,  
A 9 5 , 

7 , 0  

b , R  

b . 9 

b , S  

b , 7  

b , O 

b , 5  

7 , 7  

7 .  5 
7 , 8 

9 . 2 

b , 5  

7 .  1 

7 , 0 

7 , 7  

b , 2  

7 ,  I 
1> , 3  
5 , 8  

6 , 9  

7 ,  1 
b . 3  
b ,  1 

b , b  

b, A 
b . 1  
1> , 3  

M E 4 N  7b4 , 0  1 3 , 9  4 1 , 9  A , b  74, 0 4 , 2 5  b94 , I> , A 3  

S TD O E V  9 7 . 0  5 , 4  7 , 6  2 , 2  1 1> , 5  2 . 3 1  2 5 1 ,  , 7 1  

:���:�----��------��------��------��------��------��------:�------:�--

Note : Zero values indicate no samp l e . 
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Appendix 12 : (cont ' d ) 
CDI'I T� O L  H A : �< A T ntnr.t C A L  l."tn � I OI: H� " I C A L  DAT4 - VFNOUS Al.'lO•l 

G�OU P - P A I R E D  CO�T�OL 

0 5 3  

----------------------------------------�-------- � ----- ---------------------- ----------------------------------

A � t �< A L  H R  P C V  D"' PCO? �J�+ K+ P I-ins=-.-. AIIFFF.� S T oHC03 A C 0HCO� •�cc P l 2 � L-
r.t .. 0 /0 0/f) �F� HG >1°'1/ L r<F o/ L  ,, .. 0 /0 M,::: O/ l  I'EO / L  M E O / L  / MMJ IHI fiG f.I E Q / L  

-- --- ----- ------------------------- ------------------ -------------- --------- --------------------- -------- -- - ---

0 1 0 . 4  34. 1 . '\ 4 1 7. o .  o .  5 . 8  4 6 . 0  H . 5  2 0 . 5 3 1 50. 9 0 .  o .  
1 3 1 1 . 6 1 R .  7 . �0 42 . 1 4 7 .  5 1 .  � . 3  4h . 5 n .  5 2 4 . 0 .. 6 01 .  6 () .  1 0 4 . 
23 '1 . 4  : n .  7 . H  .. 6 .  l 4h .  4 h .  1 . 7  4 �. 5 ?. I .  5 n . s 5 1 00. a o .  t O R . 
26 'l o 3  3 1 . 7 . ;)9 4 6 .  l 6 Q . S Q . ?. t 4 Q . O  ?.0. 5 2 1 . 0 � 2 S O .  7 l .  1 2 4 .  

1 2  1 1 . 5 3 '1 .  7 . 1 2  4 7. I S A . 5� . s . s  4 � .  5 n . s  2 5 . 0  o • . 7 1, .  t 1 6 .  
3 6  1 1 . 8 40 . 7 . " 7  43 . 1 h?. . 6 ?. .  3 . 2  4 � . 0  24. 0  2 5. 0 40 Of) .  7 J .  t 17 . 

40 1 0 . 7  3 5. 7 . � ,  4 4 .  1 60. 5 ? . '· � 4 7. 5 ' ' ·  5 2 5 . 0  3600. AO. 1 1 7 .  
4 3 1 0 . 6  36 . 7 . � 5 4 7 .  1 � 0 .  4 A .  ?.0 4� . o B o 5 2 5 . 0  6 1 5� .  5 (} .  1 1 ?. .  
45 1 1 . 0 3 7 .  7 . � 3 4 1 .  1 55 .  s o .  ? . 1  4 4. 5  20. 5 2 0 . 5 6700. 40 . 1 1 4. 
4 'l  1 1 . 1  3 7 .  n .no o .  1 53 .  5 5 .  s . o  o . o o . o  o . o  4 1 0() .  o .  1 1 4 .  

-- ----------------------------------------------- -- - -- ------ ---------- ----- --- ------ -- -- - -- --- ----- -- -- - -- - --- - -
MEAN 1 0 . 74 3 5 . R  1 .  " "  41. h 1 5 5 . 5  52 o H  3 . 7� .. � . A 3  2 7 .  1 1  ?. � .  ' �  ) 1 A 3 o  1>8 .  6 l t 4 . 0  

s r n  IJ E V  o A S  3 . ()  . n � 7  3 . 3  1 .  5 s. 1 t. 4 8  , . 1 5 1. 3 1  l o  O B  1 9 1 4. t 5". q 5 . 7  
"UM � E �  1 0 1 0 q q C) 9 1 0  9 Q q q C) 9 

-- ------------ --------------- ---------------------- --- ----------------------- - ----------------------- - ---- ----- -

CONT�OL HAEM� TOL rr. I C�L um 11 I OCHE" I C A �  O A T A  - YF.NntJS ALOOD 

0 
n 
2 �  
26 
' 2  
v .  
4 0  
4 1  
4 5 
4'l 

L I)H 
IU 

1 05 0 .  
b40 . 
A 30 • 
5 6 0 .  

R 9 0 e 
9 4t 0 •  
A 3o .  
7 5 0 .  
1 1 0 .  
FJ 7.0 . 

! C O  

, ,  

.. z .  
1 1 . 
1 7 .  
t o .  
2 2 .  
z n .  

1 6 . 
1 ?. .  
1 1 .  

1 2 .  

� � OT 

, ,  

4 l o 
Vl . 
4 1 .  
'C)· 
M o 
' " ·  
""• 
� C) .  
' "· 
' " ·  

S GPT GL I JC IJS E  lACTATE A L I( P HO S  P�OTE I N  
I 11  M r.  0 / 0  " G  0/ 0 !U " G  0/0 

� .  QO • ... , 5 75 • 6 . 7  
A o t nl. 5 . 7 5 6 5 .  A 0 0  

1 0 .  � 9 .  3 . 1  q4s. 6 . 9  
1 1 .  ., . 1 1 . 9 2 6 0 .  1 o 0  

A o 1 1  " ·  3 . 8  qns . 1 o 3 

1. " " ·  1 4 . 5  Q t 5 .  7 .  1 
t 2 .  7 R • 1 2  . ..  1no. h ob 

7. t no . s . o  � 1 s .  ho 2 
n .  1 nt . l 6 e 0  S R 5 • 1 · '  

6. "i l . o . o  A ()O . 1. 2 
-- ---------------------------------- -·-------------

"4E·P.I A O ? . O  1 7 . ' " q · ·  q . o  "9· � 'l . 0 5  7 1 2 .  7 o O J 

STI) O E V  1 4  ".\ . A  C) ·" · · � '"· 3 1 7. ,  5 •. 1 5  2 1 R .  ·"" 
� u  .. q E �  1 0 1 0  t o  1 0  1 0 C) 1 0  1 0  

- - ------------------�--------------- --------

No te : Zero values indi cate no samp l e . 



Appendix 12 : (cont 1 d ) 
CON T R O L  H A<; M4 TO L Or. I CA L  4 Nil II ! OC HF M I C 4 L  OA TA -- V E NOUS A•. nllll 0 5. ·1 

I 
GROUP-- () ! V I D E O  OOSE 0� TO X I 'I, , ,  P H I NOC IILA T I O N VA L U F S  

� ����-----�;------;��---;;�� ;.;�--��: ------�:---� �=-----:� -- ---:z�; -----;�;--� ���� ��-����;.� �; -; .�.;z;�-
GM 0 /0 0/0 fir; 0 / 0 M E O / L  M f' O/ L 11E ll/ L MM HG MM 1-.r; MG 0 / 0  H(; 0 / 0  11r, 0/0 

- - ------------------------------ - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
2 9 ,6 l 2 ,  7 , 4  l 4 H ,  4 9 ,  \ 03 ,  7 , H 3 ? ,  9 \ ,  1 � > .  � 4 .  3 , 0  
6 1 1 , 3  3 7 ,  t-. , 2  1 4 9 ,  4 H , 1 07 ,  1 , ':\ ·( , 4 ,  9 � .  7 4 ,  7 -t ,  7. . �  1 7  1 1 , 2  37 , � . A  l 4 R ,  � 0 .  1 05 ,  7 . 3 2  49 , h O ,  ll,  h i , 3 , "1 33 1 1 . 7  38 , h , 7  1 ·;� . 4 7 ,  1 1 ? ,  7 , 2"1  � � .  H ? ,  n. 1 1 ? . -1 . > !� t o . o  '36, ,., , 6  1 5 4 ,  r; o ,  t t Q ,  7 . '3u 40, 1 0 .  , '3 ,  t i c, . 4 , B t o o l  n . to , 7  1 5 2 ,  4 9 ,  1 n . 7 , 3 4 47. � o .  o. 9 7 ,  3 . 4  44 1 0 , 5  3 5 ,  .., , 9  1 � 3 .  4 3 ,  1 1 0 .  7 . 3 9  39 ,  o; o ,  1 ? 4 ,  I fl " ·  2 . 1  

4 6  A , 6 2 9 ,  h , 7  1 52 ,  � 0 ,  1 1 0 , 7 , 3 6  39, toO , H 5 ,  h "i , ,. , ,) 
4A 1 1 , 0 36, 7 , 0  1 � 9. � o .  I V ,  0 , 0 0  n, 0, 1 ? 0 ,  7 9 ,  ? , 6  
5 0  9 . 7  3 4 ,  � . A  1 �0 .  �4 . 1 1 � .  7 , ? ? 5 4 ,  o ,  p o ,  1 ' 1 .  2 .  3 
5 1  1 0 , 6  3 6 ,  � . 6  1 5 R ,  � 1 .  1 1 7 ,  7 , 3 0  4� .  n, � 3 .  91), 5 , 1 5 3  1 0 . 4 3 5 ,  to , 6  1 50 ,  � ? . 1 0� . o , oo n. o, 4 6 ,  � ? .  3 . 6 
55 1 0 ,6 3 5 ,  � . 9  1 � 6. � 1 .  1 1 ? . o . oo n, o, n .  7 5 ,  5 , 9  
5 6  B , 9  3 0 ,  �. 1 1 5 1 ,  4 9 ,  1 1 1 .  o . oo n .  n .  n .  , o ,  t . h 
57 1 0 . 3  3 4 ,  � . R  1 � 2 .  � A ,  l OA ,  0 , 0 0 f) ,  0, ? 0 ,  7 9 ,  4 , 1 5 A  9 , 4 29 , " · I 1 5 3 .  54 , 1 09 ,  o . o o· o. n .  4 4 ,  h 3 ,  t . <  6 1  1 0 , 4  3 5 ,  h , 4  1 � 0, 55 , 1 07 ,  7, 3 7  30 , 7 0 ,  4 3 ,  A 4 ,  } , 4  

:���i�--�;:f�----;���----�:��---��iit----�!�i---���i�---;:��i----���r----��:�----:���----;���----�:r�--
-- --- --------- -------------�- ------- --------------- ------- - - -- ---- ---- ------- -- --- - - - ----- - - - - - - - - - - - - - -GROUP-- O I V I D ED D O S E  O F  TO X I N . , ,  P� F. I NOC I I L A T I ON V A L UF S  

AN I M \ L  

2 
6 

1 7  
3 3  
3 8  
4 2  
4 4  
46 
48 
50 
5 1  
53 
55 
56 
5 7  
58 
6 1  

M E A N  

S T O  D E V  

NUM B E R  

LOH 

I U  

R A O ,  
8 6 0 ,  
76 0 .  
8 30 .  
8 2 0 .  
9 30 ,  
86 0 ,  
8 20 .  
6 10 ,  
7 6 0 ,  
8 30 .  
8 5 0 ,  
86 0 .  
96 0 ,  

• q o o .  
7 9 0 .  

1 0 5 0 ,  

84 5 . 2  
9 4 . 1  

1 7  

I C D  

I ll 

2 7 .  
1 5 . 
1 6 .  
1 7 .  
1 6 .  
1 3 . 
1 3 . 
2 1 .  
1 2 . 
1 2 .  
1 7 .  
1 9 .  
2 0 .  
2 1 .  
1 4. 
1 7 .  
3 3 .  

1 7  , A  
5 .  5 

1 7  

S t; P  T 
I U  

p ,  
} I) ,  

7 .  
4 .  
A ,  
A ,  

1 1 .  
I 3 ,  

9 ,  
7 .  
9 ,  
7 ,  
4 ,  
5 ,  
A ,  
7 .  

1 0 ,  

8 , 1  
2 . 5  

1 7  

S GOT A LK P '<OS RIIF F E R  S T , HC ffi  AC, >< C 0 3  A C P ffl S 
I ll I l l  M E O / L  M E n / L  M F O /L I l l 

3 7 .  
7 A ,  
2 6 .  
3 6. 
40 . 
5 4 ,  
5 1 .  
3 9 ,  
3 5 .  
3 3 ,  
54 . 
5 4 ,  
4 4 ,  
4 5 .  
61 . 
4 6 ,  
5 6 ,  

4 6 . 4 
1 2 . 5  

1 7  

5 5 5 .  
6 7 0 .  
5 2  5 .  
9 7 5 ,  

1 07 0 .  
A 2 0 ,  
73 0 ,  
A I O , 
3 A O ,  
8 7 5 ,  
7 A O ,  

I OhO ,  
I OA O ,  
1 1 1 0 . 
1 09 0 .  

6 7 0 ,  
1 04 0 ,  

8 3  7 .  6 
2 2 6. 4 

1 7  

4 6 0 , 0  
41.5 . 0  
4 5 5 , 0  
4 50 , 0  
4 3 0 , 0  
44 5 , 0  
4 4 0 , 0  
43 5 . 0  

o . o  
4 ?  5 ,  0 
4 4 5 , 0  

o . o  
o . o  
o . o  
o . o  
o . o  

2 5 5  . o  

4 2  7 .  72 
5 8 , 5 8  

1 1  

2 0 5 , 0  
2 1 5 . 0  
2 5 5 . 0  
2 ! 5 , 0  
1 9 0 , 0  
2 3 5 , 0  
2 3 0 , 0  
2 1 5 , 0  

o . o  
t A n , o  
2 1 5 . 0  

n , o  
0 , 0  
0 , 0  
0 , 0  
o . o  

1 4 5 , 0  

2 0 9  , 1)9 
2 9 , 4 [1 

1 1  

?05 , 0  
? 1 0 , 0  
?45 , 0  
? � 0 . 0  
1 90 , 0  
? 5 0 ,  0 
? 30 . 0 
? 1 5 . 0  

0 , 0  
2 1 0 . 0  
2 30 . o  

o . o  
o . o  
n . o  
o . o  
o . o  

1 70 , 0  

? ! A  , o 3  
? 5 , 40 

1 1  

o .  
o .  
o .  
o .  
o .  
o .  
o .  
o .  
o .  

2 0 5. 
2 2 0 .  
2 9 9 ,  
3 1 0 ,  
3 1 0 .  
3 4 5 ,  
1 7 0 ,  
3 1 0 .  

2 7 1 ,  I 
"' 3 . 7 

A 

GROUP-- CONT INUOUS I N F US I O N  rJF T OX I N, . ,  PRE I NOCULA T I ON VALIJ F. S 

IICC 
/ MM 3  

3 6 5 0 .  
4 2 1)0, 
4 7 5 0 .  3650 , 
4i 5 0 ,  
4 01)0, 
7A 5 0 ,  
5 5 00, 
6 1 5 0 ,  
6 2 5 0 ,  
A l OO ,  
5 1 00, 
5 0 5 0 .  
6 3 50 ,  
5 ?  50 , 

1 0 000. 
� � 50 .  

� 7 0 ? .  
1 7 0 1 .  

1 7  

A N I M A L  HB 

GM 0 / 0  
P C V  

0 / 0  
P R OT E I N  NA+ 

MG 0/0 M E O / L  

I( +  

M E O/ L 
C L ­

MEO/ L 

PH PC02 

MM ><G 

L A C T A T E  G L UC O S E  P HO S � H  
MG 0 / 0  M G  0 / 0  M r.  0 / 0  

6 2  
6 3  
64 
66 
70 
7 1  
7 2  
7 3  
75 

M F. 4 N  

S T O  OEV 
NUMA E R  

GROUP--

1 1 . 0  
1 1 . 8 
1 0 . 4  
1 0 , 9  
1 0 . 2  
1 2 . 6  
1 0 . 7  
1 0 . 2  

9 , 4 

\ 0 , 8 0  
. 9 4  

9 

36. 

38 . 
3 4 .  
3 4 .  

34. 

3 9 .  
37 . 
3 4 .  
3 3 ,  

3 5 , 4  
2 . 1 

9 

b , 9  
5 , 5  
6 . 3 
6 , 6  
6 , 4  
7.0 
5 , 2  
5 . 6  
b , 5 

6, 2 2  
, 63 

9 

CONT I N lKJUS I NF IJ S I O 'I  IJ F  

o .  
1 5 5 .  
1 54 ,  
1 50 .  
1 5 2 .  
1 5 1 .  
1 5 5. 
1 52 .  
1 5 8 .  

1 51, 3 
2 . 6  

R 

T O X I N , . ,  

o .  
54 . 
5 3 , 
5 2 . 
5 3 ,  
5 3 . 
5 6 ,  
5 1 . 
4 '1 ,  

5 2 .  b 
? . 0  

A 

o .  
1 1 2 .  
I l l .  
I l l .  
1 1 2 .  
I l l .  
I l l .  
1 1 2 . 
1 2 0 .  

1 1 2 . 5  
3 ; o  

8 

P R E  I N OC UL A T I O N  

7 . 3 9 
7 , 3 8  
7 , 3 5  
7 , 3 5  
7 , 38 
7 . 4 1  
7 . 3 7  
7 , 40 
7 , 3 8 

7 . 3 7 �  
, 0 20 

9 

VA LIJE S 

30 , 
40 . 
4 5 ,  

o .  
4 2 .  
3 9 ,  
4 2 .  
40 ,  
4 2 ,  

4 0 , 0  
4 . 4  

A 

7 0 ,  
8 0 ,  
bO, 
50 , 
8 0 ,  
A 5 ,  
7 0 ,  
5 5 .  
60, 

1> 7 , 1 
1 2. ?  

9 

4 0 .  
A4 , 
4 A ,  
7 6 .  
4 ? ,  
4 0 ,  
5 ? .  
4 4 .  
5 R ,  

5 3 . 7 
l h ,  I 

q 

-- -----

- - -- - - - - - - - - - - - -----------�--------- ----------- ------- ---- - - ------------------- - - - - - - - - -AN I M4L LOH t e n  St; P T  S GO T  A LK PHOS B U F F E R  S T , HC 03 A C , HC03 A ( P tt'l S liCC 

I U  I U  I U  I ll I l l  M FI I / L  M E O /L M F O / L  I ll / 1'>13 

--- --- - - - - ------------------ -------- ---- ---- -- --- -- --- -- ------- -- - - - - - ------ - - --- ------ -6 2  8 0 0 ,  1 2 .  t o .  4 1 . 71> 0 .  3 1 5 , 0  1 7 5 , 0  1 7 0 , 0  o .  1> 1 00 ,  

6 3  96 0 ,  1 8 .  A ,  5 7 ,  C/ I I l O, 45 5 , 0  235 , 0  ? '15 , 0  2 50 ,  f> 2 00 .  

6 4  9 0 0 , 1 4. b ,  44 . 1 04 0 ,  4 7 0 , 0 2 3 0 , 0  ?. 4 5 , 0  290 .  6 � 0 0 ,  

6 6  9 1 0 .  1 7 .  A ,  4 h .  1 01> 0 ,  o . o  o . o  o . o � 00 ,  2 1 00 ,  

7 0  A 7 0 .  1 4 . 7 ,  5 5 .  1> 7 5 ,  4 3 0 , 0  2 4 0 , 0  240 , 0  1 9 0 ,  5 1 50 ,  

7 1  a t o .  17 . 7 ,  4 6 .  7 � 0 .  43 0 , 0  240 , 0  ?4 0 , 0 ? 2 5 ,  5 600, 

7 2  1 1 0 0 .  1 5 .  A ,  4 5 , 1 0 ?. 0 ,  4 2 0 , 0  2 3 0 , 0  ? 30 , 0  ? 9 5 ,  7 9 ') 0 .  

7 3  8 5 0 .  1 0 ,  9 ,  4 6 .  5 A 5 ,  390 , 0  240 , 0  ?'• 0 . 0  ? 4 5 ,  9 000. 

7 5  A6 0 ,  i "3 .  9 ,  4 5 .  A 4 5 ,  4 1 5 . 0  2 4 0 , 0  240 , 0  2 1>0. 4 7 5 0 ,  

-- - - - - - - - - - ---------- ------- - ------- - - - - - - - - -- - � -- - -- -- - --- - --- - - - - - - - - - - - -- - -- - - - --- --M E A N  

S T O  O E V  

NUM� E II.  

Note : 

Note 2 :  

8 9 5 . 5  1 4. 4  8 ,0 4 7, 2 A H , 7  4l > . h2 22 � .  75 7 30 , 00 ? S 6, R 

9 1 . 2  2 . 6  1 . 2  5 . 2  \ 90, I 4 7 .  '1 9  2� . 1 6  24 , 1> 4  3 7 , 9  

9 q 9 q 9 R R 8 R 

Zero values indicate no sample.  

Coding error in standar� and actual bicarbonate 
values . All va lues - shown are xlO actual value 
e . g . 205 . 0  = 20. 5 

5 9 1> 1 .  
I 9 7 ?. . 

q 

7 3. 
9 4 .  

1 0 1 ,  
69 , 

1 0 3, 
9 1) ,  
7 3 . 
3 1 ,  
� A .  

7 A , 5 
2 3 . 1 

9 

4 , 6  
1 . 4  
2 . 2  
1 . 6  
4 . 3  
7 .  I 
3 . 3  
2 .  I 
2 . 3  

3 , 2 1  
I ,  l 4  

9 



Appendi;x 1 2 : ( cont ' d) 
C ON TROL H AF. MATOLOG I CA L  A NO B I OC H E M I C A L  DA TA -- AR T E R I A L  R LOOD 

I I 

GROU P-- P A I R E D  CONTROL 

.·r.=�����-----�;------;c�----.-;�-----;c�;-----;�;--���w;:;-;�ii;�--��c��;;-���;;;-;:���cii;-;;��c:ii;-
· - � GM 0 /0 0 / 0  MM HG MM HG MG 0 / 0  MG 0 /0 MG 0 / 0  M E O / L  M EO / L  M E O / L  

� - �- -- ----------------------------- ------------------ ----------- -------- ------ --- --------------
0 1 0 . 4  3 4 .  7 .  43 3 0. l Ab .  73 . l. 2 5 . 0  4 6 . 0  2 2 . 5 2 0 . 5  

1 3  1 1 . 4  36 . 7 . 41 3 1 . 1 7 0 .  1 07 .  2 . 9  b . 1  4 6. 5 2 2 . 5 2 0 .  5 

23 9 . 4  30 . 7 . 40 3 8 .  l bO .  8 1 .  3 . 0  7 . 8  44. 0  2 2 . 0  2 1 . 0 

2 6  9 .  7 . 3 0 .  7 . 4 1  3 1 .  1 6 0 .  6 9 .  l .  1 1 0 . 2  44. 0 2 1 .  5 2 0. 0  

3 2  1 1 . 2  3 7 .  7 . 47 3 0 .  1 90 .  7 6 .  3 . 2  9 . 4  4 3 . 0 2 3 . 5 2 2 . 0  

3 6  1 2 . 0  3 9 .  7 . 45 3 5 .  l A O .  8 2 .  2. � 1 0 . 6  4A . O  2 5 .  5 2 4 . 5 

4 0  1 0 . 7  3. 7 .  42 3 7 . l A D .  9 5 .  1 .  b 1 4. 2 46. 0 2 4 . 0  2 3 . 5 

4 3  1 0 . 7  3 5 .  7 . 41 3 5 .  1 7 0 .  9 5 .  ?· 2 7 . 9 47 . 5  2 3 . 0  2 3 . 0  

4 5  1 1 . 3  37 . 7 . 4 5 2 4 .  l bO .  1 2 A .  6 . 2  l b .  I 4 0 . 0  1 9 . 5 1 7 . 0  

4 9  1 0 . 8  3 6 . o . oo o .  o .  7 3 .  2 . 6  o . o  o . o  o . o  o. o 

-- --- - - ----------------------------- - --------- - ---- --- ------ ------------ --- - - - -- - - ----- - --------
M E A N  1 0 . 76 3 4 . A  7 . 42 7  3 2 .  3 1 72 .  A 8 7 . 9  ?. 9 9 . 7  45. 0 n. o 2 1 .  3 

S T D  D E V  . 7 8  2 . 9  . o n  4 . 3  1 1 .  b 1 8 . 5  1 .  2 3. 5 2. 5 1 . 6  2 . 2  

NUMB E R  1 0  1 0  9 9 9 1 0  10 9 9 9 9 

-- -- - - - - - - - - - - ---------------------- ------------------ ------------- - - - -- - - - - - - -- - - - - - - - - - -�-----

CONTROL H A E MA TD L OG I C A L  A N D  B I OC H E M I C A L  DATA - A� T E R I AL AL OOD 

GROUP-- D I V W ED O O S E  O F  Tt'l X I N .  • •  P R E I  NOCIJL A T I ON V A L U E S  

0 5 5  

- - --- ---- -- -- ----- - - -- --- ------ - - - - - - - - - - - - - - ----- - -- - ---------- - - ---- - - - - - - - -- ---- - - - - - - - - -- - - - - --- - - - - - - --- ---
A N  I Mb. L  HB PCV P'i PC 02 P02 G L UC O S E  P HO S P H  L A C T A T E  A U FF E R  S T . H C0 3  AC. HC03 A C  P H O S  w e e  

G M  0 / 0  0 / 0  I·\ M HG MM HG · M G  0 / 0  M G  0 / 0  M G  0 /0 ME Q / L  MEO / L  M EQ / L  I U  / I� M 3  
-- - - -- ---- --- -- - -- -�- - - -- - - - - - --- - - - - ---- - -- ----- -- --- -- - - - - - -- - - -- - - - -- --- -- - -- -- -- - - - - --- - - - - --- - - - - - --- -- - - - -

2 9 .4 3 4 .  7 . 38 3 4 .  l A D .  1 2 6 .  1 . b  5 . 6  4 6 . 0  2 2 . 5 2 1 . 5  ·1 • . o .  
b p . 3  3 6 .  7 . 48 2 6 .  2 0 0 .  B h .  3 . 5  5 . 7  4 6 . 0  2 2 . 5 2 0 . 0  o .  o • 

1 7  1 0 . 6  
. , 

·3 4 .  , 7 . 40 43 . 1 6 0 . 9 7 .  ? . 9  4 . 9  49 . 0  2 5. 5 2 6 . 0 o .  o .  
3 3  1 1 . 3  3 6 .  7 . 44 3 2 .  2 4 0 .  8 2 .  5 . 4  4 . 0 4 6 . 0  2 3 . 5 2 2 . 0  o .  o .  

3 8  1 0 . 6  3 6 . 7 . > 4  3 8 .  2 2 0 .  1 1 9 .  2. , 1 3 . 4  4 3 . 0  2 0 . 5 2 0 .  5 o .  o .  
4 2  1 0 . 5  3 3 .  7 .  39 4 1 .  1 4 0 .  1 1 2 .  3 . 2  8 . 3 4 6 . 0 2 4 . 0  2 4 . 0  o .  o .  
4 4  1 1 . 0  3 0 .  7 . 39 3 8 .  1 3 0 .  1 03 .  ? .  1 1 1 . 0 42 . 0  2 2 . 5 2 2 . 5 o .  o .  
4 6  9 . 2  3 0 .  1 .• 3 9  3 5 .  1 70 .  o .  o . o  o . o  4 4 . 0  2 1 . 5  2 0 . 5  o .  o .  
4 8  10 .5 3 5 .  o . oo o .  n .  B A .  ? . 6  1 1 . 0  o . o  o . o  o . o  o .  o .  
5 0  1 0 . 0  3 3 .  7 .  3 1  3 7. o .  9 0 .  4 . 2 1 0 . 0  3 9 . 0 1 8 . 5 1 8 . 0  o .  o .  
5 1  1 0 . 9  36 . 7 .  38 3 6 .  o .  1 1 6 .  3 . 0  5 . 9  40 . 5  2 1 . 5  2 1 .  5 o .  0 • ' 

5 3  1 0 . 6  3 4 .  o . o o  o .  o .  1 2 7 .  2 . 4  A . b  o . o  o . o  o . o  o .  o .  
5 5  1 0 . 6  3 4 .  o . oo o .  o .  5 7 .  3 . 6  3 . 2  o . o  o . o  o . o o .  o .  
5 6  8 . 9  3 1 .  o . n o  o .  o .  96. ? . 3  4 . 9 o . o  o . o  o . o  0 .  o .  
5 7  1 0 . 4  3 4 .  o . oo o .  o .  7 4 .  3 . B  3 . 0  o . o  o . o o. o 0 .  o .  
5 8  o

·
. o  o .  o . n o  o. o .  92 . 3 . 0  o . o  8 . 3 2 . 4  5 . 2 o .  o. 

b l  1 0 . 4  3 5 .  7 . 44 3 7 .  1 6 0 .  l OO .  2 . 0  5 . 6  5 5 . 0  2 5. 5 2 4 . 5 o .  o .  

-- -- - ----- -------- --- ---- --- -------- - - -- ---- - - - -- -- --- ------ - --- - ----- --- ---- - -- ---- - - ----- - ----- - - ---- - -- -- - ---
M E A N  1 0 . 38 3 3 . A  7 . 194 3 1> . 0  1 7 7 . 7  97 . 8  3 . 3 B  7 . oo 42 . 01> 2 0 . 8 6  2 0 . 5 1  o . o  o .  

S T D  O E V  . 6 9  2 . 0  . 04 6  4 . 5  3 6 .  3 1 9 . 1  1 . 4 2  3 . 1 7  1 1 . 4 1 6 . 1 4 5 . 2 8  o . o  o .  
NU M B E R  1 6  l b  1 1  1 1  9 l b  l b  1 5  1 2  1 2' 1 2  0 0 

-- -- ----------- -- ---- --------------- - --- --------- -- - -- ------ - -- ------ - ----- --- -- ---- - --- ---- ------ - -- --- -- - -- - - -

CONTROL H A E MATOL OG I CA L  A ND B I OC H E M I C A L  D A T A  - ART E R I AL A LOOD 

GROUP-- CONT I NUOUS I NF US I O N  O F  T O X I N  • • •  P R E  I N OC UL AT I ON VA LUE S 

-- ---- -------------- -- --- ------- --------- --------- - -- - -------- ---------- --- -- -- --- -- ----------- --- ---- - - -- --- - - -
AN I M4 L  H B  P C V  P H  PC02 P02 G L UC O S E  PHD S P H  L A C T A T E  B U FF E R  S T . H C03 A C .  HC03 AC PHOS wee 

GM oiD 0 / 0  MM' HG MM HG M G  0/ 0 MG 0 / 0  M G  0 / 0  MEO / L  MEQ / L M E Q / L  I U  / H M 3 

--------.------·--------------------------------- -- --- -- ---- - -------------- -- - --------------------- ---- --- --- ---
62 1 0 . 6  3 6 . 7 . 38 3 5 .  o .  B R .  1 . 6  1 0 . 3  4 3 . 0  2 1 . 0  2 0. 0  o . ·  o .  

' '- : 63' o.o D .  o . o o  o. o .  7 0 .  3 . 8  3 .  5 o . o  o . o  o . o  o .  o .  

6 4  9 . b  3 3 .  7 . 45 2 3 .  1 3 0 .  7 0 .  3 . 0  4 .  7 57 . 0  2 2 . 0 1 5 .  5 f) .  0 .  

bb 1 0 . 8  3 3 .  7 .  42 o .  1 1 0 .  8 5 .  z .  3 4 . 6  o . o  o . o  o . o  o .  o .  

7 0  1 0 . 5  3 5 .  . 7  . 48 3 1 . 1 2 0 .  1 2 2 .  6 . 5  4 . 2  42 . 5  2 3 . 5 2 2 . 0  o .  o .  

7 1  1 1 . 8  37 . 7 . 40 4 0 .  o .  95 . 7 . 4  4 . 8 3 9 . 0  2 2 . 5 2 2 . 5  o .  o .  

7 2  10 . 7  3 7 . 7 . 43 3 5 .  1 3 0 .  b 1 .  3 . 1  5 . 7  40 . 0  2 3 . 5 2 3 . 5 o .  o .  

7 3  1 0 . 7 3 4 .  7 . 4 7  3 2 .  1 40 .  3 0 .  1 .  5 2. 4 4 0 . 0  2 3 . D  2 2 . 5  o .  o .  

7 5  9 . 2  3 3 .  7 . 48 3 5 .  1 1> 0 .  s o .  5 . S  5 . 2  42 . 0  2 3 . 0  2 2 . 0 o .  o .  

�-----·--------------------------------------- -- -- - -- --------------------- ---------------------------- - -- ------
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Note : Zero value s indicate no sample . 
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o .  
21>5, 
240 . 

ltltOO , 
1 2 000, 
1 04 5 0 ,  

4 8 0 0 ,  
2 1 00 ,  
1> 3 00 .  
6 9 5 0 ,  
5 300 • 
5000 . 

-- ---- --- -------- -------------------------------- -- --- -- ---- - ------ -- - -------- -- --- - --- -
MEAN 

STD OEY 
NUMB E ll  

8 8 3 . 3  
99 , 2  

9 

2 4 . 8  
1 1 . 7  

A 

1 1 . 2  
2 , 2  

8 

6 5 . 6  
3 2 , 't  

b 

8 95 . 0  
1 24. 6 

1 

3 0 . 8 7  
5 , 54 

8 

2 2 . 20 
2 5 . 29 

M 

1 1> , 5 7  
3 ,  1 1  

7 

2 4 2 , 0  
3 4, 3 

5 

b 3 b b .  
3 0 8 7 .  

q 
-- ------------�--------------------------------------- -- �------------- ------- - ---- - - - - --

Note : Zero values indicate no sample . 
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�O S T - I N I"J C I I L A T I O N H A E fi A T OLOG IC A L  A NI) R I OC HE tH C A I. ll H A  - - A� TI'� I A L  K LOOD 

G�OUP-- CONT I NUI"JIJS I N F I I S I 'l N  n F. T I"J X I N  • • •  I N T J T J A L  V A L I I E S  
-- ------------ ------- ----- - ---- - ----- -- ---·-- -------- - --- ----- - - - - - - -- - - - - - - - -- ----- - ---- - - - - - - - - - -- - - - - - - -- - - -

AN I M� L  H A  PC V  P H  PC02 D0 2 I;UJC O S F.  r r  r n  S P H  I. A C T A  T F  A l l r" F. R  S T. H CI"J �  A C ,  H C 0 3 A C P H O S  w e e  
I. M 0 / 0  0 / 0  '·IH HI. ,..,,., HG M r. 0/ 0 11G 0 / 0  !·11. 0 /0 H e.> / L  ftEO/ L M F. O / L  I ll / 14fl 3 

-- - - - - - --- - -- - - ------ ----- - - - - -- - - - -------------- - - - -- -- - - - - - -- - - - - - - - -- - - - -- - ----- - - - - - - -- - - - - - - - - - - - - --- - -- - - -

6 2  o . o  n .  o . oo n .  n . n , 0 , 0  0 , 0  o , n  0 , 0 o. 1 ) . o .  

6 3  o . o  n .  o , nn n .  n ,  o ,  0 , 0  n . o  0 , 0  o . o  o . o  o .  o .  

64 o . o  o .  o . no o .  n . n . n , o  o . o  0 , ()  0 , 0  O, IJ ) , 0 .  
66 0 , 0  0 ,  n . 0 o  o. n .  o .  o . o  n . o  n . IJ  o . n  o . o  o .  o .  
7 0  1 0  , A  36 . 7 . 3 4 �9 . t t, o .  14 7 .  3 , 2  0 , 0  3q . 0 20 . 0  2 0 . 0 ) . 0 .  
7 1  o . o  o .  o , n o  o .  o .  1 2 9 ,  '� . 2 1 l .  5 o . n  o . o  0 , 1) a .  o .  

7 2  o . o  o .  o . no o .  o .  o .  n , o  n , o 0 , 0  0 , 0  o .  () 1 .  o .  
7 3  a . o  o .  O , () a  o .  n .  0 ,  n . o  o , o  o . o  o . o  a . o  o .  a .  
7 5  9 , 8  B ,  7 .  � A  40 . 1 ? 5 . I> A ,  3 , 5  7 . �  49 . 5  2 3 . 0 2 � . ')  1 .  o .  

-- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - --- -- - -- -- - - - - - - --- - - - - ----- - - - - -- - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - -

M E A N  t o .  3 0  3 4 . 5 7 , 1 f.O 3 q, 5 1 3 7 ,  � 1 1 4 . 6  3 , 63 7 .  1 5  4 3 , 7  5 2 t . 5a 2 1 .  5'l o . o  o .  

S T D  D E V  • 7 a  2 . 1  . n � R  , 7  1 0. h 4 1 , 4  , 5 1  " ·  1 5  A , \ 3  2 .  1 2  2 .  1 2  o . o  o .  

NUM A E R  2 7 2 7 3 3 2 ? 2 2 0 0 

-- -- - - -- - - - - - - - -- - --- - - - - - - - - - - --- - - - --- - - --------- - -- -- - - - - - --- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - --- -- - - - -

PO S T - I NOCU L A T I ON H A E M A  TO LOG ! C A  L A �m R I OC HE �I I C A L  D A T A  - - A� TE 1 ! A L B L O OD 

GI>.OUP-- D I V I D E O  OO S E  O F  TO X I N . , ,  I N I T I A L  V A L l i E S  

- - -- - - --- -- - - - --- - - - - - - - - - - - - - - - - - - - ----------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- --- ---

A N I MU HB P C V  P>t PC 02 P 0 2  G L UC O S E  P HI"J S P H  •. A C T A T E B U F< E l>.  S T , H C 0 3  A C . H C 0 3  A C PHOS w e e  
G M  0 / 0  0 / 0  1·1�1 HG ,_,.., H G  /.l G 0/ 0 f1G 0 / 0  M f. 0 / 0  M E O / L  fiEO / L  f1 E 'l / L  I U  t mn 

-- --- - - - -- - - - - - - - -- - - - - - - - - - - ------ - - ------------ -- - -- -- - - -- - - - - - - - - - - ------- - -- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -

2 o . o  o .  o . oo o .  o .  o .  o . o  0 , 0  0 , 0  o . o  o. o ) , o .  

b o . o o .  n . o o o .  o .  0 ,  0 , 0  o . o  o . o  o . o  o . o  o .  o .  

1 7  1 2 . 0  3 5 ,  7 . � 3 4 R ,  2 4 0 , 2 3 5 ,  5 , 9  l l . 2  4 1 . 0  1 9 , 0  1 7 .  5 o .  0 .  
3 3  o . o  o .  0 , 1)0 o. o .  () , n . o  0 , 0  o . o  o . o  o . o  o .  o .  

3 8  1 0 . 0  3 5 .  7 . � 4 30 . 3 5 0 ,  o .  1) , 1)  o . o  32 . 5  l b .  5 1 5 . 5 a .  o .  

4 2  1 2 . 4  3 9 . 7 .  � 5  4 3 ,  1 70 .  2 3 () ,  -. . �  7 ,  I 3 9 , 0  1 7 . 5 l A , O  o .  o. 

44 1 2 . 3  3 9 .  7 ,  ?A 4 6 .  1 1 0 ,  2 00 ,  7 .  l 1 5 . 2  4 3 . 5 1 9 .  5 2 1 . 0  � - o .  

4 1>  1 1 . 8  3 9 ,  7 .  � 5  4 A ,  � o .  () , o . o n . o  4 2 . 0  1 8 , 5  2 0 . 5 o .  o .  

4 8  1 0 . 6  3 4 . o . no o .  o .  7 0 ,  ? , 4  4 , 4  0 , 0  o . o  o. o o .  o .  

5 0  1 0 , 8  3 8 . 7 . 3 2 3 6 ,  0 ,  1> 9 .  1> , 7  2. 7 3 A , O  l R , O  1 8 , 0  o .  o. 

5 1  o . o  o .  n . no o .  o .  o .  n . o  o . o  0 , 0  o . o  o. o o .  a .  
5 3  o . o  o .  o . oo o. o .  o .  n . o  o . o  o . o  o . o  o . o  o .  o .  

5 5  o . o  o .  0 . oo n .  o .  o .  o . o  o . o  0 , 0  o . o  o. o o .  0 .  

5 6  o . o  o .  o . oo o. o. o . o . o  o . o  0 , 0  o . o  o . o  o .  o .  

5 7  o . o o .  0 . oo o .  o .  o .  o . o  0 , 0  0 , 0  o . o  o. o o .  o .  

5 8  o . o  o .  o . o o o .  o .  o .  o . o  o . o 0 , 0  o . o  o . o  o .  o. 

6 1  o . o  o .  o . n o  o .  0 ,  n .  o . o  o . o  0 , 0  o . o  o. o a .  o .  
-- -- - - --- - - - - - - -- - - - - - - -- - - - - - - - - -- - - --- - - - - - - - -- -- - -- -- - - - - - -- - - -- - - - ----- -- - -- - - - - - - - - - -- - - - - - - - - - - -- - -- - - - - - -

M E A N  1 1 . 4 1  3 7  . o  7 .  2 9 5  4 1 , 8  1 7 0 , 0  1 6 0 , ij  4 ,  7 l  A ,  1 2  39 , 3 3 1 8 .  1 6  1 8 . 4 1  o . o  o .  

S T O  D E V  , 9 3  2 . 2 , 0 40 7 , 3  1 2 5. 4 8 4 , 4  2 , 2 7 5 , 0 9  3 , 8 9  1 . 08 2 . 0 3 0 . 0  o. 

NUH 8 E I>.  7 7 b 6 5 5 ., 5 6 6 6 0 0 
-- - - --- --- - - - - - - - - - - - - - --- - - - - --- - - -- ------------ - - - -- - - - - - - - - - - - -- - - - ------- - -- -- -- - - - - - - - - - - - - -- - - - - - --- - - -- - -

Note : Zero values indicate no sample . 
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41> o .o ,., _,.. ., o .  n .  o .  n . o  " ·  () n . n  o . o  o . o o .  o .  
4 R  o . o o .  n . no o .  " ·  ! M .  '· · l  p .t  . 7  " · " " · " o. 1 o .  o .  
5 0  o .o n .  n • ., o  n. o. "·  o . u  n . o  "· " o . n  o . o  Q .  o. 
5 1  o . o  o .  n . no n .  o . "· n . 0  . n . •,  " · " n . q  o. 1 l .  o .  
53 o .o o .  n . n n  " ·  " ·  " ·  n . o  fJe O " · 0  " · " o . o  a .  o. 
5 5  o . o  o .  n . n() n .  " ·  " ·  o . n  o . o  " · "  '� · " o. o ' ·  o ·, 
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"fAN .... . 73 49 . 1')  7 . ll 7l s t . n  q ' · "  1 11 9 . 7  4 . A l t A . l O  ?Q .ft�  1 1 . 6 1  1 4. a l>  a . 1  o .  
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GIIOU- ti!Nf INUOIIS INFIIS I'l N OF rnx ' "' • • .  T F. R M  I N.ll l Yl lllfS 
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AN I H� I.. HB PCV PH PC 02 Pn? CliiC US F PHnSPH •. A C T  A T E  BUFI' F I\  S To H C03 A C o  HCn3 A C P HO S  IICC 

GM 0/0 0/0 HH HG �'1 llr. Mr. 0/0 f.l(j 0/0 M f. 0/0 H�ll / l  M EO / L  M E <l / l  I U  / M r-c 3  

----- -- ----------------- -- -- --- ------------- ----- ------ -------------------- ----- --- ------
6 2 o . o  o .  n .no o .  n .  a. o . o  o . o  o . o  o . o  o. � 1 .  o .  
63 o .o o .  n . no o. o .  z z n .  2 o 2  1 4. 2 o . o  o . o  o . o  o. o .  
6 ... o . o  o .  n .no o .  " ·  t 9 n. .... 7 70 . 0  o . o  o . o  a. o '> .  o .  
66 o .o o .  n . 'l o  o. o. n s .  6 o 6  " o . o  o . o  o . a  o . o  o .  o. 
70 o . o  o .  n . no o .  o .  o .  1).0 9 . 0  tJ . o  o . a  o. o o .  o .  
7 1  o .o o. o . o o  o. "· n. o . o o . o  o . o  o . o  o . o  �. a. 
72 o . o  o .  o .no o .  " ·  H ?. o  "'· ' t 5 .  7 o . o  1) . 0  a. o o .  o .  
73 1 2o 6  39 . 7 . 1 3  3 6. o. l Oh o  ' · "'  9o 4  , 6 . 0  l B .  5 l A . O  o .  o .  
75 o . o  o .  o . oo  a .  o .  " ·  o . a  o . a  a . o  a. o o. � o .  o .  

H E 4 N  1 2 . 6 0  39 o 0 7 . no 3 6. 0 n.o l llt . t, 4 .  ?0 Jl, .  3A 3 b . OO 1 8 . 50 1 8 . a1 o . o  a .  
S T D  O E V  o . oo o . o  o.noo o . o  n .  o 4 9 . 2  1 . 6 3  7 . R-3 o . oo o . oo  o . o() o . o  o .  

_ IIU '4 8 E �  1 I 1 1 0 5 5 6 1 l l 0 a 
--------------------- ------- ----------------------- --- ------ - ------- -------------- ------------------- -- --- ------

Note : Zero values indicate no sample . 



Appendix 

Hours 
ufter 
s tart of 
Infusion 

lmim8.1 -

ll 

0 : 00 
0 : 30 
1 : 00 
1 : 30 
2 : 00 
2 : 30 
3 : 00 
3 � 30 
4 : 00 
4 : 1 5 
4 : 30 
4 :45 

Animo.1 -

� 

0 : 00 
1 : 00 
1 : 55 
2 : 15 
2 : 50 
3 : 20 
3 : 50 
4 : 35 
4 : 50 
5 : 10 
5 : 25 
5 : 35 
5 : 55 
6 : 10 
6 : 30 
6 : 55 
7 : 20 
7 : 45 

14 : Haema to1ogi ca1 and Biochemico. l  Data of:_ Lambs 

which RecEo�ye d  Intraduodena1 Infusions o f  

Haomo- P . C .  V .  
globin 

Grrffo % 

8 wonth mR1e 

6 . 2 20 . 5 
6 . 5 20 . 0 
7 . 0 21 . 5 
G . 2 19 . 0 
6 . 0 "": 
6 . 4 20 . 5 
6 . 0 19 . 0 
6 . 3 20 . 5 
7 . 6 
7 . 6 26 . 0 
8 . 8 29 . 0 
8 . 7 30 . 0 

8 month m2.1c 

8 . 0 20 .0 
8 . 4 2 2 .0 
8 . 6 22 . 0 
8 . 6 2 2 . 0 
8 . 5 22 . 0 
8 . 7 2 1 . 0  
9 . 2 24. 0 
9 . 4 2 3 . 5 
9 . 6 24. 0 
9 . 2 22 . 0 
9 . 4 24. 0 
9 - 4 23 . 0 
8 . 5 22 .0 
8 .8 22 . 0 
9 . 6 23 . 0 
9 . 4 22 . 0 

Cl . Perfri:ngens T;02e D plus Carbohydrate 

'rv to 1 G1u- P;yTU- Lac- Pho s- Sodi1m Po tas-
Protein cos e  vata tete pha. te s ium 
Gm% f mf!:� ,.,q! !i!g}lo meq./1 meq/1 rJ.rfl� r.lt;70 

7 · 5 76 0 . 7 4 3 . 7 146 4 . 0 
7 , 0 76 1 . 1  7 4 . 0 1L�3 4 . 0 
7 . 0 7 5 0 . 9 4 3 . 3 140 4 . 5 
7 . 5 75  1 . 1 4 3 . 5 141 4 . 0 
6 . 8 76 0 . 8 4 3 . 1 140 4 . 2 
6 .8  75 0 . 7 4 2 . 8 145 4 . 4 
7 . 0 74 l . l  1 3 . 2 145 4 . 4 
7 . 2 73  1 . 0 ·1 3 . 3 L17 4 . 3  
7 · 7  145 0 . 7 60 3 . 6 141 4 · 5 
7 . 2  ltlO 2 . 0 84 /� . 3 
7 . 0  2 2 5  2 . 1  88 4 . 0 14 3 4 . 5 
6 . 5 270 2 . 4 88 5 . 3 146 6 . 5 

6 . 7 70 1 . 4  1 4 • 9 1 54 4 . 2 
6 . 4 77 0 . 8 4 . 9 1 52 4 . 0 
6 . 7 65 1 . 2  6 5 . 0 153 4 . 4 
6 . 4 72 1 . 2  !o 4 � 8 144 ,.1 . 1 ' 
6 . 7 8 5  1 . 6  5 . 2  1 43 4 . 2 
6 . 4 85 1 . 4 1 5 . 5  149 3 . 9 
6 . 7 82 1 . 6  1 5 . 6 145 3 . 7 
6 . 4 75 2 . 0  1 6 � 1 150 3 . 5 
7 . 1 75 1 . 8  10 5 · 3 146 3 . 5  
6 . 7 115 1 . 4 22 4 • 9 150 3 . 5  
6 . 7 160". 2 . 2 32 4. 8 1 50 3 . 3 
6 . 7 195 1 . 8 56 5 . 1 149 3 . 2 
6 . 7 245 2 . 8 74 5 . 2 148 3 . 2 
7 . 5 265 3 . 6 80 7 . 5  144 3 . 3  
7 . 2  260 5 . 6 116 6 . 7 147 6 . 3 
6 . 7 255  106 7 . 2  151 2 . 9 
.... . o 295 5 . 8 167 10. 2  150 7 . 8  
7 . 5  280 6 . 6 172 12 . 4 138 4 . 8 

0 6 0  

Ch1o-
ride 
nteq}l 

105 
108 
109 
106 
108 
107 
no 
no 
103 

101 
108 

116 
1 1 1  
112 
112 
112 
no 
n3 
no 
113 
107 
107 
109 
106 
110 
llO 
111 
106 
102 

cont 1 d  • • • • • • •  
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Appendix 14 g ( co.nt ' d . ) 

Eours Hac:rao- }' . c  .. v .  Total Glu- P..JTU.- Lac- Ph::>s- Sodium Potas- Ch1�-
after e;l·�bin Prote:i.n C ::ise vgte tate pha te sium ride 
start of 
Infusion Gu-t% '}; Gm�& mg;; ug1; r!!t/o rtg% mcq/1 nwq/1 meq/1 

A ... "'1im.'11 - 8 nonth mc:�le ---
81 

0 : 00 10 . 8  2 9 . 0 7 . 7  lOO 0 . 6 31 6 . 0 1 53 5 . 0 
1 : 00 10. 0 28 . 0 7 . 4 118 0 . 6 2 5  5 . 1 1 52 4 . 9 
2 1 00 9 . 8 2 5 . 0 7 - 7 109 0 . 6 1 6  5 . 1 1 51 4 . 4 
3 : 00 10. 6 29 . 0 1 · 1 91 0 . 5 14 4 - 9 152 4 . /f 
4 : 00 10 . 0 2 6 . 0 7 . 7  10 9 0 . 5 8 5 . 1 1 52 4 . 5 
5 : 00 10 . 3 2 9 . 0 7 . 4 82 0 . 5 16 4 . 7 1 51 4 · 5 
5 : 50 12 . 3  31. 5 8 . 2 1 54 1 . 3 95  5 . 3 1 52 : • •  1 
6 : 30 12 . 8 3 5 . 0 8 . 5 245 2 . 5 12 5 5 . 1 1 51 4 . 1 
? rOO 18 � 0  -'t9 . 0 6 . 9 320 2 . 9 2 30 7 . 2  
7 : 15 18 • 0  5l i 0  7 . 7  3 55 2 . 3 2 20 8 . 2  

ll.niwal - 3 we ek fe?J.e1e 

§.5_ 
0 : 00 . ,  3 9 .0 7 ..• 6 83 11� 6 . 8 149 4 . 9 -

2 :"30 - 38 . 0 7 . 8 lOO 14 6 . 3 142 4 . 3  
4 : 00 36 .. 0 7 . 1  104 17 6 . 6 l36 4 . 2 

7 : 00 - 36 . 0 7 . 6 108 2 3  6 . 6 143 4 .1 
7 : 30 37 . 0 7 . 3  12 5 19 5 . 6 151 3 · 9  
8 : 00 39 . 0 7 . 6 166 3 3  5 . 4 140 3 . 9 
8 : 15 . .  68 . 0 8 . 2 33 5 100 12 . 1 -
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Appendix 1 5 :  Blood Glucose : Survival Time Data for Starved 

and Uns tnrved k�mbs whi ch Received Insulin 
and/or Eps i lon Toxin - seG Chanter 2 0 .  

]he Effe ct of lmg Eps il on Toxin Admini s tered Intrnvcnous_ly 
Anima l no .. 97 

Hours post-· 
Inocul2 tion 

0 : 00 
0 : 40 
1 : 00 
1 : 2 5  

1\lood Glucose 
mg% 

91 
2 3 6  
246 
382 

Aninal no . 91 
Hours Po t:t- Blood Gluce; se 
Inoculation mgfo 

0 : 00 120 
0 : 10 2 7 5  
0 : 20 350 
0 : 30 365  
0 : 40 415 
0 : 4 5  460 

The Effect of 40 uni t s  Insulin B . P . Intravenou s ly 
Animal no . 90 Animal no . 93 

Hours Po s t- Blood Glucose Hours Pos t- Blood Glucose 
Inocula ti on me,% Inocul�:.tion oft'/o 

0 : 00 175 0 : 00 94 
0 : 10 108 0 : 15 40 
0 : 20 58 0 : 30 '?.7 

0 : 30 58 1 : 00 17 
0 : 40 92 2 : 00 1 3  
0 : 50 46 6 : 30 74 
1 : 00 unde tectnble 

The Effe ct o f  40 uni ts Insulin B .P . + lmg Epsi l8n Toxin Intra venously 
.:mimal no . 89 Anima l no . 94 

Hours Post- Blood Gluco s e  Hours Po s t- Bl ood Gluco se 
Inocula tion mgfo Inoculati on mft'/o 

0 : 00 216 0 : 00 100 
0 : 10 225  0 : 1 5 47 
0 : 20 208 0 : 30 1 3  
0 : 30 2 58 1 : 00* 27 

0 : 40 325 1 : 30 280 

0 : 50 450 * No clinical intoxica ti on a t  
this time 

tJ �nt 1 d • . • • •  



Appendix 1 5 : ( cont 1 d ) . 

The Effect of lmg Epsilon Toxin Intravenous ly 
24 Hours after 40 uni ts Insulin and Sta.rva tion , 

Animal no . 92 / 

O lr l  

Hours Post- Blood Glucose Hours Pos t- Blood Gluco s e  
Inoculation mg% Inoculation mg{o 

0 : 00 lOO 0 : 00 67 
0 : 10 108 0 : 1 5 54 
0 : 20 187 0 : 30 lOO 

0 : 30 91  0 : 45 lOO 

0 : 40 91 1 : 00 94 
0 : 50 91 
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Appendix .16-.t., 
B I OC HE M I C A L  

GROUP-- D I V  I D E O  DOSE OF TOX l N  •• • PR E I  NOCULAT I ON 
-- --------------------------------------- -------
A N I MA L  SP .GR . PHOSPH NA+ K+ CL-

·�G 0/0 HEll/ L M E O / L  H E ll /  L - - �---------- -------------------------------� -2 1 . 0 1 0  9 . 0  A . 5  7 4 . 0  2 7. 0  
6 1 .007 4 . 3  3 . 5  4 7 . 5 1 9 . 0  1 1  1 . 008 2 . 4  5 . 5 4 2 . 0  2 1 .  s 3 3  1 .ooo 1 . 9 5 . 0  1 4. 5  9 . 5 3 8  1 . ooo 2 . 0  1 . 0  1 3 . 5  1 1 .  5 4 2  1 . 000 1 . 2  1 . 5  1 6. 0  1 0 . 5  44 1 . 020 o . o  7 . 5 B ! . O  4. 0 46 1 . 000 1 . 2  3 5 .  5 1 5 . 0  1 0 . 0  4 8  1 . 005 3 . 1  20 . 0  2 1 . 0  1 3 . 0 5 0  1 . 0 10 8 . 1  1 2  s . o  82 . 5  4 h . O  5 1  1 . 003 3 . 4  2 6 . 0  5 5 . 0 2 1 . 5 

5 3  1 . 0 1 6  6 . 2  2 1 . 0  6 6 . 0  3 1 . 5  
55 1 . 005 7 . 2  4 6 . 0  3 1 . 0  2 1 . 0 5 6  . 1 . 006 5. 4 2 5 . 0  3 8 . 0  2 4 . 0  
5 7  1 . 000 4 . 2  7 . 5  1 6 . 5  P. 5 5 8  1 . 000 4 . 1  2 0 . 0  2 3 . 5 2 2 . 5  
6 1  1 . 000 2 . R  · 5 . o 2 2 . 5  2 3 .  0 

- - ------------------- ---- ------------- ---
M E A N  1 . 005 4. 1 5  2 1 . 1 3  3 8. 79 1 9 .2 9  

S T D  D E V  .006 2. 42 29 . 47 2 4 . 63 1 0 . 06 
NUMBER 1 7  1 6  1 7  1 1  I 7 

-- ------- - ---------- --- - --- -- ------- -- -

GROUP-- D IV I D E O  DOSE OF TOX I N  • • •  I N I T IAL VA LUE S 
-- - - -------------------------------- - -----------
A N I MA L  SP .GR . PHOSPH NA+ K+ C L -

M G  0 / 0  MEQ / L  M EO/ L  MEO/.L 
------ --------------------- - --------------------

o . ooo o . o  o . o o . o  o. 0 
6 o .ooo o . o  o . o  D . O  o. o 

1 7  1 . 0 1 3  3 . 3  1 7 .  5 5 7 . 0  2 5 .  5 
33 o . ooo o .o o . o  o . o  o . o  
38 o . ooo o . o  o . o  o . o  o. o  
42 o . oo o  o .o o .o o . o  o. o  
44 o .ooo o . o  o . o  o . o  o. o 
4 6  o . ooo o .o o .o o . o  o . o  
4 8  1 . 0 25 1 2 . 0  2 � . 0  6 1 . 0  3 1 . 0  
50 o . ooo o . o  o . o o . o  o. o 
5 1  1 . 0 3 5  3 5.0 490 . 0  1 20 . 0  ! A .  0 
5 3  1 .0 3 1  1 9 . 2  2 5 . 0  1 4 5 . 0  3 0 . 0  
55 1 . 008 7 . A  20 . 0  4 3 . 0  4 R . o 
56 o . ooo o . o  o .o o . o  o . o  
57 o . ooo o . o  o . o o . o  o. 0 
5 8  o . ooo o . o o . o o . o  o . o  
6 1  o . ooo o.o o . o  o . o o. 0 

--------------------------- ----------------- - ---
'MEA N 1 . 0 2 2  15 . 46 1 1 4. 9 0  8 5 . 20 3 0 . 5 0  

STD DEV . O i l  1 2 . 39 209 . 70 44. 5 7  1 1 . 04 
NUMBER 5 5 5 5 5 

-- ----- -----------------------------------------

GROUp;;;; D I V I D E D  DDSE OF TO XI N. • •  T ERMINAL VALUES 
- ------------- - - -- - -- ---------
AN I MAL S P  .GRe · P HOSPH NA+ K+ C L-

MG 0/0 M EQ/L MEQ/L HEO/L 
-----------------------------

2 1 .030 2 7 . 5  2 9 . 5  1 2 4 . 0  2 2 . 0  
6 o . ooo o . o  o . o· o . o  o. o 

1 7 1 . 0 1 0  2 . 9  2 5. 0 ' 54.0 2 5 . 5  
33 o . ooo 5 . 8  o . o  o . o  o. o 
3 8  1 . 0 1 2  1 0 . 4  2 6 . 5  6 3 . 0  43 . 0  
4 2  l o O l l  5 . 4  1 5 . 0  69.0 33. 0 
44 1 . 021 37 . 3  9 2 . 5  1 2 3 . 0  8 . 5  
46 1 . 000 1 . 7  2 2 . 0  1 6 . 5  9 .  0 
4 8  1 . 025 16 . a  2 4. 5  64 . 0  3 3 . 0  
5 0  .. 1 . 025 8 . 3  4 8 . 0  1 1 5 . 0  1 1 5. 0 
5 1  1 .0 3 2  2 9 . 0  l 3 0 .0 1 1 5 . 0  1 9 . 5  
53 o .ooo o .o o . o  o . o o. 0 
5 5  1 . 026 48 .a 6 0 . 0  1 2 7 . 0  3 2 . 0  
5 6  1 . 021 2 9 . 0  440 . 0  1 2 4 . 0  74. 0 
5 7  1 . 001 4. 1 1 2 .0 3 2 . 0  2 0 . 0  
5 8  1 . 0 1 0  7 . 4  2BO . o 44 . 0  40. 0 
6 1  1 . 000 3 . 7  1 1 .0 3 2 . 0  3 2 . 0  

------------- --------·---------
MEAN 

STD DEV 
NUMBER 

1 . 0 1 6  
. o u  

1 4  

15 . 8 2  1 2 9 . 11 
! 4. 63 2 1 2. 5q 

15 
. 

1 4  

7 8 . 7 5  
�0. 79 

1 4  

36. 1 7  
2 7 . 8 9  

1 4  
----------,------------------- ----

DATA -- UR I NE 

VALUES 

0 6 4  

G � OUP-- P� I RED CON TROL 
----- --------------------------- ----------------
AN !MAL NA+ K+ CL- S P. Gl .  PHOSPH 

MEO/L MEO/L MEO/L MG 0/ 0 
- -------------------------------------------

0 4 . 0  2 1 . 5  8 �0 1 . 00 1 3 . 2  
1 3  1 3 . 5  5 0 . 5  2 1 . 0  1 . 0 1 0  5 .  6 
2 3  4 . 0  1 '9 . 5  1 4 .0 1 . 000 2 . 0  
26 1 20 . 0  I R .O 2 7 . 5 1 . 0 04  3 .  I 
32 107 . 5  24. 5 2 2 . 5  1 ,'005_ 5 . 0  
36 1 5 . 5  3 8 . 5  2 5 . 5 1 . 005 o. 0 
4 0  4 5 . 0  43 . 5  2 5 .0 1 . 004 2 . 6  
41 2 . 5  2 4. 0  1 0 . 0  1 . 005 1. 8 
4 5  2 37 . 5  3 3 . 5  3 5 . 0  1 . 00 5 3 . 5  
49 8 7 . 5  2 2 . 5  1 5 . 0  1 . 004 2. 6 

-- --- - ------------------------- ---------- --- - ---
M E � N  6 3 . 7  3 0 . 20 20 . 3 5  1 . 0043 3 . 2 6  

STD O E V  7 5 . q  1 o . q o  A . 48 . 0 0 2 6  1 . 2 8 
NUMB E R  1 0  1 0  1 0  1 0  9 

- - -- --------- - ------------- -------- -------------

GROU P-- CONT INUDUS I N F US I O N  O F  T O X I N. • •  PRE I NOCULAT I ON 
-- --------- ---------------------- -- -- ------- ----
AN I "1 4 L  SP . G R .  PHO SPH NA+ K+ C L -

� G  0/0 HEO/ L M EO/ L MEO/ L 
- - ---- ------- -------- ---------------------------

6 �  
6 3  
64 
66 
70 
1 1  
7 2  
1 3  
75 

M E A N  
S T D  D E V  

NUMBER 

1 . 00 1 
1 . 000 
1 . 0 1 3  
1 .0 24 
o . ooo 
1 . 000 
1 . 005 
l . D l l  
1 . 004 

1 . 007 
. oo8 

8 

! . R  
1 . 2  
6 . A  

10 . 7  
o . o  
3 . 6  
5 . 0  
5 .  7 
2 .  7 

4 . 6 A  
3 . 1 0 

4 . 0  
4 . 0  

3 R . O  
3 7.0 

o . o 
2 3 . 0  

6 . 0  
7. 5 

21 . 0  

11 . 56 
1 4 . 3 4  

A 

1 8 . 0  
7 . 0  

6 5 . 0  
8 1 . 0  

o . o  
3 8 . 0  
40 . 0  
9 B . O  
4 8 . 0  

49 . 31 
30 . 7 2  

8 

1 0. 0  
5 . 5  

4 1 . 0 
43 . 0  

o .  0 
2 9 . 0  
1 3 . 5  
3 7 . 0  
2 3 . 0 

2 5 . 2  5 
1 4 . 54 

8 

GROUP-- CONTINUOUS ! N F US ION OF TO XI No . .  , NT IT I A L  VALUES 

A N I M A L  SP . G �  • P HO  SPH NA+ 
M G  0/0 MEO / L  

6 2  o . ooo o . o  o . o  
6 3  o . ooo o . o  o . o  
64 o . ooo o . o  o . o  
M o . ooo o . o  o . o  
70 o . ooo o . o  o . o  
1 1  o . ooo o . o  o .o 
7 2  o .ooo o . o  o . o  
7 3  o . ooo o . o  o .o 
75 o . ooo o . o  .o . o 

o . o  
o . o  
9 · 0 
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  

C L ­
M E O / L  

o. 0 
o . o  
o. 0 
o . o  
o .  0 
o . o  
o .  0 
o . o  
o. o -- -- -------------- ---------- ---- ------ --------- -

MEAN o . ooo o .oo o . o o  o . oo o . oo 
STD OEY o . ooo o . oo o . oo o . o o  o. oo 

NUMBER 0 0 0 0 0 
-- --------------------------------------- -- -----

VA L U E S  

GROUP-- CDHT INUOUS I NF US I O N  OF TOX I N  • • •  T E RM I NA L  VALUES 

-- ---------------------------------- -------- ----
A N IMAL SP .GR. PHOSPM NA+ K+ C L-

MG 0/0 H E O / L  MEO/ l MEO/ L 
-- --------------------------------------- - ------

62 1 . 005 � . 2  9 . 5  2 5 . 0  2 1 . 5  
63 o . ooo o . o  o . o  66 . 0  o .  0 
64 o . ooo o . o  o . o  o . o  o . o 
66 1 . 0 11 1 0 .0 1 30 . 0  o . o  1 3 0. 0  
7 0  ! . 006 3 . 2  1 20 .0 4 5 . 5 3 3 . 0  
1 1  1 . 007 5 . 9  1 20 . 0  50 . 5  30. 0 
7 2  1 . 005 4. 0 7 . 5  3 8 . 0  8 . 5  
7 3  o . ooo o . o  o . o  o . o  o .  0 
7 5  1 .006 3 . 6  l A . o 6 0 . 0  3 0 . 0  --�;��---�:��;----;:��--�;;:��---;;:��--�;:;�--

STD DEY . 004 2 . 55 2 8 0 . 6 5  1 �. 88 43 . q4 

NUMBER J 6 6 6 6 6 
-- ---------- -------------------------------- -- --

Note : Zero values indi cate no sample . 
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