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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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