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Summary 

(1) The inflammatory r esponse in the she ep has been investigated 

using experimental methods d eveloped in similar work on 

laboratory animals. 

{2) A biphas i c  increase in vascular permeability occurs following 

turpentine and thermal injury ;  an early phase seems t o  be 

mediated by histamine . In c ontrast, mediation o f  the delayed 

phase , which appears to be the maj or part of the r esponse, remains 

uncertain. Histamine, a nalobulin Permeabil ity Fac tor" and p ossibly 

kinins , probably parti cipate. 5�Hydroxytryptamine does not appear 

to be a natural mediat or of inflammat ory reaction in the sheep . 

(3) Histamine is readily rel eased in sheep skin , and in resp onse to 

a wide varie ty of stimul i .  

(4) The occ urrence of the delayed phase does not depend on the 

o perati on of the histamine - mediated early phase . 

( 5) Strophanthin-a, which interfe res with ionic transport across 

cell membranes, suppresses the early h istamine phase of inflammation 

in the sheep . 

(6) Cutaneous antigen-antibody reaction of the Arthus-type has been 

found to be associated with h istamine. release in the sheep. 



( ii )  

( 7) The effects of sodium salicylate, cortisone and indomethacin 

on the permeability response in the sheep are recorded . In all 

cases , a significant suppression of exudate formation was obtained 

in the delayed phase of the permeability response following intra-

pleural injection of turpent ine. These effects differ from those 

reported in the rat . 

(8) A factor which increases vascular permeability both by the 

release of histamine and apparently through another mechanism. 

has been isolated from lymph node cells of normal sheep . This 

is termed "lymph-node-permeability factor" . 

( 9 )  Most of the increase in vasc ular permeabilit y  in the inflammatory 

reaction in the sheep is associated with venules and comparatively 

lit tle with capillaries . 

(10) Increased vascular permeability and emigration of leucocytes 

from blood vessels are dissociated phenomena. 

/ 

(11) Permeability substances act ivated �� released by injury do not 

appear to exert much effect  on the emigration of leucocytes. 

( 12) Mast cells appeared locally more numerous in the sheep skin 

:following t urpen tine injury and the injection of various 

permeability-increasing substances. 



(iii) 

(13) Histamine in doses of 100 pg attrac ted eosinoph iles to the 

site of injection in the sheep skin. 

(14) Total denervation did not affect the permeability response in 

inflammatory reaction to turpentine inj ury in sheep skin . 

(15) Toxic doses of compound 48/80 and of histamine produced 

sudden death in sheep . The p ost-mortem p icture has been 

compared to that seen in clostridial infections in sheep , and the 

suggestion is made in these infe c t ions release of histamine in large 

or even tox i c  amounts may c ontribute to the cause of death. 

(16) The results obtained in the sheep suggest a closer similarity 

between that animal and the g uinea-pig than between sheep and rat . 

Certain features are c ommon t o  all . 

(17) The present work has revealed that there are clear differences 

b etween spec ies in the inflammatory mechanism . Wh ile information 

obtained in one species may provide some information for another , 

inter-spe c ies differences may be wide and basic, and it is not 

p ossible to extrapolate results between species .  Extensive work is 

required to categorise the mechanisms_in domestic animals . This would 

p rovide a better understanding of  the pathogenesis and pathology of 

diseases in them . It is felt that sheep may prove a useful animal in 

exploring certain basic p�oblems of the inflammatory reaction . 
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I N T R 0 D U C T I 0 N 



I NTRODUCTI ON 

The inflammatory reac ti on is  fundamental to the s urvival of the 

organi sm . I t  cannot be  ove r-emphasised tha t  without i t  there c ould 

be  no p rote c ti on agai ns t  the e ffects of noxi ous exte rnal s timuli nor 

repair of damaged tis sue (see Eb ert , 1 965) . The i nflammatory resp onse, 

howeve r, ha s a ttrac ted re newed i nteres t in  rece nt years with the realis­

ati on that i nflammati on ma y b ec om e  ab erra nt a nd c onsiderabl y  more harmful 

to the b od y  than the noxious s ti mulus whi c h  initiate d  the rea c tion. Thus , 

i n  some diseas es a large p ortion of ti ss ue damage res ul ts from the i nflam­

matory resp onse i ts el f. Allergic and rheumatic dis eases fall into this 

category (see Sp ec tor a nd Will oughb y, 1 963a). Eb ert (1 965) s uggests 

that " • • • • • •  within c ertai n limi ts the i nflammatory reaction i s  s te reo­

typed and it ca nnot di sti nguis h  b e tw een those ins ta nc es i n  which the 

p roc ess protec ts the host and those i n  w hich the hos t is harmed''• 

I nflamm ati on is  di ffic ult to defi ne. Spec tor a nd Willoughb y (1 963a )  

ha ve sugge sted that, "I n vertebrates i t  c ould p e rhap s b e  d escribed a s  the 

loc al reacti on to i njury of the l i vi ns mic rocirculati on a nd its as sociated 

tis s ues, i n  w hi c h  w ould be  i nclude d  b lood leuc oc ytes a nd s uc h  features of 

p eri vas c ular tis s ue as mast c ells  and his tioc ytes". More rec ently, Ebe rt 

(1965) i n  a n  attemp t to d efi ne i nflammation p ointed out that "I t i s  diffi ­

cult to gi ve a d efiniti on w hi c h  i s  neither so al l-i nclus i ve as to b e  mean­

i ngles s nor s o  speci fic that i t  i s  too restricti ve. ", and s uggested that 

"I nflammati on i s  a p roc ess whi c h  beg i ns following a s ub lethal i nj ury to 

tis sue a nd ends with c omp lete he ali ng". 

The inflammatory reacti on c an be p rovoked b y  a ny noxi ous s timulus . 

The reaction i s  a compl ex resp ons e and i nvolves a s eries of e ve nts rather 
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than a single event . Thus , the vascular p ermeab ility response e . g .  

in the rmal inj ury, which includes  both early and lat e responses , each 

of which probably evoked by a diffe rent substanc e, provides an indicat ion 

of the compl exit y  of the inflammat ory r eaction ( see Wilhelm , 1 965) . How­

eve� the reac t i on follows a course whi c h  is b roadly uniform alt hough 

different typ e s  of injury do l ead t o  variation in
.

the relative i nt ensi ty 

and duration of part icular asp e c t s  o f  the reac t i on (see Spe c t o r  and 

Willoughby , 1 963a ; see  Wilhelm, 1 965 ) .  

The events in inflammation were describ ed by Sp e c t or and Willoughby 

( 1 963a)  as possibly divisible into two main categories , invol ving the 

f luid and c e llular phases of the circul a t ion, respec t ively : they wro t e, 

" Th e  fluid-phase reaction consists o f  a t ransient vaso cons tric t i on f ollowed 

by sustained dilation o f  art erio les, capillari es, and venul e s , during whi ch 

b lood flow i s  increased and sub s equ ent ly dec reased , and permeability t o  

p lasma protein  is rai s ed . The cel lular r esponse consists o f  s welling o f  

h i stiocytes and tissue macrophages and emigration o f  l eucocyt e s  from the 

vessels , preceded  by swell ing o f  vascular endoth elial cel l s  and the adh esion 

t o  them. of leucocytes 11• 

Vascular response in inflamma t i on 

Increased vas cular permeability: 

The endothel ial wall of capillar i e s  and venule s  forms a s emipermeable 

barrier that a l l ow s  fre e movement o f  small mole cule s  but normally r estric t s  

th e passage of p lasma prot ein. A cardinal feature of inflammation i s  the 

s t riking increa s e  in the permeability  o f  these vessels t o  p lasma protein . 

This is referr e d  to as increa sed vascular p ermeability . It has b e e n  
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s uggest ed by Spect or and Will oughby ( 1963a ) , 11 • • • • •• that in structures 

such as th e skin the addition of increased p ermeability to hyperaemia 

and vascular dilation r epresents the transition from a 'physiological' 

t o  a 'pathological' response". The importance of increased vascular 

p ermeability has made it a f ocus for research on vascular changes in 

inflammation . The s tudy of increased vascular p ermeability poses  two 

separate problems; the structural and functional changes occurring in 

the ves s el wall, and the int ermediary mechanism by which inj ury brings 

these  changes about (see  Spector and Willoughby, 1 963a ) .  

Chemical mediators o f  increase d  vascular permeability: 

The s tudy of the chemical mediati on of inflammation as a whole 

has been largely direct ed at the increase of vascul�r p ermeability . This 

is b ecause increased p ermeability is a key response in the inflammat ory 

reaction and is readily demonstrated by exp eriments, which has made it a 

p opular indicator reaction in the search for mediators of the inflammatory 

proce s s .  

There are certain f e atures o f  t h e  p ermeability response which 

strongly suggest that chemical mediators rather than physical effects 

( s ee Cohnheim , 1 882, and Krogh, 1 929, as cited by Wilhelm , 1 965; Landis , 

1946 ) are responsible f or the vascular changes .  And, it is now clear 

that b e tween injury and vascular reaction there occur a series o f  chemical 

reactions , in particular the release o.t activation of vasoactive substances 

who s e  effects are respo nsible for the increased vascular p ermeability 

charact eristic of acut e inflammation ( see  Wilhe lm, 1 962 ) .  The e vidence 

f or the participation of chemical mediators has b een summarized by Spector 
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and Willoughby ( 1 963a ) a s  follows : ( 1 )  t h e  reversible nature of t h e  

inflammatory pro c e s s  whi c h  occurs only in living tissues ; (2 ) the  constancy 

of the nature and pat tern of response i n  various types of injury ; (3 ) the 

suppression by drugs of, at l eas t , part of the response ;  and in particula r , 

( 4 )  the existence of a latent p eriod b e tween the early and l a t e  phases of 

increased permeabili ty. Further support i s  provided by the isolation of 

ch emi cal mediators from both normal and inflamed tissue . The s e  substances 

a r e  able to r eproduc e the vascular events of i nflammat ion , and their 

vascular e f f e c t s  can be suppressed by spe cifi c antagonists ( se e  Wilhe lm , 

1 962 ) . 

Much at tention has , therefore , been devoted to the chemical mediation 

of the vascular changes and this has r esulted in laying down of certain 

cri teria whi ch mus t  be ful f illed before acc epting that a subst ance i s  act-

ing as a mediator of i nflammation. Cri t eria defined have b ee n : " ( 1 ) The 

s ubstance should possess properties which qualify it  as a m ediator of 

inflammat ion , (2 ) The substance should be demonstrably present during 

t h e  inflammatory rea c t ion and absent when the  reac tion subsides , (3 ) In­

hibition of the s ubstance by specific antagonists should l ea d  to a diminu!tion 

o f  that asp e c t  of the inflammatory reaction for which th e s ubstance is 

a ssumed to b e  responsibl e1 (4)  Depl e t ion of the tissues of the susp e c t ed 

m ediator p rior to t h e  injurious s t imulus l ikewise should suppress that part 

of the inflammatory reac tion for whi c h  the substance is b e l i eved to be res­

ponsible 1 1  (Sp e c tor and Willoughby , 1 965) . The authors suggested  that the 

c riteria may be  considered ideal i s t ic and it  is only in rare instances that 

they can be successfully applied . They b e l ieved that t h e  th ird of the  

above criteria is normally the  mos t  convincing ( Spector and Willough by ,  

1 959a) and on that basis demonstrated a method of identifying vascular 
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perm eability factors by the use of  antagonists  ( Spector and Willoughby, 

1 963b ) .  

Sevitt  ( 1 9 58 )  has thrown light on the complex nature of the 

p ermeabili ty changes, by demonstrating that reaction to injury may be 

a doubl e phenomenon , and that in thermal inj ury the permeability resp onse 

is  biphasic. The reaction of the skin of guinea-p igs to heating at 54°C 

for 20 seeonds shows this p o int well . There is an immediate increase in 

vascular permeability lasting for less than t en minutes and a delayed 

increase beginning in about one hour . Sevitt ' s  work on thermal injury 

was·confirmed in the guinea-pig , rat and rabbit ( Spector and Willoughby1 

1 958b , 1 9 59b ; Wilhelm and Mason , 1 9 58 ,  1 960 ; Wilhelm , 1 9 59 ;  Allison and 

Lancaster , 1 959 ) 1  and la ter  work has provided further jetails of this  pi­

p�asic increase of  vascular permeability. 

Sevitt ' s  ( 1 9 58 )  report of a biphasic permeability response in thermal 

injury stimulate d  a renewed investigation of the vascular changes . Shor tly, 

there appeared th e independent r eport on b iphasic permeability response to 

bacterial infection by Burke and Miles  ( 1 958 ) �  Similar biphasic permeabil ity 

responses have since bee n  demonstrated in chemical (turpentine ) ( Spector 

and Willoughby , 1 959a ) , ultrasonic (J . F .  Burke , unpublished - see Wilhelm , 

1 962 ) , X-ray ( Willoughby , 1 959a ) , and ult raviole t  injuries  ( Logan and 

Wilhelm, 1 963 , 1 966a) . Earl ier , Elder and Miles ( 1 957 )  had not ed a biphasic 

increase in permeability following inje ction of c ertain.clostridial toxins 

in the  guinea-pig skin , whi ch has been oonfi�med recently by Logan and 

Wilhelm ( 1 966c ) .  More recently , Steele and Wilhelm ( 1966 ) have shown that 

xylol , b enzene, chloroform , carbon tetrachloride , dilute phenol and dilu t e  

acetic aeid all  il!lduce a b iphasic increase in vascular permeability 
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following the ir application to the guinea-pig skin. 

Some of the evidenc e for the natural role of different permeability 

factors in the vascular changes and other relat ed phenomena will now be 

reviewed .  An outline of a number of views on what fac tors are involved 

is presented in table 1 .  

Endog,en.ous s ubstances  i ;n the early vascular changes ,of injury: 

Histamine: In 1 91 0, Barger and Dale demonstrated histamine to be a con­

s tituent of intestinal mucosa . Its  pharmacologic properties were first 

described by Dale and Laidlaw ( 1 910, 1 91 1 ,  1 9 1 8) .  

Histamine is widely distributed throughout the body i n  most tissues 

and also in many physiologic fluids ( se e  Feldberg , 1 956). Under normal 

circumstances  histamine is found in  the tissues closely associated with 

mast cells ( Riley and West , 1 953; Wes t , 1 955; Riley , 1 959) , and the 

presence of histamine in mast cell s is  now well establish ed ( Riley , 1 953 , 

1 959; West , 1 956; Benditt et al , 1 956; Kell er ,  1 957 , cit ed by Bloom , 

(1 965); Sj oesdsna e t  al , 1 957) . Furthermore , this amine appears to  b e  

located i n  the mast cell granule ( Mota et  al, 1 954; Hagen e t  al, 1 959; 

Green and Day , 1960) . 

In 1 927, Sir Thomas Lewis described the occurrence ,  following mild 

injurious s t imulation , of three  distinct events ( the triple response ) ,  

in  the skin :- ( i ) a primary and local dilatation of  the  minute vessels ; 

( ii )  a wide-spread dilatation o f  the neighbouring art erioles brought about 

entirely through a local nervous mechanism (axon reflex ) ;  and ( ii i )  local 

increased p ermeability of.the vessel walls .  Lewis noted that a variety 

of  s timuli including p ressure , h eat , c old  and ultraviole t  ligP.t could 
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produce this reaction and postulated that these changes were mediated by a 

histamine-like material which he termed 'H-substance'. He studie! the 

response in the skin to intradermal histamine and found that it was not 

only identical 'in appearance to the triple response, but the time relation­

ships were the same. He, thus, assumed that histamine was the chemical 

mediator of inflammation. Subsequently, the demonstration of the ability 

of histamine to reproduce the acute vascular c hanges of injury, its wides­

pread distribution, and the ease with which it is released from its bound 

form in the body, added to the belief that the inflammatory reaction is 

brought about by the action of histamine. It is now clear, however, that 

histamine is not the only mediator. Many endogenous substances have been 

found which affect vascular permeability. The problem is to find out which 

of these, if any, play a part in the natural inflammatory response, and also 

as suggested by Wilhelm (1965), to discover other potential mediators. 

Evide,nce of histamine release in inflammatory re,sponse: 

Histamine is released after a wide variety of noxious stimuli, that is, 

thermal, chemical, X-ray and anaphylactic injury and bacterial invasion 

(see Spector, 1958; Wilhelm, 1962, 1965; Spector and Willoughby, 1963a, 

1965). Many of these observations have been found difficult to interpret 

b�sed as they are on either a rise or a fall in the histamine content of 

the involved tissues, which is difficult to assay accurately (see Spector 

and Willoughby, 1965). The authors found histamine to be present in pleural 

exudates from rats following the intrapleural injection of turpentine. The 

histamine concentration became maximal by 1 h our after the injection of 

turpentine, after which the histamine content of exudate fell rapidly 

(Spee.tor and \Vil loughby , 1957b) .  Wilhelm and Mason (1960) demonstrated 



-8-

release of his tamine by heat in vitro in skin sample s  obtained from 

guinea-pig , rat and rabbit . 

In irradiation injury , the part played by histamine has l ong re­

mained c ontroversial . Thus , Kawaguchi ( 1 930 ) , cited by Spector and 

Wil loughby ( 1 965 ) , demonstrated an in crease in histamine c ontent of skin 

after irradiation , a finding which differed from that of Ellinger ( 1 928 , 

1 930 cite d  b y  Spec t or and Willoughby ( 1 965 ) ) and of Ungar and Damgaard 

( 1 954) . Willoughby ( 1 959a ,  1 960 ) reported a loss of his tamine from the 

int estine of rats following irradiation during the first 24 hours after  

abdominal X-irradiation.  More c onsistent r esults have come  from the 

assay of  blood levels of this amine after irradiation . Irradiation is 

accompanied by a rise in blood histamine l e�el ( see Spe c t o r  and Willoughby , 

1 965 ) . A r eview by Ellinger ( 1 95 1 ) ,  cit ed by Spector and Willoughby ( 1 965 ) ,  

supported the theory that histamine i s  the main contributory factor to 

the vascular changes after irradiation inj ury. However , Willoughby ( 1 960 ) 

has suggested  that histamine is merely the  first detectab l e  pharmacologi­

cally active amine released and that it s role is a� transit ory in 

irradiation injury as it is in· other  types of inflammatio n .  He, thus , 

concluded that its release is merely the first in a sequence of events . 

More recently , Logan and Wilhelm ( 1 9 66b) have demonst ra t e d  release o f  

his tamine i n  guinea-pig skin aft er ul traviole t inj ury. 

Evidence o f  th e role of histamine by inhibition studies :  

( i )  Antihistamines: 

Spe ct or and Willoughby ( 1 959a) showed that in turpentine -induoed 

pleurisy in the rat , the volUme o f-exudate obt ained 30 minutes  afte� 

the intrapl eural inj ection of turp entine was reduced from a mean volume 
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o f  1 .0 ml t o  a m ean of 0 . 1 ml in those animals pretreated with the anti-

histamine , m epyramine maleat e. However, after 1 h our ,  i . e . , the p eriod 

during which histamine was demo nstrable, the volume o f  exudate ros e  

rapidly , and aft er 2 - 3 hours was not s ignifican tly diff erent from that 

in c ontrol animals , despite  repeated administ ra t i on of th e ant ihis t amine 

drug .  Together with analysis o f  inflammatory exudat e s  showing the p r esence 

o f  histamine in the first 30 m inut es af ter such chemical insult ( Sp e ct o r  

and Willoughby, 1 957b ) b u t  not  at lat er times, t hese results indi ca t e that 

e ndogenous histamine is responsible for the init iation of th e vascular 

changes in this form of inj ury, o ther mechanisms being th en required t o  

maintain these changes. After injury of guinea-pig skin by xylol , 

chloroform , benzene, or barium sulphide , the antihist amines triprol idine 

and mepyramine both moderately antagonised the early part o f  the permeabili ty 

response (Miles and Wilhelm, 1 960a; Wilhelm , 1 965 ) . 

Following thermal inj ury in rats ,  Spe c t or and Willoughby ( 1 958b, 

1 959b ) showed that the earliest  changes in vascular permeability were 

also suppressed by small intravenous dos�s o f  antihistamine drugs . However , 

af t er thi s  init ial suppression of increased  vascular permeability , repeated 

administrati on o f  the antihistamine failed t o  affect the  increase a s  

assessed b y  oedema f ormation, suggesting t h a t  h istamine was release d  only 

during the earli e s t  phase of the inflammatory r eaction . Similar r esul t s  

were obtained i n  guinea-pigs and rabbi ts by Wilhelm and Mason ( 1 960 ) .  

Following X-i rradiati on o f  rats, a marked l oss of histamine f rom the 

intestine o c curs d uring the first  24 h ours aft er irr•diat ion and i s  

a c companied by a l ocal increase i n  vascular p ermeability . Pre-treatment 

of rats with small doaes of antihistamine drugs causes a suppression of 
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this increase in vascular permeability.  However , the e f f e c t  o f  anti­

histamine is short-lived , and only the  earliest  p ermeabili t y  change s are 

abolished by thi s  treatment ( Willough by , 1959b ) .  

There i s , thus , close agreement between the results o f  administering 

antihistamine d rugs in thermal , chemi cal and irradia t i on injury in the rat; 

in each case, only the initial phase of the vascular r ea c t i on is suppress ed, 

although the durat i on of  this phas e  vari es great ly, b eing 20 minutes, 1 hour , 

and 24 h ours , respectively (see Sp e c t o r  and Wil loughby , 1 963a ) . 

The rol e o f  histamine in injury induced by bacterial i nfect ion has 

b e en difficul t to elucidat e .  Smith and Mil es ( 1 960 ) fai l e d  to modify the 

inflammat ory response to exp erimental bac t erial perit onitis in rats by 

using antihistamines, and they f ound no significant r e l ea s e  of hist amine 

into th e perit oneal fluid . Spe c t o r  and Willoughby ( 1 963a ) concluded in 

th eir review that , viewing the inf lammat ory proc ess as a whole h i stamine 

play s  a minor role, and i ts relativ e  imp ortance may vary with di ff erent 

types of injury . These  authors have suggested that in ce rtain exp erimental 

systems , the failure of antibistamine s  t o  modify the inflammato ry response 

may be misl eading.  Thus, in the Arthus reaction, ant ihistamine drugs have 

faile d  t o  influence  events (see Cochrane , 1 965 ) , but here  Spector and 

Willoughby ( 1964c ) suggest e d  that th etreaction may be of too explosive a 

type for h istamine to exert a separate effec t .  In pass ive cutaneous ana­

phy laxis, the vascular reaction is p e racute and h as run its c ourse in 20 

minut e s . Spe c tor and Will oughby ( 1963a ) suggested that b ecause events are 

c ompressed into a short space of t ime any release of h i s t amine w ould almost 

c ertainly coin c i d e  w ith activation of other vasoactive subs t ance s , e . g .  

p lasma kinins. It is not surprising, therefore , that Brocklehurs t  et al 
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( 1 960) found that antihistamine drugs failed t o  diminish increased 

vascular p ermeability in passive c u taneous anaphylaxis . 

Rec entl y, Logan and Wilhelm ( 1 966b ) showed that after ultraviole t  

inj ury, the early permeability response in the guinea-pig was suppres sed 

by antihist amine, but not the late phase . The early phase was believed to 

be due to histamine. 

( ii )  Alloxan 

Experim ental evidence now favours the vie w  that the release of hist­

amine , at least from mast cel ls, is an enzymic process ( see Mong� and Schild 

1 962; Uvnas , 1 964 ) and that both NH2 (Uvnas and Thou , 1 96 1 ) and SH groups 

( Ednam and Mongar, 1 961 ) are essentially involved in the mechanism. Alloxan, 

which ina c tivat e s  sulphydryl groups, ( Barro�, 1 951 ) has been found to pre­

vent histamine release, and it has been suggested that it does so by 

preventing the d egranulation of mast cells ( see  Spector and Willoughby , 

1 965 ) . Spe ctor, Wil loughby and Frears ( 1 963 ) investigated t he role of SH 

groups in the release of histamine in the rat , using turpentine-induced 

p l eurisy as a test-system (see also Sp ector and Willoughby, 1 964a ) . In­

activation of the SH groups was achieved by adm inist ering alloxan monohydrat e .  

This treatment in the rat led t o  an affec t similar t o  that seen fol lowing 

adminis tration of-antihistamine drugs , i . e . ,  an initial suppression of 

in creased vascular p ermeability which was apparent only  up to 1 - 2 hours 

after the inj e c t ion of turpentine . To implicate the SH groups further , 

Spector e t  al ( 1 963 ) gave cys teinamine 30 minut e s  before the dose of alloxan . 

Cyst einamine i s  a source of SH groups and sueh treatment l e d  to a comp l e t e  

rev ersal o£ the effe c t  of alloxan, i . e ., animals receiving c ysteinamine 

p l us alloxan developed  a normal volume of exudate during the  first h our 
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aft e r  the injecti on of turpentine. Thes e  results support ed t he view of 

Edna�and Mongar (1 961)  that SH groups are vital for the process of 

histamine.releas e . 

The above resul ts further  support evidenc e obtained in the rat that 

endogenous histamine is respons ibl e  for the initiation of the vascular changes  

following t urp entine pleurisy, oth e r  mechanisms be ing then  required to main­

tain the s e  changes . 

Evidense of the rol e  of histamine by depl etion s tudies : 

Compound 48/80 : Compound 48/80 causes the degranulat i on of mast cells  and 

releases his tamine ( Feldberg and Tal esnik , 1 9 53;  Parrat t  and West, 1 957a; 

Ril e y ,  1 959). In addition to th e d emonst ration of his tamine i n  inflammatory 

exudates and th e action of antihistam ine drugs leading to the suppression 

of the inflammatory reaction , i t  has also been possibl e to apply the injurious 

stimulus to animal s depleted of histamine by Compound 48/80 .  

Chemical and thermal injury , when applied to histamine-depleted rats, 

resul ted in a delayed onse t  of increased vascular permeabili ty comparabl e  

wi th that s e en wh en th e an imals w ere treated with antihis tamine drugs 

( Spector and Willoughby , 1 958a ; 1 9 59a , b) . It has b e en found tha t  certain 

" classic"  histamine liberators release agents other than h istamine ; Compound 

48/80 l e ads to a depletion of tiss ue histamine as well as ti ssue 5-HT in the 

rat ( Bhattacharya and Lewis , 1 95 6a, b ) . In turpentine-induced pleurisy in 

the rat, the e f f e c t  of histamine and 5-HT deple tion can b e  obs erved aft er 

48/80 treatment . In this case t h e  suppression of increased vascular per­

meability p ersis t s  slightly beyond the p eriod of the inflammatory r espons e  

beli eved to be due to histamine, ahd probably has an e f f ec t on t h e  part of 

the inflammatory reaction suspected to be mediat ed by 5-HT (Spe c tor and 
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Willoughby , 1959a). 

Similarly, Sheldon and Bauer ( 1 960) found that rats ,  depleted  o f  

histamine b y  treatment with 48/80, failed to  develop t h e  local increase in 

vascular permeability which occurred in untreated  rats , following the 

cutaneous inoculation of mucormycetes . 

5-hydroxytryptamine ( 5-HT7Serotonin): 5-HT is  a vasoconstrictor in the 

rat in which spe cies low concentrations induce increased vascular p ermeabi­

lity ( Sparrow and Wilh elm, 1957; see also Spe ctor, 1958).  It is considered 

a vasodilator in man , but i t  does not produce a significant change in vas­

cular permeability ( see Ebe rt, 1965). This amine is widely distribute d  in 

mammalian tissues , particularly in all cells belonging to the enteroch romaffin 

system ,  in the spleen and the central and peripheral nervous systems ( Collier , 

1958) and in thrombocytes (Humphrey and Jaques , 1 954;  Stacey , 1957). 

The presence of 5-HT in mast c ells was first  ahown in the rat b y  

Benditt  and eo-workers ( 1 955). Parratt and W e s t  (1957a ) studied mas t  cells 

from different spe cies and noti c ed that although 5-HT appeared to be  a com­

mon component of rat and mouse mast c ells , it was not present in s ignificant 

amounts in mast c ells of guinea-pig, dog , man, rabbit , cow , hamster , or  cat. 

Hagen et al ( 1 95 9) by.fractionation-separat ion procedures showed in the mouse 

that 5-HT resided in the mast c ell granules along with heparin and histamine. 

Rowley and Benditt ( 1 956) observed that , on inj ection in mic rogram 

amounts ,  5-HT rapidly eaused oedema in rat paws .  Spector and Willoughby 

( 1957b� see als o  c) found that 5-HT caused vasoconstriction in rat skin in 

concentrations above 50 microgram/ml , but that i t  increased vascular p ermea­

bility to plasma protein in lower concentrations . The development o f  



turpentine-induc ed pleurisy in the rat was associated during the first hour 

aft er inj ection of  turpentine with a high c oncentration of 5-HT in the 

exudate .  I t  was not possible ,  however , t o  reduce the formation o f  pleural 

exudate by the administration of 5-HT antagonists . On the other hand, the 

oedema provoked in the rat by inj ection of egg white and dextran was 

considerably lessened as a result of administration of the s e  compounds 

( Parratt and West , 1 9 57b ; Halpern et  al, 1 959 ) . The 5-HT antagonist 

BOL 1 48 ( bromolysergic acid diethylamide tartrate ) has be en reported 

by Brocklehurst  et al ( 1 960 ) als o  to have some effect on passive 

cutaneous anaphylaxis in the rat, but the significance of this result 

remains doubtful . Nevertheless , it  is b elieved that release of 5-HT is 

likely to be important in certain specialized vascular reactions provoked 

in the rat by inj ection of egg white or dextran (see Spector and Willoughby , 

1 963a ) . 

The authors suggested that the failure of 5-HT antagonists  to diminish 

the vascular reaction to chemical and the rmal injury in the rat ( see  Spec tor, 

1 9 58 ) , need not necessarily exclude its participation , sinc e similar inhibi­

tors fail to influence the syndrome associated with argentaffinoma and 

thought to be due to excessive production of 5-HT . Depletion of histamine 

and 5-HT by repeated inj ections o f  Compound 48/80 leads t o  a longer delay 

in the onset of  vascular changes in the inflamed rat pleura than does dos­

age with antihistamine drugs . This observation was regarded by Spector 

and Willoughby {1 963a ) as an indication of a complementary role for 5-HT 

in the early phase of the inflammatory r eaction and suggested that in the 

rat 5-HT exert s  a short-lived effect which probably follows that of re­

leased h istamine . This hypothesis gains support from the observations by 

Willoughby ( 1 9 59b , 1 960 ) on the effects  of irradiation 0n the rat intestine• 

It was f0und that the gut was depleted of histamine one day after irradiation 
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and of 5-HT by the seco�d day . As in the case of turpentine-induc ed 

pleurisy, these p ermeability changes could not be modified by pre treatment 

with 5-HT antagonists . 

Although 5-HT appears to play a contributory role in the rat ,  a com­

parable action in other species is at present doubtful . In guinea-p ig 

and rabbit it does not significantly increase vascular permeability ( Sparrow 

and Wilhelm, 1957 ) .  Recently , Logan and Wilhel� ( 1966b ) found that in 

ultraviolet injury , whereas the early permeability response was mediated 

by 5-HT in the rat , histamine was the mediator in the guinea-pig . 

Endogenous mechanisms pos sibly responsible for the delayed vascular changes 

of injury: 

It  is apparent from the above resul ts that  release of histamine or 

5-HT can account for only the early phase of the vascular changes of in­

flammation. Some other explanation must be sought for the subsequentde-

layed onset of vasodilatation and increased vascular permeability. Tlje 

situation was envisaged by Krogh ( 1929) who ,  as cited by Spe ctor and Willough­

by ( 1963a ) , postulated that tissue damage leads  to the release both of a 

diffusible , readily d estroyed substance akin t o  histamine and of a less 

diffusible , less readily inactivated  princ ip le which he called H-colloid . 

The evidence for the participation of c ertain endogenous substance s  in the 

delayed phase of increased vascular permeab�lity , will now be considered .  

( A )  Polypeptides: The presence in inflammatory exudates  and especially in 

pus of  protein breakdown products has been known for a long time ; and so 

also h as been the effect of peptides in causing vasodilatation particularly 

in peptone shock ( Pfeiffer , 1913; cited by Spector and Willoughby, 1963a ) .  
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( 1 )  Leucotaxin e : Modern investigat ion into the possibl e role o f  poly­

peptides in the  l ocal response t o  i n j ury began with Menkin's observat ion 

that tryp t i c  dige s t s  of albumin cause increased vascular p erme ability 

( Menkin, 1 936; 1 956) . He demonst ra t ed that 24 t o  48 h ou r  old pleural 

exudat e s , induced  by intrapleural inj e c t ion of turpent ine in dogs , c on­

tained a fact or that inc reased vasc ular pe rmeability t o  c irculating dye in 

the rabbit skin and also induce d  emigration of l eucocyt e s . Menkin ( 1938 , 

1 940) fractionate d  such exudates  by a pyridine - ace t one t e c hnique t o  obtain 

a polyp eptide preparation which he t ermed 'leukotaxine' and proposed that 

this substance was a primary mediator in inflammation. La t e r  work c onfirmed 

th e presence o f  a c omparable subs t an c e  in similar exuda t e s  in goats 

( Cullumbine a nd Rydon , 1 946 ) . 

H o wever , Menkin's work subsequently came under crit i c ism . Spec tor 

(1958) sugg e s t ed that Menkin's fra c tionation t echni que w as essentially a 

precipita ti on of protein with a c e tone, the pyridine a c t ing as a buffer t o  

prevent adsorp t i o n  of peptides o n  th e precipitat ed pro t e in .  Harris ( 1954) 

p o int e d  out that Menkin fail ed t o  r emove turpentine by-p rodu c t s  during 

fract ionat ion. Thus , Menkin's b e l i e f  that his extrac t io n  proc edures had 

produced a pure crystalline end product i s  now known t o  be incorrect  ( se e  

Spe c t or, 1958) and the s tatus o f  l eucotaxine as an enti t y, remains in 

doubt (see Wilh e lm , 1965) . Moreover , neither Menkin ( 1936, 1956) nor 

Cull•mbine and Rydon ( 1 946) reali s ed t hat only a small proportion of the 

vascular ac tivity  in th e exudat e  was due to the presence  o f  p ol ypep tides . 

By using turp en t ine-induced pleural exudat es in rat s, Spe c tor  ( 1956 )  

showed that t h e  great maj ority o f  vas cular aetivity was nondialyzable and 

resided in th e mixed globulin prot ein fraction.  The exudat e did contain 

some peptide nitrogen but this remained c onstant from 1 t o  24 h ours, whereas 



-17-

the permeability-increasin� activity of  the globulins rose and fell in 

parallel w i th the inflammat ory changes in the pleural vessels . This 

experiment, therefore , provided lit tle support for the idea that freely 

d ialyzable peptides of the 'leukotaxi ne' type proposed by Menkin ( 1 936, 

1 956 ) play a part in inflammation (see Spec t or and Wil loughby , 1 963a) . 

Earlier , Miles and Miles ( 1 962) had shown that blueing induced by 

" J 
�eukotaxine , as with his tamine , was antagonised by mepyramine . The authors 

\ J 
concluded tbat leukotaxine increased vascular permeability by liberating 

histamine (see al so Miles and Wilhelm , 1 960a). 

(2 )  Kinins ( Bradykinin and Kallidin): 

Investigat i on of the role of polypeptides i n  inflammat ion was greatly 

advanced by the disc overy in 1 949 by Ro cha e Silva and eo-workers that a 

substance released from the pseudoglobulin fra c t ion of blood af ter incubati o n  

with snake venom or trypsin was capable o f  s t i mulati ng contraction of smooth 

muscle, l owering blood pressure , and causing increased vascular permeability. 

They called th is a ctive agent 'bradykinin' because it caused a rel a tively 

slow c ontraction o f  musc l e .  Later , various o ther kinins closely resembling 

bradykinin were shown to be released from plasma (see Lewis , 1 963). The 

group of such p olypeptides is  designated ' kinins' (Holds t o ck et al , 1 957 ) ,  

wi th a prefix t o  denote their origin , e . g . , 'plasma kinins ' (see Lewis , 

1 960) . 

Plasma of many spec ies , including man, contains a substrate i n  the 

serum globulins , often in the alpha-2 fract i on from whi ch the act ive pep-

t i des are formed ( see Lewis , 1 960 ) . Plasma kinin· can be formed from p lasma 

not onl.y by the a c ti on of trypsin and snake venon, but a+� by th.e a c tions 

of at least two enzymes present in the blood ( Bhoo.la et �' 1 960) ,  kallikrein 

and plasmin ( Lewi s , 1 958)� which are discussed later. In addition , similar 
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p eptides are f ormed when plasma from a number o f  species i s  dilut e d  with 

sal ine ( Schach�r , 1 95 6 )  or brought into c ontact with glass (Armst rong 

et al , 1 95 7 ) . Plasma so  treated caus es a slow c ont-rac t i on o f  smo o th 

muscle  (Schache r , 1 956 ) , gives rise t o  pain on applic ation t o  a blister 

base (Armstrong e t  al , 1957 ) and incr eases vascular permeability . Once 

formed , p lasma kinins are rapidly d e s t royed by further c ontact  with pla sma , 

due presumably t o  the a c t ion of p ep t i das e s . They are destroy ed al so by 

chymot ryps in and are dialyzable ( s ee Lewi s , 1 960 ; see  Spe c t o r  and Willough by , 

1 963a ) . 

The dispute as t o  whe ther bradyk inin and plasma kinin kallid in were 

the same polypep t ide and whether one or both were important chem i c al media­

tors of inflamma t i on was solved by d e termining the ch��ical structures o f  

both compounds . Bradykinin was found to b e  a nonapept i d e  (Boissonnos e t  al , 

1 963) and kallidin to be a decapep t i d e , i . e . , a h omologue o f  bradykinin con­

taining an extra lysine residue (Webst e r  and Pierce , 1 963 ) . I t  i s  now 

suppo sed that kallidin-10 i s  conver t e d  to kallidin-9 (or b radykini n )  b y  an 

aminopept idas e  p r e sent in plasma (see Ebert , 1965 ) .  The pharmac ological 

act ivity of kal l i d in-10 almost parall el s  that of bradykinin but i t s  � 

!i!2 act ivity does not app ear d ependent on its c onvers i on to the nonap ep tide 

(bradykinin) ( s e e  Wilhelm , 1 965 ) .  

Rol e  o f  Plasma kinins in inflammati on : Beraldo ( 1 950a) found an increased 

plasma kinin a c t ivity in the blood of dogs after pep t one or anaphylactic  

sho ck , but not  constant l y .  Brocklehurs t and Lahiri ( 1 96 2 )  c onfi rm e d  thi s  

f inding . Rocha e S ilva and Rosenthal ( 1 961) demonstrat ed p lasma kinin 

a c t ivit-y in rat t issue after  the rmal injury . This experiment was performed 

by inj ecting saline into an air pouch who s e  wall was f o rmed by the inj ured 

skin. Spe c t o r  and Willoughby ( 1 963a )  suggested that this was open t o  the 



-19  ... 

obj e c tion that the kinin ac tivity may h ave b ee n  a cons e quenc e of dilution 

of e xud e d  plasma by th e inj e c t ed s aline .  Mile s ( 1 961 ) has re port e d  a 

f a i lure t o  d e t e c t  kinin activity duri ng th e inf lammat ory re sponse o f  

rab bits t o  infe ction . H ow e v er ,  Spe c t or and Wil l oughb y  ( 1 962) have 

d e m ons trate d  kinin ac tivity in turpe n t ine-induc e d  pleural e xudat e s  in the 

rat . Th e rise and fall of s low- c ontracting a c tivity of the e xud at e s  was 

ac c ompan i e d  by p aralle l f luctuations in th e exudate ' s  ability to inc re as e  

vascular perm e ability and als o  paral l e l e d  the increas ed perme ability o f  th e 

pleural microcirculation and i t s  sub s e quent reve rsion to normal . The s l ow­

c ont rac ting ac t i vity was due t o  two c omponen ts which c ould b e  s e para t e d  by 

fractionation using S ephad ex . One of the s e  c omponents had littl e  or no 

a c ti on on vas cular permeability and appe are d  t o  be indistingui shab l e  f rom 

S� ' A ' ( slow-react ing sub s tan c e  of anaphyl axis ) . Th e othe r was a s s ociat ed 

w i t h  th e ability to increase vas cul ar permeability and h ad s om e  but not all 

of the f e � ture s of plasma kinins .  More r e c ent l y , Lewis ( 1 963 ) has propos e d  

that b radykinin " appears t o  b e  a suit ab l e  c an didate as mediator" of the 

v a s cul ar respons e s  in the inf l ammatory reac tion . 

( B )  Proteas es : The prot ease sys t e ms mos t  wid e ly inve stigat e d  inc lud e plasmin­

plasmin inhibitor and kallikrein - kallikrein inhibitor. 

( 1 ) Kallikrein : In 1 92 5  Frey ( cit e d  by Frey , 1 963) d i s c ov e re d  a v as o­

d e pr e s s or subs t an c e  in urine , and subs equently also in th e pancreas • ( Frey 

an d  Kraut ( 1 928 ) ,  cit e d  by Wilhelm ( 1 962 )  ) , which they name d  kallikrein. 

Kallikrein has been sh own to be an e n zyme - an endogenous prot eas e . The s e  

work e rs di s c ov e re d  that k allikrein exi s t e d  i n  a n  inac tive form i n  t h e  b lood 

whic;:h they called kallikreinogen . This inac,tive pre cursor c ould b e  

ac tivat e d  b y  acid;fi c ation or by ac e t one in  a test -tub e . Followi ng th e work 

o f  Rocha e Silva e t  al , ( 1 94-9) , Werle and his C'oll ea:gue s ( Werle and Berek , 
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(1 950� Werle et a l , ( 1 950� both cited by Wilhelm 0 965) ) disc ov ered that 

kall ikrein liberated a kinin which they c al led kallidin , from kallidinogen , 

�n alpha-2 globulin in p lasma , that was capabl� of producing increased vas-

cular p e rmeability.  

Pancrea t i c ,  s erum and urinary kall i kreins were originally c onsidered 

to be the same substance .  However, the enzyme s  from d i ff erent organs or 

species vary i n  their susc eptibil i t y  to t ryps in inhibitors or antibodies 

( Webster and Pierc e , 1 963 ) ,  and it i s  now believed that the kallikreins 

are no t a singl e substance but a family of closely related enzymes (see 
• 

Wilhelm , 1 965 ) . Besides occurring in pancreas , blood and urine , kall ikreins 

have also b een identified in sal i va ( Werle and von Roden , 1 936, cited by 

Wilhel m ,  1 965) , s wea t (Fox and H i l t on ,  1 958 ) , lachrymal se cretions ( Lewis , 

1 959 ) and c erebro spinal fluid ( Chapman and Wolff , 1 958 ) .  The d ilut ion of 

serum or plasma p roduc es proteolyti c act i vity  ascribed to  kal l ikrein and 

results in the re lease of substanc e s  pharmacol ogically resembling kall idin 

and bradykinin ( see Wilhelm , 1 965 ) . There is  evidence both for and against 

Schach t er ' s  ( 1 956 ) proposal that dilution of serum a c t ivat es kallikrein 

( Lewis , 1 960) , b ut recent work s uggests that kal likrein may be the factor 

in plasma responsible for the rap id rel ease o f  kallidin ( Schachter , 1 963 ) . 

In addition to d i lution , a ctivation of kallikrein can a l so be induced by 

contact with gla s s  or other forei gn sub stanc e s  (Margolis , 1 957 , 1 958 ; 

Armstrong et al . ,  1 957 ) . 

The evidence that kinin-forming enzymes or kall ikrein are activated 

after injury is  scanty.  Kallikrein , unlike plasmin ( discussed later ) ,  

causes increa s e d  vasc ular perm eabi l ity on inj ection into skin , due pre sum-

abl y  t o  forma tion of kinins in vivo ( Bhoola et al , 1 960 ) . The evidence 

ye t available of the i�portance of kallikr eins in th e body concerns a 
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physiological rather- than a pathological ro le (se.e Spector and Willoughby, 

1 963a ) . A ttempt s  t o  demonstrate a role for kinin-forming enzymes i n  

hyperaemia and infl ammat i on have be en unsuc c es sful . Thus , Hil t on and 

Lewis ( 1 9 58 )  were udable t o  demonst rate activity of the syst em during 

vasodilatation in the s triat ed muscle o f  the t ongue ; and Miles ( 1 96 1 ) 

has rep or t ed failure to  demonstrate s uch enzym e s  in inflamma tion i ndu c ed by 

bact eria in the rabbit .  Spe c t or and Willoughby ( 1 962 ) did not find kinin-

forming act ivit y  i n  inflammatory exudates c ol l e cted from the rat pleural 

cavi ty from 30 minu tes to 24 h ours after inj e c ti on of t urp ent ine . 

( 2) Plasmin : P la smin is an o ther kinin-forming enzyme in plasma . I t  

i s  a beta-globulin and i s  the blood fibrinolysin ( Lewis , 1 9 58 , 1 96 0) . 

I t  o cc urs in mammalian blood as an inactive precursor - plasminogen 

( Kaplan , 1 944 ; Christ ensen and MacLeod, 1 94 5 ;  Loomis et al , 1 947 ; all 

c i ted by Wilhelm , 1 96 5) , wh i ch can be activated by c hloroform or t rypsin 

(see Astrup, 1 9 56) , by tissue extracts c ontaining ' tissue activato r ' 

( As t rup and Permin , 1 947 ; Permin , 1 947) and b y  a plasminogen ac t ivator 

present in blood and tissue fluids ( see Mul l ert z, 1 9 5 5) .  Blood and t issue 

fluids als o c on tain nat ural antagonists of p lasmin . The plasmin and 

plasmin-inhibitor  syst em and its pos sible role in inflammati on has been  

reviewed by Mac farlane and B iggs ( 1 948 ) and by Astrup ( 1 956 ) .  They c on-

eluded that the d�tails o f  plasmin activat�on r emain unset tled , but the 

syst em in man appears to  differ from that in various oth er animal s .  

y 
Plasmin is activat ed in vitro by dilu t i on of plasma i-n�g.lass c ontainers 

( Ma c farlane and Filling, 1 946) , the effect  probabl y  being due to  contact of 

the plasma with glass (see Margolis, 1 957 , 1 958 ) .  Although kallikrein. and 

plasmin are b o th a ct ivated in plasma by diluti o n  ( S chacht er, 1 9 56 ;  Mac farlane 

and Pillina> 1 946) • they a.ppear to  be distinct enzymes . A third factor, call ed 

globulin p ermeability factor, (discussed later) , is  also act ivat ed by 
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dilution , but i s  distinct from b o th kallikrein and plasmin ( se e  Wilh elm,  

1 96 5 ) . The contact of cell free p la sma with glass also act ivat e s  vari ous 

other substan c es whi ch accel erate b l oo d  c oagulation ( Margolis , 1 957 ) , 

increase vascular permeab ility ( Margolis , 1 957 ),  and in�ua e  pain on inj ect ion 

�rmstrong e t  al , 1 957 ) . It is now c lear that the above and other 

effects  are induc ed by polyp eptides ( Be raldo , 1 9 50b ; Rocha e Silva , 

1 9 55a ;  Lewis , 1 9 58 ,  1 959 ; Hilton , 1 960)  but whether o r  not plasmin is 

responsibl e f o r  the  prot e olysis rel easing them is still disput e d .  Thus ,  

Schacht er ( 1 963)  cites work by Bhoola  e t  al , ( 1 960) suggest ing that 

kal l ikrein , and n o t  plasmin , is the fac tor responsibl e for the release 

of  the corresponding polypep tide s .  

In conclusi on , i t  is believed  t ha t  the action of plasmin on protein 

substrates , o ther than f ibrin 9 may have important imp li ca t ions in the 

inflammatory r e a ct i on ( se e  Wilhelm , 1 96 5 ) . However , thi s  lacks exp eri­

men tal support at the moment. Mor eover , plasmin forms k inin relat ively 

sl owly , c ompar e d  both with its a c t i on on fibrin and with o ther kinin­

releasing enzyme s .  Unlike kallikr ei n ,  plasmin is a weak p ermeability 

fa c t or and do e s  no t appe ar to be import an t  as such in the blood of man 

( Mill e t  al , 1 958 ) , guinea-pig , rat or rabbit ( Wilhelm e t  a l ,  1 9 5 5 ,  1 9 58 ;  

Bhoola et  al , 1 960 ; see also Mil e s  and Wilhelm , 1 960a ) .  

( C )  Globulin Permeability Fact o r  (Gl obulin PF ) : 

�e discovery that plasma diluted with saline would increase vascular 

p ermeability was made by ·Mil es and Wilhelm ( 1 955 )  in the guinea-pig. They 

cal l e d  the fac t o r  PF/dil . The p e rmeability factor resided in the serum 

globulins . The PF has b ee n  demonst rated besides in the guinea-pig ( Wilhelm , 

e t  al , 1 955 ,  1 957 ; Baggi and Cante ll i ,  1 956 cited by Wilheim ,  ( 1 96 5 )  ) in the 

pLasma or serum o f  th-e rat ( Sp ec t o r ,  1 956 , 1 957 ; Wilh elm et al , 1 9 58 ) , the 
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rabbit  ( Paskhina , 1 9 56 c i t ed by Wilh e lm , 1 96 5 ;  Wilhelm et al , 1 9 58 )  

and man ( S tewart and Bliss, 1 9 57 ;  Elder and Wil h e lm , 1 9 58 ;  Mill e t  al , 

1 9 58 ) . The parti cular globulin fraction with which the PF is associat ed 

varie s  with the sp ecie s ( se e  Mil es ,  1 961 ) .  Th e r e  is a natural inhibi t or 

of  th e globulin PF ( IPF) and the  two t ogeth er constitute a system pr e s ent 

in plasma , t issue fluid and lymph ( Miles and Wilh elm , 1 9 58 )  in al l mammal ian 

spe c i es s tudied ( se e  Miles , 1 9 58- 1 9 59 ; Mil es a nd Wilhelm , 1 9 60a , b ) .  

Globulin PF in mammal ian p lasma or serum exis t s  as an inactive pre cursor 

( Mackay e t  al , 1 9 53 ) . This sys t em has been i nvestigated in most de t ail in 

the guinea-p ig ( se e  Wilh e l m ,  1 96 5 ) . Globulin PF is considered to  be a 

prot ease ( Miles  and Wilhelm , 1 960a and b ) .  H owever , this does not appear 

t o  have be en f inal ly e stab li sh ed as it has with plasmin and kallikrein 

( s e e  Wilh elm , 1 96 5 ) . 

Al though globuli� PF is a gen eral feature of  mammalian plasma , i t s  

mode of activation is not unif orm . It may be  activat ed by dilution of the 

p lasma of the guinea-pig , rat, mouse , baboon and man , but not that of the 

rabbit , c�t , dog ,  horse and ox ( see  Mile s ,  1 96 1 ) .  A similar globul in 

PF has also be en stated to b e  present in the s erum of  sheep , but no mention 

c ould b e  found in the l it erature regarding its  activat ion by diluti on , ( se e  

Mil es and Wilhelm , 1 960a ; Mil e s , 1 961 ) .  Th e precise me chanism o f  a ctiva-

t i on r emains o bscure , but it is  bel ieved tha t  both alteration of the glo-

b ul in molecule and r emoval of SFecific inhibit ors are needed ( Specto r ,  1 9 57 ;  

s e e  Miles  and Wilhelm , 1 960a ; Miles ,  1 96 1 ) .  In guinea-pig serum pr eparati ons 

h eld at  room temp �rature for 60-90 minute s ,  dilutions of 1 : 1 to 1 : 1 5  in 

0 . 8 5% sal ine , Ringer ' s  or Locke ' s  solution has little permeability effect  
-

due to  the  presence of IPF. At  dilutions o f  1 : 1 00 or 1 : 400 , the effect  of 

the IPF was s o  r educed th at maximum PF activity was obse rved ( Mi l e s and 
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Wilh el m , 1 955) . The essential basis of the dilution ef f e c t  appears to be 

due t o  c on t a c t  of th e pla sma with the glass c ontainer , s inc e d i l ut i on in 

polye thyl e n e  c ontainers is c omparatively ineff e c t ive , and the mixing o f  

s erum with Ballotini glass b eads c onsiderably ac celerate s  t h e  e f f e c t  ( se e  

Wilhelm , 1 965 ) .  

Guinea-pig PF has b ee n  isola te d : it is  an alpha-2 globulin , relative­

ly thermo- s table and resi stant t o  change s  of pH . On a weight basi s , the 

PF h as about the same perm eabil i t y-activity as h istamine in  the guinea-pig , 

but on molar basis it is v ery much mor e activ e  ( Wilhelm et  al , 1 955 ; s e e  

Wilhelm , 1 965 ) . 

The IPF has been inves tiga t ed in  l e s s  detail than the PF.  It  has 

been isolat e d  in fracti ons c ontaining alpha-gl obul ins in the guinea- p ig , 

al bumins in th e rabb i t , and b oth p r ot eins in the ra t .  The IPF presen t  in 

human se rum has not  been chara c t eri zed . Guinea-pig and rat IPF each has a 

similar orde r  of activity when t e s t e d  i n  the homologous species .  Guinea­

pig IPF is e ff e c t ive in b o th anima l s , but the rat fac t or only in the rat 

( Wilhelm et al , 1 955 ; see Wilhelm , 1 965 ) .  

Inhipitors o f  Pro t ea s es : 

Natural inhibit ors of plasmi n , kall ikrein and globul in PF have b een 

demons t ra t e d  in s erum , but th eir int erre l ationship is o b s c ur e . The 

na tural inh.ib i t or of globulin ,PF in s erum has be en m enti oned above . A 

similar inh ihi t o r  of plasma kal likrein al.so exists , which i s  thermolabil e ,  

partially dialy zabl e , and d e stroye d  b y  p eptidases ; the substance  i s  thought 

to b e  a basic p ol yp eptide ( Frey et  al , 1 950 cited by Spe c tor and Willoughby 

( 1 963a ) . S erum als o  c ontains anti p lasmin , an inhibitor o f  p la smin ( Jac obson , 

1 955 ) .  Antiplasmin also inhibits plasma kal likrein ( We b s t er and Pierc e , 
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1 961 ) but not kallikrein p repar ed from exocrine glands ,  glandular 

s ec r et�ons, and urine (Lewis , 1 959 ) .  

S oya bean t r ypsin inhibit or ( SBTI) , an antiprot ease and anti es t erase, 

inhibits  plasmin and p lasma kallikrein (Web ster and Pier c e, 1 96 1 ) but not 

kall ikr ein from ot her s ourc es ( L ewis , 1 959) . SBTI als o  inhibits t he acti­

vati on b y  dilut ion of kinin- forming enzymes in p lasma (Sc hacht er , 1 956 ;  

Lewis ,  1 958 ) ,  prevents  t he activati on b y  dilution of globulin PF in 

guin ea-pig and rat p la sma and diminis hes t he effec t  on vascular p er­

meability of gl obulin PF isolat ed fr om guinea- pig and rabbit (Wilhelm ,  

et al , 1 955, 1 957 ) . In addition t o  th e inhibition du e t o  SBTI , g lobulin 

PF and kallikr ein are also sus c eptibl e t o  th e t r ypsin inhibit or s  from 

lima b ean and p otato but insu s c eptibl e t o  t hat  from ovomuc oid (Miles and 

Wilhelm , 1 960b ) .  

Diisoprop yl flu or op hosp hat e (DFP) , like SBTI , is an antiprot ea se 

and ant iest eras e. DFP t o o, inhibit s  th e act i vation b y  dilution of 

gl obulin PF in guinea pig p lasma and also t he activit y of isolat ed globulin 

PF from many other spec i es (B ecker et al , 1 959 ; se e Miles and Wilhelm , 

1 960b ; Miles, 1 96 1 ) .  In the rat act i vation of globulin P� follows p lasma 

dilu ti on and als o  incubation of p lasma wit h minced ti ssues (Spec t or ,  1 9 57 ) ; 

DFP inhibits b ot h  t yp es of activation ( Sp ec t or and Wil l oughe y, 1 960a ) . DFP 

also p revents t he action of p la sma kallikrein (Web ster and Pier c e, 1 96 1 ) .  

S odium sal i c yl at e  has als o  been s hown t o  antagonize t he kinin-forming 

pr op er t i es of d i lut ed serum and of salivary kallikrein in vitr o  (Northover 

and Subramanian , 1 961 ) .  The activati on of g lobulin PF b y  dilut·io-n of rat 

serum is less.ened by t he pres en c e  of sali c yla t e. Similarl y,  t he globulin 

PF a c t i vation following i ncubat i on o f  r es olving inflamma t or y  exuda te wit h  

minced ti ssues i s  lessen ed b y  t he addition o f  sali c ylat e b efor e  incubati on 
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commences ( Spector  and Willoughby 1  1 95 9a). 

In summary , p lasmin , kallikrein and globulin PF are all present in 

the plasma and all are activated by dilution . The evidence that plasmin 

and kall ikrein are different , has already been reviewed . It has been 

clearly established that globulin PF and plasmin are separat e entities.  

Globulin P F  is an alpha-globulin , plasmin a beta-globuli n; unlike globulin 

PF , plasmin attacks other globulins to form kinins ( see Lewis , 1 960) . In 

the guinea-pig , rat, and rabbit , globulin PF is distinguished from plasmin 

by i ts greater heat stability ( Wilhelm et al , 1955 , 1958) .  The effects  of 

dilution on human globulin PF and plasmin seem different ( Elder and Wilhelm , 

1 958) and the globulin PF in man is  dist inguished from plasmin by its instabi­

lity at pH 2 · ( Mill  et al , 1958). It  is thought that globulin PF and kalli­

krein are also distinct , although their properties do overlap and the dis­

tinction has not been absolutely defined . Globulin PF and kallikrein are 

both suscepti�le  to DFP and the t rypsin inhibitors mentioned above , but in­

susc ept ible to that from ovomucoid  ( see Miles and Wilhelm , 1 960b) � and both 

exhibit hypotensive and permeability effects ( see Miles , 1 961) .  However , 

it has been found in the guinea-pig that vascular activity attributable to 

kallikrein is associated with gamma-globulin fraction , whereas globulin PF 

is associated with alpha 2-globulins ( Davies and Lowe , 1 962 cited by 

Wilhelm ( 1965) ) .  I n  man , there are permeability factors associated with 

both the beta- and gamma-globulins . The globulin PF resides in the beta­

globulin fraction and the activity associated with the gamma-globulin is 

thought t o  be due to kallikrein ( Kagen et al , 1 963). 

:aole of Globulin. PF in inflammatiGn : 

Wilhe lm et  al ( 1 957) did nat find changes in globulin  PF in the serum 

of  guinea-pigs sub j ected to various pathological conditi ons . Changes in 
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activity of globulin PF in inflammation were demonstra ted by Spe ct or 

( 1 956) in turpentine-induc ed p leurisy in the rat. A c t ive globulin PF 

was found in pleural exudates colle cted at t im e s  when pleural vascular 

p e rmeabili ty t o  protein was at  its heigh t , i . e . , 1 t o  8 hours after  in­

duction. As the inflammat ion subsided and the p ermeab ility of the p leural 

capillari es reverted to normal (after 1 2  to 24 h ours ) ,  the globulin PF in 

the exuda t e  returned t o  i t s  normal inactive s tat e .  These results have been 

crit ici zed ( Mile s ,  1 961 ) on the grounds that the presence of globulin PF in 

the exuda t e  could have been the result rath er than a caus e  of increased 

vascular p ermeability . Spector and Willoughby ( 1 963a) in turn have 

suggested that such a view does not account for the transformat ion o f  

inactiv e  pre cursor t o  active globulin PF foll owed b y  reversion t o  a com­

ple tely inactive s tate , all in the space of 1 2  h ours , and in parallel  with 

th e rise and fall of  vascular permeability in the tissue from wh i ch the 

exudat e  arises ( Sp ec tor , 1 956 ) . Active globulin PF at  h eat ed sites in 

guinea-pig skin has been demonstrated ( Wilhelm and Mason , 1 960 ) . Small 

amounts of active globulin PF have also been f ound in bacterial inflammation 

in the rabbit ( Mi le s ,  1 961 ) .  

Further work on turpentine-induc ed peurisy in the rat by Spe c t o r  and 

Willoughby ( 1 962 ) revealed that the exudates  contained two substanc e s  that 

caused a slow- c on traction of isolated plain mus cle . One of thes e  substances  

did not  affect blo od vessels , but  the other appeare a closely rela t ed , in  i t s  

t i m e  of appearance and in its prop erties , t o  the globulin P F  of  the exudat es . 

It i s  possible that sQm e  of the p ermeab ility-increasing effect o f  the s e  

exudate s ,  in addit ion t o  t h e  globulin P F  ( Sp ec t or ,  1 956) ,. might b e  due t o  

t h i s  slow-contraction stimula ting substance .  Spector and Willoughby ( 1 963a ) 

specul at ed that if globulin PF is regarded as a type o f  kall ikrein or kinin­

forming enzyme , the slow-contracting s ubstan c e  could be considered as some 
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I t  has been found that guinea-pig PF does not liberat e  �istamine 

i n  vivo or in vitro from rat t is sues ; ra t and rabbit GPF ' s  are similarly 

inacti ve in this respect ( Wilhelm et al , 1 958 ) .  The permeability response 

to guinea-pi g  PF persists after adminis t ration of  ant ih istamines ( Wi lhelm 

et al � 1 9 5 5 ,  1 9 57 ) . Moreover , h uman PF is insensitive t o  mepyramine in man 

(Stewart and Bliss , 1 957 ) and i n  the guinea-pig (Mill et al , 1 9 58 ) . 

From thi s  it h as been concluded that globulin permeabi l i ty factors do not 

owe their permeability increasing ac tivity t o  the liberation of  histamine 

( see Wilhelm , 1 96 5 ) . However , there i s  evidence wh ich indicates that 

guinea-pig PF it self is a histam ine antagonist ( MacKay et al , 1 9 53 ; 

Laborde et al , 1 9 53 ;  cited by Wilhelm , 1 965 ) , and Wilhelm et al ( 1 958 )  

found that the effects o n  vas cular permeability  induced by GPF ' s  from rat 

and rabbi t  were moderately suppressed by antihistamines . 

I n  general , i t  is  believed t h at serum globulin PF has little d irect 

relation to other factors proposed as mediators , being nei ther plasmin , 

p roducer of p olypeptides , nor a liberator of  histamine or 5-HT (see Miles 

and Wilhelm , 1 960a ) . 

Spec tor and Willoughby ( 1 9 59a ) f ound that salicylate1 which inhibits 

the a ctivation of  globulin PF in vitr o ,  when administered t o  the rat prior 

t o  intrapleural injection of turpentine , suppressed the increase in vascular 

p ermeabili ty in the pleura aft er the first hour , and for the remaining f ive 

h ours of experimental observation.  The perio� of vas cular permeability 

suscept ible t o  sal icylate followed that earlier phase o f  vascular change 

which •as suppressed by antih i s t amine drugs . The l ater phase developed 

whether or not the ' histamine' phase h ad been suppressed by antih i s t amine. 

The vas c ular changes inh ibited b y  sal icylate c onst it ut ed the maj or p ort ion 
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of  the inflammatory  response , and comprised the  delayed v�scular respons e .  

I n  thermal injury, too , i n  t h e  rat , a similar inhibitory effect of 

sali cylate has been observed ( Spector and Willoughby , 1960a ) . Adminis-

tration of DFP , which also prevents the activation by dilution of 

globulin PF (Miles , 1961 ) suppress ed the delayed increase in vascular 

permeability in rats after  thermal injury to the skin and also following 

intrap leural inj e ction of turpentine , ( Spector  and Willoughby , 1959b ; 

1960a) . Willoughby ( 1960 )  found that DFP also suppressed the delayed 

increased vascular _p ermeability in the rat intestine after irradiation . 

Fur ther, Willoughby ( 1961 ) states that apart from its diminution of 

vascular permeability , DFP led  to a striking r eduction of the mortality 

consequent on int estinal damage and also of  the associated blood-stained 

diarrh oea , which follows irradiation . Wilhelm and Mason ( 1960 ) failed to 

affect  the delayed increase in vascular permeability following thermal in-

j ury in the guinea-pig, rat and rabbit  with either DFP or trypsin inhibitors 

derived from soya bean, lima bean and potato . They found that DFP produced such 

general depression and o ther toxic signs in experimental animals that i t  was 

doubtful if it had any specific anti-inflammatory affect .  

Spector and Willoughby ( 1963a) suggest ed that a real objection to 

interpreting the ac t ions of salicylate and DFP as evidence in favour of 

the participation of globulin PF or kinin-f orming enzymes in inflammation 

lies  in  their possession of other effects .  Apart from inhibiting a wide 

range of enzymes and causing a number of metabolic disturbances, these 

comp ounds lead to a general suppression of vascular reactivity, so that . 

after their administrati on the increased vascular p ermeability induced by 

intradermal inj e c t ions of h istamine, 5-HT , globulin PF , or polypeptides  

i s  much diminish e d , ( Spector and Willoughby ,  1960a; sae also Northover 

and Subramanian , 1 961; Wilhelm, 1962 ) . Moreover, soya bean trypsin inhibitor 
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whi ch in vitro inhibits b o th globulin PF and kinin-forming en zyme s , has 

no aff e c t  on the vascular change s  o f  inflamma t i on ( Wilhe l m  and Mas on ,  

1 960 ; s e e  Mile s , 1 961 ) .  

In summary , in spit e of the above l imit ed eviden c e  f o r  th e rol e  of 

globul in PF , the l ack of d emons tration of the presen c e  of kinin-forming 

enzyme in the  infl ammat ory reac t i o n , and the insufficient evidenc e f or the 

participation of kinins , the c ommon explanat io n  for th e delayed phase re-

mains that discu s s e d  by Spec tor and Wil loughby ( 1 964c ) which p ostulates 

ac tivation of the globulin PF - kinin s ys t em that leads t o  the formation 

o f  plasma kinin s . They sugge sted  that the kinins would b e  formed from 

gl o bu l in substr�tes by the ac tion of kinin forming-enzym e s  such as 

plasma kal+ikrein th at exists normally in an inactive f o rm and may b e  

ac t ivated by injury . Globul in P F  whi ch , th ey sugge sted  appears related 

to  th e kinin-forming syst em may he  a pre cursor to the kinin-forming enzyme . 

However ,  these  auth ors have p o int e d  o ut that s ince salicylate  posse sses 

mult iple and c ompl ex ac t ions , the evidence for the a c tivation of globulin 

PF-kinin syst em in the delayed phase based on th e action of sali cylate ,  

cannot  b e  accep t ed with compl e t e  c onfidenc e .  

Hi s tamine i s  not b e li eved t o  par t ic ipate in the d el ayed phase .  

However , in view o f  Schayer ( s  ( 1 963)  findings of the inc rease4 hist idine 

d ecarboxylas e activi ty in the delayed response to injury ( s ee page 33 ) ,  

Wilh e lm ( 1 96 5 )  has suggested that alth ough the consensus of opinion favours 

the involvement of proteases and kinins , histamine cannot ·b e  ent ir ely di§B 

missed as a mediat or .  

Lo cal inc;ct i;vat.ion of anti-.inflammatory am.ine.s by injury: 
t ' � ¥ 9 • .&� ' ' .  $ 

S o  far the r eleas e and inacit ivat.ion o f  endogenous substances  that in-

c rease vascular p e rmeab ility have b e en discussed.  I t  i.s cl:ear , n owever t 



that the evidence impl icat ing kinin , kinin-fo rming enzymes and 

globulin PF is n o t  e ntirely c onclusiv e .  A s earch f o r  al ternative mech-

anisms c ontinues . 

It was considered possible that besides release of  substances 

i . e . , h istamine or 5-HT , the vascular chang e s  of  inflammat ion could be 

b rought about als o  by th e l ocal inactivation by inj ury of anti-inflammatory 

amines , such a s  adrenaline ( epinephrine )  who s e  pr esence would otherwise 

l e ad t o  vaso-constriction and reduced vascular permeability . Experiments 

t o  support th e idea th�t such a mechanism contribut es t o  the  devel opme nt 

o f  the inflamm a tory response have b een rep ort ed by Spector  and Willo ughby 

( ., 960b t c )  • 

Evidenc e  for the exist ence o f  this m e chanism i s  based on th e results  

o f  administ ering inh ibitors of monoamine oxidase ( MAO ) before inj ury. The 

vasoconstrictor ami nes , adrenaline , �oradrenaline and 5-HT are des troyed in 

t he body partly by cat e chol-a-methyl transferase and partly by MAO ( see 

Axelrod , 1 9 59 ) . The ina c tivation of any suddenly increased amount of these 

amines has been attributed to MAO , whereas t he normal regulation of  levels 

is probably maintai ned by catech ol-a-m ethyl transf erase .  

Spector and Willoughby ( 1 960b ) showed tha t  MAO inh ibi tors were partially 

effective in suppressing i ncreased vascular pe rmeability following thermal 
I 

injury in the rat , whereas pyrogallol , an inhibito r  o f  catech ol-o-methyl 

t ransferase had lit tle or no effect . The s e  workers further showed t ha t  if 

Dibenamine . an adrenolytic drug , was g iven simultaneously with t h e  MAO 

inhibitor , no s uppression of inflammatory o edema occurred. On the othe r 

hand, if bre tyl�um tosylate wh ich potent iat es circulating adrenaline and 

noradrenaline , but  prevents its release from nerve endings , was giv e n  

simultaneously with the inhibitor of  MAO., the anti-inflammatory e f f e c t  was 
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potentiated.  It  was also found tha t  systemic adminis t ra tion of  adrenaline 

suppressed the i nflammatory resp onse after thermal inj ury.  A similar effect  

was obtained with high doses of  noradrenaline . However , the above authors 

stated that "These results suggest  that adrenaline or noradrenaline was 

released at the  site  of inj ury and , when destruction of the amines was 

prevented , the inflammatory reacti on was suppressed" , ( Spector and 

Willoughby , 1 96 5 ) . Northover ( 1 963)  found that inhibitors of MAO suppressed 

the perm eability of the pe ritoneal vessel s in the mouse .  And , Rackallio 

( 1 963) has demonstrated by histochemi cal methods increased MAO activity in 

injured rat skin. 

In addition to thermal injury th e vascular changes following chemical 

injury ( Willoughby and Spector , 1 962 , cited by Spector and Willoughby , 1 96 5 ) . 

and X-ray inj ury to the intestine in the rat ( Willoughby , 1 962 ) have also 

been suppressed by MAO inhibitors , the effect in every case be ing reversed 

by Dibenamine . 

Exp eriments were then carried  out to det ermine the source of adrenaline.  

Since adrenalectomy failed t o  modify the inhibitory action of the MAO inhibi-

tors , medullary adrenaline was not considered to be involved . From their 

findings that bretylium tosylate did not r everse but potentiated tha activity 

of MAO inhibitors , Spector and Willoughby , ( 1 96 5 )  concluded that , "This would 
' 

seem t o  eliminate adrenaline from the nervous system a s  a source of our anti-
• 

permeability hormone"•  

More recen tly , these workers have carried out investigations on the 

metabolic pathway for the f orma t i on of adrenaline ( Spector and Willoughby,  

1 964a ; Willoughby and Spector , 1 964a ) . Inhibition o f  the  enzymes whi ch 

convert dopa t o  dopamine ( dopa decarboxylase )  and dopamine to noradrenaline 

and adrenaline ( dopamine beta-oxidase ) caused a reduction in inflammatory 
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exudate formation . It was c oncluded from this that the inflammatory re­

act ion mi�t be influenced not only by the destruction of adrenaline  and 

noradrenaline but also of  the ir precursors . 

The enzyme inhibitors of MAO , also o f  dopa decarboxylase , and dopamine 

beta-oxidase did not diminish the increased vascular pe�meability induced 

by histamine , 5-HT , globulin PF , bradykinin and kallikrein . To explain 

this , Sp ector and Willoughby ( 1 96 5 )  have suggested that the activity of  

the  above enzymes is  increased following inj ury and only under these  cir-

cumstances are the inhibitors of these enzymes  effective in suppressing 

p e rmeab�lity changes . 

From the results obtained the following hypothesis has been put forward : 

Following injury th ere is increased MAO activity inactivating adrenaline and 

noradrenaline . A t  the same time �here is increased activity of dopa decarbo-

xylase and dopamine beta-oxidase wh ich result s  in increased formation of the 

anti-inflammatory amines . During infl ammation MAO activity predominates and 

allows the inflammatory reaction to proceed ( see Spector and Willoughby, 

1 96 5 ) . This inte rpretation of the result s d ep ends on the assumption that 

the s ubstances employed as antagonists were specific in  the ir act i ons . 

O ther possible endogenous mechanisms responsible for the vascular changes 

of injury: ) . 

( 1 )  Augmented histamine synthesis : Yet another possible explanat ion of  the 

d elayed , sustained local vascular response to injury has been provided by 

S chayer ( 1 960 ; 1 961 a �b ; 1 963 ) .  In thes e  investigat ions it was found that 

a variety of insults , including chemical irritation , allergic reactions and 

inj ection of endotoxin , led to a l ocal increase in the histamine-synthesiz-

ing enzyme histidine decarboxylase . This  increase reached its p eak six hours 

after  injury , whi ch corresponds roughly with the d evelopment of  the delayed 
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It has b e en suggested  that such an addi t io nal synthesis o f  hist amine ( as 

opposed t o  release of  his tamine f r om the existing stores ) ,  could ac count 

for t h e  delayed vascular changes .  

S ince , h owever , these  delayed changes are unaffected  by antihistam ine 

drugs , the a c c ep t anc e of th is h yp othesis d epends upon the assump t i on that 

this newly form e d  histamine is not sus c ep t ible to ant ihistamin e s . More 

rec ently , S chayer ( 1 963 ) has p os t ul a t e d  that the newly formed h i stamine , 

or what he  terme d the ' indu c ed ' h i s t amine is the candidate most  l ikely 

resp onsible for the delayed chang e s , as  i t  is ' intrins i c ' ( Dal e , 1 948 ) .  

He also  postul a t e d  that this histam ine w ould b e  rap idly destroyed o r  in­

ac t ivated locally and , therefore , woul d not be detec tabl e in e xudat e s  or 

in the bl ood c ir culation . At pr esent there is no posit ive evidence  t o  

support t h e  view that newly formed histam ine is  responsible for the later 

s t ages of acute inflammat ion . 

(2) PolYffiorphonuclear leucocyte s  and lactic acid : 

It has b een noted that the delay e d  increase in vas cular p e rmeabil i t y ,  

seen i n  many t yp e s  of t issue inj ur y ,  c oincides with the ons e t  of leuco cyte 

emigration f rom th e affected vessels ( se e  Mil e s , 1 96 1 ) .  This phenomenon 

has b e e n  observed in the Arthus reaction ( St e t son and Good , 1 9 51 ; 

Humphrey , 1 9 5 5a )  .t in bacterial infe c t i ons ( Burke and Miles , 1 9 58 ) and 

r e cently in ult raviolet injury ( Iogan and Wilhelm , 1 966a ) .  Moreover , if 

t h e  numbers of circulating p olymorph onuclear l eucocyte s  are reduced by 

inj e ct i on of  ant i l e.ucocyti c  serum (Humph re y ,  1 95 5b )  o r  administration o f  

nitrogen must ard ( St e t s on and Good , 1 -9 5 1 ; H-umphrey � 1 95 5a ; Page and Good 

1 9 58 ) , the o edema and l eakage of  c irculating dye resulting from local in­

j ur y  by ant igen-ant ibody union are c ons-iderably redu c ed .  The s e  r esults 



-3 5-

indicated that p olymorphonuclear neutrophile at the sit e  of injury 

migh t  yield a substanc e that contribut es to the maintenance of alt ered 

vascular per�eability.  In the guinea-pig , h owever, extract s  of  granulo­

cytes have · no permeability-increasing effe c t , and may even be  inhibitory 

( Miles ,  1961) .  I n  view of this observation i t  has been suggested  by Miles  

(1 96 1 ) that granulocyte s  might  increase vascular permeability indirectl y  by 

virtue of the lactic  acid these cells produce in glycolysis .  Thi s  is 

supported  by the observation that 90 pg of  lactic acid cause maximal 

vasodilatation in 1 g .  of guinea-pig skin ( Miles , 1 961 ) .  Further , in­

creased local l actic acid production has b een shown in the Schwartzman 

reaction ( Thomas and S tetson , 1 949) . 

On the othe r hand , other types  of t issue  insult may cause int ense 

leuc ocytic infilt rat ion, wi thout a demonstrable increase in glycolysis or 

lactic acid accumulation ( Thomas and Stets on , 1949 ) . Moreover , in the rat 

agranu.locytosis induced with nitrogen mustard fails to lessen the inflamma­

t ory oedema consequent on thermal injury ( Hurley and Spector , 1961a ) . 

Also , in the rat , delayed l eucocyt e emigration, caused by inje ction of 

saline or his tamine is not acc ompanied by any increase in vascular per­

meability (Hurley and Spector , 1961 b ) . Recently , Logan and Wilhelm ( 1 966a ) 

have reported t hat the  late permeability response in ultra-violet  injury 

in the guinea-pig , rat and rabbit does not depend on the associated  tissue 

l eucocytosis . These  findings indicat e  tha t the accumulatians of  l eucocytes 

in injured t issues have little  influence on vascular pe rmeability . 

(3 ) Fibrin depositi.pn and the vascul�r re;spon,se to injury: 

Jancso ( 1 96 1 ) has suggested tliat increased vascular permeability aft e r  

inj ury i s  i n  some way a consequence o f  fibrin formation o n  the inside o f  the 

small vessel s .  This hypothesis was based on the observation tha-t ,  af t er 



-36-

injury. c�lloidal s ilver adheres to the walls of small vessels, e specially 

venul es and i s  incorporated into the cytoplasm of  the vascular endothelium . 

Jancso considered that this might b e  due to trapping of the colloidal 

particles by fibrin and showed that administration of c erta in anticoagulant 

drugs diminished this effect and also l ess ened oedema after many type s of 

inj ury . H e  found also that rats r endered af±brinogenaemi c  showed similar 

suppression . 

Spector and Willoughby (1 963a ) in their review of the sub j ect  present ed 

a number of diffi culties whi ch make Jan c so ' s int erpretation of his resul t s  

unac ceptable . For example, they suggest that if Jancso ' s view were corre c t, 

i t  migh t be exp e ct e d  that electron micrographs of inj ured venule s  would re­

veal a fibrin laye r  such as he  has pos t ulated. This has not b e en det e c t ed 

( Alksne , 1 95 9 ; Moore, 1 959 ; Marchesi, and Florey , 1 960 ; Florey and Grant, 

1 96 1 ; Palade , 1 96 1 ; Williamson and Gri sham , 1 96 1 ) .  Other type s of in­

vest igation based on the induc tion of h ypofibrinogenaemia , too, have 

failed to find evidence involving fibrin or fibrinogen in the properties 

ac quire d  by inflammed blood vessels ( Allison and Lancast er ,  1 960 , 1 96 1 ) o  

( 4) Activation by injury of enzymes in the vessel wall : 

Spe c tor and Willoughby ( 1 963a ) suggested that i f  this occurred histo­

chemical inves tigations might reveal activat ion of enzyme s  in the vessel wall 

af t er injury . 

Invest igat ions of other poss ible mediator.s in inflamma t ion : 

1 .  Nucleosides : The ability of nucleosides to increase vas cular 

p e rmeab ility has b een investigat e d  in the rat and in man ( Spector and 

Willoughby ,  1 957a ) . In the rat the nucleosides inosine , a denosine, and 

guanosine were a c t ive.  Inosine was  inactive in  man but xanthosine , whi ch 

was ina c tive  in rat s , caused a response i n  some human s ub j ec ts although 
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n o t  in others . Nucleosides increas e  vas cular permeability by releasing 

hi stamine (Moult on et al , 1 957 ; Spector and Willoughby , 1 957a ) . 

2 .  Hyaluronidase : Hyaluronidase has b e en stated both t o  increase 

vascular pe rmeability and to have no effect on it and is p��bably of no 

importanc e in increasing vascular permeability in inflammation ( s e e  Florey , 

1 96 2 ) . In th e rat skin Spe c t or ( 1 958 ) found tha t puri fied hyaluronidase 

caused l eakage of trypan blue at a concent rat ion of 1 mg/ml but not be low 

th is l eve l .  He did not mention the amount inje ct ed . The auth or s ta t e d  

that most o f  t h e  evidence i s  against a s i gnificant action o f  hyaluronida s e  

o n  vas cular p ermeabilit y . 

3 . L.e cithin.ase s : Alth ough investigat ions s o  far have failed to incrimina t e  

l e ci thinases in the late phase  of the inflammatory response to thermal 

and ultraviolet  injury ( Wilhe lm and Mason , 1 960 ; Logan and Wilh elm , 1 963 , 

1 966c ) , several observat ions revi ewed recently by Wilh e lm ( 1 965 ) s uggest 

tha t  they re quire further study. 

4 .  Necrosin and exudin : Menkin ' s  ( 1 956 ) necrosin and exudin have pro­

p erties similar to tho s e  of a tryptic tissue enzyme ( Gorkin , 1 957 c it ed by 

Wilh elm , 1 965 ) , kallikrein , and globulin PF ( see Wilhelm , 1 965 ) . 

Leucocyt e Emigration 

A prominent f eature of the inflammatory response is th e emigration 

of leuc ocytes  from small blood vessels int o the injured tissues and their 

ac cumulation at this sit e . The emigration is preceded by the mo vement of 

l eucocy t e s  in the blood vessel from the c en t r e  t o  th e periphery o f  the 

blood s tream ( i . e .  margination) and by the adh esion of the c ells t o  the 

lulllinal surface o f  the vascular endothel ium ( see  Flor ey , 1 962 ) . 

There has been much speculat ion about t h e  meshanism of leucoc-Yte 

emigration . It i s  now b elieved that there are at l east four mechani sms 
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whereby emigration might be braught about . These are ( i )  chemotaxis ( i . e . , 

a positive directional response t o  a chemical stimulus ) ,  ( ii )  the changes 

in the vessel wa�l which lead to increased p ermeability to protein , ( iii )  

changes in the  vessel wall other than those associated  with increased 

permeability to protein , and ( iv )  changes  in the leuco cytes themselves 

leading to the ir migration ( see Spector and Willoughby , ( 1 963a ) . 

Adhesion of l eucocytes to vascular endothelium : 

Leucocyte emigration depends upon adhesion of leucocyte and endothe­

lium . Observations on living vess els in rabbit ear chambers and the delay 

which ensues between injury and onset of  adhesiveness may indicate that the 

essential change , resulting in leucocyt e adhesion , oc curs in the endothelial 

cell ( Grant et al , 1 962 ) .  Thes e  authors concluded this  from a consideration 

of the delay whi ch occurs before l eucocyte adhesion begins . They considered 

that this points to some effec t  on the static endothelial c ell rather than 

on the leucocy t e  being carried along in the blood stream . No direct  

evidence  was provided to support this . Spector and Willoughby ( 1 963a ) 

suggested that onc e  such adhesion has occurred , the natural mobility of 

the leucocyt e could lead t o  some degre e  of emigration . 

The adhesion of leucocyte to endothelial cell has been most commonly 

explained on the basis of an adh e sive c oagulum deposited on the endothelial 

surface which traps the cell s .  However , electron micrographs of . inflamed 

venules have fail ed to reveal the presence of such material ( Marchesi and 

Florey , 1 960 : Florey and Grant , 1 96 1 ; Williamson and Grisham , 1 96 1 ) .  

Moreover , this hypothesis fails t o  exp lain the relative immunity from 

adhesion exhibited by soae typ es of blood cells , notably small lymphocytes 

and erythocytes .  More recently , there have been several attempts to  explain 

the phenome:non of leucocyte adhesion to endoth_elium in terms of eleetrochem­

i cal forces  that may influence  cell surfaces in such a way as to alt er their 
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a dhesive properti e s .  I n  spite  o f  these  investigations , mechanisms res­

ponsible for the phenomenon , remain obscure ( se e  Grant , 1965) . 

Chemotaxis and leucocyte emigration : 

Chemotaxis of leucocytes , especially granulocytes , has received 

much attention . Harris  ( 1 95 4 )  reviewed the literatur e  and concluded  that 

much earlier work was of doubtful value because of inadequat e  te chniques . 

In his experiments ,  Harris ( 1953) demonstrated a lack of correlati on 

b et ween  the ch emotacti c powers of microorganisms in vitro and their 

ability to induce granulocytic accumula�ions in vivo . Thus , living 

Salmonella typhi and M . tuberculosis which *ere chemotacti c to  granulocytes  

in vitro were distinguished by their lack of  e ffect on the emigration of 

granulocytes in the body . In addition , Strep. pyogenes , Bacillus anthracis 

and Klebsiella pneumoniae, which were not chemotactic in vitro , induced 

granulocyt�ic accumulations in the body . 

Findings of Meier and Schar (1957) cited by Spector and Willoughby 

( 1 963a ) , indicated that the chemotactic properties of micro-organisms 

m i ght  be due to their content of polysaccharide  or lipopolysaccharide; 

they found such chemical compounds to be chemotactic to  polymorphs .  These 

observations are at variance with those of Harris ( 1953 ) that clumps of 

killed Staph . albus are not chemotactic to granulocytes . Fin�ll� according 

t o  Spector and Willoughby ( 1 963a) , many workers have attempted t o  show that 

various tissue  fluids or tissue extracts are chemotactic  to  l eucocytes , but 

by Harris ' s criteria they have not succeeded. Nevertheless , thes e  experi­

ments have demonstrated the ability of the se fluids or extracts  to acc elerate 

the random movement of  leucocytes . Spector and Willoughby ( 1 963a) suggested 

that in the inflammat.ory res.ponse , an effect of this nature would be  as 

important as true chemotaxis since an increase in random movement would ,mcreas e 
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the chance of contact between the l eucocyte and vascular endothelium. 

The importance  o f  chemotaxis in leuc ocyte emigration is  still uncertain . 

Leucocyte emigrat ion as a result o f  increased vascular permeability to 

protein :  

Menkin ( 1 938 ) was first to c oncentrate intensively on h istological 

methods to  d emonstrate leucocyt e emigration-inducing properties of his 

' leukotaxine ' preparation. Menkin ' s  interpretation of h is results l ed to 

some confusion whi ch was only resolved  when Hurley and Spector ( 1961b ) 

emphasized th e importance of time factors . They demonst rat ed that single 

inj ections o f  sterile pyrogen free  sal ine and of oth er solutions will lead 

to significant l eucocytic  emigration at the injection sit e ,  pro vi de d  that 

some hours are allowed to elapse  between inj ecti on and histological examin­

ation .  This , d elayed l eucocyt i c  emigration and the ab sence of such a res­

ponse in the ini t ial two hours after inj ection , explained the discrepanc ies  

of  the  e ffect  in  vivo of  various substances on  the mov ement of l eucocytes . 

Single inj ec tions of various endogenous p ermeability  factors in 

amounts sufficient to cause an increase in vascular p e rmeability induce 

leuc ocyte emigration more than 45 minutes after  inj e c tion.  The increase 

in vascular permeability lasts 1 5-20 minutes ( rabbit globulin PF is an 

exc ep tion to this which produce s  a prolonged effe ct in rabbit skin ( Wil­

helm et al t 1 9 58 ; see Miles and Wilhelm ,  1960a ; Wilhelm , 1 965 ) .  I f  

leucocyte emigration coindiced with the permeability change it might b e  

thought tha t  all compounds that increase vascular p ermeab ility also induce 

leucocyte emigration . Menkin ' s  l eucotaxine is said  t o  cause l eucocyte 

emigration w ithin 45 minutes of  inj e ct ion ( see Spector and Willoughby , 

1 963a ) . Inj ections of large amounts of permeability factors are said to 

induce leucocyte emigration in less than 45 minutes but �he doses nec essary 

are so high as to throw doubt on the meaning of the result . In the guinea-
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pig the amount of  histamine needed for an effect  on leucocyte s  is 

50 t o  1 00 times  that which produces  a strong increase in vascular 

p e rmeability ( Wilhelm et al , 1 955 ) and a similar situation exists with 

regard to bradykinin (Lewis , 1 96 1 ) ,  globulin PF (Wilhelm et al , 1 955 ) 

and pep tide mixtures derived from fibrin ( Spector , 1 95 1 ) .  From these 

result s  Spector and Willoughby ( 1 963a ) concluded that i t  seems unlikely 

that release or activation of vascular permeability substances c ould be  

responsible for the considerable accumulat ion of  leucocytes seen  in most 

t ypes  of  injury . More re centl y ,  Spector and Willoughby ( 1 964b )  provided 

f urther evidence which supports the view that increased vascular 

p ermeability to  protein and emigration of  leucocytes are separate  

phenomena . Gfowland ( 1 96 4 ) also supported the view from studies on 

l eucocyte emigration in mw and concluded that the mechanism for l�ucocyte 

emigration does not appear to be chemotactic or to depend on permeability­

promoting substances . 

Leucocyte emigration due t o  specific changes in leucocytes or blood vessels : 

The idea that leucocytic emigration was related to  neither chemotaxis 

nor to increase d  vascular permeability recei ved little attention.  However , 

it  has become evident that there is no correlation between the ability of  

various extract s  or chemical substances t o  increase vascular permeability 

and t o  affect l eucocyte emigrati on .  Spector  and Storey ( 1 95 8 )  found that 

extracts of oestrogeni zed mouse uterus had as much effect on permeability 

as comparable extracts of  other tissues  but possessed a relatively much 

greater activity in promoting migration of leucocytes . Hurley and Spector 

(1 96 1 b )  demonstrated that following. intradermal inj ections of his·tamine and 

plasma proteins , ljir•ge-scale leucocytic emigration develop-ed after the in­

creased vascl;l.lar permeability induceljl by tbe·se substances  had returned to  
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normal . Th�y al.s o  demonstrated a s eparation of the vascular and l eucocytic 

events in thermal injury . 

Because l eucocyte emigration could not b e  explained in t erms of 

chemo t axis or increased vascular p ermeability, th e exis t ence of a sp ecific 

endogenous mechanism for l eucocy t e  emigration has b een p ostulat e d .  

Sp eculati ons on this mechanism have b een reviewed b y  Sp ector and Willoughby 

( 1 963a ) . It has been suggested that injury may l ead t o  an increase in the 

pseudopodial act ivity of the l eucocyt e s, facilitating adh esion to th e endo­

thelium and accelerating their movement , so  that the cells migrat e  through 

th e vessel wall in large numbers . Al t ernatively , the r e  may b e  an e ffect on  

th e vessel wall , increasing th e activi ty of the  endothelium , a t tacking the 

int egrity of basement m embrane , op ening up gaps at the int erendothelial 

j un c t ions , o r  merely rendering the endothelial surface ' adh esive ' ( or 

non-repulsive ) t owards l eucocy t e s . At  the moment , the re  is insufficient 

evidence to support these various poss ibili t� es . 

In an a t t emp t to define a specific endogenous m echanism for leucocyte 

emigration, Hurle y  and Spector ( 1 961 a )  found that o f  saline extract s  prepared 

from many dif fe re nt tissues only that obtained from granulocytes induced leu� 

cocytic emigration within 40 minu t es of intradermal inj ection . A similar 

p r op erty was acquired by serum after  i t s  incubation with certain t issues, 

notably liv e r .  From these resul t s, Hurl ey and Spect o r  ( 196 1 a )  p os tulated that, 

plasma extravasat e d  after injury ( owing t o  increased vascular perm eability ) 

acquired the p r op erty o f  inducing leucocyte emigration through contact with 

damaged tissue cells o r  with granulocytes damaged directly o r  damaged 

as a consequence of adhesion t o  inflame·d vess e l s .  Spe ctor  and Willoughby 

(1 964b ) have supported this view . They suggested that emigrat io� of  

leucocytes after injury may b e  due to  the  operati on of  specific qhemical 

mediators . S e rum extracts of r a t  l iver (liver extract facto r  - LEF) and 
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lymph node permeability factor ( LNPF ) , discussed later , were proposed 

as models for such substances . Re cently , Ryan and Hurley ( 1 966 ) from 

studies in an in vitro tes t  system , suggested  that damaged tissue may 

interact with s erum to produce a factor whi ch is chemotactic to polymorphs .  

In  summary� considering the above thre e  possible mechanisms o f  

l eucocyt e emigration after injury , i . e . , chemotaxis , i ncreased  vascular 

permeability to protein , and the postulated specific endognous mechanism , 

Spector and Wil loughby ( 1 963a )  c oncluded that it seems l ikely that all 

three may play a role . The slight migration of leucocytes seen immediately 

after injury could be  a result of increased vascular permeability.  The 

much more extensive migration that develops later , coul d ,  in the case of 

bacterial infection ,  be due t o  chemotaxis , and , in non bacterial injury , 

c ould follow the operation of a specific endogenous mechanism such as 

t hat outlined..!above . 

Development of mononuclear c ell predo�inanc e  i n  inflammatory exudates : 

I t  is now well known that in the early stages of an inflammatory 

response the cellular exudate is dominated by polymorphonuclear neutrophile . 

As  the reaction subsides mononuclear leucocytes replace polymorphs as th e 

preponderant c ell  typ e .  The duration of the phase of polymorph dominanc e  

depends on the cause of the inflammatory reaction. In bac terial infections 

associated with pus formation,  polymorphs remain in the maj ority until 

resolution or or.ganisation supervene s .  I n  o ther bacterial infe ctions , e . g. , 

tuberculosis or typhoid f·eve r ,  pc:>l.ymorphs are virtually absent from the '-· 

c ellular response seen in established l esions , the cell population being 

predominently mononucle'ar eells . It  has , ho·we·ver ,  been established � . at 

least in the case of tuberculosis (Bhoola e t  al, 1 960) and brucellosis 

(Braude , 1'95 1 )  that the very earliest stage·s of in.fectioa are a c companied  
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b y  an i nflammat ory exudate in which polymorphs are transiently predominant . 

Spector and Willoughby ( 1 963a) concluded "It  seems, then , that the re­

placement of polymorphs in the exudate by mononuclear cells is a constant 

f eature of the inflammatory respons e" .  

The mononuclear cells of inflammatory exudate could b e  derived from 

ei ther the blood or tissue cells . Studies to reveal transformation of 

connective tissue or endothelial cells  into any form of mononuclear 

l eucocyte have  failed ( Clark et al , 1 936 ; Ebert and Florey , 1 939 ) . No 

mitotic activity has been noticea in tis sue macrophages  that might indicate 

that proliferation of these cells is  the source  for mononucl ear cell pre­

ponderance ( Paz and Spector , 1 962 ) .  There is , on the other hand , a great 

deal of evidence to indi·cate that mononuclear cells of inflamed tissues are 

haematogenous ( Ebert and Florey T 1 93 9 ;  Kolouch, 1 939;  Rebuck and Crowley , 

1 955 ; Kosunen et al , 1 963 ; Volkman and G;owans , 1 965a and b ) . Recently ,  

Spe ctor , Walt ers and Willoughby ( 1 965a) have further supported the vi�w 

o f  the haematogenous origin of mononuclear cells in inflammatory exudate 

by autoradiographic  studies . Spector and Coote ( 1 965 )  by  using similar 

t echnique of labelling differentially various types of leucocytes f ound that 

in the reaction t o  paraffin oil almost all the macrophages , epithelioid cells 

and occasional giant cells were derived from what they desc.ribed , as • typical '  

blood monocytes . More reeently , Spector and Lykke ( 1 966)  have shown that 

in granulomatous inflammation too , the mononuclear infiltration at the 

reaction site  i s  due mainly to blood monocytes  ( see als o  Spector , 1 967 ) .  

Considering that mononuclear cells of  the inflammatory exudate are 

derived from blood leucocytes , there can be various possible explanations 

of their accumulation ( see  Spector and Willoughby, 1 963a ) . The common view 

is  that there  i s  a selective emigration of monocytes and lymphocyte s  from 

injured vessels which takes place after similar emigration of polymorphs 
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has  ceased. A number of reasons for this selective migration have been 

suggested , e . g . , pH changes , but lack of e vidence has prevented their 

acceptanc e .  The observation that monocytes respond chemotactically to  the 

same stimuli as do polymorphs (Harris , 1 954) makes an explanation based on 

chemotaxis di fficult  to  accep t , considering the differential accumulation 

of cell t ypes.  The third possibility is based on the findings of Clark et 

� ( 1 936 ) , who concluded that the mononuclear predominance of late inflam­

matory exudates was the result of emigrated  polymorphs changing to degenerate 

forms . This hypothesis is not accepted for several reasons discussed by 

Spe ctor and Willoughby ( 1 963a ) . 

Evidence supporting the view that polymorphs and monocytes emigrate 

concurrently , the former then disappearing and the lat ter remaining , has 

b e en provided by Paz and Spector ( 1 962 ) . They found that polymorphs and 

mononuclear c ells left the vessels concurrently, However , pol�morphs 

left faster than did the mononuclear c ell s , so that a dominance of poly­

morphs was soon established in the t issues . Once emigration ceased , the 

polymorpha disapp eared due to their disintegration and their movement 

further away from the blood vessels .  The mononuclear cel ls , on the other 

h and , remained in the vicinity of the vessels and underwent transformation 

to macrophages  and thence to special types  whose nature depended on the 

s timulus . Boughton and Spector ( 1 963 ) reported similar findings from 

studies on the t uberculin reaction in guinea-pigs, Recently , however , Hur­

ley  et al ( 1 966 ) have reported results cont rary to those of Paz. and 

Speotor.  They found that instead of polymorphs and monocytes leaving the 

vessels concurrently but at different rates (Paz and Spe ctor , 1 962 ) , there 

was a biphaaic emigration of leucocytea into the inflamm�tory exudat e  - an 

earl y ,  relatively brief - escape of polymorphs being followed by a late , 
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more prolonged · - emigration of mononuclear c ells . From these results 

they concluded that the polymorph and mononuclear leucocytes migrate 

independently and successively into the exudates , and that a separate 

mechanism controls the escape of each cell typ e .  

Lymphocytic accumulation in inflammatory exudate :  

Lymphocytes are seen in long-standing inflammatory exudates and 

are present at the periphery of tubercles and other granulomatous lesions . 

They are also found in the mononuclear cell exudates of inflammatory res­

ponses which , although of several days or weeks duration , are not as 

chronic as those  of infective granulomata .  Collections of lymphocyte s ,  

often i n  a perivascular situation , are also observed i n  healing tissues 

where all other c ellular reaction has ceased . They are also the only type  

of cells involved in  certain mild inflammatory reactions , e . g . , due to 

viral invasion or  an immunological reaction .  

Several possible explanations have been suggested f o r  the accumulation 

of lymphocytes in inflammatory exudate s .  Clark et al ( 1 936 ) considered 

that degenerate  p olymorphs may a ccount for foci of lymphatic accumulations . 

Harris ( 1 954 )  suggested that the accumulation might be due t o  a specific 

change in vessels leading to selective emigration , or to immobilization of 

lymphocytes in the process of circulat ing through the t issues , or t o  migrat­

ion from lymphati c s .  Spector and Willoughby ( 1 963a ) have proposed that al­

though these mechanisms may ope rate ,  once lymphocytes can be induced t o  

adhere to  the e ndothelium , emigrat ion and local accumulation might occur 

. without the nec essity for further changes.  They considered that the 

differences betwe en the surfac e  properties of lymphocytes compared with 

those of monocytes  would make it more likely that lymphocytes will s tick 

to  endothelium .  They suggested that spe cific antigen-antibody binding , 

c ould serve as the basis of a system causing adhesion of the lymphocyte s .  
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It was proposed that lymphocytes bearing antibody on their surface might 

adhere to and migrate through endothelium on whose surface the appropriat e  

ant igen i s  present . This hyp othesis gains s upport from the observation 

that lymphocytes actually carry the antibodies  causing many delayed  

hyp ersensitivity , homograft and heterograft reactions ; all of thes e  re­

actions are characterized by l ymphocytic  accumulations . Further , Najarian 

and Feldman ( 1 96 1 ) showed that labelled sensitized lymphocytes accumulate 

at the site of inj e ction of antigen ,  whereas non-sensitized labelled 

lymph ocytes fail to  do so . Spe ctor and Will oughby ( 1 963a ) further 

suggested that lymphocytic a c cumulations in infective granulomata c ould 

also be  attributed  to antigen-antibody react ions , and those found in scars 

c ould be associated with protein synthesized locally in healing tissue s ,  

wh ich might have a special affinity for the lymphocyte surface . 

Summary and Conclusions : 

It is clear from the above review that d espite intensive experimental 

investigation in recent years into the inflammatory process , particularly in 

the rat and guinea pig , 1 1our knowledge of inflammation remains largely des­

criptive , and we still have little pre cise information concerning the chemi­

cal mediation of the characteristic vascular reactions" ( Wilhelm , 1 965 ) . 

It  is now clearly established that the permeability response is  

often biphasic - with early and late phases . The former is transient , 

whereas the latter  is prolonged and probably the maj or part of the reaction . 

Histamine and/or 5-HT mediate the early phas e .  Although mast cel4. , 5-HT 

has been found to play a certain role in the  acute inflammatory response in 

the rat , this remains to be shown in other animals .  In fact , the absenc e o f  

5-HT from mast c ells o f  animals other than the rat and mouse suggests that 

i t  is unlikely to be a med ia tor of the permeability response in these 
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o ther speci e s .  

The m echanism of  t h e  d elayed phase i n  the  increase o f  vascuiar 

p e rmeability remains uncer�ain . In spite  of  t h e  powerful effects o n  

vascular permeabil i t y  of  p lasma kinins and the e n zyme s  which form them, 

their role in inflammat ion in s till to be establish e d .  Further,  the 

in ter-relationships o f  gl o bulin perm eability factors , kinins and kinin­

f orming enzymes are far from c lear. The signifi canc e  of  histamine in the 

d e layed phase is not s e t t l e d .  The mediators o f  the delayed phase have still 

t o  be  certainly i d entifie d .  

O n  l eu c o cy t e  emigration, "whereas there i s  agr e ement o n  a f e w  basi c  

fac t s ,  there is disagreement on most of the c ritic al i ssues '' (Gran t ,  1 96 5 ) . 

Th e mechanisms responsibl e for  the phenomenon r emain obscure . 

The invest igati ons reviewed indicate that the mediation of the 

inflammatory r eac tion is probably no t the same in d if ferent animal spe c ies . 

V irtually no information is availafie concerning this in domesticated animal s .  

The present w ork o n  t h e  c omparat ive patho l ogy o f  inflammation in the 

sh eep was undert aken to p rovide informa tion on the nature of  th e inflammato ry 

process in th is species . Fur th e r ,  i t  was hoped that the  r esul ts woul d  help 

to explain c ertain spe c i e s  differences i n  the inflammatory reaction and so 

c o ntribute to an understanding of the p rocess as a whol e .  

Tabl e  2 outlines the experimental work .  



M A T E R I A L S A N D N E T  H O D S  



MATERIALS AND METHODS 

Only those mat erials and methods are mentioned h ere that relate t o  

all the experiments . These will be re ferred t o  many t imes .  The �pe cial 

materials  and methods tha t  pertain to particular experiments are described 

wi th those experiments .  

Animals : Romney x Cheviot lambs , of either sex ,  weighing about 20 kg.  and 

6 - 10 months of age were used throughout . In these  animals skin was thin , 

soft and pliable and especially suited for p ermeabilit y  experiments .  Older 

sheep with thick and tough skin were not used . 

Induction of inflammation :  Inje ctions of turpentine were used t o  cause 

chemical injury and so induce a sterile inflammatory response .  Turpentine 

was either inj ec t ed intradermally  in volumes of 0. 1 ml . ,  or intrapl eurally 

in volumes of 0 . 5 ml . The intrapleural inj ection resulted in pleurisy.  

Intrapleural inj ections were made in the  following way : - The lamb 

was held lying down on the left side . A wide bore 1 5  gauge needle was 

pushed slowly through the clipped skin over the lower half of the 4th to 8th 

intercostal space . The entrance of  the needl e  into the pleural cavity  was 

accompanied by a hissing sound produced  by the inward rush of atmospheric 

air .  The sound was easily d etected by an ear kept close t o  the needl e .  A 

smaller needle ( 2 1 gauge ) ,  attached to a tuberculin syri nge that contained 

turpentine , was then carefully  introduced into the 1 5  gauge needl e , and 

0 . 5 ml . turpentine inj ected into the pleural c avity.  The needle was th en 

slowly withdrawn . The 1 5  gauge needle was also  withdrawn carefully . Its  

open end  was kept  closed with a finger to  prevent efflux of turpentine . 

The whole procedure t ook about 5 minutes . 

Animals whose  lung was punctured accidently by the needle while in-
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j ecting , were disc arded . Such a mishap was characterized by e fflux of 

frothy blood from the needl e .  

Pleural exudat e  was colle c t e d  from animals killed a f t e r  the appropriate 

interval . The right pleural spa c e  was opened and the exudate withdrawn 

with a steri l e  1 0  ml . syring e  and transferred t o  a sterile re ceptacle .  

At no stage was blood allowed to  c ontaminate the exudate when th e thorax 

was opene d .  After collection the exudate was either use d  at onc e  or  stored 

at - 1 0°0 unt il required . The colour , the presence of cells in the exudat e ,  

its coagulation after collection and the fibrinous nat ur e  of the pl eurisy 

were noted and are discussed lat e r .  

( 2 )  Thermal injury. The standard injury was produced by applying the end 

of a c opper rod ( 1 6 mm . diameter ) at 70°0 for one minute to th e clipped 

akin of the back . The rod was heated to this temperature in a wat er bath 

and maintained at 70°0 until applied t o  the sheep . The response to thermal 

injury was studied only in limi ted cases , because of the difficul ty of pro­

ducing a cons ist ent reaction each t ime . This was due to mo�ement of the 

animal while th e c opper rod was being applied to the skin . S ince it  has 

b e en shown that the vascular p e rm eability response is reduced by general 

anaesthesia ( Miles and Miles , 1 9 52) and could as well be affected by other 

pharmacologically depressant agents , exp eriments were not undertaken in 

animals unde r  the influence of general anaesthesia or  other drugs . 

Had the s e  b e en used in rest raint it  would still have been necessary 

to carry out experiment s in normal animals t o  e stablish the effe cts of the 

pharmacological agent s use d  on the  inflammatory response .  

Skin biopsy: The s e  were taken for histological study by a circular dermat ome 

of internal diam e t er 1 cm . 
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Estimation o f  increased vascular permeability: 

( 1 )  Macroscopically: The method most commonly used depends on the fact 

that dyes such as pontamine blue , trypan blue and Evan 1 s  blue do not  pass 

through normal cap illary walls  after intravenous inj ection because they 

become attached to plasma proteins - particularly albumin ( Rawaon , 1 943 ) . 

The movement of protein molecules coupled wi th dye out of the blood 

vessels is associated with c olouring of the tissue surrounding the 

vessels , and indicates an increase in permeability of the smaller vessels . 

The dye test seems to  have been introduced by Ramsdell ( 1 928 ) .  

To test the effect o f  various substances  on vascular permeabil i ty 

this method was used as follows : - First a solution of the dye was inj ected 

intravenously into the animal . Then the sub stance to be tested , dissolved 

in sodium chloride s olution of suitable tonicity , was injected intradermally 

into the previously shaved skin. An increase in vasc ular permeability was 

produced by the intradermal injection of a number of substances . These 

caused leakage o f  dye into the tissues , forming a coloured pat ch around 

the point where they were injected ( fig. 1 2 ) . Both the diameter of the 

patch ,  and the intensity of colour , gave an e stimate of the increased vas­

cular permeability produced by the solution injected . An advantage of this 

method is that a number of inj ections can be  made at different sites at the 

one time in th e same animal . In this way the activity of different substances 

and different amounts o f  the same substance can be examined under similar 

conditions and compared (Florey , 1 962 ) . The size of the she�p permi tted 

the same animal to be used both to  test the p ermeability-increasing effect 

of  a substance , and the possible suppres�ion  of its effe ct  by antagonist s .  

This  reduced variations in results  due t o  differences between individual 

animals . 

All the present observations on sheep were made on the skin o f  the back ; 



experiments were started within an hour of shearing and clipping the area. 

Sheep were inj ected intravenously with pontamine sky blue 6BX ( Edward 

Gurr Ltd . , London)  2 5  mg/kg body weight in a 5 p er c ent solution in  0 . 8 5  

per  cent saline . The solution was freshly prepared and filtered for 

each experiment . Animals inj ected wi th the dye are re ferred to as ' blued ' 

and were used within 1 0  minutes after inj ection. In those cases  where 

the skin had been injured during shearing the skin became bright blue 

within a few minutes of ' bluei ng ' . Such areas were not used for inj ections 

of test substances or their antagonists . 

All solutions inj ected were made  up in 0.85  per c ent  saline , which 

by itself was found not to induc e  blueing . Test solutions were inje c ted  

intradermally in 0 . 1  ml . volume , which initially raised a small bleb . 

Injections were made with a one ml . tuberculin syringe using a 26 gauge needle .  

A separate syringe was used for each test substance . The sites of injections 

were marked with a red grease pencil . The insertion of  the needle produced 

a traumatic blueing 0. 5 - 2 mm in diameter but never greater than th is . 

When the diameter of the area of blueing exceeded 4 mm .  the  increase in 

vascular permeability was considered significant and to be due to  the in­

j ec tion of the test substance . The d iameter of the blue areas was measured 

with a Vernier Calliper.  In individual animals differences in the intensity 

of t he colour were assessed in grades  of ascending intensit y ;  + ,  ++ , +++ 

and ++++ ( Miles and Wilhelm , 1 95 5  used a similar scal e ) . 

Th e  method described worked well in sheep• The inj ec tion of s ubstance s  

which increased vascular permeability p roduced a well-defined area o f  blueing 

and with standard doses of test substances there was a sat isfactory degree 

of reproducibility of results both within and between individual sheep . 

( 2 )  Microscopically: To evaluat e  increased permeab ility of blood vessels 



histologically , the method of Majno , Palade and S choefl ( 1 961 ) was use d .  

These w orkers used colloidal carbon as a n  indicat or o f  increased vascular 

p e rmeability in the rat ;  they found that c arbon was t rapped in the wall o f  

t h e  particular v essels through which plasma protein was escaping a n d  s o  

marked them . 

Preliminary observations showed that the same technique was applicable 

to the sheep . T o  demonstrat e from whi ch vessels the protein leake d ,  in the 

sh eep , a colloidal suspension of carbon ( supplied by Gunther Wagne r  Pelikan 

Werke , Hanove r ,  Germany : batch C 1 1/1 431 a )  was inj e c ted intravenously uqa 

a dose of 1 ml p er kg) at various int ervals after chemical or thermal induct­

i on o f  inflammation. Twenty minut es after the inje c t i on of carbon the sheep 

w ere killed . This i s  the t ime interval Hurle y  and Spe ctor ( 1 96 5 )  f ound gave 

optimal results i n  the rat . Samples of infl amed skin and diaphragm were 

r emoved , fixed in formalin and processed for histology as describ ed below . 

Histological Methods : Skin and other t issues were colle ct e d  either fresh 

ip the post-mort em room, or as biopsy sampl e s  ( skin only ) and were c ut 

into slices , not more than 3 · 5 mm. thick and put at once int o  1 0  p er c ent  

neutral formal saline for fixation.  Tissues were processed with the  aid of 

a histokine t t e .  They were dehydrated thro ugh ascending grades of alc ohol , 

c l eared in chloroform and embedded in para f fin . Where skin was found hard 

t o  cut after routine paraffin embedding , t issues were double emb edded-first 

in one per c ent c elloidin in methyl b enzoat e and then in paraffin , following 

Gurr ( 1 962 ) . The use of 11Mollifex11 , a B . D . H .  Ltd .  product for softening 

t is sues embedd e d  in paraffin , facilitat e d  the section cutting • .  All � e ct ions 

were cut at a thickness o f  6 Jt and stained with haemataxylin ( Ehrlich ' s ) 

and e osin. In add i ti on th e following spe cial s.tains were used : 



(A ) For mas t  cells ( in the akin ) : 

1 .  Toluidine blue-eosin ( Gurr2 1962 ) : Tissues were fixed in the 

f ixative rec omme nded for mast c ells ( Gurr . 1 962 ) , the composition b eing 

formald ehyde  40 per cent ( 1 0 ml . ) ,  alcohol 95 per cent ( 90 ml . )  and 

calcium acetate ( 1  g . ) .  It  did not yield satisfactory results in sheep.  

2 .  Polychrome methylene blue for mas t  c ells ( Gurr, 1962 ) : For this , 

tissues were fixed in absolute alcohol . The method was not satisfactory 

in the she ep . 

3 . Aldehyde fuchsin for mast cells ( Gurr, 1962 ) :  The use of any f ixative 

except those  containing dichromate was recommended . The tissues were 

embedded in  paraffin only . Celloidin was avoided , as it is impervious t o  

the stain ( Gurr , 1 962 ) . This  method too , proved unsatisfactory for sheep 

tissues . 

4 .  Iron haematoxylin - Fast gre en - Safranin 0 :  ( Lillie, 1 954) : Weigert� s  

iron haematoxylin was used.  T issues were formalin fixed . This method gav e  

good results .  

5 • Leishman ' s  s tain ( Culling, 1963) : Tissues were formalin fixe d .  S tain­

ing was done at pH 6 . 8 .  This method gave the most satisfactory results . 

( B )  For eosinophiles ( in the skin ) : 

Tissues were fixed in saturated  aqueous mercuric chloride ( 6  - 7 

per cent ) for not more than 48 hours . Prior to  staining , sections  were 
• 

treated by the standard technique to remove th e mercuric precip�tate 

( Culling , 1 963 ) . 

S taining methods use d : 

1 .  teishman s.tain ( Culling, 1963) : Sections were s tained at pH 6 . 8  

and also  tri ed  within a range of  6 : e  to 7 . 0. It did not yield satisfactory 

result s  w�th she ep t issues .  

2 .  McNeal ' s Method (Charles.ton1 19.65) : Thi s. also proved unsatisfactory 

for  the s�in of sheep. 
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3 .  Methyl bl,ue-eosin ( Mann ' s stain )  (Gurr, 1 962 ) : This did not yield  

satisfact ory results  with sheep tissues . 

4.  Lendrum • s  phloxine-tartra zine s tain ( Culling, 1 963) : The staining 

was slightly modified  for sheep . In the place o f  alum haematoxylin , 

Weigert ' s  iron haematoxylin was used to provide bet ter nuclear cont rast 

and the sections were stained  with phloxine for 1 0- 1 5  minut es only ,  in-

stead of 30 minute s .  This  method gave good results . 

5 · Haematoxylin and eosin : Ehrl ich ' s haematoxylin and water solubl e eosin 

( one  per cent ) were used . Sections were stained in haematoxylin for 1 0  

minutes and in eosin for 1 0 - 1 5  seconds only. This meth od gave the  best 

results . 

Guinea-pig ileum preparation : Assays of histamine were performed  on a 

p i ece ( 1 - 2 cm.  segment ) o f  guinea-pig terminal ileum suspended in a 1 0  

ml . bath of oxygenated Tyrode solution (Boughton and Sch ild , 1 962 ) a t  38°C . 

Contractions were recorded with the conventional kymographic  method .  

Dialysis : Cellulose  4:ialysis tubing ( Arthur H .  Thomas Co . ,  Catalogue No . 

446 5-A2 ) was used . This has an average pore size of 48°A and while restricts  

the passage of protein molecules allows free p ermeability of smaller molecular 

weight solutes . Dialysis was carried out at 4°C against t hree changes of saline . 

The following substances  were use d : 

Histamine (Koch-Ligh t  Laboratorie s )  as the acid phosphate  in an aqueous 

solution. 

5-Hydroxytrypt ami�e (Koch-Light Laboratori�s ) as the s erotonin c reatine 

sulphate in an aqueous soluti on . -

Co�pound 48/80 ( Bur�oughs Wellc.ome and Co . Ltd . ) in an aqueous solution • 
. 

Ristamine t, 5-HT and · 48/80 solutions were freshly p repared each time . 

Me:-p�ra�i_-�e .malea:t,e ( An t.hisan Veterinary ; May and Baker Ltd . ) as  the manu-

fac.turer • s 5 per eent solution . 
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Prom ethazine hydrochloride (Phenergan Veterinary ; May and Baker Ltd . ) 

as the manufacturer ' s  5 p e r  cent s olution. 

Bradykini,n ( Sandoz Ltd . ) as the manufacturer ' s  synthe t i c  preparati on 

suppl i ed in 1 m� ampoule containing 0 . 1  mg . 

Nuc leosides ( Edward Gurr Ltd . ) Ad enos in e , guanosine , inosine and xantho-

sine in an aqueous solution. 

Kallikrein ( Glumorin ; Bayer Ltd . ) supplied in ampoule s  of 10 biologi cal 

uni t s  in a p owde r  form to oe d i ss o lved immediately before use in the sterile 

physiolog ical sal ine solution s upplie d .  I t  c ontained pancreatic kall ikr e in . 

Hyaluronidase  (Koch-Ligh t Laboratories )  suppl ied as purif ied h yaluronidase  

p r epared from ovine testes  ( bat ch No . 1 52 2 5 ) ; 1 mg . c ontained 300 I . U .  

I t  was used i n  a n  aqueous solution . 

Sodium �al i cylate as a 40 per c en t  aqueous solut ion. 

Strophanthin - G (Ouabaine Arnaud ; Laboratoire Nat ivelle , Paris ) :  as 

s upp l i ed in 1 ml . ampoules containing 0 . 2 5  mg . of strophanthin - G.  

( ( ' •  l., Indomethac in Indocid 1 -p- chl orob enzo� -5-meth oxy -2-methyl-indole 

-3-ac e t i c  a c i d )  

(Me rck , Sharp and Dohme ) supplied as  p owder whi ch contained 1 0 . 4  p e r  cent 

of indome thacin in lactose . A 20 per c ent a�ueous susp e ns i on ( i . e . , 2 .08 

per  c ent of actual indomethac in ) was use d . The powder was mixad to a pa� 

prior to adding the final quanti t y  of wat er as advised by the  manufactur e r .  

Betamethasone (Betsolan , Vet erinary ; Glaxo Ltd ) : as the manufacturer' s 

' Be t s ol an '  inj e ctions in 50 ml . bottl e s  ( 2  mg/ml ) .  

R ibpnucleic acid Different t yp e s  of RNA were used . H ighly p�lymerised 

RNA from yeast a nd
-
RNA sodium salt were - as obtained from B . D . H .  Ltd ; RilfA 

p r ep ared from whe at-germ and p ea-seed were obtained from the Plant 

Chemistry Division of th e D • S .  I • B. t Palmerston North . Each RNA was 

dissolved in o.85  per c ent saline .  Since sodium RNA was found, only 

sparingly s oluble in sal ine , the amounts of this RNA iuj e cted in 0. 1 ml. 
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volume are , therefore , only approxima t ely known. 

Alloxan monohydrate ( B . D . H . Ltd . ) as a 1 0  per c ent solution in 0 . 8 5  

p er cent saline . 

Isocarboxazid ( Marplan : 3-b e nzylhydrazino �arbonyl- 5-me thyl-iso xa zol e )  

( Roche Ltd . ) supplied i n  packs o f  2 50 tabl et s , each o f  whi ch contained 

10 mg . isocarboxa zid . Tabl e t s  were ground ; a 2 . 5 per c ent aqueous 

suspension was us ed.  

Lactic acid ( CH
3

CH ( OH )  COOH ) ( May and Baker Lt d. ) .  



R E S U L T S 



RESULTS 

S e c tion 1 

S tudies on inflammati on - using skin in the sheep as a test system 

Since histamine and/or 5-HT are clearly involved in th e mediation 

o f  the ' earl y '  p ermeabili ty changes in th e inflammat ory response in the 

rat and guinea-pig, and both these amine s are p resent in mas t  cells , it 

was decided to b egin with a s tudy of mas t  cells in the normal she ep . 

As observations on the inflammatory changes in the skin were restric t e d  

t o  the skin o f  th e back , studie s  on t h e  mast c ells were similarly 

restricted . 

Mas t  cells in th e skin : 

Mast cells in the she ep skin w ere found diffi cul t t o  stain . The 

well-es tabli sh ed method of t ol uidine blue , s o  effect ive in s taining mast 

c e ll s  of rat and mouse , did no t yield sat isfac tory resul t s  in the sh eep 

skin. Of the m e th ods tried , Le ishman ' s  stain and i ron-haematoxylin fast 

green- safranin s tain proved satisfactory. 

Mast cells in the sh eep skin were much l ess numerous than in the skin 

of the rat and th e mouse ( figs. 1· , 2 & 3 ) . Most of th em appeared in the 

middle- third of the d ermis . A few were pres ent scattered diffusely through­

out . They were p artic ularly numerous along th e blood vessels and showed a 

characterist i c  p e rivascular distribution { fig.  1 ) .  An o c casional mast c ell 

c ould be seen in groups of other mononucl ear cells , or surrounding the 

s ebaceous glands or hair follicle .  In size  they were smaller than the mast 

c e l l s  of the rat and the mous e . In shap e they varied from round t o  oval and 

in some cases were fairly elongat ed.  { In the rat and mouse the maj o rity of 

mast cells are e longated , and may even be filiform , ( figs . 2 & 3 ) ) .  Although 

numerous granule s  were present in the cytop lasm in th e sheep ' s  mast cell s , 



\ 

Fig.3 Sec tion o f  normal mouse skin showing mas t c ells , ( arrows ) . 
Compare w i th figures 1 and 2 . 
Toluidine blue x 2 50 

Fig. 4 Section o f  normal sh eep skin . A mast cell  und e r  o il immersion 
showing round- to- oval nucl eus ( arrow ) o Not e  diffi culty in 
distingu i shing granules in cytop lasm . 

Leishman s tain x 1 000 ( oil immersion ) 



Fig. 1 S e c t ion of normal sheep skin sh owing mas t  cel l s  ( arrows ) in 
p erivascular areas . 

I r on-haema t oxylin - fas t  green - safranin x 2 50 

-

\ 

Fig. 2 S e ct ion of normal rat skin showing el ongated mast cells , 
( arrows ) o  C ompare their shape with those in t h e  sheep 
skin in f i g .  1 .  
Tolu·idine blue x 2 50 
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t h e  nucleus was not usually obscured ;  it was centrally-plac�d in th e c ell 

and round-t o- o val in shap e ( fig.  4 ) . The granule s  were f in e r  than those  

o f  the  rat  and mouse mast  c ells and it was more difficul t t o  distinguish 

individual granul es . 

Experiment s : 

( i ) Histopathologi cal changes following intrade rmal inje ct ion of turpentine : 

Turpentine has b e e n  used extensively in the rat to  produce exp erimental 

acute inflammation.  The inflammatory change s  following int radermal inj e ction 

o f  turpentine were s tudied in the sh eep ; in particular the  effe c t s  were ob­

s e rved on the mast c e l l s  in skin s e c tions after the se inj e c tion. 

0 . 1  ml . volumes o f  tu rpentine were  inj e c t ed int radermally into th e 

dorsal skin o f  a lamb . Skin biopsies were t aken at 1 5  min . , 30 min . , 1 hr . , 

2 h r . , 4 h r . , 6 h r . , and 2. hr . int erval s  following the  inj e c t ions . Skin 

samples were fixe d ,  s e ctioned and s tained w i th haematoxylin and eosin , and 

for mast c e l l s  a s  described previously . 

1 5  min . af t e r  the int radermal inj e c tion o f  turpentine there was c onges tion 

of th e small v e s s el s  in the dermis . The dilated hyperaemic vessels showed 

margination of p olymorphs ( i . e . , appe aranc e  in the marginal stream and ad­

h esion to the v e s s el wall ) .  There was oedema ( ch aract erised by s eparat ion 

of tissue elements by a pal e ,  pink-staining , granular material ) but very 

sligh t  emigration of leucecyt e s . 

Mast cel l s  were increased in number ( fig. 1 0a ) . Some were swollen 

and showed well-defined granules ( fig . 5 ) • There was s l ight degranulation. 

This was ind icat ed by the d evelopment of vacuoles (a region o f  cy t op lasm 

free of  granule s )  within s om'e mas t  eells ( fig . 6 )  and/or the presence of 

granules in the surrounding tissue s .  

After .30 min . marg inati on of  the polymorphs in the venule s  was more marked • 

but still t h e  c e ll s  were largely confined t o  blood vessels ( fig . 7 ) . 



Fig. 5 S e c tion of sh e ep skin 1 5  min.  af t er intrade rmal inj e c t ion of 
0 . 1 ml . turpentine o Mast  cells sh o wing varying degrees of  
swelling and well-defined granul es ( arrows ) .  C ompare with 
fig . 4 o  

Leishman stain x 1 000 ( oil immersion ) 

• 

• 

Fig. 6 S e c tion of  sheep skin 1 5  min. after intrad ermal inj e ction o f  
0 . 1  ml . turp entine showing "vacuolation" ( i . e . , loas o f  granule s  
from an area o f  cytopla sm ) in a mast c el l ,  ( arrow ) . 

Leishman stain x 1 000 ( oil immersion ) 
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Congest i on of t h e  b l o o d  vessels and oedema had increa s e d .  

N o  increa s e  i n  mas t  c el l  numb er s w a s  s e e n ,  c ompar e d  wi th s e c tions 

taken a t  1 5  min . D egranulat ion was more marked ( f i g .  7 ) . Oc casi ona l l y  

a basophil l e u c o cy t e  w a s  s een ins i d e  a b l ood v e s s e l  i n  t h e  skin s e c t ion 

( fig . 8 ) .  

A f t er �. ,  emigrat ion into and i n f il t rat ion of the t is s u e s  with p o l y-

morphs had c ommenc e d .  C ongestion of the b l o od vessels had further i n-

creased and oe d ema o f  the subdermal conne c tive t issue was more extensi v e . 

Mast c e ll s  app e ared to have d e c r e a s e d  in numb er i . e . , c ompared with 

se c t ions t aken at b o th 1 5  and 30 min . pome o f  the few remaining mas t cell s 

sho w e d  vacuolation. The presence of numerous granule s  chara c t erist i c  o f  

mast · c e ll s , in a s so c ia t i o n  wi th n u c l ear lragm e n t s ,  sugg e s t e d  t h a t  the dia-

rup t ion o f  mas t  c e l l s  wa s well advan c e d  at this s t ag e  ( f i g .  9 ) . 

After �· chang e s  were essentially s imi lar to tho s e  s e e n  a t  1 hr. but 

the leuc o cy t e  emi gration was more advanc e d . 

Mas t  c e l l s  appe ared more numerous c o mpared with the numb e r  s e e n  

during t h e  p r e ceding s tage . D e granul a t i o n  and di srup tive changes i n  them 

were , howe v e r , l es s  marked .  All showed varying d egre e s  o f  swell ing . 

After 4 h r . , there was furth er l e uc o cy t i c  infiltrati on of the t issue space s  

whi ch ap peared d i st e nded with fluid . D e n s e  collection s  o f  l e u c o cyt e s ,  whi c h  

were l arge l y  p erivas cular in d i s tribution , were s e e n .  T h e s e  w e r e  ma inly 

polymorph s .  Many blood·'�-
v e s s e l s  w e r e  still dilate d and hyperaemic . 

Mas t  c e l l s  appeared to have d e c r ea s e d  in numbe r  at th i s  s tage. a:nd t o  

b e  present in about those numb e r s  s een 1 h r .  after i n j e c t i on . They showed 

varying stages of s we l l i ng , de granulat i on and dis integrat ion but were no t 
��-1$>J_ ·� 

det e c t e d  in the are as o-f dense le.ueocytic in!ilt:ra:tioli. 

After 6 h r . , further increases in tli'e "':f:euc cyt i c  JJ{ere noti ce d  
• >{ 



Fig. 7 Sec t ion of sheep skin 30 min . af t er intrade rmal inj e c tion of 
0. 1 ml . turp entine sho wing degranulat ion in a mast cell ( d ) . 
Not e  dense accumulation o f  polymorphs inside the venul e ( v ) ; 
at this early stage in the re action they ar e still confi ned 
to the vessel . 

Fig.8 

Leishman stein x 1000 ( oil immersion ) 

S e c t ion of  sheep skin 30 min aft er intradermal inj e ction of  
0.1  ml . turpentine showing a polychromatic  c e ll ( b ) , presum­
ably a basoph il , in a bl ood vessel . Two mast cells ( m )  are 
present outside th e blood vessel . 

Leishman s tain x 1 000 ( oil immersion ) 



( fig. 1 0b ) . Polymorphs showed early degenerative changes . Haemorrhages 

h a d  occurred  into the ti ssue space s .  Inflammatory oedema , e specially of 

the sub-dermal connective tissue , was considerable . 

Mast c ells  were further decreased i n  number . Those remaining re-

vealed changes similar t o  thos e seen 4 hr .  after the inj ection . 

After 24 h r . , leucocytic emigration and infiltration of the t issues was 

a t  its height . The neutrophiles showed marked degenerative changes with 

f ragmentation of nuclei ( karyorrhexi s ) .  Haemorrhage had occurred into 

the tissue spaces , specially at the p eriphery of the area occupied by 

d ead and d egenerating cells .  Oedema of the t issues was marked .  

Mast cells once again appeared t o  show some increase i n  number at 

this stage compared with secti ons taken at 6 hr.  However , t hey were 

not  seen in  areas of dead and degenerating neutrophiles .  S ome  o f  th em 

s t ill showed varying degrees of swelling and degranulation . 

( ii )  Th e effect  o f  compound 48/80 on the  mast cells : 

Of the wide  variety of agents which release histamine from the mast 

cells , c ompound 48/80 - a c ondensation  product of  p-methoxyphenethylamine 

and �ormaldehyde , is the most specific and l east toxic (Paton , 1 9 5 1 ; Fawcett , '\.- � 

1 954 ) . It also  p roduces  degranulati on of the mast cell ( Riley,  1 9 59 ; 

Horsfield,  1 96 5 ) . 

The e ffec t  o f  48/80 on mast cells in the sheep skin was s tudied . Two 

dose l evels were used : 1 mg. in 0 . 1 ml . saline ( 1%) and 20 mg. in 0 . 2  ml . 

saline ( 1 0% )  were inj ected intradermally.  The l ower dos e  was inje cted at 

four si tea in oae sheep . 30 'min . after  the injection.s , s ki n  biop�ies were 

t aken from each s it e .  Sk.in samples from the rat and mouse ,  after  similar 

t r eatment , were aJ..so c oll ected for c omparison .  Skin samples  were fixed ,, 

s e c t ioned and stained with H & E an·d for mast cells as d escribed previously .  



Fig. 9 Sec t i on of sheep skin 1 hro  after intradermal inj ection o f  
O o 1  ml . turpent ine showing two mast cells . One of th em i s  
swoll en but s t i l l  intact ( m ) ; th e other has disrup t ed and 
the cytoplasm i c  granules are scatt ered ( arrow ) . 

Leishman stain x 1 000 ( oi l  immersion ) 

Fig. 1 0a Section of  she ep skin 1 5  min . after intrad ermal inj ect ion 
of 0 . 1  ml . t urp entine showing more numerous mast c ells 
( arrows ) than in normal skin. Inters t i t ial oedema is pre­

sent , but sligbt leucocyt e  emigration.  

Leishman stain x 1 00 
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20 mg . 48/80 was injected intradermally at each of four sites  in a 

second sheep . Skin biopsies were taken sixty minutes after the inj e ction . 

This animal died one h our after  inj ecti ng the to tal of 80 mg . 48/80. This is di� 

cussed later  in connection with attemp t s  to induce local dep l etion of 

histamine in the skin . 

In sections of skin taken from sit es of intradermal inj e ction of  

1 mg. of  48/80 , there was vascular dilatation and hyperaemia . Hyperaemic 

vessels sh owed margina tion of polymorphs . Oedema was also pre sent . 

Mast cells had increased in numbe r  c ompared with those seen in sections of 

untreated skin ; they were swollen and h ad well defined cytoplasmic granules ; 

degranulation had oc curred as indicated by the presence of vacuoles in the mast 

cells and/or granul es in the surrounding tissue s .  Some cells were completely 

d isrupted and granul es scattered in the interstitial tissue ( fig . 1 1 ) .  The 

above changes were seen in al l the three  species but were most marked in the rat . 

The effect  of the local inj ection of  20 mg . 48/80 on the skin was 

seen in skin sections in which there were dilated and hyperaemic blood 

vessels showing margination of polymorphs . Th ere was some leucocytic  

emigration evidenced by collections of l e ucocytes at  a few plac e s .  The 

c ellular c oll ections t ended to be sub-epidermal . Oedema , esp e c ially of 

the subdermal connective tissue , was pronounced  and contributed  to an 

increased thickness of the skin . 

Mast cells had significantly increased in number compared with those seen 

in section.sjo f  untreated skin and showed varying degrees of swelling and degranu­

lation. However , unlike sections from th e skin receiving 1 mg. of 48/80 , most 

of  the mast cells in  these sections app e ar ed sl ightly swollen a nd sh owed very l:iL-
' 

tle  degranulation. Granules �ere so numerous in the cytoplasm as to obscure the 

nuclei.  Mast  cells could not be dete c t ed in areas of leucocytic infiltrations . 



Fig. 1 0b Section of sh eep skin 6 h r o  after intradermal inj e ction o f  
O o 1 ml . turpent ine showing marked neut rophilic  infiltrat ion . 

Fig. 1 1  

Leishman stain x 1 00 

Section of sh eep skin 30 min . after intradermal 
Compound 48/80 ( 1  mg . ) showing two mast cell s .  
( m ) is  swoll en but st i ll intact ; the other has 
its granule s  have s ca t te re d .  

Leishman stain x 1 000 ( oi l  immersion ) 

inj e c t ion o f  
O n e  of them 
di srup t ed and 



( iii } Permeability-increasing effects  o f  turpentine and Compound 48/80 : 

Turpentine was inj ected intradermally at four sites in 0 . 02 ,  0 . 05 , 

0 . 1 and 0 . 2 5  ml . volumes .  A 1 . 0 per cent solution of  compound 48/80 in 

0. 8 5 per c ent saline was inj e cted at two further si tes in volumes of 0 . 0 5  

and 0 . 1 ml , i . e . , in  0. 5 mg. and 1 mg . amounts respectively . The size 

of the blued aPea and intensity of the c olour were recorded ( table 3 ) .  

Saline and distilled water were inj ected at another four sites  i n  a volume 

of 0 . 1 ml . as a control . This pattern of injections was carried out on the 

right and left sides of each of two animals . 

Results : 

The results  were closely comparable in the two animals and the results 

from one animal are summarised in table 3 .  Saline and distilled water by 

themselves induced no blueing . As can be s een from table 3 and fig .  1 2 ,  

intradermal injection  of either turpentine or compound 48/80 , caused a well-

marked leakage of dye . Blueing appeared after a latent period of 1-3 min . 

The size of  the blue area and the intensity of colour increased for about 

60 min. Thereafter very small increases occurred at some sites up to 3 hr.  

and no detectable increase occurred after this time . 

Table 3 - The effect on skin blueing o f  turpentine and compound 48/80 

in the sheep . 

Time after 
intradermal 
inj ection 

1 5  min .  

30 min. 

1 hr . 

3 hr . 

Size of the blue area 

Turpentine ( ml . ) 

0 . 02 o . o s  0 . 1 

6x4 7x 5 1 0x 5  

30x20 3 5x2 5 40x30 

30x20 3 5x3 5 50x3 5 

30x20 50x40 50x40 

( mm . ) ( length x breadth ) 

48/80 ( mg . ) 

0 . 2 5  o . s 1 . 0 

20x 1 0  4x2 5x3 

45x3 5 1 5x1 0 2 5x1 5 

45x40 20x1 0 40x20 

50x45 2 5x1 5 40x20 



Figo 1 2  Lamb w i th p ontamine blue in t h e  circula t ion showing blue 
s taining of the skin induced by intradermal inj e c t i ons of 
turpentine and Compound 48/80 , and the appl icat ion of  a 
heated  copp er rod . Ph o t ograph taken 30 min.  after t h e  
following treatment : 

Top r ow :  Three  intradermal inj ections of  turp entine 
( 0 . 1 ml . )  

Middle row : Three  app l i cat i ons of a heated copp e r  rod 
( 70°C for one min . ) 

Bot tom r ow : Three intradermal inj e ct ions of Compound 
48/80 in 1 mg. amounts . 



There was a relati on b etween the d ose of a substance and the s i ze 

of the blue l esion ; a larger dose caused a greater area o f  blueing . No 

such relat ion c ould be established with the intensity o f  the c ol our ; a 

small er d ose produced a l esion o f  about the same colour inten s i t y  as  the 

larger , thi s  depende d on a sub j e c tive assessment . 

( iv )  Effect  of  mepyramine maleat e  ( Anthisan )  on the inc rease d  vascular 

permeab ility induced by turpentine and c ompound 48/8 0 :  

Mepyramine maleate ,  an antagonist o f  histamine , was used t o  t ry t o  

suppress the increased vascular permeability caused by intradermal injections 

of  48/80 and of t urp entine . The suppression of the increased vascular 

permeability caused by both sub stances would indicate mediation of th ese 

changes by histamine . 

Mepyramine was inj ected intradermally in doses of  1 0  �g . , 50 �g . , 

1 00 �g . ,  1 mg . , 2 mg . ,  and 5 mg . in 0 . 1 ml . volumes . Two sheep were 

treated in this way . Each sheep received two such series of i n j e c t i ons 

on each s ide . Mepyramine treatment was carried out 1 5  min . b e fore the 

proposed inj e c t ion of test  substances . 

It was f o und that mepyramine itself indu c e d  blueing and could not 

th ere fore be used i n  this  way. Mepyramine induc ed the leakage of  dye in 

doses of 1 mg. or m ore . Systemic administration was subsequently t ested . 

The effect of sys t emic  mepyramine was tested by inj ecting i t  intra­

muscularly in a singl e dose of 2 5  mg . /kg . body weight 1 5  min. b efore in­

j e ction of the t e s t  substances . Two she ep were treated in this way .  

The fol lowing series o f  intradermal injections was made : - turpentine , 

0 . 1 ml . ,  compound 48/80 , 1 0  p.g . ,  50 p.g . ,  1 00 p.g . , 500 �g , 1 mg . ,  (all in 

0. 1 ml . volumes ) .  Each series was repeated three t imes at different s i t es 

an b oth right and l eft sides of each sheep . 



Fig. 1 3  Same l amb as in fig . 1 2  showing the effect of mepyramine 
mal eate-pre treatment on t h e  bl ueing induced by the intra­
dermal inj e ctions of t urpentine and of Compound 48/80 , 
and the application o f  a heat e d  copp er rod . 

Summary of  procedures : 

( a )  0 min : Mepyram ine mal ea t e  inj e c t ed intramuscularly 
( 2 5  mg . /kg . ) 

( b )  1 5  min : following treatment carri ed out : 

Top row : Three int radermal inj e c tions o f  turpent ine 
( 0 . 1 ml . )  

Middle row : Thr e e  apg l i cati ons of a heated copper 
rod ( 70 C for one min . ) 

B o t t om row : Th ree int radermal inj ecti ons of Compo und 
48/80 in 1 mg . amounts .  

( c )  30 min : Photograph taken . Note suppression of blueing 
at the sit es  of turpentine inj e c t ion ; return 
of blueing at the appl i cat ion of heated copper 
rod , and incompl ete  suppression o f  blueing at 
sites of Compound 48/80 inj e c t ions . 



The syst emic treatment with mepyramine abolished the increase in 

vascular permeability previously shown to occur after the intradermal 

inj ection of doses of 1 0  - 500 �g . of comp ound 48/80. The suppression 

of increased permeability due to 48/80 was incomplete when 1 . 0 mg . was 

injected ( fig . 1 2  & 1 3 ) . Th e l eakage of d ye a fter turpentine inj ection 

was delayed for about one hour after its inj ection fo llowing the adminis­

tration of mepyramine . Where suppression of the e ffect of 48/80 occurred 

no blueing develop e d  within an observation period o f  eight h ours . In 

those areas where blueing was suppressed an area of reddening was s e e n .  

An attempt was made to exclude the possibility that the development 

of blueing one hour after inj ection of turpentine was due to a fal l  in th e 

concentration of mepyramine in the blood and tissues . This was made by 

giving two further intramuscular inj ections o f  5 mg/kg of mepyramine . 

One such inj ection was given one hour and another two hours af t er the 

initial inj ection o f  mepyramine . These  further doses of mepyramine 

f ailed to suppress the blue ing after turp entine inj ection, which was C as 

described abov e )  delayed for ab out one h our after mepyramine inj ection.  

( v )  Effects of his t amine, 5-hydroxytryptamine and bradykinin on vascular 

permeability:  

Suppr ession of dye-leakage induced by turpentine and comp ound 48/80 

b y  mepyramine maleat e indicated that the s e  supstances might have incr eas ed 

vascular permeab ility in the she ep thro ugh histamine release .  Histamine 

a nd/or 5-HT act as mediators of • early ' p ermeability change s  in inflamma tion 

in the rat and guinea-pig and bradykinin may b e  involved in the • delaye d ' 

changes ( see Specto r  and Willoughby1  1 963a; Wilhelm , 1 96 5 ) .  The effects 

of histamine , 5-HT and bradykinin were t e sted on sheep skin . 

Histamine, 5-HT a nd bradykinin were each inj ected intradermally in 

0 . 0 5 , 0 . 1 ,  0. 5 ,  1 . 0 ,  2 . 5 ,  5 . 0  and 1 0  �g. amounts o Two sheep w ere used  in 



Fig. 1 4  Lamb with pontamine blue i n  the c irc ulation sh owing blueing 
indu ced by 1 0  �g amounts o f  h istamine , 5-Hydroxytryptamine 
and bradykinin and the e f f e c t  of prior administrat ion o f  
mepyramine maleat e o n  it . 

Summary o f  procedures : 

From righ t : 

( a )  0 min : foll owing inj e c t i ons were made : . 

Top row : First thre e  sites : Histamine inj e c t e d  intra­
dermal l y  in 1 0  �g amounts .  

Middle row : First three sites : 5-HT inj e c ted  intrade rmally 
in 10  �g amounts . 

Bot tom row : First three s i t es : Bradykinin inj e c ted 
int rad e rmally in 10  �g amount s .  

( b )  1 5  m in :  Mepyramine mal eat e inj ected  intramuscularly 
( 2 5  mg . /kg . ) 

( c )  30 min : foll owing inj e c tions were mad e :  

T op row : Last t hree sites :  Histamine inj e c t ed int ra­
dermal ly in 1 0  �g amounts . 

Mi ddl e row : Last three sites : 5-HT inj e c t ed intradermally 
in 1 0  �g amounts .  

Bot t om row : Last three sites : Bradykinin inj e c t ed 
intrad e rmal ly in 1 0  �g amount s .  

( d )  45 min : Pho t ograph tak en .  Note blueing at sites  o f  inj ect ion 
of histamine , 5-HT and bradykinin b e f ore mepyramine 
mal eate t reatment . After mepyramine trea tment , blueing 
is suppressed at the sites of inj e ct ion of histamine 
and of 5-HT but not of bradykini n .  
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this experim ent . Each sheep receive d  on b o th right and l ef t  side s  the 

complete s eries of  inj e ctions of  each test s ub stanc e . 

With all three o f  t he substances  the r e  was a noti ceable increase in 

p e rmeability within 1 -3 min . of  th eir inj e c tion ; the least effec t ive 

doses used were 0 . 1 �g . histamine, 2 . 5  �g . of 5-HT and 0 . 5 �g . of bradykinin . 

Judged by the int ensity of c olouration o f  the skin the maximal resp onses 

were obtained with 10  �g . of  each of  th es e s ubstances . 

( vi )  The duration o f  the  permeability change was measured by inj ecting into 

one c lipped lamb 1 0  �g . amounts o f  histamin e , 5-HT and bradykinin 2 h r o ,  1 �  

h r . ,  1 hr . ,  4 5  min . , 3 0  min . ,  1 5  min . ,  1 0  min . , and 5 min . before  th e intra­

venous inj e c tion of p ontamine sky blue , a f t e r  the technique of Mile s  and Miles 

( 1 952 ) . Thus , when the dye was inj ected  after 2 hr. , the skin bore  lesions 

varying in age from 0 to 2 hr. and those sites  of inj ection at which the v es­

sels were no l onger p e rmeable did not blu e . One series of inj ections at the 

above timings for  each p ermeabilit y fac t or was made on each side of  the l amb o 

It was f ound that the increased p ermeability due to histamine and 

5-HT decreased after  30 min . and the normally low permeability was restored 

after one h our . I n  contrast bradykinin caused an inc reased p e rmeabilit y 

which lasted for  only 1 5  min . The subsequent decreas e in enhanced  pe rmeabi­

lity was abrup t ; normal p ermeability was restored aft e r  30 min . 

( vii ) Effect of  m epyramine maleate ( ' Anthisan ' )  on th e increased vascular 

permeability c aused by histamine, 5-hydroxytryptamine and bradykinin :  

In this exp eriment� mepyramine maleate was us ed in an a t t empt t o  suppres s 

the increase d  vascular p e rmeability cause d  b y  histamine ,  5-HT and bradykinin 

inj ections . If the mepyramine suppre s s e d  the effect  of his tamine , and als o . 

suppressed the e f fects  o f  5-HT and b ra dykinin it was argu e d  this would indicate 

that the a c tions o.f these substances c ould be  ascribed  to the relase of  

his tamine . 



Fig. 1 5  Lamb with p on tamine blue in the circulat ion showing effect of 
m epyramine mal eate-pretreatment on th e blueing indu ced by 10 
�g of  bradykinin inj ec t ed intradermal l y .  

Summary o f  proc edures : 

( a )  0 min : Mepyramine mal eate inj ected  in tramuscularly 
( 2 5  mg . /kg . ) 

( b )  1 �  min : Bot t om row : Three intradermal inj ect ions of 
b radykinin were made ( 1 0  J,tg ) 

( c )  20 min : Mi ddle row : Thr e e  intradermal inj ec tions of  
b ra dykinin were mad e  ( 1 0  J,tg ) 

( d )  2� min : Top row : Three intradermal inj ecti ons o f  brady-
kinin were made ( 1 0 Jig ) 

( e )  30 min : Photograph taken .  Thus , 

Top row : si t e s  5 min . after m epyramine treatment­
b l ueing suppresse d .  

Mid d l e  row : sites  1 0  min . after mepyramine treatment­
appe arance of blueing 

Bot t om row : sites  1 5 min . after m eF yramine treatment­
maximum blueing 



In each cas e  mepyramine maleate was inj ec t e d  intramuscularly in a single 

d o s e  of 25 mg/kg b ody weight 1 5  min . before the t es t  sub s tances were inj ect e d .  

Hi stamine , 5-hydroxytryp tamine and b radykinin were inj ect ed int radermally in 

1 0  �g . amount s .  Two sh eep were used . Each sh e ep was given thr e e  inj ections 

o f  each t est  sub s tance on each side . 

Identical r esult s were ob tained in all inj ection s e ries . Mepyramine 

comp l et ely suppr essed the l eakage of d ye caused by the�revious inj ecti ons 

of  the intradermal inj ection of  1 0  �g . of his tamine and 1 0  �g . 5-HT ( fig . 1 4) . 

The onset  of increas e d  vascular pe rmeability due to bradykinin was delayed 

f or appr oxima tely 10 min . after this time marked leakage of dye t o ok p lace 

( fig . 1 5 ) :  reaching a maximum 1 5  min . a f t er bradykinifi inj ection . 

( viii ) In a s tudy of  the effect on vascular permeability of thermal 

injury two sheep were use d . Thermal inj ur y  was inflicted as descri b ed 

earlier at six sit es  on  the left  side of each blued sheep . 

To  determine the effect of antihis t amine both the lambs were inj ect ed 

int ramuscularly with mepyramine maleate ( 2 5  mg/kg ) one h our after th e end of  

the above observations . 1 5  min . lat er t hermal inj ury was inflicte d  at six sites 

on th e right side of  each sheep . The r esul t s  are shown in tab l e  4 .  

Tabl e  4 Summary o f  r e sul t s  o f  1 2  exp osures t o  thermal inj ury in each o f  

t w o  she ep - 6 before and 6 a f t e r  mepyramine admini s tration . 

Time aft e r  
th ermal injury 

5 min o 

1 0  mino 

1 5  min . 

30 min. 

Leakage o f  dye ( int eA �tt� of  colour ) 

Normal sheep 

+ 

+++ 

++++ 

++++ 

After mepyramine­
treatme nt 

none 

+ 

+++ 

++++ 



Fig. 1 6  Section o f  sheep skin 1 5  min . af t er intrad ermal injection 
of  1 0  �g histamine sh ow ing more numerous mast c el ls ( arrows ) 
than in normal skin . 

Leishman stain x 1 00 

Fig. 1 7  Section o f  sheep skin 30 min. after intradermal inj ection o f  
1 0  �g his tamine sho wing vacuolation in a mast cell , ( arrow ) o 

Leishman stain x 1 000 ( oil immers ion ) 
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Thermal injury caused marked l eakage of dye after a latent period 

o f  1 -3 min. The re was an early blanching a t  the heated site . The blue­

ing was first seen as a ring of colour at the periphery of the h ea t e d  

site , and then i t  extended inwards . The entire lesion had become e venly 

c ol oured aft er 1 5  min . ( fig.  1 2 ) . The previ ous administration o f  me­

pyramine delayed the l eakage of dye by 8-1 5 min . only ( fig . 1 3 ;  table 4 ) : 

after this t ime marked blueing took place . 

( ix )  Histopathologi cal changes following int radermal injection o f  histamine , 

5-hydroxyt ryptamine and bradykinin : 

I t  has been demonstrated in th e rat that th ere is little rela t ion 

be tween the abil ity of subst ances t o  induc e l eucocyte emigrati on and their 

ab il ity  to increase the vascular permeabili t y .  Further the leuco cyte 

emigrati on oc curs wh en vascular pe rmeabilit y  has re turned to normal and the 

t wo phenomena there fore are separa ted in t im e  ( Hurl ey and Spector , 1 96 1 a ,  b ) . 

The hist opathological changes following the intradermal inj e c tion o f  

histamine , 5-HT and bradykinin w e r e  studied i n  sheep t o  determine their 

e ffe c ts on leucocyte emigrat ion and to see if the emigrat ion was delayed 

and dissociat e d  from the increased vascular perm eabili ty . Mast c ell response 

was al so s tudi e d . 

Histam ine , 5-HT and bradykinin were inj e c t ed int radermally in 1 0  �g 

amounts into one sheep . Each compound was inj e cted  at s even sit e s .  0 . 1  

ml . o f  0 . 8 5% sal ine was inj e c ted intradermally as a c on trol procedure . Skin 

biopsies were taken 1 5  min . , 30 min . , 1 h r . , 4 h r . , 6 hr. , and 24 hr . a f t e r  

the inj ectirins . S e c t i ons were stained with H & E and for mast c e l l s . 

A t  sit es  where saline was inj ected no significant changes were se en 

30 min .  and 1 h r . a f t er inj ection except a few hyperaemic vessels showing 

some marginat ion of polymorphs . S ignificant l eucocyti c emigrat i on was seen 

3 h r . and 6 h r . after inj e c t ion of saline . 



• 

• 

• 

Fig. 1 8  Sect ion o f  sheep  skin 3 0  min . after i n tradermal inj e c tion of  
10  �g  h i stamine sh owing two mas t cell s .  One of them (m)  is  
swollen and shows some vacuolat i on ,  but  still intact ; the 
other has di srup t ed ( arrow ) . 

Lei shman s t ain x 1 000 ( oil immersion)  

Fig. 19 S e c t ion of she ep skin 6 h r .  after intradermal inj e c tion of  
10  �g  histamine showing diffuse polymorphonuclear neutrophilic 
infiltration o f  t i s sues . 

Leishman stain x 1 00 
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Sections taken 1 5  min. after histamine injec t ion revealed vascular 

dilatation and c ongestion .  Hyperaemic vessels showed marginat i on of  p ol y­

morphs. There was oedema but only sl ight emigra tion of leucocytes into  the 

t issues . Mast cel ls were increased in number ( fig , 1 6) c ompare� with those 

seen in sec tions of unt reated skin . Most of  them showed varying degrees of 

swel ling wi th well-defined cytoplasmic granules . Only a few were seen 

degranulated. 

S imilar changes were seen in the corresponding sections from areas 

treated with 5-HT and br adyk inin.  

30 min . after the inj ec tion of  histam ine , 5-HT and bradykin , con­

gest ion of blood vessel s and oedema had s lightly inc reased . No signifi cant 

change was noticed in leucocyte emigrat ion.  Mast cells appeared to have 

further increased in number compared with the preceding stage and many 

showed vacuolat i on ( fig. 1 7 ) o Degranula t i on in them was marked . A few 

mas t  cells had disrup ted ( fi g .  1 8) o  

1 h r o  after the inj ec tion of his t amine , 5-HT and bradykinin margination o f  

the polymorphs was more marked but the cells were s till largely c onf ined t o  

the blood vessel s . Mast cells sh owed a further increase i n  number , and re­

vealed changes s imil ar to thos e seen in secti ons taken 30 min.  after inj ec t iono 

2 hr .  after inj ection o f  all three substances , emigrat ion and infil tration of 

the t issues with polymorphs had c ommenced . The leucocytes a t  t his s tage 

were mostly perivascular in dis t ribution . No further increase in mast 

cells was not i ced : both vacuolation and degranulation of mast c ells was 

a prominent featur e .  

In sect i ons t aken 4 h r .  after the injec ti ons were made , leuco c yt i c  

emigrat ion and infiltration o f  the t i ssues with polymorphs had markedly 

increased . Leu cocyte emigration was more marked with 5-HT than with hista­

mine and was even g reater with bradykinin . The cells were no l onger c on­

fined to the perivascular areas , and were seen diffusely scat tered in the 



Fig. 20 Sec tion of sheep skin 6 h r o  a f t er intrade rmal inj ec t ion o f  
1 0  � g  bradykinin showing p olymorphonu cl ear neut roph ilic 
infi l t ration of ti ssues . The infil trat ion was more marked 
compared to that induced by his tamine ( 1 0 �g ) and 5 -
Hydroxytryp tamine . ( 1 0  �g ) 

Leishman stain X 1 00 
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dermal tissues . Oedema had increased as sho wn by separation of the akin 

structures .  Mast  cells appeared to  have decreased in number and were 

particularly lacking in areas of leucocytic  infiltration . Degranulation 

was more marked  than in  all the earlier stages .  

6 hr . after inj ections of h istamine , 5-HT and bradykinin further i nc rease s  

in  the leucocyti c infiltration of the tissues were noticed .  The same re­

lative diffe rences in  the degree of leucocyte emigration due to the 

different compounds prevailed { figs . 1 9 ,  20 ) .  

Mast  cells again appeared to be increasing in number compared with 

sections taken at 4 hr . They were still lacking in areas of leucocytic 

infiltrations , and revealed changes similar to  those s een at 4 hr.  - de­

granulation . 

2 4  hr .  after the inj ections were made the amount of leucocyte emigration 

showed no increase over that seen at 6 hr . The polymorphs revealed  mild 

degenerative changes .  Mast cells revealed varying degree of swelling with 

distinct granules .  Degranulation was less marked than a t  6 hr.  

{x ) The migration of  eosinophil leucocytes to  sites of intradermal 

injection of histamine : 

As noted above histamine inj ected intradermally in 10  �g amounts  

caused a delayed leucocytic emigration in the sheep , the cells being poly­

morphonuclear neutrophile s .  In these experiments , the effect of histamine 

on  eosinophiles was further studied by inj ecting histamine intradermal ly 

in 10 �g and in 1 00 pg amounts and giving single and repeated inj ections . 

Later , when it  was f ound that � osinophiles migrated into the skin at those  

s i tes where histamine  was inj ected in 1 00 pg amounts , histamine-inactivation 

i n  vivo by e osinophiles was attempted by producing local eosinophilia . 

In one sheep histamine was inj ected  intradermally in 1 0  p.g amounts  at  

four sites as  set  out in table 5 ·  A series of  biopsies were taken six  hours 
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after the rir s t  histamine injecti on from sit es that had received 1 ,  2 ,  

3 or 6 histamine inj ecti ons a t  th e intervals shown . Each of the  four 

inje c tion series was repeated f our time s , two on each side o f  the sheep 

providing sixteen biopsy samp le s .  

In a sec ond sh eep the same procedure was carried out using in-

j e ctions o f  1 00 �g histamine as shown in table 5· Skin samples  were 

fixed , s e c t i oned and s tained H & E and for eosinophiles . Both formal in 

and mercuric chloride fixatives were us ed . 

Table 5 - The dos e , t ime interval and the number of intradermal 

h i stamine inj ections giv en t o  invest igate the e f f e c t  on 

eo sinophiles . 

s .  No . of  Time after 
intradermal intradermal 
inj e c ti on inj ection 

( hr . ) 

1 zero 

2 one 

3 two 

4 three 

5 f our 

6 f ive  

At  six 

Inje-ctions in  Inj e ctions in 
1 0  �g amounts 1 00 �g  ?mounts 

S i t e  Si t e  Site  Site  Sit e  Sit e  Site  Site  
1 2 3 4 1 2 3 4 

1 0  1 0  1 0  1 0  1 00 1 00 1 00 1 00 

... 1 0  1 00 

1 0  1 0  1 00 1 00 

1 0  1 0  1 00 ... 1 00 

... 1 0  1 0  1 00 1 00 

1 0  ... 1 00 

b:Xpey b;iopsy 1iop:;y biopey bi.qsy biop3Y bi� biopsy 



Fig. 2 1  Section  o f  sh eep skin 6 hr . after intradermal inj e c t i on of 
his tam ine ( 1 00 �g ) showing diffuse infil trat ion of t issues 
with eos inophil e s .  Part of th is sect ion ( square )  is sh own 
at a h i gher magnif ication in fig . 22 . 

H . E . X 1 00 

Fig. 22 Sam e  as fig . 2 1 , sh owing eosi nophiles ( arrows ) und e r  a h igher 
magnification . 

H . E . X 2 50 
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The s taining of eosinophiles in sections was found t o  be most 

satisfactory with the following procedur e .  The skin samples were fixed 

in the saturated a queous mercuric chloride .  The sections were s tained 

for 10 min . in Ehrlich ' s  haematoxylin an d for 1 0- 1 5 secs . in wat er 

soluble eosin. Lendrum ' s  phloxine-tartrazine stain was also satisfactory . 

In the skin samples that re ce ived 1 0  �g of histamine , either  as  singl e  

or repeated inj ections , very lit tle tissue eosinophilia was produce� A 

large number of p olymorphonuclear neutrophiles were seen in the tissues , 

part icularly in perivascular locations . Only occasional eosinophiles were 

seen scatt ered in the t issues . 

In all the skin samples receiving histamine in 1 00 pg amounts , either 

as single or repeated inj ections , marked local infilt rat ion of eosinophiles 

was seen ( figs . 2 1 , 22 ) . A few neutrophiles were also present . The eosino­

philic infil tration was g�eatest in the skin samples that received six re­

peated inj ections of histamine at  hourly int ervals ( figs . 23 , 24) . At 

several places in and around blood vessels dense collection of eosinophiles 

was seen with scarcely any other cell types visible .  The cells did not show 

degranulation. The eosinoph ilic  infiltration was diffuse in the deeper 

tissues and the neutrophiles t ended to be  more numerous at th is level 

but were fewer than eosinophiles . 

Since histamine inj ected intradermally in 1 00 �g amounts was found t o  

attract eosinophiles , its effect  on eosinophiles was examined i n  another 

sheep at earlier stages .  Skin  biopsies were taken 1 5  min . , 30 min. , and 

1 hr . after intradermal histamine injections , but very lit tle eosinophilia 

had occurr ed at  these t imes . 

Histamine inactivation in vivo by eosinophile s  was attempt ed by pro­

ducing local eosinophilia. Six repeat ed inj ections of histamine in 1 00 �g 



Fig. 23 S e c t i on of  sheep skin 6 h r .  af ter six intradermal inj ections 
of his tamine in 1 00 pg amounts of hourly in tervals , showing 
marked infil tration of the ti ssues with eosinophiles . Part 
of th is s e c tion ( s quare ) is shown at a h igher magnifi cat ion 
in fig . 24 . 

Lendrums ' phl oxine tartrazine x 1 00 

Fig. 2 4  Same a s  fig . 23 , under o i l  immersion showing a small vein ( v )  
filled  with eosi nophiles . 

Lendrum s ' phloxine t artra zine x 1 000 ( oil immersion ) 
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amounts were giv en intradermally a t  h ourly int ervals as  describe4 in the 

above experiment to p ro duc e local eos inop hilia . Eight such inj e c t ions were 

made on e i ther s i d e  of  one sh e ep .  Next morning , after taking skin biopsies 

from two plac e s ,  the lamb was blued . The skin samples were fixed, sectioned 

and stained H & E, and for eosinoph i l es . 

No blueing o c curred a t  the inj e cted  sites indica ting that th e in­

creased vas cular perme ability th at fo llows the in trade rmal inj e c t ion of  

h istamine had r e t urned to normal . At these and at o th er unt reated sites, 

which s erved as controls, h istamin e  in 1 0  �g amounts was i n j e c t e d  int ra­

dermally .  The ext ent  of b lueing and i t s  colour intensi t y  were recorded.  

Blue ing in the treated sites was n o t  signifi cantly dif ferent to that ob­

tained a t  the unt reated sit es. S kin samples  f rom the treated si tes  revealed 

marked e osinophilia on histologi c al exam inat ion. The result s  indi cated that 

the injected  histamine at these p la ces was fully active and did not s uffer 

any inact ivation.  

Next it was decided t o  inj ect his tamine i ntradermally daily in 200 �g 

amounts to see if the local swell ing, wh i ch normally followed single in­

j ec t i ons of his t am ine, d e creased and then to r epeat t h e  above exp eriment . 

Another l amb was used . Hi stamine was inj e c t e d  intrade rm al l y ,  morning and 

evening , in 1 00 �g amounts at seven s i t e s  on e i ther s id e  for t welve days 

beginning with an evening dose . By the 1 2th day , th e s i ze o f  th e local  

swell ing , as j udged sub j e c tivel y, resul ting from each successive inj e c t i on 

of histamine, had decreased considerably. There fore on the 1 3th morning, 

two s kin biopsies were t aken from trea t ed s i t es - one from each side.  The 

lamb was then blued . 

No blueing o c curred at  the inj e c t e d  si tes indica ti ng that the increased 

vascular p ermeability had returned t o  normal . At these and a t  o th e r  untreated 



Figo25 Blueing p roduced by intradermal inj e c ti on of 1 0  �g  of h istamine . 
Lamb showing less  bluei ng at sites  previously t reated with 
his tamine over a p eriod of 1 2  days ( arrows ) than at the un­
treated  control si tes . The wound i s  th e sit e of a previous 
skin biopsy. 

Fig. 26 Same lamb as  in fig. 2 5 , sh o wing similar blueing r eactions on 
i t s  o ther sid e . 
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sites , whi ch s erved as controls ,  histamine vas inj e c t ed in 1 0  �g amounts . · 

Table 6 and f igs 2 5  and 26 sh ow that the areas of blueing in all the 

t welve treated s it e s  were significantly l e ss than those in the corresponding 

untreated s i t e s .  Measurements  were taken at one hour afte r  the inj e ction ; 

no change in the ext ent of blueing was not ic e d  thereaf ter . 

Table 6 - Comparison of  the extent o f  blueing produced by intradermal 

inj ection of 1 0  �g of histamine at unt reated s i t e s  and at 

sites previously given rep eated inj ec�ons of his tamine 

over a p eriod of 1 2  days . 

s .  No . of  
Maximum diameter of blue area ( mm . ) intradermal 

inj e c tion Untreated site  Treated site  

1 2 5  7 

2 24 1 0  

3 20 1 2  

4 23 1 0  

5 20 1 5 

6 20 1 7  

7 22  8 

8 1 8  1 0  

9 1 9  1 0  

1 0  2 0  5 

1 1  21  8 

1 2  2 2  1 1 



Fig. 27 Section o f  sh eep skin after 1 2  intradermal inj e c t i ons of 
his tamine ( 200 �g daily for 1 2  days ) , sh o wing extensive 
degranulation  of eosinophiles ( arrows ) . Part of the 
sect ion i s  s hown at a h igher magni fi c a t i o n  in f ig . 28 . 
H . E . x 4oo 

Fig. 28 Same as f i g .  27 , showing degranulation of  eosinophiles ( arrow ) , 

under a h i gher  m agnification. 

H . E .  x 1 000 ( oil immersion ) 
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The t wo skin samples taken from th e t reated sites , before blueing , 

revealed marked eosinophilic infiltration .  A high proportion of the 

eosinophiles seen were extensively d egranulated ( figs . 27 , 28 )  unlike those 

s een six hours after h istamine inj ec t i ons . The eosinophiles were most 

numerous in the s uperficial regions of the dermis . Only slight prolife­

ration of f ibrous tissue was seen in the dermis . 

(xi )  Effect  on vascular permeability o f  nucleosides and its suppression 

by mepyramine : 

Some nucleosides increase vasc ular p ermeability in some species but 

not in others . In  the  rat this is  attributed  to histamine  release ( Moulton ,  

et  al , 1 9 57 ;  Spect or and Willoughby , 1 957a ) . 

Nucleosides adenosine , guanosine , inosine and xanthosine were in­

j ected intradermally in 1 0�g amounts . Two sheep were use d . Each rec eived 

three series of such inj ecti ons on each side .  

Although much less marked compared with the  effect  o f  intradermal 

h is tamine al l the nucleosides increased vascular permeab ility.  Blueing 

produced by inosine and xanthosine was only half the int ensity of that 

produced by adenosine and guanosine . 

Two oth er sheep were inj ected intramuscularly with mepyramine 

maleate  in a single  dose of 2 5  mg/kg body wt . 1 5  min . before the intradermal 

inj ections of nucleosides . Each rec eived three series of inj ections on each 

side , as in the previ ous experiment . I t  was found that pretreatment with 

mepyramine abolished  the increase in vascular permeability caused  by the 

intradermal injection of adenosine , guanosine , inosine and xanthosine . 

Bl.ueing did not develop at the sites  of inj ection during eight hours observat ion.  

( xi i )  Effect of pH on vascular permeability:  

The l eakage of  dye caused  by  the intradermal inj ection of mepyramine 
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maleate solution "Anthisan" not e d  earlier sugg e st ed that the s olution 

had a permeability- increasing e ffect . To ascertain if this was due t o  

the action o f  the mepyramine i t s elf o r  the v eh i c l e  in whi ch it  was 

dissolved , more informa tion was sought from Mess rs May and Baker L td .  

I t  was stated that the "Anthisan" solut ions o f  all strengths were 

slightly acidi c . It was considered p ossibl e  that "Anthisan" may have 

increased vasc ular perm eability through the acidic nature of the solution . 

To inv e stigate  this pos sibility in t h e  she ep , the e ffect o f  varying pH on 

vascular permeabili ty was tested . I t  has been suggested  that some anti­

h is tamines themse lves release histam ine ( Arunlakshana , 1 9 53 ) ; and this 

possib i lity has b e en b orne in mind . 

Saline ( 0 . 8 5  per cent ) , which by itself i nduced no blueing , was ad­

justed to a range of pH valueO of 3 , 4 , 5 , 6 , 6 . 4 , 7 , 8 , 9  and 1 0 .  The pH of 

saline itself was · 6 . 4 . The adjus tment o f  pH was made using N/1 0  HCi and 

N/10 NaOH and t e sted  on a Be ckman pH met e r .  Phosphat e  buffers w e r e  not 

employed , sinc e it was thought possible that the presence of buffer salt s  

might affect the resul t s .  

The pH o f  t h e  "Anthisan" solution , that induced leakage o f  dye when 

inj e c t e d  intradermally , was found to b e  b e tw e en 5- 5 . 1 .  All  inj e ct ions 

were made in 0 . 1  ml . volumes .  One sheep was used . On each side it re­

ceived duplica t e  inj e c t ions of each pH int erval . 

No increase in vascular permeabil ity r esulte d  from the inj e c t ion o f  

the saline a t  any pH . 

To obtain an idea whe th er mepyramine induced increased vascular 

permeability by itself or by releasing h i stamine , the e ffect o f  systemic 

m epyramine was t e s te d  on the leakage o f  dye caused by m epyramine inj e c t ed 

intradermally.  Two she ep were inj ected  intramuscularly with mepyramine 

( 2 5  mg/kg body w t . ) .  Each sheep re ceiv,ed in addition six s eparat e 
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inj ections o f  1 mg � of 2 mg . and of 5 mg. of mepyramine intradermally ,  

1 5  min . afte r  the intramuscular dose of mepyramine . 

The blueing caused by mepyramin e  mal eat e solution given intrade rmall y  

was c omp l e t e l y  suppressed b y  t h e  syst emic administrati on of the same agent . 

( xiii)  Effe ct o f  kal likrein on vascular permeabil ity :  

S ome o f  t h e  proper t i e s  of kallikrein have been discussed i n  the 

Introduction.  Intradermal inj e c t i on o f  kallikrein in the rat has been 

found t o  cause increased vascular p ermeabili t y ; this i s  p r esumed t o  b e  

due t o  the f ormation o f  kinins in  the skin ( Bhoola e t  al , 1 960� 

Kal likrein was inj ected intradermally in amounts of 1 and 2 

biological uni t s . Two sheep w ere use d . Each received six inj e c t i ons at 

each dose rat e  on each side . 

Kallikrein caused marked leakage of dye . The blueing appeared af t e r  

a latent period of about 4 minutes . There was a distinc tly greater r es­

ponse to the larger dose in that a more intense blueing develop e d .  

Mepyramine mal ea te was used t o  t r y  t o  suppress the increase d  vasc ular 

permeab ility caused by kallikrein . It was inj e c ted intramus cularly in a 

single dose of 2 5  mg/kg body wt . 1 5  min . b e fore intradermal inj e ct ions of 

kall ikrein . Two sheep were use d .  Each re ceived three inj e ct ions of one 

and t wo biological units on each s i d e  of the body. 

Mepyramine pretreatment delayed the leakag e of dye for  about 1 5  min .  

Blueing then gradually increased from 1 5  min. o n  until a t  30  m i n .  the in­

t ensity of c ol our was similar t o ' that produce d  in unt r ea t e d  animals .  

( xiv ) Eff e c t  o,f ribonucleic acid  on vas cular perme'ab ili ty:  

The abi,lity of t ;he  ribonucl e ic acids to  increase vascular p e rmeabili t y  

h a s  b e en reporte d  recently in t h e  rat (Willough:by and Walt ers , 1 9b5) : of 
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the four diff erent t ypes  of RNA t e st ed , the highly polymerised s ubstan c e  

( RNA ,HP ) was f ound to  b e  most active . In the pres e nt exp eriments different 

types of RNA were tested to  see  i f  they increased vascular p ermeability in 

the she ep . 

RNA o f  f ive d if ferent types was inje cted intradermally in amoun t s  

of 1 00 �g and 500 �g . Two sheep were used . Each received one inject ion 

of 1 00 �g and 500 �g of each RNA type on each sid e . 

In c ontrast to results obtained in the rat ( Willoughby and Wal t er s , 

1 96 5 ) , and also compared with the effect of intra d ermal his tamine , 5-HT 

and bradykinin in the sheep skin , the RNA of diff erent t ypes produced 

only a slight increas e  in vascular permeability i n  the skin , and then only 

with 500 �g dose s .  Blue ing appeared a fter a latent period o f  1 5- 1 20 min . 

according t o  the RNA typ e .  No signifi cant chang e cont inued to occur after 

four hours . 

Sodium RNA was c omple tely without effe c t . With yeast , whea t -germ 

and p ea- seed RNA blueing was first seen about 1 �  min . after the inj e c t ion. 

Wh eat-germ and pea-seed RNA appeared to be of the same order of effec t ivene s s . 

Blueing induced b y  yeast RNA and the highly polymerised RNA , al though still 

feeble , was slightly more intense than those produced by wheat- germ and pea-

seed RNA . 

( xv )  Effect of hyaluronidase on vas cular permeability: 

There is s ome uncertainity about the significance of the a c t ion of 

hyaluronidase on vascul ar permeability . An effe ct  has only be en f ound at 

high dose rate s . 

Hyaluronidas e  was inje ct ed intradermally in 1 0  �g , 50 �g , 1 00 �g , 

500 �g , 1 mg . and 2 mg . amounts .  Two sheep were used . Each received two 

c omplete serie s  of inj e c t ions on each side . The observations o f  c olour 
intensi ty were made 30 min . after inje c tion of the hyaluronidase . 
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Hyaluronidase produced slight blue�ng at 500 �g and thi s  increased 

with larger doses . No blueing occurred at doses less than 500 �g . The 

blueing appeared a f t e r  a latent period of 5-7 min .  in all c a s e s .  

Mepyramine m aleate was used to  t ry to suppress the p ermeabili t y  e f f e c t  

o f  hyaluronidase . I t  was inj ected intramus cularly in a si ngle dose of 

2 5  mg/kg . body wt . Hyaluronidase was inj ected intradermall y  in 500 pg , 

1 mg . and 2 mg amoun t s . Two sheep w e r e  used . Each received  three series 

of inj e c t i ons on each side . The recordings were made after 30 min . obser-

vation . 

Mepyramine c ompl e t ely s uppressed the increase in vasc ular p e rmeability 

caused by the hyaluronidase .  No blueing had developed 8 h r .  after the 

hyaluronidase inj e c t ion , when it was preceded by mepyramine administered 

systemically . 

To investigat e the spreading e f f e ct of hyaluronidas e , non-blueing 

amounts ,  i . e . , 1 0  pg , 50 pg and 1 00 �g were each inj e c t e d  with 1 �g and 

1 0  pg of histam�ne , and the size of the blued area was measured after 30 

min . This was c ompared with the blue ing produced by 1 pg and 10 pg of 

histamine alone and the difference r ecorded . Two sheep were used .  Each 

received two s eri es of inj ecti ons on each side as indi cated in table 7 

whi ch summarises the resul ts . 

Tabl e 7 - The spreading effect of hyaluronidase . 

S i z e  of the blue area �n mm . ( length x bread th ) 

'· 1 ug H i s tamine 

5 X 3 

1 0  pg H istamine 

1 7 X 1 5  
..... 

1 1 �g H istamine + 1 1 �g Histamine � 1 pg Histami�e + 
1 0  pg Hyaluronidase 50 pg Hyaluronidase 1 00 �g Hyaluronidas e 

1 1  X 9 1 1  X 10  12  X 1 0  

1 0  pg Histamine + 1 0  pg Histamine + 1 0  pg Histamine + 
1 0  pg H yaluronidase 50 pg Hyaluronidase 1 00 J,lg Hyaluronidas e  

2 5  X 20 25 X 20 2 5  X 22 
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The same dose of  histamine caused a greater area of  b lueing whe n  in­

j e ct e d  with hyaluronidase than wh en inj e cted alone . It  was further 

no t iced tha t an increa s e  in the dose of hyaluronidase did not cause a 

c orresp onding increase in the extent of blueing . 

( xvi ) Effe c t  of lac t i c  acid on vascular permeabil i ty:  

Mile s  ( 1 96 1 ) suggested that the  accumulat ion of granulocytes in 

tissues might increase vascular p e rmeability indirectly b y  pr oducing l a c t i c  

acid . Sin c e  lactic acid has been shown t o  cause vasodilatation in guine a  

pig skin ( Miles , 1 96 1 ) ,  i t s  e ffec t  on vascular p e rmeabil i ty in t h e  she ep 

skin was t es t e d .  

A 4% , 2% and 1% solution of lactic acid ( v/v) was p repared i n  saline 

and inj e c t ed intradermally in volumes of 0. 1 ml ; the pH for each strength 

b eing 1 . 88 , 1 . 90 and 1 . 97 r e sp e c tively , as ch e cked on a Be ckman pH me t e r .  

One she ep was used . I t  received six inj e ctions of  4% solution on th e l e f t  

side and ano ther six inj e c ti ons of  2% and 1%  solution o n  t h e  righ t  side . 

In all st rengths used 0 . 1  ml . of lactic a c i d  inj e c ted intradermally 

induced l eakage of  dye that appeared within 1 -3 min . after the  inj e c t i ons . 

The �e also appeared a small swelling at sites of all the inj e c tions . 

Maximal e ff e c t s  wer e observed with the 4% solution : 2% and 1%  solution 

appeared to be of  the same order of  effectivene s s . 

Mepyramine male a t e  was used t o  try t o  suppr ess �he increased vascular 

p ermeability caused by lactic acid . Mepyramine was i n j e c t e d  intramuscularly 

in a single dose of  2 5  mg/kg 1 5  min. b efore th e intradermal inj e c t i ons of 

lact ic aci d , in the pervcentages referred to above . One sheep was use d . 

It received thr e e  inj e c t i ons o f  each solution o f  lact i c  a c i d .  

I t  was found that in all sites mepyramine failed to suppress t h e  l eakage 

of dye . 
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( xvii )  Ef fect  o f  Strophanthin-a on the increased vascular permeability ' 

induced by turpentine, histamin e .  5-HT and bradykinin : 

Following the report by Judah e t  al , ( 1 96 5 )  of the s imilarit y  of 

act ion b etween the antihistamine promethazine and the cardiac glyco side 

s trophanthin-G , the latter was used as  a possible suppressor of the early 

inflammatory changes in the sheep i nduced  by turp entine . 

Strophanthin-G ( Ouabaine ) was inj e c t ed intravenously into  thr e e  

sh eep i n  a single dose of 1 00 �g/kg b ody weight , 1 0  min . b e f o r e  th e intra-

d ermal inj e ction of the following sub s t ances : turpentine , 0 . 1 ml ; hist-

a mine , 5-HT and bradykinin in 1 0  �g amounts . Each sh eep r e c eived two c om-

p lete series of i nt radermal inj ect ions on each side . 

Syst emic strophanthin-G delayed the increas e in vas cular permeabil ity 

n ormally c aused by  turpentine , histamine , 5-HT and bradykinin. The suppres-

s ion o f  increased vascular p ermeabili t y  caused by turpentine , histamine and 

5-HT las ted  for nearly an hour , aft e r  wh ich time leakage of dye t o ok place 

at  the site of turp ent ine inj e ction and t o  a lesser ext en t  at the sites 

of  histamine and 5-HT inj ections . Permeability response to bradykinin 

was delayed for only about 1 0  min . , after which t ime blueing occurred . 

In all places wher e blue ing was suppressed , an area of redd ening was seen . 

( xviii ) Effect  of Sodium �alicylat e  o n  th e increased vas c ular permeability 

induce d  by turpent ine, his t amine, 5-HT and bradykinin : 

A 40% solution of s odium salicylate was inj e c t e d  intrap eritoneally 

into two sheep in a dose of 0 . 5  g/kg and into two others at 0 . 6  g/kg body 

weight . 30 min . later each sheep was inj ected intradermally with 0 . 1 ml . 

turp en t ine and 1 0  �g of h istamine , 5 ... HT and bradykinin . Each sh eep re-

ceived two series of these inj e c ti ons . The increase in vascular permea-

bility indicated by the l e akage o f  dye was rec orded. for  up to  one h our after  



the intradermal inj ections were given . The same f our sh eep were also  inj e c t ed 

intradermally with 0 . 1  ml . of turp entine-induced pleural exudat e ,  the response 

to which was suppressed by salicylate . This is des cribed later in s e c t ion 3 o  

Sal icylate failed t o  suppress c ompletely the l eakage o f  dye induced  b y  

turpent ine , his tam ine , 5-HT and bradykinin . Blueing with turp entine and 5-HT 

and to some extent with histamine and bradykinin , though not suppres sed , was 

d elayed for 7- 1 0  min . Thereaf ter blueing ap peared gradually , reach ing a p e ak 

by one hour wh ich was only about half or one-third as intense as that ob tained 

in untreated sheep . 

( xix ) Effect  of  be tamethasone ( 1 1Betsolan1 1, Glaxo L td . ) on  the increased 

vascular permeability induced by turpent ine ,  histamine, 5-HT and 

bradykinin : 

Be tamethasone is  a re c ently synthesised c ortisone derivative and is 

approximately five to  eight  tim es more potent than prednisolone as an anti­

inflammat ory agent ( se e  1 1Bet solan" , Glaxo literature ) .  

Betaroethasone was inj ected  intramuscularly in a single dose of 2 

mg/kg 1 5  min . before the intradermal inj e c t ion o f  0 . 1 ml . turpentine , 

1 0  �g of histamine , 5-HT or bradykinin and 0 . 1  ml . of  turpentine-induced 

pleural exudate .  Two  sheep were used . Each  rec e ived two c ompl ete  series  

o f  intradermal inj ections on each side . The leakage of  dye was recorded 

a f t er 30 min . observation .  

Betamethasone failed t o  suppress the leakage o f  dye induced by  tur­

p ent ine , his tamine , 5-HT and bradykinin ;  the  response to turpent ine 

pleural exudate  was suppressed ; this is  described later in section 3 .  

( xx )  Ef f e c t  of alloxan on the increased vascular permeability induced  by 

turpentine : 

In the rat alloxan p revents the r&lease of his tamine from mast c ell s , 
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and suppress e s  the early increase in vasc ular p ermeability which fol lows the 

intrapleural inj ecti on of turp entine ( Sp ector  et al , 1 963 ) .  

Four sheep were used . A 1 0  p er c ent solution o f  alloxan monohydrat e  

in  0 . 8 5  per c ent sal ine was employed . Four different doses were tri e d .  

Firs t , i t  was given intraperitoneally , one h our before intradermal in­

j e c tion of 0 � 1  ml . of  turpentine at a dose of 200 mg/kg body w t . ,  following 

i t s  use in th e rat ( Sp ector e t  al , 1 963 ) .  Next , it was given intraperiton­

eally at 600 mg/kg body wt . I t  was also  inj e cted intravenousl y  at 200 mg/kg 

and 600 mg/kg body wt . 1 5  min . before th e intradermal turpentine . The same 

f our sheep were also inj ected intrapleurally with 0 . 5 ml . o f  turpentine , before 

alloxan administration . 

Alloxan ( 200 or 600 mg/kg ) failed t o  suppress the rea c t i on to the 

intradermal inj ec tion of 0. 1 ml . turp entine and the pleural exudation in­

duced by t urpentine . This is  describe d later in Sectio� 4 .  

( xxi ) Eff e c t  o f  ind omethacin ( 1 1Indocid 11 ,  Merck Sharp and D ohme ) on the 

increased vascular permeability induced by turpentine,  h is t amine , 

5-HT, bradykinin and thermal injury. 

Indom ethacin is an anti-inflammatory agent and has been found parti-

cularly e ffective in  man . 

A 20% suspension made up in  dis t ill e d  water was used . It  was given 

intraperitoneally in  a dose of  60 mg/kg body weight 30 min . before the 

intradermal inj e ct i�n of test  substan ces , and the production of  thermal 

injury. Two sheep were used . Turpentine was inj eoted _intradermally in 

0. 1 volumes . Histam.ine , 5-HT and bradykinin were inj e c t e d  in 1 6  �g amounts . 

Each sheep  re ,c eive d  two c omplete s eries  of intraderma;l inj ac tions on each side . 

'Phe rma.l injury was i nduced at two s i:te s  on each side of  the sheep . ·� ' 

Ind6methacin failed t9 suppre s s  the leakag� Qf $lye rlCi>r!tlally caused. by 1: ·- . ' ¥ 
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turp entine , histamine , 5-HT , bradykinin and th ermal injury. 

( xxii ) Effect o f  promethazine ( 11Phenergan", May & Baker Ltd . )  on the 

increased vascular permeabili ty indu c e d  by turpentine , h i stamine 

5-HT, bradykinin and thermal injury : 

Prometha zine hydrochloride is  an ant ihi s taminic .  

Two sheep were inj ected intramus cularl y  with 2 5  mg/kg of 

promethazine hydroch loride 1 5  min .  before the  i ntradermal inj e ct ion of 

t est substances  and the infli c tion of thermal injury . Turpentine was 

inj e ct e d  in 0 . 1  ml o volum e s .  5-HT and bradykinin were inj ected i n  1 0  

pg amounts .  Histamine was inj e ct e d  i n  1 0  pg  and 1 00 �g amounts .  Each 

she ep r e c eived two c omplete  s eri es of intrade rmal inj e c tions on each s i d e . 

Thermal inj ury was indu c e d  at  two sites on e a ch side of the she ep .  

Promethazine hydrochloride suppressed t h e  leakage of dye for about 

one hour after int radermal t urpentine ; for about 1 0  min. after intra­

d e rmal bradykinin , and f or about 8- 1 5  min . a f t er thermal inj ury . No 

blueing develope d  at places  where histamine and 5-HT had been inj e c t ed 

in 1 0  pg amounts . However , in contrast t o  results obtained wi th m e­

pyramine maleat e  blueing was not complet e l y  suppre sse d after the intra­

d e rmal inj e c t ion of histamine in larger d o s e s , i . e . , in 1 00 �g amounts . 

I t  was only d e layed for ab out 1 0  min . 

( xxiii )  Eff e c t  o f  i s ocarboxazid ( "Marplan " ,  Roche Products Ltd . ) o n  the 

inc reased vascular permeability c aused by t urpentine , histamine , 

5-HT,} bradyki nin and thermal i njury :  

The e f f e c t  o f  isocarboxazid ,  a n  inhibitor o f  monoamine oxida s e  

( MAO) was test e d  i n  t h e  sheep . In the rat , MAO inhibitor was found to 

-suppress increased vas cular permeab ili.ty after chemical and the rmal injury 

( Sp ector and Willoughb y ,  1 960b , c ) . 
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Two sheep were used.  The first was inj ected intraperitoneally with 

1 50 mg/kg and the second with 200 mg/kg of a 2 . 5% suspension of iso­

carboxazid 30 min . b efore the intradermal i nj e c t ion of  t es t  substances  

and the  infliction of  thermal injury . Turpentine was inje c t e d  intra­

dermally in 0 . 1 ml volumes . Hi stamine , 5-HT and bradykinin were inj e c t ed 

in 1 0  �g amoun t s .  Each sheep received two complete s eries o f  intradermal 

inj e c t i ons and t hermal inj ury on each side . The resul t s  were recorded up 

to  one hour . 

Neith er dose  of isocarboxazid suppressed the increased vascular 

perm eabil i ty caused by turpentine , h i stam ine , 5-HT or bradykinin . H ow­

ever , both doses reduced the l eakage o f  dye following thermal inj ury . The 

intensit y  of  leakage of  dye after t urp ent ine inj e ction was slight ly dimini­

shed . 



Sect ion 2 

H istamine release in cutaneous antigen-antibody reactions in the sheep :  

The earlier results indi cate that histam ine is a mediator of the 

early vascular changes in inflammation in the sh eep .  Histamine appe ars 

to be released by many agents ( viz . , turpentine , thermal injury , 5-H T , 

mepyramine mal eat e ;  also by turpentine-induc e d  pleural exudate and l ymph 

node cell extract ( described l ate r )  which suggests  that his tamine rel ease 

in the sheep skin is easily initiated . The f o llowing exp eriment s were 

carried out to see if histamine is released i n  the a ntigen-antibody re­

actions in the she ep skin . It was propo sed t o  produce  the Arthus reaction 

and passive cutaneous anaphylaxis ( PCA ) • 

1 .  A c t ive sensitisation ( Active Arthus Rea c t ion ) : 

Four lambs were used in the exp eriment . Th e  antigens used were : horse 

serum ( HS )  and bovine gamma globulin BGG ; Hyland Laboratorie s ) . Two lambs 

were given six sensitising inj ections of 0 . 1  ml . of horse serum intradermal l y  

on each side . Th e other two lambs were similarly inj e c t ed with BGG in 5 mg . 

amount s ,  contained in 0 . 2  ml . saline . The above inj e ctions were r epeated 

daily . From th e fourth day onward in the case  of HS and from the s ixth 

day onward with BGG , the inj e ction sites star t ed showing cutaneous rea c t i on 

indicated by swelling within a f ew minut es of  the inj ecti on of antigen . 

Blood samples were t aken on the 9th day from all the lambs and the sera 

were lat er t e s t e d  for precipitating antibody by  doubl e diffusion in  agar 

gel . 

After th e colle c t i on of blood sampl es the lambs were blued . No blueing 

o c c urred at th e inj e cti on sites indicating that the vascular p erme ability 

was n ormal . In each animal at all s ites  o n  the righ t  side the h omologous 

ant i gen was inj ec ted . Blu eing appeared ,w ithin 1 -4 min • . at all s it es and 
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b e came most  marked by 30 min . I t  was found that a similar marked leakage 

of dye oc curr ed when antigen was inj ected  at untreated  s i t e s . Leakage 

of dye was more marked in the case o f  HS than with BGG . The blueing 

obtained at sit es  not previously i nj ec ted  with the ant igens sugg ested 

that the r eact ion might b e  due to  precip itating circulating antibodies . 

Aft er two hours ' observation , the lambs were inj e c t ed with mepyramine 

maleate  intramuscularly ( 2 5  mg/kg ) and 1 5  min . later again inj e c t ed the 

homologous ant igen at the six s i t e s  of previous inj ections on the left  

s ide and also at  untreated sites . Blue ing was temporarily suppressed ; 

leakage of dye did not oc cur until aft e r  one hour and was most marked at 

2 hr . 

Agar di f fusion tests  using s era from al l f our sh e ep against th e homo­

logous inj e c t e d  antigen failed to give precipitation lines , despite the 

indication that circulating precipi tat ing antibodies might be invo lved 

in the cutaneous ant igen reac tion.  

2 .  Reversed Passive Arthus Reaction :  

The Arthus reaction depends on  the c irculating pr ecip itating type  of  

an tibody and th e ability to resp ond to  the  antigen is  lost  when thi s  is 

r e moved ( Benaceraff and Kabat , 1 9 50 ; see Cochrane , 1 96 5 ) .  The negat ive 

resul t s  of  the gel diffusion test did not confirm the prec ipitating nature 

of  the antibodies , and therefore whether  or not the cutaneous antigen-ant i­

body reaction described ab ove was of the Arthus type , remained unknown . 

The p ossibility of producing a Reversed Passive Arthus Reaction was 

the n  considered to test  the e fficacy of m epyramine mal eat e in its role of 

supprissing th e increase d  vascular perm eability that f ollows the antigen­

antibody reaction in the skin . Arthus r eacti on was produced by the reverse d  

passive method d es cribed by  Ovary and B i e r  ( 1 9 52 )  and u s e d  by  Bro cklehurst 



Fig. 29 A doubl e di ffusion test  in agar gel  showing pre cipitation l ines 
be tween ad j a cent wells , one c ontaining horse serum and the o ther 
ant i-horse serum ob tained from rabbit . 

Fig.30 Reversed Passive Arthus Reaction in the skin o f  a sensi tised  
sheep . Pho t ograph t aken one hour after  mepyramine maleat e­
pretreatment ( 2 5  mg . /kg . given int ramuscularly ) . Note c o mp l e t e  
suppressi on of  dye-l eakage at s i t e s  o f  intradermal inj e c t ion 
of  the anti body ( i . e . , ant i-horse s erum obtaine d from rabb i t ) , 
but presence of  a local "flare " ( arrows ) .  
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et al 095 5 ) • It was thought possible from the negative gel diffusion 
b 

results that , as in guinea-pig (Humphrey, 1 9 5 5J , sheep sera may not contain 

sufficient precipitating ant ibody to give  readily measurable macroscopic 

lesions in RPA-reaction , and c onsequently rabbit  antisera were used .  The 

antigen used was horse serum (HS ) . Rabbit anti-horse serum was produced in 

two different ways . 

( i )  Two rabbits were used . Each was inj ected with 0 . 4  ml . of  HS 

intravenously . On the 8th day each rabbit received 0 .4  ml . of  HS intra-

peritoneally and on the 9th day 0 .2  ml . intravenously . Blood samples were 

taken on day sixteen and the antisera were tested for precipitating anti-

b odies by double diffusion in agar gel . This procedure l ed to the pro-

duction of  pre cipitating ant ibody , the gel diffusion test giving clear 

precipitation lines i fig.  29 ) .  

( ii )  Two rabbits were used .  On day one each was inj ected  intra-

muscularly with 0 . 4  ml . of HS emulsified in an equal volume  of complete 

Freund ' s  adjuvant ( Difco ) .  Three weeks  later the animals were inj ected  

intravenously with 0.2  ml . of HS  emulsified in an equal volume  of  a 2% 

solution of aluminium hydroxide gel dilut ed 1 in 1 0  with saline . Eight 

days later b�ood samples were taken and the antisera were tested for precipi-

tating antibodies by double diffusion in agar gel . The t est  gave distinct 

precipitation linea . 

Two lambs ( 20 kg. body wei·ght )  were used to  produce RPA-reaction. 

Rabbit anti-HS serum was inj ected intradermally in volumes  of 0 . 1 ml . at 

twelve sites in each lamb , a l l  on left sid e .  Immediately the reafter excess 

of antigen ( 40 ml . of HS ) was given intravenously and the lambs were blued .  

Results  were r ecorded. 

To test the e ffect of antihistamine both the lambs were inj ected two 

hour s  later  with mepyramine malea t e  intramus c ularly ( 2 5  mg/kg) and 1 5  min. 
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• 

Fig.31 Sec tion of sheep skin 30 min . after the produc tion of 
Reversed Passive Arthus Reac t ion ( RPA ) showing diffuse 
infil tration of ti ssues with mononuclear c ells and 
e osinophiles ( e ) . Degranula tion of eosinophiles is also 
seen ( d ) . 

H . E . X 2 50 

Fig.32 Section of sh eep skin 3 hr . after the produc tion of  RPA­
react ion showing margination of polymorphs in hyp eraemic 
blood vessels . Many eosinophiles  are al so seen in the 
p erivascular ti ssues . 

H . E .  X 2 50 
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after this t reatment , antibody was inj ec t e d  intradermally at twelve sites 

on the right side . 

Normal horse and rabbit serum d·id not cause leakage of dye b y  

themselves a s  was previously shown b y  inj e c ting them i n  ano ther blue d 

sheep in 0 . 1 ml . volumes . Th� intra dermal inj e c tion of antibod y  in the 

sensit ized she ep bef ore mepyramine treatment was followed by leakage of 

dye within 1 -3 min.  The s ize of the blue areas varied from 10 t o  1 5  

mm . in diameter at the end o f  one hour . Aft er mepyramine-pr etreatment , the 

leakage of dye was completely suppressed following the intradermal inj ections 

of antibody.  No blueing developed even a f te r  twelve hrs , and the sites  of 

injections show eo r eddening ( flar e ) instea d (.�\\,:,o) . 

3 • Histopathologi cal changes in the RPA-Reaction : 

RPA reaction was produced by inj e c t ing antibody int radermally in 

0 . 2  ml . volumes in a lamb previously s ensitized with h orse  serum . Sixteen 

inj ect ions were mad e , eight on either sid e .  Skin biopsies  were t aken , one 

from each side at 1 5  min . , 30 min . , 1 h r . , 3 h r . , 6 h r . , 8 hr. , 24 hr. , and 

72 hr . after the inj ections . Skin sampl es were fixed , s e c t ioned and stained 

H & E and for eosinophiles . 

The following r esults were obtained at the given time int erval s . 

1 5  min; Sections revealed vascular dilatation and hyp eraemia . There was 

slight infiltration of mononuclear c ells , mostly lymphocyt e s .  A few e osino­

philes  were seen.  

30 min; Conges t i on of blood vessels  and emigration o f  mononuclear cells 

had slightly increased . Eosinophiles  had significantly increased ;  many 

showed d egranulati on ( fig . 31 ) .  

Further increases in the above changes were seen , mainly in the 

tissues close to  the base of the epidermis . 



Fig. 33 Sec t ion of she ep skin 6 hr . aft er RPA-reac t ion sh owing an 
early stage in th e ac cumula t i on of neutroph iles in the wall 
of a small vein . 

H . E .  X 2 50 

Fig.34 S e ction of sheep skin 8 hr . after RPA-react ion showing in­
f i l t ration o f  tissues with neutrophiles . A small vein ( v )  
i n  the centre has a n  ac c umulat ion o f  neutroph iles i n  its 
wal l , but a smal l artery ( a )  above it is free from s uch 
ac cumulat ion. 

H . E .  X 1 00 
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This s tage was characterized by a change in the type o f  

emi gra ting c el l s .  The hyperaemic vessels showed marginat ion of  p olymorpha 

( fig . 32 ) .  Only a few  mononuclear cella were s een and were replaced by 

the polymorphonuclear neutrophiles in the t i ssues . Eosinophiles  were seen 

in s ignificant numbers as noted above , and showed degranulation.  The changes 

now also involved the deeper tissue s .  

6 h r :  The polymorphonuclear neutrophilic  emigration had sli gh t ly increase d .  

The s tage was characterized by t h e  beginning o f  accumulation o f  n eutrophiles 

in the walls of smal l  veins and venul es ( fig . 33 ) .  

8 hr : - At this stage the first large-scale e migration of neut rophiles had 

oc curred , c onsiderably more than at the earlier  s tages ( fig . 3 4 ) . Accumu-

lat ion of neutrophiles in the vessel wal l s  was most marked at this stage 

( f ig . 3 5 )  and was s een in small veins and venules onl y ; art e ries  and 

art erioles w ere not involved ( fi g .  34 ) .  

2 4  hr : Neutrophili c  emigration and infil trat i on of the tissues was maximal 

at this stag e .  The accumula tion of neutrophiles in the vascula� walls ,  

th ough marked , was less than a t  the pre c eding stage and more cells  were 

in the tissues surrounding the vessels than in the vessel wall s .  Large 

numbers of neutrophile a were in the l umina o f  the vessels . Eosinophilea 

were s t il l  present in the tissues but showe d no increase i n  numbe r .  

48 hr : There  was marked reduction i n  t h e  cellul ar infiltration of the 

t i ssues . Most of the neutrophilea had disappeared and the cytological 

picture was once again predominently mononuclear , mainly lymphocyti c . 

Blood vessels still  revealed small numbers of neutrophiles in the walla . 

Eoainophile a  were seen in significant numbers  in the tissue s .  

7 2  hr : The abov e changes had l argely subsided ; skin had returned almost to 

normal at this s t ag e . Blood vessels d i d  not show any significant changes.  

In p laces  there were slight inf'iltrati ons of lymphocyte s .  Eosinophiles 
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Fig.35 Same as fig . 34 , anoth er area sho wing marked accumulation of 
neut rophil e s  in the wal l of a small vei n ( arrow ) .  

H . E . X 2 50 
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were seen scattered among the lymphocytes .  

4 .  Passive �utaneous Anaphylaxis ( PCA ) : 

The Arthus react ion i s  dependent upon  th e continued presence  of 

circulating precipitating antibody (Bena c erraf and Kabat , 1 950 ; see  

Cochrane , 1 96 5 ) . I n  the case of cutaneous anaphylaxis , however , the 

precipitating ant ibody may be  removed by antigen and the nonp r e c ipitating 

c i rculating or ti ssue ' fixed ' antibody will s t ill elicit a full reaction 

up on challenge wi th the antigen ( Ovary and Bier , 1 9 53 ) . The t e s t  is  based 

on the fact t hat thi s nonpre cipitating antibody shows a marked t endency 

to be come bound to  c el ls . In order to  e l i cit the PCA rea ction a suitable 

interval , termed 1 latent period ' is r� quired b etween the inj ec t ion of  anti­

b ody into the skin and the administration of  ant igen intravenously ( Ovary , 

1 9 58 ) .  During the lat ent period the antibody attaches t o  the tissue cells 

in such a way that its subsequent interaction with ant igen will damage the 

t issue . Tissue in th is state is t erme d ' sens itised ' ( se e  Cochrane , 1 965 ) . 

Th e following experiment was c arried out to s tudy if  histamine was released 

in the PCA-reaction in the she ep .  

The PCA-reaction was produced b y  t h e  ' reversed ' t e chnique described by  

Ovary and Bier ( 1 9 52 )  and used by Bro ckl ehurst  et al , ( 1 9 55 ) . The same 

antigen-ant ibody system as described f or the RPA-Reaction was used . Anti­

b o dy was inj e cted intradermally in 0 . 1  ml . volumes .  Ten inj e ct ions were 

made on each side in one lamb ( 20 kg . body weight ) .  4 h r .  later excess 

antigen ( 40 ml . o f  HS ) was g iven intravenously , and immediately therea f t er 

t h e  lamb was blued . Results were re corded . 

No l eakage o f  dye o ccurred at the sites  of previous intradermal inj ections 

of antibody . 
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5 • Histopathologi cal changes following intradermal injection of 

immune c omplexes : 

Thi s  experiment was carried out t o  s e e  if immune c omplexes exert e d  

any eosinoph ilotactic effect i n  t h e  sh eep . T w o  approaches were attemp t e d . 

Firs tly ,  preformed ins oluble ant igen-antibody compl exes were inj e cted  intra­

d ermally.  S ec ondly , superimposed  inj ecti ons of both antibody and antigen 

w ere given intradermally in an endeavour to induc e  the formation of ant i g en­

antibody c ompl exes in vivo, i . e . , Local Passive Arthus Reaction ( L�AR ) 

(Fischel and Kabat , 1 947 ) .  BGG and anti-BGG , and also horse serum and 

ant i-horse serum were used as the antigen-antibody s yst ems . Both anti-

sera were pr epared in rabbits . Th e preparat ion of ant i-BGG ant i serum 

f ollowed the same s chedule as that des cribed for preparing ant i-horse 

s erum . Both antisera were shown to  contain prec ipitating antibodies by 

d o uble d iffusion in agar gel . 

The insolubl e antigen-antib o dy comp l exes were prepared b y  tube pre­

c ipitation in liquid medium . Th e precip itates  were washe d  twice  with cold  

( 4°
C )  0 . 8 5% sal ine solution . For each system 0 . 1 ml . volume s of  compl ex 

were inj ect ed  intradermally at f our sites in a lamb . At fo ur other s i t e s  

0 . 2  ml . o f  anti-h orse serum f ollowed by 0 . 2  ml . of horse serum was inj ec t e d  

intradermally t o  induc e LPAR. Two skin biopsies w e r e  obtain ed from the s i t es 

o f  inj e c tion of each antigen-antibody complex and from the LPAR site 1 5  min . 

and 6 h r . following int radermal inj ections . Skin samples were fixed , 

s e c t ioned and stained with H & E and for eos inophile s .  

S ec t i on taken 1 5  min . af ter inj ection o f  preformed immune complex and 

induct ion of LPAR revealed vascular d ilatation and h�e raemia . There was 

slight  inf iltration of mononuclear c ells , mostly lymph o cytes . In 
·
the case 

o f  LPAR , hyp eraemic  ve ss�ls sh owed margination of polymorphs .  Eosinophi l e s  

were not s een i n  s ignificant numbers . 
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After 6 h r .  there was large-s cale emigration o f  neutrophile s  whi c h  was 

mos t marked in the case of LPAR and least with the BGG immune c omplexes . 

In all cas es only an oc casional blood v e s sel showed sl ight a c c umulati on 

o f  neutrophil e s  a c t ually in their walls . Eosinophile s  in significant 

numbers were not s een . 



Section 3 

S t udies on  inflammation - using t urpe n tine-induced pl e urisy in the 

sheep as a t e s t  system . 

Studies on the pleural exudat e s : 

A criterion t o  be met b e fore a c c epting that a s ubst ance i s  a mediator 

in inflamma t i on is that the substan c e  should be  demonstrably present during 

the inflammatory reaction . 

Spe c t or ( 1 9 56 )  suggested that i f  blood vessels whose  permeab il ity had 

b een al tered were to be in c l o s e  contact with their exuda t e , then active 

c ompounds · ' (i . e . , ch emi cal mediators of inflammation ) should diffuse int o 

this exudate and be re coverabl e  from it , except wh ere they were rapidly 

destroyed or inactivated . He gave turpent ine-induced pl eurisy as a suitable 

example o f  inflamed blood vesse ls lying in cl ose contact with their exudat e 

and demonstrated that in the rat this t e s t  system gave reproducible r e su l t s  

i n  providing adequate exuda t e  for examination a t  various times ( in hours ) 

after turpentine inj e c tion. In the present experiments , pl eurisy has b e e n  

produced i n  the she ep by  the intrap l eural inj e ct ion of turp entine a s  

described p r e vi ously . Samp l e s  o f  pleural exudate were obtai ned a t  diffe rent 

t im e s  and their perm eability-increasing properti es were s tudied . Pleural 

exudate was collec t ed 30 min . , 2 hr . , 3 hr. , 6 hr . , and 24 hr . after tur­

pentine inj e c t ion from a t o ta l  of five she ep , each killed at  the appro­

p riat e int e rval afte r  the intrapl e ural inj ection of  turpentine . The e f f e ct 

of  undiluted and dilut ed p leural exudate  on vas cular permeability was 

e xami.n e d .  Result s  w e r e  c ompared with t h e  reaction produced by intradermal 

i nj e c t i on of undilut.ed and d ilut e d  normal serum to inv e s ti ga t e  the globulin 

p e rmeability fac t or .  

Two ' blued ' sheep rec eived t wo intradermal inje c tions o f  samp le s o f  

undiluted exudate taken a t  each of  the int ervals after inj e ct i on mentioned 
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ab ove . They also re ceived paired inj e ct i o ns o f  undi lut ed serum from a 

normal sheep . Five ' blued ' sheep were used to test the effect  o f  saline 

dilutions of the exudates . Each sheep was given , on each side , a double 

s e ries of  inj e cti ons starting with undilut ed exudate t aken at a given 

interval after turpentine inj ec tion , and w ith dilutions of this exudate 

as indicated in table 8. One 1 blued 1 sheep was inj ected in the same 

way with undiluted  and serially diluted serum from a normal sheep . 

The inflammat ory pl eural exudate induced by turpentine was pale yellow 

in colour ; in a few  cases it was slightly red presumably due t o  haemolys e d  

e rythrocytes . The p re senc e  o r  absenc e of  such haemolysis d i d  not influence  

the prop erties  of the exudat e .  Fibrin depositi on was marked and this  led  

to  a fibrinous c oating of th e p leura and some adhes ion between the visceral 

and parietal pl eura seen at 24 hr . There were few leucocyt es  in exudates 

o btained in th e early stages but large numbers were present in the 24  hr . 

old  exudat e .  They were mostly neutrophil es . 

The exudate obtained at all the intervals after intrapleural inj ection 

o f  turpentine , c oagulated soon after i t s  collection .  Evidenc e  of intrapleural 

c lotting , was present in s ome cases in that flake s of fibrin were present 

in the exudat e as it  was being colle c t e d .  The clotted fibrin was r emoved 

and the r emaining fluid was used to  t e s t  its effects on intradermal in­

j e ction . This fluid had app roximately the same activity in increasing 

vascular permeability as the uncoagula t ed exudate when tested  in a r blue d '  

she ep .  The t erm ' exudat e '  used hereaf t er , therefore , refers t o  a n  exudat e 

f r om which th e fibrin has been removed .  Att empts to p revent c oagulation 

o f  the exudat e  wi th the anticoagulants ,  ammonium and pot assium oxalate ,  

EDTA, trisodium citrate  and heparin were not successful . 

The ' 2 hr. , � hr. , and 6 hr.  exudates were alkaline (pH 8 . 2  - 8 . 5 ) and 

the al,kalinity was increased at 24 hr . ; (pH 8 . 5  to  8 . 8 ) . 
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Pe_rmeability- increasins. activity o f  the inflammatory exudates : 

Effect on vascular permeability of undilut ed  pleural exudat e s : 

Exudat e s  were inj ected int radermally in 0 . 1 ml . amounts .  Blueing 

appeared aft er a lat ent period o f  1 -4 minutes . Table 8 records the effe c t  

on vas cular p e rmeability of undiluted exudates coll e c t ed from 3 0  min . t o  

2 4  hr.  a f t e r  intrapl eural inj ec tion o f  turpentine . 

Table 8 - The effect of  dilut e d  and undiluted pleural exudates 

and sh eep serum on vascular permeabili ty . 

Leakage of dye ( colour int ensity ) 

Material Undiluted Dilut ed  ( wi th 0 . 8 5  p er cent saline ) t o  

1 in 1 0  1 in 2 5  1 i n  50 1 i n  1 00 1 i n  2 0 0  1 i n  400 

30 min . ++ 0 0 0 0 Exudat e  + + 

2 h r .  
Exudate + +  ++ ++ + + 0 0 

3 h r .  
+++ Exudate +++ ++ ++ ++ + 0 

6 h r .  
Exudat e  

+ +++ +++ ++ ++ ++ + + 

2 4  hr . 0 0 0 0 Exudate +++ ++ ++ 

S erum 0 + + ++ +++ ++ ++ 
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30 min . , 2 h r . , and 3 h r . , exudat es  caused marked leakage of dye on intra­

d ermal inj ect ion and with 6 hr.  exudate  this activity was maximal . Exudate s  

collected at 2 4  h r .  were inactive . Th e subsequent experiment s were carried 

out on 6 hr.  and 24 hr.  exudate sinc e these sh owed maximal and minimal 

a c t ivity resp e c tively .  The activity o f  the exudate was examined to see  

wh e ther  histamine or  globulin permeabil i t y  fac t or were involved as  mediators.  

Histamine was sought by  testing the effect  of  the inflammat ory exudates on  

isolated guinea-pig ileum .  Both 6 hr . and  24 h r .  exudates were  found in­

ac tive in th at  th ey failed  to induce contract ions of the guinea-pig ileum .  

I t  was found later with s tudies on the l ymph-node-permeability- factor tha t 

as little as 0 . 002 �g o f  histamine in a 5 ml . organ b a th induc e d  a signifi­

c ant contraction of  the guinea-pig ileum in sensitive preparations . 

Table  8 shows the effect  on vas cular permeability of  diluted exudat es  

colle cted from 30  min . t o  24 h r .  after  intrapl eural inj ection o f  turp ent ine . 

Undilut ed 24 h r .  exudat e had no e ff e c t  on vascular p ermeabil ity . When 0 . 1 

ml . volumes o f  1 : 1 0 ,  1 : 2 5 and 1 : 50 dilut i ons were inj ected intradermally 

into ' blue d ' sheep , the y  failed to induce leakage of dye . However , intra­

d ermal inj e c t i ons of 1 : 1 00 ,  1 : 200 and 1 : 400 dilutions c aused well-marked 

l eakage of dye . Blueing appeared gradually  at t he end o f  an h our and be­

came most marked  by 1 � hr. As can be  s e en from the t abl e , maximum act ivity 

r esided in  the 1 : 1 00 dilution. A similar study with 30 min . , 2 hr. , 3 hr. , 

and 6 hr. exudates showed that their a c t ivity de creas ed w i th dilution 

( table 8 ) . 

To see  i f  the  p ermeability fact or in the 24 hr.  exudate that was 

ac tivated by dilution was of a large molecular s ize , th e active  1 : 100,  

1 : 200 and 1 : 400 d ilutions o f  2 4  hr . exudate were  dialysed as d escribed 

p r eviously . Undilut ed 24 hr . and undiluted 6 hr . exudate were also dialysed . 

Dialysis would r€move �mal l molecular s ub stances like his tamine and 5-HT 
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and prevent the e scap e  of larger mole c ular substances like proteins . The 

resul t s  showed that dialysi s  did n o t  affe c t  the activity of  dilutions o f  

t h e  24 hr.  e xudat e s  i n  increasing vascular p ermeabili t y .  Similar resul ts  

were obtained when the  undiluted 2 4  h r .  exudate was first dialys e d  and 

then dilut ed . Dialysis did not alter the activity of the undilut e d  6 hr . 

exuda t e . 

S t orage at room t emperature of  1 : 1 00 dilu tion of 24 hr . pleural exu-

date for an hour did  not a ffect its  activity : nor did the degre e o f  hea t ing 

wh ich inac tivates complement , i . e . , 30 min . at 56°0 .  

Undilut ed sheep s erum gave a feeble  blueing resp onse . On dilution 

with 0 . 8 5 per c ent saline , th e activi t y  increased and reached a maximum at 

a dilut ion of  1 : 1 00 ( table 8 ) . As with diluted 24 hr. exudat e ,  th e blueing 

appeared gradual ly a t  the end of an hour and became most marked b y  1 �  hr. 

Unlike the 24 hr. exudat e ,  serum diluti ons of 1 : 1 0 ,  1 : 2 5  and 1 : 50 also 

showed some activ i t y .  Dialysis of  the 1 : 1 00 serum dilut ion and al so 

keeping i t  at room t emperature for an h our did not aff e c t  its a c t i vi ty in 

increasing vas c ular permeability . The same results were ob tained in sheep 

t ested w ith i t s  own d i lut ed serum . 

The lack of act ivity of  undilute d  6 hr . pl eural exudate  on guinea- pig 

i leum indicated that i t  di d not c ontain histamine . To see wh eth e r  i t s  

e ffect  o n  vascular p e rmeability was d u e  t o  release o f  h is tamine in  vivo , 

mepyramine maleate  was used as a m eans o f  suppressing p ossible h i stamine 

e f f e c t s . The e f f e ct was t ested  on the increased vascular pe rmeabili t y  

induced by undiluted 6 hr.  pleural exuda t e , and both dilut ed 2 4  h r .  exudat e 

and serum ( ea ch r educe d  t o  a concentra t i on of 1 : 100 in sal ine ) .  Three shee p  

w e r e  use d .  One sheep was used for each t es t  substan c e  and each r ec e i ve d  nine 

inj e c t i ons on each side.  Mepyramine maleate was inj e c t ed intramuscularl y  

in a single dose o f  2 5  mg/kg body wt . 1 5  min .  before inj ections of t est substan CEB .  
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Undilut e d  6 h r .  exudate was f irst  dialysed and t e s t e d  on guinea-

p ig il e um t o  confirm tha t  i t  was free from h is tamine - this WqS found 

t o  be the cas e .  When 0. 1 ml . volumes of  undilut ed dialysed 6 hr.  exudate  

were  inj ected  intradermally into ' blued ' she ep pre-trea t ed w i th mepyramine , 

the l eakage of  dye was c omple t ely suppress ed . Mepyramine  mal eate-pre-

t reatment  suppressed the blueing f o r  about 2 t o  3 hr.  i n  th e case o f  6 h r . 

exudat e ,  and delayed i t  by about 1� h r .  in the case o f  activated , i . e . , 

dilut ed 24 h r .  exudate and s e rum . In all cases blueing again appeared 

a fter 2 - 3 hr. 

Earl i er , in connection w i th skin tests described under s e c tion one , r e fe r-

ence was made t o  the effect  o f  sodium sal icyla t e  and b e t amethasone ( ' Be t sol an ' , 

Glaxo Lt d . ) on the increased vas cular permeability cau s e d  by intrade rmal 

inj ection of  pl eural exudate . It was found that the l eakage of dye normally 

induced by the undiluted 6 hr. p leural exudat e  and both diluted 24 hr. exudat e 

and she ep s e rum ( each reduced to a concentration of 1 : 1 00 in sal ine ) , re-

mained supp r e s s ed a ft e r  the prior admini stration of sodium sal icylate  ( 0 . 5 

g/kg . )  given intraperitoneally 30 min . before , and b et am e thasone ( 2  mg/kg . )  

given intramu scularly 1 5  min . before , the int radermal in j ections o f  t e s t  

substances . No  l eakage of dye was seen in 8 h r . o f  obse rvation.  

The suppression by mepyramine mal eat e  of  blueing i nduced by 6 h r .  

pleural exudate for up to  2 - 3 h r . , sugge sted that thi s  early phase  might 

be mediated by the release of h i st amine in vivo . To t e s t  th is pos s ibili t y  

furth er the h i stamine-releasing e f f ect of  undilut ed 6 h r .  exudate was 

examined in vitro . 

In vitTo study of  the h i s tamine-releasing a c tivi�y of 6 hr.  pl eural 

exudate u.sing chopped guinea-pig and sheep l ung: 

H i stamine was assayed on guinea- p ig ileum a ccordi ng t o  procedures 

d e s cribed previously. Th e s tudy on the pLeural exudat e was carrie d  out 
rf :t(AJ�'Y, M.A.SSEV '..!N!VERSI7f. 
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Fig.36 

Fig.37 

Sec tion o f  she ep skin 1 5  min . after int radermal inj e c t ion of 
6 h r . turp entine-induced pleural exudate ( 0 . 1  ml . ) showing 
more numerous mast c ells ( arrows ) than in normal skin . 
Varying degrees of swel l ing of  the mast cel l s  is also seen . 

Leishman stain x 2 50 

Section of  sheep skin 6 h r .  a f t er intradermal inj e c t ion of 
6 h r . t urpentine-induced p l eural exudat e  ( 0 . 1 ml . ) showing 
ext ensive neutrophilic infiltration of the tissue s .  

Lei shman stain x 1 00 
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togeth e r  w i th a s imilar s t udy on the lymph node cell extra c t s_. In a.ll_, 

four guinea-pig and four shee p  lungs were use d .  I t  was f ound that un-

diluted  dialysed 6 hr.  pleural exudate induc e d  some h istamine release 

from chopped guin ea pig-lungs , but the effect  was not mark e d .  I n  only 

one case in exp eriments with sheep lungs was there any release of histamine 

prod uced  by the exudate . There was a marked differenc e  in the h e ight o f  

t h e  il eum contractions b etween that induced by th e e xuda t e- t reated  lung 

and the corresponding c ontrol samples treated wi th Krebs ' Ringer solution. 

H istopathological changes following intradermal injec ti ons o f  ple ural 

exuda t e : 

0 . 1  ml . volumes of  undiluted 6 h r .  pleural exudat e  were inj e c t ed 

intradermall y  into the dorsal skin o f  a lamb . Skin biopsies were taken 

1 5  min . , 30 min . , 1 hr. , 2 h r . , 4 hr . , 6 hr . , and 24 h r .  followi ng t he 

inj ections . Skin samples were fixed , s e ctioned and s t ained H & E and 

for mast cells . The results are summarised as f ollows : -

1 5  min : Se c t ions revealed vascular dilatation and engorgement . Hyp eraemic 

v essels showed margina tion of polymorph s .  N o  l eucocyti c  emigrat ion was 

seen.  Mast c e l l s  appeared mor e nume rous than in normal skin ( fig.  36 ) .  

30 min : Margination of  the polymorphs was more marked , but still the cells  

were c onfined to  blood vessel s .  Mast c ells appeared t o  b e  even more 

numer ous . Occasionally , a basophi l  l eucocyt e could be seen inside a blood 

v e sse l . 

Emigra tion and infil t ration on the t issues with polymorphs had 

c ommenced .  Mas t  cells showed degranulation.  

2 hr : Changes  were e ssentia lly similar t o  thos e seen a t  1 h r . ; l eucocyt i c  -

e migration was more marked .  

4 hr : There  was f urther neutrophilic infiltration o f  the t issue spaces  

which appeared distended w i th fluid . Blood v essels w e r e  dilated with 
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l ining endoth elial c e l l s  swoll e n .  De granul at i on in ma s t  c e l l s  was 

marke d  and t he c e l l s  app e a r e d  l e s s  num e rous t h a n  at 30 min . 

6 h r :  Th e f u r th e r  p ro gr e s s i on o f  t h e  ab ov e chang e s  e sp e c ial ly neut r oph il i c  

i n f i l t ration was s e e n  ( f i g .  37 ) .  

2 4  h r : L e u c ocyt i c  e migra t i on and infi l t r a t i o n  of t h e  t is su e s  was a t  i t s  

h e igh t .  Th e i n f i l t r a t i o n  o f  p o l ymorphonu c l e a r  neut roph ili c l e u c o c y t e s , 

many o f  wh i ch wer e d eg e n e rat e ,  appea r e d  n e a r l y  as i n t ens e as that p r odu c e d  

b y  t u rp en t i ne . 
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Fig.38 The volume o f  pleural exudat e  produced at diff erent times after 

intrapleural inj ection o f  t urpentine ( 0 . 5 ml . ) .  Th e volumes 
represented at 2 hr . and at  6 hr . are the means of v olumes pro­
duced in three sheep in each cas e . The volumes shown at 30 min . 
and at 4 hr . are those obtained in one she ep in each cas e . 



S e ction 4 

S tudies on inflammat i on - using turpentine-indu c e d  pleurisy in the sheep 

a s  a test  syst em 

Suppression of  the increase d vascular permeability by s�ecific antasonists 

of chemi cal mediators, anti-inflammatory agent s and o ther subs tan c e s : 

The c riterion tha t inhib i tion �f the substance by specific antagonists 

should lead to a dim · nution o f  that aspe c t  of the  inflammatory rea c tion for 

which the substan c e  is assume d t o  be responsib l e , is normally the most  c on­

vincing evidence that a sub s tanc e is acting as a mediat or in inflammat ion. 

In the follow ing experiments the effe c t s  o f  mepyramine maleat e  and 

other substance s  were t e s t ed using turpentine - induce d  pleurisy as a test­

s ys t em to confirm the apparent m ediation by his tamine of  t h e  early vascular 

changes . The e f f e c t s  of s evera l  o th e r  anti-inflammatory agents were also 

t ried on the turpentine-indu c ed pleural exudat e  to try t o  provide fur t her 

i nforma tion on the d e layed vascular changes .  

Turpe nt ine pleurisy was produced and the exudates c olle c t ed a t  

varying i ntervals b y  procedure s  des cribed rrevi ously.  The effe c t s  o f  

m epyramine maleat e ,  soaium salicylat e ,  strophanthin-G , indome thacin , 

b etamethasone , alloxan monohydrate and isocarboxazid were tested  on th e 

product i on of pleural exudat e s .  Lambs weigh ing about 20 kg . were used . 

Large differen c e s  in the weigh t s  o f  the sheep were avoided t o  minim i ze 

variations in the volume of p leural exudat e  due to the weigh t .  The result s  

o f  all the exp e riments are summarised in table 9. 

Table  9 and fig. 38 show the volumes of  pleural exudates c ol le c t ed 

from 30 min . t o  6 hr . after intrapleural i nj e c tion of  turpentine into sheep.  

Since it  was f ound that t h e  antih istamine mepyramine maleate gave almos t  

c omple t e  suppre s sion of  pleural exudation f o r  up to two hours only , the 

pleural exuda t e s  mostly examined were those ob tained 2 h r . and 6 h r .  
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after turpentine inj ec t ion . 

Table 9 Th e volumes of  pleural exudates  developed in turp entine­
induced pleurisy in relat ion to various treatments . 

Time after intrapleural 
turpentine ( 0 . 5 ml . )  Group Number of Volume of 

animals exudate ( ml . )  

30 min . Control 

2 hr . Control 

2 hr . Mepyramine mal ea� e ( "Anth isan" ) 25 mg./kg. 
intramuscularly 1 5  min . before int rapl eural turp . 

2 hr o Sodium sali cylate 0 . 5 g . /kg . intra-
perit oneally 30 min . b ef ore intrapl eural turp . 

2 hr . Sodium salicylat e + Mepyramine maleate 
( "Anthisan11 ) ( given s eparat el y )  

2 h r .  Strophanthin-G ( Ouabaine ) 1 00 �g ./kg . 
intravenously 1 0  min . before intrapl eural turp . 

2 hr. Indomethacin ( 11 Indocid1 1 ) 6 0  mg ./kg . intra-
peritoneally 30 min . before intrapl eural turp . 

2 hr . Indome thacin + Mepyramine maleate 
( 1 1  An this an" ) ( given separat ely) 

2 hr . Indom ethacin + Strophanthin-G ( Ouabaine ) 
( given separat ely ) 

2 hr . Betame thasone ( 11Bet solan" ) 2 mg ./kg . intra-
muscularly 1 5  min . before intrapleural turp . 

2 hr . All oxan monohydrate 
3JO mg.;kg.mtraperitaneally 1 hr. befcre intrapleural turp. 
6oo ag .  ;kg. " tt " 

a:>o mg./kg. intravenously 1 5  min . " 
6oo mg./kg . " " " 

2 hr. Isocarboxazid ( 11Marplan" ) 
1 50 mg,tkg. intra.peritonea.lly 30mi.n . before intrapleu ral turp. 

1 3 o 0  

3 1 7 . 0  ) ( mean 
1 7 . 0  ) 1 8 . 0  
2 0 . 0  ) ml . )  

3 2 . 0  ) ( mean 
1 . 0 ) 2 . 0  
3 . 0  ) ml . )  

1 1 7 . 0  

1 1 . 0 

3 1 . 0 ) (mean 
3 . 0  ) 2 . 0  
2 . 0  ) ml . )  

1 1 8 . 0  

1 

1 2 . 0  

1 20 . 0  

4 1 7 . 0  ) 
1 6 . 0  ( 
1 9 . 0  ) 
1 6 . 0  ) 

( mean 
1 7 . 0  
ml . )  

200 mg� . " " 11 2 
1 7 . 0 ) ( mean 
1 5 . 0  ) 1 6 . 0  mJ. )  

4 hr.  Control 
4 hr . Mepyramine maleat e ( "Anth isan" ) 

4 hr . S odium salicylate 

4 hr . Betamethasone ( 11Be tsolan" ) 

6 hr . Control 

6 hr . Mepyramine maleate ( "Anthisan" ) 

6 hr . Sodium salicylate 

1 50. 0  
1 20. 0  

1 2 5 . 0  

1 3 0 . 0  

3 8 o . o  ) ( m ean 
90. 0  ) 90 . 0  

1 00 . 0  ) ml . )  

3 53 . 0  ) ( mean 
so. o  ) 50. 0  

* 47 . 0  ) ml . )  
2 42 . 0 ) ( mean 

*38 . o  ) 4o . o  m.lJ 
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Fig.39 Th e e ffect o f  "Anthisan" ( m epyramine maleate ) ,  sodium 
salicylate , and "Anthisan" plus sodium salicyla t e  on the 
volume of pleural exuda t e  p roduced at d i f f erent times 
after intrapl eural inj ec t ion of turpent ine ( O o 5 ml . ) .  
The volumes represented at 2 hr . and a t  6 hr.  after 
11Anthisan11 are the means of volumes obtaine d in three 
she ep in each cas e ; one o f  the sheep at the 6 h r .  int er­
val was given mult iple inj ections o f  ''Anthisan " .  The 
volume represented at 4 hr . af ter "Anthisan" is that 
obtained in one sh eep . 
The volume s represented at 2 hr.  and a t  4 hr.  aft er 
sodium salicylat e are those obtained in one sheep in 
each case ; and that at 6 hr . is the mean of volumes 
obtained in t wo she ep , one of which. was given multiple · 
inj e ctions o f  the salicylate .  
The volume represented a t  2 hr . after sodium salicylate 
plus uAnthisan" ( each given separately in a single inj e ction) , 
is that obtai ned in one sh eep ; and that a t  6 hr . is the mean 
of volumes obtained in three sheep . 
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6 hr.  Sodium salicylat e  + Mepyramine mal eat e 3 4 . 0  ) 
( "Anthisan" ) ( given s eparate l y )  3 . 0 ) 

5 · 0  ) 

6 h r .  Strophanthin-G ( Ouaba in e ) 2 43 . 0  ) 
4 5 . 0  ) 

6 hr . Indomethacin ( 11 Indocid11 ) 2 2 1 . 0  ) 
* 1 9 . 0  ) 

6 hr . Indome thacin + Mepyramine maleate 1 1 9 . 0  
( "Anthisan" ) ( given separat ely ) 

6 h r .  Indom ethacin + Strophanthin-G ( Ouabaine ) 1 1 8 . 0  
( given separately ) 

6 hr . B et amethasone ( 1 1Bet solan" ) 1 40 . 0  

Note : �e volumes marked thus ( * ) were obtained from shee� which 
had rec eiv ed mult iple inj e c t ions of the resp e c t iv e  compound s 
indicat ed in the table .  

( i )  Effe c t  o f  the  ant ihis tamine mepyramine maleate ( ' Anth i san ' ) on 

pleurisy :  

(mean 
4 . 0  
ml . ) 

( mean 
2 0 . 0 ml . )  

( mean 
20 . 0  m l . )  

Mepyramine maleate ( 2 5  mg/kg ) was given intramuscularl y  1 5  min . before 

induction of pl eurisy . In t he sh e ep pret reated with mepyramine there was 

a substantial suppression of exuda t i on for up to 2 hr . after  the intra-

pleural inj ection of turpentine ( tabl e  9 and fig . 39) . 4 h r .  and 6 hr . 

after turpentine inj ection the exudat i on was not completely s uppressed but 

the volum e s  of exudates remained s ignificantly l ower than in the correspond-

i ng control animals .  To exclude th e p ossibili ty that  the development of 

exuda t e  2 h r .  aft er inj e ction of turpent ine was due to a fall in t he con-

c entration of mepyramine in the blood and tissues , two further intramuscular 

inj e ctions of mepyramine at a dose rat e  of 5 mg/kg body weigh t  were give n .  

Inj ect ions were given at intervals of  2 hr . b etween the t ime o f  inj e c t ion 

o f  turpentine and the collect ion of exuda t e  at 6 hr. No di fference b e tween 

t h e  two mepyramine t reatment s  was evident . 

( ii )  Effe c t  of  Sodium salicylate o n  pl eurisy :  

Sodium salicylat e ( 0 . 5 g . /kg was given intraperitoneally 3 0  m in. b efore 

induction of p leurisy.  Tabl e  9 and fig . 39 show tha t  sal i cylat e  failed t o  
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suppress exudat e  f ormation at 2 h r . after administration o f  turpentine . 

6 hr. after turpentine inj ection the  e xudation was markedly suppressed . 

To exclud e the p ossibility that comp le te suppression of exudat e formation 

at 6 hr. was not obtained due to  a fall in the concentration of salicylate ,  

two further int raperit oneal inj e c t i ons of salicylate at a dose rate of 

0 . 2  g/kg body w eight were given a f t er turpent ine inj ect ion at the same 

intervals as mepyramine was given . Despite this treatmen t , sal i cylat e  

failed t o  give compl e t e  suppression o f  exudate format ion a t  6 h r .  On the 

o ther hand , as can b e  seen from fig . 39 that sheep r e c eiving sal i cylate  and 

t reated with mepyramine be forehand showed the most marked suppression of 

exudate format ion b o th at 2 hr. and 6 hr . 

( iii ) Effe c t  o f  Strophanthin-a ( Ouabaine ) on pl eurisy: 

Strophanthin-a ( 1 00 pg/kg ) was inj e c t ed intravenously 10 min . before 

induction of  p leurisy.  The resul t s  s ummaris ed in tab l e  9 and fig . 40 show 

that in the sheep pretreat ed wi th s trophanthin-a there was almost  c omp l e t e  

suppression o f  exudate formation u p  to 2 hr.  after intrapl eural inj e c ti on 

of turpentine . 6 h r .  after turpentine inj ection the exudation was not c om­

ple tely suppressed though the volume s of exudates were lower than in the 

corresponding control animals .  On the other hand it was found that sheep 

receiving St rophanthin-a and pretreat ed with indomethacin showed almost com­

plete suppression of exudate formation 6 hr.  after intrapleural inj e ction o f  

turpentine . 

( iv )  Effe c t  of  i ndomethacin on pl eurisy: 

Indome thacin ( 60 mg/kg ) was given intraperitoneall y  30 min . before in­

duction of pleurisy.  As shown in the summarised result s given in table 9 

and fig . 41  indomethacin failed t o  suppress exudat e  format i on at 2 hr.  afte r  

intrapleural inj e ction o f  turpentine . 6 hr.  after turpent ine inj e c ti on the 

exudat i on was markedly suppressed , in the lamb use d .  To  exclude the 
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The e f f e c t  o f· indome thacin , and i ndomethacin plus "Anthisan11 
( mepyramine mal·ea t e ) on th e vo lume of pleural e xuda t e  pro­
duced at di f ferent time s af t er int rap l eural inj e c t i on o f  
t urpentine ( o . s ml . ) .  
The vo l um e  repres ent e d  a t  2 hr . a f t e r  indomethacin i s  tha t 
o b t ained in one sh eep given a si ngl e in j e c t i on of indom etha c i n  
and that at 6 h r .  i s  the mean of vo lumes obtained in t w o  sh e e p , 
one o f  whi ch received mul t iple i nj e c t ions of i ndomethacin . 
The volume s repre sent e d  at 2 hr . and at 6 h r . a f t er - indom e t ha c in 
plus "Anth i san" ( each given s eparat ely in s ingl e inj e c ti ons ) 
are thos e obtained in one sh eep in e ach cas e . 
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possibility that c ompl ete suppression o f  exudate formation at 6 hr . was 

not obtained due to a fall in the c oncentration of indomethacin in the 

blood and tissues , t wo further intraperit oneal injections of  indomethacin 

20 mg/kg body weight were given to a s econd lamb after turpentine inj ection 

at the same intervals as mepyramine was given. Despite this treatment , in­

domethacin failed  to  give complet e suppression of exudate formation at 6 hr . 

When sheep receiving indomethacin were treated beforehand with mepyramine 

almost c·omplete s uppression of exudati o+as obtained up to 2 hr . No 

significant difference was noticed in the volume of pleu�al exudate  pro­

duced at 6 hr.  from that obtained from sheep treated with indomethacin alone , 

and indomethacin plus mepyramine maleat e .  

( v )  Effect  o f  betamethasone ( ' Betsolan ' ) o n  pleuri sy:  

Betamethasone (2  mg/kg ) was given intramuscularly 1 5  min .  before in­

duction of  pleurisy.  The results recorded in table 9 and fig .  42 indicated 

that betamethasone did not suppress exudate  formation at 2 hr . after intra­

p leural inj ection of turpentine . In o ne sh eep at 4 hr . and another 6 hr . 

after turpentine inj ection the exudati on was found to be much reduced com­

pared to the exudation in the control animals .  

( vi )  Effect o f  alloxan on pleuri sy: 

Alloxan prevents the release of histamine from mast c ells . The effect  

o f  alloxan on t urpentine pleurisy in the sheep was t ested in  the early hist� 

amine-mediated phase only , i . e . , up to  2 hr. by both intraperitoneal and 

intravenous routes ,  using two she ep f or each route . Alloxan monohydrate 

was given intraperitoneally in a dose of 200 mg/kg and 600 mg/kg one hour 

before the induction of pleurisy . It  was also inj ected intrawenously in 

the same doses 1 5  min.  before the induction of pleurisy . I t  was found that 

in all doses alloxan failed to reduce the amount of exudate  formed by 2 hr. 

after intrapleural injection of turpent ine ( table 9 ) . 
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(vii ) Effe c t  o f  isocarboxazid ( ' Marplan ' )  on  pleurisy :  

Isocarboxa zid ( 1 50 mg and 200 mg/kg ) was given intraperit oneall y  30 

min .  bef ore the induction of pleur is y .  

Table 9 shows  that isocarb oxazid failed t o  reduce the volume o f  

exudat e formed by 2 hr . after intrapleural inj ection o f  t urpentin e .  



Section .� 

S tudies on inflammation ... depletion experiments with Com!?ound, 48/8 0 :  

The s uppres sion b y  th e antihis tamine mepyramine mal eat e  o f  the 

early phase of increased vascular permeability in th e inflammato ry re-

action in the she ep indicated that this phase of the react i on was probably 

mediated by hi stamine . Depletion of the t i ssues of a suspected  mediator 

p rior to the injurious stimulus should suppress that part of t he inflammatory 

reaction for which the substance is  believed to  be responsible . To further 

investigat e such a mediator role for his tamine , turpentine injury was applied 

i.n the followi ng experiments to sheep deple t ed of  histamin e  so tha t reactions 

dependent o n  the release of  histamine would be pr evented . Compound 48/80 

was used to deple t e  the sheep of their  stores of histamine . Previous use 

of 48/80 in the skin experiments indicated that 48/80 was an effective 

liberator of  h is tamine in the sheep .  

In an a t t emp t to deplete  the skin l o c ally o f  its histamine content , 

a 1 0  per : cent solution of 48/80 in sal ine was inj ected int rade rmall y  in 0 . 2  

ml . volumes , i . e . , 2 0  mg. Four su ch inj ections were made i n  a 20 kg . lamb . 

48/80 in the above dose proved toxic and th e l amb died one h our after the 

intradermal inj ections with symptoms of acute  respiratory distress .  Post­

mortem examinati on was conducted ; the findi ngs are described in the next Se cti on 

in connection with toxi city o f  48/8 0 .  Syst emic  histamine dep l etion was  then 

attempted . 

Sheep were d ep l e t ed of their stores of h i stamine by repeat ed inj ect io ns 

of Compound 48/80 using the method of Spe ctor and Willoughby ( 1 9 5 9 ) . A 

0 . 1 per cent w/v s oluti on of Compound 48/80 in saline was gi ven intra­

peritoneally , morning and evening , in t en doses  beginning with an evening 

dos e •  The dose used was 0 . 6  mg/kg body weight for the first eight in­

jections and 1 . 2 mg/kg for the last two inj ections . Two hours a fter the 



last inj e c ti on of Compound 48/80 , sheep were blued and skin tests  were 

carried out ( see below ) . Turpentine pleurisy was also produced at the same 

t ime and the exudate coll e c t e d  at  varying intervals after the intrapl e ural 

inj e c tion of  turpentine . Suppression of blueing following in tradermal in­

j ec t ions of Compound 48/80 and turpent ine was taken to indicate  that the 

sheep had b een depleted  of h istamine . A t o t al of four she ep was use d .  

After intradermal inj e ctions of the test  subst ances , colour intensity o f  

t h e  blue area was recorded . The permeability-increasing e ffect of turp en t ine , 

1 Anthisan ' solut i on ,  histamine , 5-HT , bradykinin , nucleosides and 6 hr . 

p l eural exudat e were t ested in the dep l e t e d  sh eep . The lymph node c e l l  

extra c t s  w ere also t e s t e d .  The production of th ese extracts and their 

effe c t s  i n  untreat e d  sh eep are des cribed la t er i n  Sect ion 1 0. 

When 0 . 1  ml . of turp en t ine , 1 0  �g of 5-HT , 1 0  pg of bradykinin , 1 0  �g 

of nucleos ides , 0 . 1  ml . of 6 h r .  p leural exuda t e , 0 . 1 ml . of dialysed lymph 

node cell  extract  and 0 . 1 ml . of 5% ' An thisan ' were inj ected  intradermal l y  

i n  blued sh eep depl e t e d  of his tamine , blueing was delayed.  Howeve r , intra­

dermal inj ec tion of 1 0  pg of  histamine produc ed less l eakage of dye than 

i n  untreated ( i . e . , non-depleted } animals . In al l plac e s  where blueing 

was suppressed , an area of local reddening ( fl ar e )  was s e en . It was found 

that the leakage of dye at the sites  of inj e c t ion was suppressed for a 

l imited pe riod whic�varied with the vascular p ermeability  factor conc erne d , 

a f ter which blueing t ook place . With turp entine the blueing was delayed 

for one hour ; w ith bradykinin , blueing o c curred in about 1 0 - 1 5  m in . , 

wh ereas i n  the case of  b h r .  p leural exudat e and dialysed lymph node c e l l  

extract blueing remained suppr essed f or from 1 t o  2 hr . N o  blueing develop e d  

a t  th e s i t e s  o f  5-HT , nucl eoside and 1 Anthisan 1 inj e c t ions . 

The resul t s  of histamine deple t i on on the increased vascular permea­

bi l i ty induced by turpentine and o ther  test  substances c losely resembl ed 
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the  resul t s  o f  mepyramine mal eat e treatment already describ ed . 

The results summarised in table 1 0  and fig .  43 show that in t he 

sheep dep l et ed of histamine there was almost compl e t e  suppression of  

exudate format ion up t o  2 hr . after the  intrapl eural inj e ction of  t urp entin e .  

B y  6 hr.  a f t er turpentine inj e ct ion the exudation was n o t  complet el y  s uppres-

sed  al though the volumes of exudat es were signifi cantly lower than i n  the 

c orresponding control animals .  The resul ts of h i s tamine depl etion on th e 

p leural exudation al so closely resembl ed those obiained wi th mepyramine 

maleate treatment . 

Table 1 0  - Eff ec t  of histamine depletion on the volume of pleural exudat e  

produced after intrapleural inj e c tion o f  t urpentine . 

s .  No . of  
Sh eep 

1 

2 

3 

4 

Time after 
intrapleural 
t urp entine 

2 hr . 

2 hr.  

6 h r .  

6 hr . 

Volume of 
Exudate ( ml . ) 

2 . 0  

( Mean 

3 . 0  

43 . 0  

2 .  5 ml . )  

( Mean 46 . 0  ml . )  

49 . 0  



Se ction 6 

Toxicity o f  Compound 48/80 and histamine in sheep 

As desc ribed previously the intradermal inj ec tion o f  a t ot al of 

80 mg.  of c ompound 48/80 into a 20 kg . lamb caused acute respirat ory 

distress and proved fatal . The d eath of the lamb may have been due t o  

t h e  releas e o f  histamine b y  th is compound in amounts lethal to  the animal . 

To  invest i ga t e  the s ensitivity of  the sh e ep to  his tamine ,  the toxicit y  of  

c ompound 48/80 and his tamine were t e s t ed .  

Toxi city o f  C ompound 48/80 : A 5 p er c ent w/v solution o f  Compound 48/80 

in sal ine was given intravenousl y .  A total of 1 2  lambs each weighing ab out 

20 kg . , was inj e cted . Doses ranging from 3 mg . down to 1 mg/kg body weigh t  

were given . Differential l eucocyt e count s were made b ef ore the inj ecti on 

o f  48/80 and aft er dea th of the animal . Tabl e  1 1  shows the dose  o f  48/80 

given to e a ch animal , and the time of death followi ng its inj ection.  

Table 1 1  - Dose  of  48/80 administ ered and the  time of  death of  the 

animal foll owing its inj e c t ion . 

S .  No . 

1 
2 

3 
4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

We ight  ( kg . ) 

20  

1 9  

1 8  

20 

20 

2 1  

1 8  

20 

1 9  

20 

2 1  

2 0  

Total dose o f  
48/80 (mg. ) 

60 

57 

4 5 

50 

40 

42 

27 

30 

1 9  

20 

21  

20 

Dose per kg . 
b ody wt . ( mg . ) 

3 

3 

2 . 5 

2 . 5 

2 

2 

1 . 5  

1 . 5  

1 ) 
1 ) 

) 
1 ) 
1 ) 

) 

Time o f  death aft er 
i/v inj e c tion of 48/80 

5 min .  

6 min .  

7 min .  

6 min . 

7 min . 

6 min. 

9 min . 

1 0  min.  

Surviyed 
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The resul ts showed t hat dos e s  from 1 . 5  mg . t o  3 mg/kg produced death . 

Death was sudden and o ccurred only within a few minutes f ollowing the i n­

j ection s . Salivation , acute respiratory distress , passage o f  faeces and 

general c ollapse preceded the death in all cas es . There was marked dis­

t ension of  the abdomen . No s ignificant change c ould be noticed in th e 

differential leucocyte count s  made b efore the inj ection of  48/80 and aft er 

the animal died . At p os t-mor tem of  all sheep that died subcutaneous vessels  

w ere int ensely conges t e d .  Lungs appeared slightly inflated and did  not  

c ollapse  when the tho rax was opened ; th ey were pal e  in col our , but showed 

a few pete chial haemorrhages on the surface .  A little frothy fluid was 

present when the lungs were cut open and sque e zed . Th e int erlobular s ep ta 

appeared  slightly oedematous . Trachea and main bronchi also c ontained a 

l ittle frothy fluid which was not blood staine d .  A small amount of  s erous 

fluid was present in the peri cardial sac , but not in the che st  or abdominal 

cavitie s .  The righ t  side of the heart was filled with s oft blood clot s ,  the 

left side c ontained only a little frothy blood . The endo cardium of b o th sides 

o f  th e h eart showed mild congestion and at places small sub- endocardial hae­

morrhages . The p ortal veins of the mesent ery and vessels in the serosa of 

the intest inal tract were markedly hyperaemic .  The serosal surface of the  

small i nt e stine waa dark red  in c olour . On opening the gut , the mucosal sur­

face espe cially of the small int estine showed intense hyperaemia and was dark 

red in c ol our . Th e intestinal contents were not blood stained . Th e l iver 

appeared normal . On cut ting them , open , kidneys showed sligh t congestion . 

No signifi cant changes  were seen in o ther organs . 

Histo logieal examination revealed vesicular emphysema in the lungs 

characteris t ed by distension and at several plac e s  rup ture of  the alv e o l i .  

Capillari e s  in the interalve olar s epta a t  s everal places were engorged and 

t heir rup ture had caused haemorrhage into the alveoli . Interlobular s epta  
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were oedema t ous . Myo cardial blood vessels  were c ongested , c onges tion b e ­

c oming m o r e  marked towards endocardium . At places small sub endocardial 

haemorrhages were seen.  The mucosa i n  the small intestine was sever ely 

c onges t e d .  Congestion o f  the blood v e s s els was also seen i n  the kidney , 

mainly in the cortex. In the l iver , sinusoids were dilated and engorged . 

In an a t t empt to det ermin e  the  s i t e  of action of  48/80 a lamb was 

first blued with pontamine blue and then inj e cted  intravenously _ with a 

l ethal dose of 48/80 . It was h oped that the sites of  histamine r elease 

would di f ferentiat e  by the sel ective accumu�at ion of dye at  these places 

due to increased vascular permeability i nduc ed by histamine . This c ould 

then be see n  at post-mortem.  At pos t-mortem the lungs showed accumulation 

o f  dye throughout , which was more marked at some places than at  oth ers . A 

h eavy concentration of  dye was seen in the intestinal trac t , mainly in the 

mucosa of  the smal l  intestine . Here again i t  t ended to  b e  mor e marked at some 

p laces than at others . A few s cattered blue spots were s e en on the serosal 

surface of the rumen .  The abomasum appeared normal . The heart r eveal e d  a 

f e w  spots o f  dye b eneath the endocardium . Dye accumulation i n  the liver was 

dif ficult t o  assess ,  s inc e similar a c cumulation in the l iv er of c ontrol 

animal s in c onne c t ion with other e xp eriments was seen whi ch may be due t o  

i t s  high blood c ontent . No accumulation o f  dye was seen i n  other organs 

including brain . 

T oxicity of  histamine : A � per c ent  w/v soluti on of histamine acid phos­

phate in saline was given intravenous l y .  A total of  1 2  l ambs were , weighing 

about 20 kg . ,  inj ected . Doses rangi ng from 1 5  mg . down to 1 mg/kg body 

w eight were given . Table 1 2  s hows the d os e  of  histamine given to each ani� , 

and the time of  death fol lowing its  inj e ction.  
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Table 1 2  - Dose of  histamine administered and the tim e  of  death of  the 

s .  No . 

. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

animal f ollowi ng its  inj e c t ion : 

.Weight ( kg . ) 

1 9  

2 1  

20 

1 9  

1 9  

1 8  

20 

20 

1 8  

20 

1 8  

20 

•Total dose o f  
histamine 
( mg . )  

28 5 

3 1 5 

200 

1 90 

9 5  

90 

60 

60 

36 

40 

1 8  

2 0  

D o s e  p er kg . 
body wt . 
( mg . ) 

1 5  

1 5  

1 0  

1 0  

5 

5 

3 

3 

2 ) 
) 

2 ) 
) 

2 ) 
) 

1 ) 

'11ime of death 
aft er i/v 
inj ect i on o f  
histamine 

9 min . 

1 3  min. 

1 0  min .  

1 4  min . 

1 5  min . 

1 4  min. 

20 min. 

23 min .  

Survived 

The resul t s  showed that doses from 3 mg . to  1 5  mg/kg produced death . 

Death o c curred within 30 min . of  the inj ections . The s ymp t oms , prior t o  

d eat� were similar t o  those seen in the sheep given 48/80 . However ,  i n  all 

cases the animal struggled v iolently on the ground , kicked with its h in d  

l eg s , a n d  exh ibited muscular spasms before i t  died . No significant change 

c ould be noti ced in the differential leucocyte counts made b ef ore the 

i n j e c t ion o f  hist amine and after the animal died.  The p ost-mortem findings 
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were similar to those in sheep given 48/80 . However ,  in all these  case s  

more petechial haemorrhages were seen  on the surface o f  the l ungs . Whe n  

cut 1 lungs contained more frothy fluid . There was about 5 ml . o f  s erous 

fluid in the p ericardial sac , 10 ml . in the chest cavity and 25 ml . in the 

abdominal cavity . The most important finding , in contrast t o  48/80 cases , 

was the presence of extensive sub-endocardial haemorrhages in all cases 

which appeared apparently confined to the l eft  ventricl e .  Ano ther difference 

in  these animals was the much smaller involvement of the intestinal t ract .  

The mucosa of the small intestine was o nly sligh tly congested . The serosa 

was normal except for a few petechial haemorrhages which w ere also seen on 

caecum and colon . Histological change s  were similar to those for the she ep 

given 48/8 0 .  I n  all cases , h oweve r ,  the h eart revealed extensive sub-endo­

cardial haemorrhages . 

The l ocat ion of the site of action was a t tempted as with 48/8 0 .  The 

l ungs revealed less  accumulation of dye than in the case of  48/8 0 .  Agai n , 

in contrast to 48/80 , the heart showed marked blueing at the sites of sub­

e ndocardial haemorrhages  in the left  v entricl e .  Slight l eakage of dye was 

s een throughout the mucosa of the small intestine . A few s cattered blue 

patches were seen on the s erosal surfac e  of small intestine , caecum and col on 

and also on the rumen . Other organs , including brain did not reveal any 

s ignificant leakage of dye . 



S e c tion 7 

H istological s t udy of increas e d  vascular permeability in t urpentine-induc ed 

inflammation o f  the akin and pleura : 

All substances at present known t o  increase vas c ular permeab i l i ty 

appear t o  a c t  on the venul e s . Thi s  has b e en shown recently by the c ol l o i dal 

carbon t e chnique { Majno e t  al, 1 96 1 ; Hurley , 1 963 ; Cotran and Maj no , 1 96 4 ; 

Hurley and Spe c t or , 1 96 5 ) . Majno , Palade ,  and S ch o e fl ( 1 961 ) demonstra t e d  

that c olloidal carbon inj e c t e d  intravenously was a good indicator of  increa­

s e d  vasc ular p ermeabili ty in the rat and clearly labelled th e part icular 

vessels through which plasma prot ein was escap ing . The carbon a c c umula t e d  

b etween endo th elial cells and their basement membrane . They further showed 

that the a ct ion of  his tamine and 5-HT was confin ed t o  venules and smal l  

v e ins ranging from 1 0  � t o  80 p in diameter ; art e riol e s  and capillari e s  

w ere n o t  affe c t e d . Hurl ey { 1 963 ) confirmed th e s e  findings in t h e  rat ski n .  

Cotran and Maj no ( 1 96 4 )  showed that th e p ermeabil i t y  fac t ors histamine , 

b radykinin , 5-HT and globulin PF acted almost exclusively on the venul e s . 

More r e c ently , H urley and Spe ctor ( 1 96 5 )  from a t opographical study of  in­

c reased vasc ular permeabili t y  in acute t urpent ine-i nduced pleurisy in rat 

further suppor t ed the view of Maj no et al ( 1 96 1 ) tha t  all endogenous sub­

s tance s  at present known to increase vascular p e rmeability induce carbon 

l eakage only in  v enul e s .  Th ey found that the  l eakage of carbon from venule s  

was b iphasi c ;  t he f i r s t  pha s e , s tarting within a few minutes of t urpent i n e  

i n j ury , was subs t antially c ompl eted by 1 hr . ; t h e  s e cond phase c ommenc e d  2-3 

h r .  aft er inj ury and reached a maximum at ab out 5 h r . After inj ury cap il­

l ary leakage als o  occurred ; it was seen first about 4 5  min . after inju r y  

and w a s  at i t s  maximum between 2 and 5 h r .  The p ermeability antagonis t s  

suppressed l eakage of  carbon only in venul e s ; l eakage from capillar i e s  

was unaffec t ed . I n  discussing t his  the authDrs � ( Hurley and Sp e c tor , 1 96 5 ) , 

sugges t ed that l eakage of carbon from cap illarie s  may be  due t o  dir e c t  

damage b y  t h e  noxious s timulus or to a n  i nd i r e c t  m echanism as  yet obscure .  
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The following experiments describe the use of the colloidal carbon 

technique in a histological study in sheep of incr�ased vascular p ermea-

b ility in a cut e turpentine-induc ed inflammation of the skin and pleura . 

The colloidal carbon technique has been referred to previously . A 

c olloidal suspension of carbon was inj e cted  intravenously into four sheep 

at intervals of e ither 1 5  min . , 1 hr . , 3 hr . , or 6 hr . after intrapleural 

and intradermal inj ections of turpent ine . One sheep was used for each 

interval . Each sheep was killed 20 min . after the injection of  carbon . 

Porti ons o f  skin and diaphragm from the experimental sites were removed , 

fixed , sectio�and stained H & E and with 0 . 1 per cent safranin to study the 

carbon labelled blood vessels .  T o  test  the effects of inh ibitors o f  increased 

vascular p ermeability on carbon leakage five sheep were used . In three 

sheep antihistamine mepyramine maleate was inj ected intramuscularly ( 25 

mg/kg ) 1 5  min . before turpentine was inj ected intradermall y  and intrapleur-

ally . The effect was t ested 1 5  min . , 1 hr. , and 3 hr. , after turpentine in-

j ection , whe n  the sheep was killed and t issues collected . One sheep was used 

for each interval . In two sheep sodium salicylate (0 . 5 g/kg ) was given intra-

p e ritoneally 30 min . before turpentine and mepyramine maleate 1 5  min . after 

salicylate . The combined effect of salicylate and mepyramine was tested at 

3 hr . and 6 hr. after turpentine . injection . When testing was carried out 

at the 6 hr. interval , sheep received two further inj ections of  both me-

p yramine ( 5  mg/kg ) and salicylate ( 0 . 2  g/kg ) given at intervals of 2 h r .  

between the time of  inj ection of  turpentine and the inj ection of colloidal 

carbon at 6 hr. The above intervals and combination of drugs to  see the 

effects on carbon l eakage was chosen on the basis of the earli er results , 

whi ch showed that mepyramine maleate gave almost complete suppression of  

pleural exudation f or up  to  2 hr . only , whereas combined treatment  of  

salicylate  and mepyramine suppressed e xudate formation for  up  to 6 hr.  

The carbon labe�ling was assessed separately in  venules and capillaries , 



Fig. 44 S e ction of sheep skin sh owing labelling of a venul e wall with 
carbon ( arrow ) 1 5  min . after int rad ermal inj e c t ion of turp ent ine 
( 0 . 1 ml . ) .  Not e  in this early stage carbon is sharply confined 
within the vessel wall . Intersti tial o edema is seen but no 
l eucocytic  emigration . 

Fig. 45 

Safranin x 2 50 

, 

m 

, 

S e c t ion o f  sheep diaphragm showing labell ing o f  a venul e ( in 
d iaphragmatic  pleura ) w i th carbon ( arro w ) , 1 h r .  after intra­
p leural inj e c tion of turpentine ( 0 . 5 ml . ) .  A c cumulation of fluid 
b eneath the pl eural surface separates the la t te r  from th e under­
l ying musc l es ( m )  s een on the righ t . Carbon is seen sharply c on­
fined with in th e ve ssel wal l .  Slight leucocytic emigration s e en . 

Safranin x 2 50 
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The term cap il lary in tissue se ctions ref ers t o  blood vessels  of 4-6 � in 

diameter . Blood vessels larger t han 7 �· and less than 1 00 � i n  diameter of  

a histologically venous character were  classified as venul e s . The classi fi­

cation is the same a s  used by Hurley and Spe c t or ( 1 96 5 ) , and by Willoughby , 

Walters and Spec t or ( 1 966 ) o  

Vas cular l ab elling a f t er acute t urpentine-induced inflamma t i on of  the skin 

and pleura was recorded at the f oll owing int erval s : In the sheep given 

carbon 1 5  min.af t er intradermal and intrapleural inj e c tions o f  turp entine 

and killed 20 min . after the carbon inj e c tion , vessels in b o th the skin 

and diaphragm were labelled with carbon . Veins and venule s  labe lled with 

carbon could be c learly distinguished , particularly in s e c t i on s  s tained with 

safra�n. 

In the � labelling was  confined t o  small veins and v e nule s  o nl y  

ranging from 1 1  to  90 � in diameter ( fi g .  44 ) o  True capillari e s  of  4- 6 � 

in diameter showed no carbon labelli ng o f  th eir walls .  Veins over 1 00 � -

in diameter and art eri oles were not labe l l ed . The deposits were sharply 

confined to  the wal l s  of the a ffe c t e d  v e s sels and showed no t endency t o  

ext end into the adj acent tissue s .  Blood vessels were hyperaemic .  Oedema was 

present but very little  emigration of leucocytes . Similar changes were seen 

in  the diaphragm . The c arbon d eposi t i on i nvol ved more vessels  than in th e 

skin . The label ling was confined t o  the vessels of  the diaphragmat i c  

p l e ura . Only smal l  veins and venul e s  w e r e  labelled ; capillari e s  showed 

no carbon deposi t s . Cong estion of blood vessels and o edema were l e s s  

marked than in the ski n .  No s igni ficant e migration o f  leucocyt e s  was 

s e e n .  

I n  � taken from sheep inj e c t e d  wit h  colloidal carbon 1 hr . after 

the t urpentine i n j e c tions carbon lab e lling of  veins and venule s  was mor e  



Figo 46 Sec t i on of sheep diaphragm 1 hr . af ter int rapleural inj e ction 
of turpentine ( 0 . 5 ml . )  showing labelling of a capillary wall 
with carbon ( arrow ) . 

Safranin x 1 000 ( oil immersion) 

Fig. 47 S e c tion of sh eep skin 3 h r .  after int radermal inj e ct i on of  
turpentine ( 0 . 1 ml . ) showing widespread labe lling of venul e s . 
Leucocytic emigration in intersti tial tissues is al so seen . 

Safranin x 1 00 
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,arked .  In addition a f e w  blood vessels o f  7 t o  9 � diameter showed 

c arbon d eposits at  this stage in the s e c tions examined , but t rue capil­

l aries of 4-6 � in diamet e r  showed no  carbon deposit i on in their w al l s .  

The carbon deposit ion in the venule s  were confined t o  the ve s s e l  wal l  as 

at 1 5  min. Congestion of blood �ease l s  had increased . Oedema of the sub­

c utaneous t issues was more extensive but only a slight increase in leuco­

cytic  emigra t i on was seen.  At  this s t age too , carbon labelling o f  veins 

and venules was more extensive in the diaphragm than in th e skin and was 

s t ill mostly c onfined to th e vessels of  the diaphragmatic  pl eura ( fig.  4 5 ) . 

In the diaphragm , however , an o c casional t ru e  capillary of 5 - 6 � in 

diameter , lying in contact w i th the individual muscle fibres , als o  showed 

some carb on lab e l l ing ( fi g .  4 6 ) . Oedema had very much increased and 

ac cumulat ion of f luid b eneath the pleural surface s eparated the lat t er 

from the und erlying muscles . Leuco c yt i c  emigration had only slightly 

increase d .  

Carbon inj e c t ed 3 h r .  aft er inj e c t ion of turpentine reveal e d  ex­

t ensive lab e ll ing of vessels in both skin and diaphragm . In the skin 

labell ing of  smal l veins and venule s  was maximal at this s tage ( fi g .  47 ) .  

A few capillari e s  of  5 - 6 p in diam e t e r  als o  showed carbon d ep os it s .  The 

most obvious f eature at  this stage was signifi cant emigration o f  l eucocytes . 

Dense collections of  l eucocytes , mainl y polymorphs , were s e e n  and were 

largely p e r ivascular in distribution . In many venul e s  active l eucocytic 

emigra tion was in progress ,  and in a f ew some carbon par t i c l e s  had pass ed 

int o  the p er ivas cular tissues and were no l onger e ntirely c onfined t o  the 

walls of  th e vessels as they were 1 5  min . and 1 hr o after inj ury ( fig . 48 ) .  

The deposits appeared as  an irregular extension of  th e carbon in the venule 

wall or as discrete speckle d  dep o s i t s  some distanc e  from the out e r  border of 

the vessel  and lying in the d ense c oll e c t i ons of l eucocyte s  ( se e  fig . 50 ) o  



Figo 48 Same as fig . 47 showing two labe lled venules und er higher 
magnification . Th e venule on the l eft is showing the 
b eginning of the spread of carbon particles ( arrow ) from 
its  wall int o the p erivas cular t issues . 

Safranin x 2 50 

Se c t ion of sh eep d iaphragm 3 h r .  after int rapleural inj ection 
of  turpentine ( O o 5 ml . )  showing label ling of a venul e with 
carbon ( arrow ) . The venul e  also sh ows the beginning of the 
spread of carbon into pe ri vas cular areas . Interstit ial o edema 
is seen but only a few l eucocytes  are seen in the perivascular 
t issues . 

Saf ranin x 2 50 
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Spector ( 1 96 5) • Carbon was s e en lying free and not in leuco cy t e s  or 

macrophage s . ' Smudging ' was observ e d  only from venule s  1 1  - 90 � in 

diameter ; i t  could not b e  detected i n _ capillarie s . Congest i on of b lood 

v essels and oedema of  the subcutaneous tissue had markedly increase d .  

The diaphragm r ev eal ed chang e s  e ss ential ly s imilar to thos e o f  skin . 

Carbon lab elling o f  small veins and v enules although signi fi cantly i n­

c r eased at t his s tage , was slightly l e s s  extens ive than in t h e  skin .  

Labelling als o  involved smal l veins and venule s  o f  the diaphragmat i c  

mus cles ( fi g .  4 9 )  and was no longer confined to vessels o f  t h e  diaphrag­

matic pleura only . No s i gnifi cant increase was seen in the  lab ell ing of 

capillarie s . ' Smudging '  occurred as in the skin ( fig . 50 ) .  Leucocyt e 

emigration though , signi fi cantly greater than earlier times was l e s s  marked 

than in the  skin . Conge st ion of blood vessels  and oedema w e re more pronoun­

c e d  than in skin.  

Carbon inj e c t e d  6 h r .  after the turp entine inj ection produced slightly 

l ess  extensive label ling of small veins and v enul e s  in the skin than that 

s e en at 3 hr . No s ignificant change could be observed in the label ling o f  

the capillarie s .  A cut e inflammatory changes were most marked at t h i s  stage , 

mainly in the sub cutaneous tissue . Venul e s  in the underlying mus c l e s  we re 

labelled.  O edema was very marked .  Emigration o f  leucocytes  was at it s 

h eight at  this stage . The dense coll e c ti ons o f  l eucocytes were still largely 

p erivasc ul ar and many small veins surrounded by them showed c arbon lab e l l ing . 

' Smudging ' was more marked than at the p r e ceding stage  ( see  f i g .  5 1 ) .  

Leucocyt ic  emigration was also  seen t o  b e  taking place from venul e s  that 

w e re not lab e l l e d  w i th carbon and were presumably therefore not  abnormally 

p e rmeable to prote i n o  In contrast t o  the  skin , labell ing o f  small v e ins 

and venules in the diaphragm showed a fl).rther increase . The v es s e l s  of 

diaphragmat i c  pleura , th e diaphragmati c muscle s  and the t e ndinou.e p or tion 

IJl f  the dianhrallm were extensivelv lab e l l ed .  Capillary labelling showed no 



I 

Fig. 50 S e c t i on of sheep d i aphragm 3 hr . after intrapleural inj e c tion 
of  turpentine ( 0 . 5  ml o )  show ing another labelled venule ( v )  in 
which carbon ( c )  has further extend ed into the adjac ent t issues . 
Leucocyt i c  emigra t i on is also  seen in this area . 

Safranin x 2 50 

Fig . 51 S e c t ion of  sheep diaphragm 6 h r .  aft er �ntrapl eural inj e c t i on 
of turpen tine ( 0 . 5 ml . )  sh owing marked spread of carbon part i cl es ( c )  
from the venule wall ( v )  into a d j a c ent tissue s . Massive leucocyt i c  
emigrat i on i n  progre s s . 

Safran in x 2 50 
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detectable change . Inflammatory change s  were most marked at  t h i s  stage 

as in the skin and a f f e c t ed the muscles  more than th e p l e ura . Leucocyt i c  

infiltration was a t  i t s  h eight { fig . 5 1 ) .  There was marked o e d ema . 

Bundles o f  mus cle fibres were dis s e c t e d  out by oedema and the affected  

areas showed s ome  necrot i c  change s  charac terized by l os s  o f  s t aining in  

muscle cel l s . Polymorphs showed mild  degenerat ive changes . ' Smudging ' 

f rom labelled venul e s  {fis 53) and leucocyte emigration f rom v enule s tha t 

were not labelled w i th carbon was seen as  in the skin.  

The effects o f  inh i b itors on carbon l eakage : 

M epyramine mal ea t e : Carbon label ling o f  v enul e s  was largely suppressed 

in the early stages of the inflammation , i . e . , up t o  1 hr . in the skin 

a nd 3 hr . in the diaphragm . Leakage o f  carbon from capillarie s  was un­

a f fe c t ed .  Only a f e w  labelled capillarie s we re seen as  in  unt r eated cas e s . 

In the se c t ions o f  both skin and diaphragm , though the c arbon labelling in  

the  small veins  and venules was largely s uppressed , the  conge s tion o f  blo od 

vessels was a f f e c t e d  only sligh tly and the leucocyte emigra t i on remai ned 

unaffect e d ,  by th e pri o r  admini strati o n  of mepyramine . At b o th 1 5  min . and 

1 hr . many h yp e raemic but unlabelled blood vessels were s e en and at 3 hr . 

l e ucocyt i c  infil tration was as prominent as in the untreat e d  sheep . 

S odium salicylate : The combina tion o f  sodium salicylate and m epyramine 

maleate markedly s uppressed the venular label ling at both 3 and 6 hr. , 

i . e . , in the delayed phase .  Carbon l ab ell ing of cap illaries was unaffected . 

Labelled cap illarie s we re very f ew and scatt ered as  in untreat e d  cas e s . As  

with ant ihistamine , pret reatment with sodium salicylate  and mepyramine maleat e 

failed to suppre s s  e it her the vas cular hyperaemia or the l e u c o cyte emigration . 

In sect ions examined a t  this s tage , b o th in the skin and diaph ragm , act iv e  

migration o f  leuc o cyte s  was s e en t aking pla c e  from both lab e l l ed and un­

labelled venul e s . 



Section 8 

Histological study of  inc re as e d  vascular permeability in thermal injury: 

It hAS been mentioned in  the previo us S e c tion that blood ves s el s  in 

a state of increased permeabil ity are blackened whe n  c olloidal carbon i s  

inj e ct e d  i n t o  the c irculation . Normal vessels are not labelled ( Ma j no 

e t  al , 1 96 1 ) .  Well s  and Mil es ( 1 96 3 )  were the f irst  to  apply the colloidal 

carbon t e chnique to thermal injury. Th ey found tha t  the carbon leakag e  in  

the  immediate phase of increased vascular permeability oc c urred almost e n­

tirel y  fr om v enul es , whereas the delayed phase of  vascular change was marked 

mainly by l eakage from true capillaries . Cotran and Maj no ( 1 964 ) c onfirm e d  

these findi ngs ,  particularly the association o f  cap illary leakage with t h e  

delayed phase  o f  in creased vascular permeab il ity . From these result s  it  was 

suggested that  most of t he inflammat ory oedema of thermal injury was du e t o  

in creased capillary ( as opp o s e d  t o  venular)  permeabilit y .  Since all known 

pot ential mediators of inflammatory changes affect the venules almost 

exclus ively and have l i t tl e  e f fec t on capillarie s .  which has be en described 

in th e previ ous section , the  above results raised the possibility that 

endogenous mediators were of  l it tl e  importance in thermal inj ury . The 

situation has be en clarified recently by Sp e c t or ,  Walters  and �illoughby 

( 1 96 5b ) .  Th ese  auth ors also  found that after  thermal injury in the rat 

l eakage o f  c arbon  from VEmul es  oc curred mainly in th e earl y stages ; 

capillary l eakage was prominent in the  delayed phase of  inc reased vascular 

p e rmeability . However , th e anti-inflammat ory d rugs salicylate and ipro­

niazid ( an inhibi t or of  monoamine oxidase ) ,  suppressed o edema formation 

th roughout the experiment but inhibit ed the carbon l eakage from venules 

only in the first h our a f t er injury.  The dTugs had no effect on r e sidual 

venular l eakage from 1 to 3 hr . ,  or  on capillary l eakage . On the basis of 

these resul t s  the authors suggested  that the inflammatory oedema of thermal 

injury is due largely to t h e  i ncreased p erme ability in venule s  tha t  o c curs 
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in the first hour o r  so . The continual l eakage from t rue capillarie s  and 

the low-grade l eak from venul es after the first hour were thought t o  make 

l i t t l e  c ontribut i on 1D the fluid exudate . Th ey supported the view that 

endogenous chemical mediators are important in  causing inflammation  after 

thermal inj ury . Th e following exp eriments describe th e use of th e colloidal 

carbon technique in a hi stological study of the increased vascular perm e a­

bility in th ermal injury in the sheep . 

Thermal inj uries  were p roduced as described previously in a s ingle 

she ep 6 hr . ,  4 h r . , 2 h r . , 1 hr . , 30 min . , 1 5  min. , 1 0  m in . ,  and 5 min . 

b efore the intravenous inj ec tion of a colloidal suspension of carbon . 20 

min . after carbon was inj ected , skin biop sies  from the s i tes of th ermal in­

j ury were taken . Skin sampl e s  from two areas of thermal injury were obtained 

for each time int erval . Skin biopsies  from untreated sites were also obtained 

a t  th e start of the experim ent as control s .  Th e skin samples  were weigh ed 

immediately aft er their removal and th e infl ammatory o edema asse s s ed 

t entatively by the inc reas e  in we igh t . The skin sampl es were then fixe d ,  

sectioned and s tained with H & E and with 0 . 1  p e r  cent Safranin to  study th e 

c arbon label l ed blood vessel s .  To t est th e effects of inhibitors on carbon 

l eakage two more sheep were used . In one �h eep th e antihi stamine mepyramin e  

mal eate ( 2 5  mg/kg ) was inj e ct ed intramus cularly 1 5  min . before thermal i n j ury . 

In the other sheep sodium salicylate ( 0 . 5 g/kg ) was given intraperitoneally 

3 0  min . before thermal injury . Skin sampl e s  were obtained at all interval s 

giYe n  above . Two further inj ections of both mepyramine ( 5  mg/kg ) and 

salicylate ( 0. 2  g/kg ) were given at intervals of 2 hr . between the time of 

inf lict ion o f  th e thermal injury and the collec tion o f  skin sampl e s  at 6 h r .  

The carbon lab elling was assessed s eparat ely in venul es and cap illarie s .  The 

cri t eria for distinguish ing capil lari e s  and venul es have been described in 

the previous s e ction.  Table 13 summari s e s  the result s  of all the exp eriment s . 
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Table 1 3  - Weight  of skin samples ( gm .  of one cm . d iameter skin biopsy 

specimens ) collected  at different t imes aft er thermal injury 

( 70° for 1 minute ) and the effect on them of prior administration 

of  mepyramine maleat e and sodium salicylat e .  

Time aft er 
thermal injury Mean Weight of two skin samples 

(gm .  of 1 cm . diameter skin biopsy specim ens ) 

Mepyramine-pretreat- S odium sali-
Thermal injury ment then thermal cylate-pret reatment 

injury then thermal inj ury 

Control-sample 
( i.e.,wi thout 0 . 1 0 . 1  0. 1 
injury ) 

5 min . 0 . 1 2  0 . 1 2  0 . 1 2  

1 0  min . 0 . 1 6  0 . 1 2  0 . 1 3 

1 5  min . 0 . 2  0 . 1 6  0 . 1 5 

3 0  min . 0 . 21 0 . 1 7  0 . 1 6  

1 hr . 0 . 2 5  0 . 2 1  0 . 2  

2 hro  0 . 29 0 . 23 0 . 22 

4 hr o 0 . 3  0 . 26 0 . 22 

6 hr . o . oo 0 .30 0 . 23 

The d egre e  of vascular l ab elling aft er thermal injury was recorded 

at different time intervals .  The results  are given b elow : 

! miA. : Skin collected from the s i t e  o f  thermal injury showed an increase 

in weight ( table 1 3 )  and oedema was hist ologically evident . Carbon label-

ling was c onfined to small veins and venules only, ranging �rom 1 1  to 90 

� in diameter .  True capillaries ( 4 - 6 � diameter ) s howed no d eposition 

of carbon in their walls . Small blood vessels were dilate d  and hypera.emic 

but no margination or emigration. of leucocytes was seen in  them. 

1 0  min,. :  There was a furth er increase in the weight of  the skin samples  



Fig. 52 S e c t i on o f  sheep skin 1 5  min . aft er th ermal inj ury sh owing 
extensive carbon labell ing of venul e s .  Int erst i t ial oedema 
is pr e s e n t , but no l eucocyt ic  emigration . 

H . E .  X 1 00 

Fig. 53 Same a s  fig . 52 , showing carbon labelling of venules under 
high e r  magnificat ion . Blood vessels are hyperaemi c but no 
margi na t i on or emigration of l eucocytes is seen . I n t erst itial 
oedem a  is pr esent . 

H . E .  X 2 50 
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obtained at this  s tage ( table  1 3 ) o Carbon labelling o f  small veins and 

venul es was mor e  extensive than at 5 min . In addition an occasional 

capillary revealed carbon dep osits . Other changes w e r e  similar to  those 

s een at 5 min. 

1 5  min . : The mean biopsy weight was now twice that o f  t h e  control samples  

( table 1 3 ) . 

( fig4  52 ) .  

Labell ing of smal l v e ins and v enule s  was maximal at this stage 

A f ew capil lari es of  5 - 6 p in diameter also showed carbon de-

posits . Massive oedema was present throughout the who l e  thickness  o f  th e 

d ermi s ;  the small blood v essels were dilated and hyp e raemic but neither 

marginat ion nor emigration of l eucocytes was s e en ( fig . 53 ) .  

30 min . : There  was slight further increase in  th e weigh t  of  the skin samples 

( tabl e  1 3 ) . Carbon in j e c ted at this time resulted in slightly l ess  extensive 

labelling of small veins and v enul es than that seen at 1 5  min . No s ignificant 

change could be detected in the labell ing of the cap illaries .  Other changes 

were similar t o  thos e seen at 1 5  min . No leucocyte emigrat ion was s ee n .  

1 hr o :  Weight of  the skin sampl e s  had further increase d  ( table 1 3 ) . Carbon 

labelling of small veins and venul e s  did not reveal any not ic eable change 

at this stage as c ompared to the  preceding sample ( fi g .  54) . It be came in­

creasingly difficul t  with incr eas ing t ime after inj ury to fi nd capillari e s  

labelled w i th carbon.  Oedema , vascular dilatation and hyperaemia were 

prominent . Some adhesion of leucocytes to the vessel walls was now pres ent 

but signifi cant emigration of l eucocyt e s  was still not s een . Only a f ew 

l eucocytes had es caped into the perivascular tissue s ( fig. 54 ) .  

�. : Weigh t  o f  the skin samples  showed a further increase ( tabl e  1 3 ) . 

There was a further fall in the extent o f  carbon lab e lling o f  small veins 

and venul e s . Labe lling of capillar i e s  r emained diff i c ul t  to d e t e ct . A f ew 

more leucocytes appeared to  have e s caped into the per i vascular t i ssues . The 

emigration , h o wever , was not marke d .  Othe r change s  were as s e en at  1 hr . 

4 hr � :  No· increase in the weight of the skin sample s  was noticed ( table 1 3 ) . 



Fig. 54 S e c t i on o f  sh eep skin 1 h r .  after  th ermal inj ury show ing carbon 
lab e l l ing of venules . Int ersti tial oed ema is present but only 
a few l eucocytes  are see n  in  the perivas cular tissues . 

Safranin x 2 50 
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No further decrease in the carbon labe ll ing of venules was seen.  Labelled 

c apillaries were  s carce and l eucocyte emigration was as noted  at  2 hr. 

�. : There was a further increase in the weight  of the skin samples ( table 

1 3 ) . Histologically these samples were not different to  the 4 hr . sample s .  

Ef!ect of prior administration of mepyramine mal eat e :  

In table 1 3  is recorded the effect  of prior adminis t ration of mepyramine 

maleate on the skin biopsy weight . Increase in weight of the skin sample s  

was suppressed significantly in the early st�ges . The effect  s tart ed t o  

wane 2 hro after the injury and a t  6 hr . no difference could  b e  seen from 

the corresponding unt reated ( i o e .  without mepyramine pretreatmen t )  samples . 

Mepyramine had , moreover , a striking but temporary effect  on venular labelling. 

The main peak o f  labelling between 1 5  min . and 1 hr.  after injury was greatl y  

reduced : the p ersistent but relatively weaker labelling from 1 hr . to 6 h r .  

remained unaffected .  

Effect  of  prior administration of  soiium salicylat!: 

The effe c t s  of  prior administra tion of sodium salicylate on skin 

biopsy weights  aft er thermal injury are shown in table 1 3 .  There was a 

reduction in the weight of the skin samples at all stages  with no return 

to the levels found in the untreated animals .  An inhibiting effect  on the 

venular labelling was first noti c eable  30 min . after i njury and persisted  

thereafter .  



Section 9 

Ef fect  of denervati on on the increased vascular permeab ility: 

It has be en not e d  e arlier that whereas mepyramine maleat e suppressed 

the early pha s e  of the  inc reased vascular p ermeability foll owing intra­

dermal inj ecti ons of  turpe ntine in a t bl ue d '  she ep , an area of reddening 

( flare ) was s till  s een at the s i t e s  of inj e c t i ons . H is t ology from the s e  

sites indicated that th e redd ening was due t o  local hyp eraemia and vascular 

dilatation . Thu s , in these experiments , al though the response t o  the local l y  

released histamine was abolished by t h e  antihistamine-pretreatment , the 

nerve supply of t h e  area remained intact t o  i nfluence the l o c al inflammat ory 

process . It was considered possible tha t  the local hyperaemia and vascular 

dilationi wh ich p e rsisted after antihis tamine treatme nt following intrad ermal 

inj ection of turp ent ine , may dep e nd on nervous cont rol . Following the 

suggest ion by Humphrey ( 1 9 5 5 a )  that capillary tone and to some ext ent 

p ermeability are under nervous cont rol , th e effect  of  denervat i on on the 

vascular permeabil ity in the sheep was t e s t ed . 

I t  was thought that th e inflammat ory respons e in an area o f  skin 

immediately a f t e r  cut t ing its  nerve supply might  be affected  by the surgery 

involv e d .  It was therefore decided t o  s t ud y  the inflammatory r e sp onse both 

immediately a f t e r  denervation and after th e animal had recovered for some 

days from the s u rgery . A six days interval was chos en for its c onvenienc e . 

On the first day the sh eep was anaesthetised with "Nembutal" ( Abbot t  

Laboratorie s Ltd . ) and the succe ss ive spinal nerves T8 t o  L 5  were e xp o sed 

immediately lat e ral to the  l ongiss imus dorsi muscle .  A l o op of s tainl ess 

steel wire was p assed �round each of  the fir st five nerves and s e ct ion 

1 cm. l ong was r emoved from each o f  the r emaining nerve s . On th e s ixth 

day the looped nerves were located and c ut . In thi s  pro cedure , 5 t o  1 0  

ml . o f  local anaesthe t i c  ( xylocaine ) was sprayed into the wound ; gene ral 

anaesthe sia was not used b ecause of  possible e ffects on the inflamma tory 



Fig. 55 Eff e c t  o f  denervat i on on increased vas cular p e rm eability . 
I C  = Control zone ; IT = Imme diat ely den ervat e d ; 6T = 6 day 
ol d d enerva tion . 
Phot ograph taken 30 min . a f t er intradermal inj e c tion o f  turpentine 
( 0 . 1 ml . ) into a blued sh e e p  sh owing marked leakage of pon tamine 
blue in al l th e th ree zones . 

Fig. 56 Effe ct o f  mepyramine maleat e-pretreatment plus d enervation on 
increased  vascular permeability . Same sheep as in fig . 5 5  
showing the same side after  mepyramine admini s t rat ion 
IC = mepyramine-pre treat ed zone 
IT = mepyramine-pretreated zone plus imme dia t e  denervat ion 
6T = mepyramine-pretreated zone plus 6 day old d enervat ion 
Photograph taken 30 min . after  int radermal inj e c ti ons of 
turpent ine (0 . 1  ml . ) . Not e  appearance of b lue ing in the 
denerva t ed zones . In all zones , at si tes where blueing is 
suppressed , a l ocal flare is  still seen C arrows ) . 
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r e sp onses ( Miles  and Mil es , 1 952 ) . The s e  procedures produced an 

ante rior band of  immediate denervation and a posterior band that had 

been  denervated for six days . The control  zones were taken both 

cranial and caudal to these denervated areas . Severance of each n erve 

well away f rom the spinal column meant that the deuervati on was t otal , 

i . e . , both motor  ( in c luding autonomi c )  and s ensory fibres were c u t .  The 

zones of denervation were mapped on th e she ep by pric king the skin with 

a p in ; only the central area of e ach zone  well away from the wound was 

u s ed t o  study the inflammatory response . The nerve  section was checked 

at necropsy. 

Two lambs were denervated as described above and blued on the  7 th 

day. Turpentine was inj ected intradermal l y  in 0 . 1  ml . volumes in each 

zone , i . e . , from ante rior - contro l , immediately denervat ed  and six day 

d e ne rvated zones ( fig . 5 5 ) . The c olour intensity and the e xt ent of b l ue -

i�g , in all the three  zones were recorde d .  After one hour obse rvat ion , 

e ach lamb was inj e c t ed with mepyramine mal eate intr�muscularly at the  dose 

rate of  25  mg/kg . Turpentin e  was again inj e cted in 0. 1 ml . volumes in 

each zone . Blueing at all inj ected sites  was recorded . 

It was found tha t  increased vas cular p e rmeability was no t s uppressed 

i n  the denervat e d  areas . Marked leakage of d ye t ook p lace in all the 

three zones , and c overed a larger area in the denervated zones , ( fig . 5 5 ) . 

Mepyramine mal eate-pretreatment when c ombine(Fith denerva t i on suppressed 

the l e akage of dye  f o r  about an hour . It , how ever , still fai l e d  t o  abolish 

the reddening ( flare ) at the sites of turp entine inj e ction tha t was noticed 

when l eakage o f  dye  was suppressed by mepyramine-p retreatment alone 

( fig . 56 ) .  Moreover , th e blueing seemed  to return slightly more quickly 

aft er treatment with m epyramine in d enerva t e d  areas than in tho s e  who s e  
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nerve suppl y  was intac t .  

The colloidal carbon t e chniqu e , d e s c ribed earl ie r , was u s e d  in two 

more sheep to examine h i s t ol og i c al l y  the e ffect  of denervation on t h e  in­

creased vascular p e rmeabil ity that fol l owed intrad ermal inj e c t i on of 

t urpent ine . The lambs were d en erva t e d  a s  before . On the 7th day a f t e r  

op era t i on one of t h em w a s  inj e ct e d  int radermally with t urpent ine in 0 . 1  

ml . volumes i n  a l l  the thr ee zones des cribed above 3 0  min . , 1 5  min . , 1 0  

m in . , and 5 min . b e fore the intravenous inj e c t i on o f  a c o lloi dal susp ension 

o f  carbon.  20 min.  after carbon was inj e c t e d , the lamb was d e s troyed and 

s kin samp l e s  were collec t ed from th e s i t e s  of t urp entine inj e c t i o n .  Two 

samp l e s  were o b t ained for each t ime interval . 

The o th e r  lamb was t reated s imilarly and the skin samp l e s  obtaine d a t  

the same interva l s . B u t  i t  was in j e c t ed with mepyram ine mal eate intra­

muscularly ( 2 5  mg/kg ) 1 5  min . prior to th e intrad ermal inj e c ti ons of t ur­

p e nt ine . Skin samp l e s  were fixed , s e c t i oned a nd stained H & E and w i th 

0 . 1  p e r  cent saf ranin to s tudy the carbon-labelled blood ve s se l s . 

Denerva t io n , both imm edia t e  and 6 -day old , fail ed t o  s up p ress the 

carbon label ling of the blood vessel s  that o c curred when turp entine was 

inj e c t ed intrade rmal ly.  Thi s  has b een d e s cribed i n  S e c ti on 7 .  At s i t e s  

w i th an int�ct nerve s upply b u t  subj e c t  to mepyram ine-p r e t reatment , carbon 

labelling was almo s t  complet ely suppr e ssed ; only an o cc asional v e s s e l  was 

labell e d . In s i t e s  that were both denervated ( immediat e and 6 day old ) 

and p r e t re a t e d  with mepyramine , t he p i c ture was simil a r  to that not e d  with 

m ep yramine-t r eatment alone , i . e . , n o  further s uppr e ss i on of labelling in t h e  

ve s s e l s  w a s  a ch i eve d .  



Se ction 10 

Lymph -Node-Cell Permeabili ty Fa.ctor : 

Extracts of l ymph node cells from various species are c apab l e  of 

produ cing c onsiderab l e  increas es of vascular p ermeab il ity ( Willoughby ,  

Boughton , Spector and S child ,  1 962 ) . The s e  authors described the factor 

p resent in the l ymph node extract as  the lymph-node-c e l l  p e rmeability 
. " 

factor ( LNPF ) . The factor has since b een demonstrated in other tissue s 

in the rat ( Wal t ers and Willoughby ,  1 96 5a ) . The pharmacol ogical properties 

o f  LNPF differ f rom those of o ther known perm eability- increasing substances 

( Willoughby ,  Boughton , and Schild ,  1 963 ) . In addition to  its effe c t  on 

vascular permeabil i ty , LNPF has been shown to possess the more unusual 

property of inducing an immediat e large-scale emigration of l eucocyt es in 

the rat ( Spector and Willoughby , 1 964b ; see Wil loughb y  and Spe c t or , 1 964c ) .  

Another s e quel t o  th e intrad ermal inj ect ion of LNPF in the rat is  the form-

a tion of an eosinophilic deposit with a resemblance to c onnec tive t issue 

fibrinoid ( Willoughby and Spe c tor , 1 964b ) , whi ch gives a positive s tain for 

RNA during the first 20 min. after inj ec tion of the extract ( Willoughby ,  

Walters and Spe c t o r , 1 964) . LNPF has been shown to be present in th e 

develop ing tubercul in rea c tions and t o  disappear as th e react ions sub s ide 

( Willoughby ,  Sp e c t or and Boughton , 1 964 ) . More recent work on the p ro-

p erties of LNPF has revealed many s imilarities and s ome differences b etween 

LNPF and RNA and t he findings suggest that RNA , or more l ikely a derived 

o ligonucleoside may a ccount for the effects of l ymph node extracts 

( Willoughby and Walt ers , 1 96 5 ) . Result s  of  further investigations on the 

role of LNPF , h ave led to the belief that it may be associate d  with 

d elayed hypersensitivity and auto-immune reactions ( se e  Wil loughby and 

Spector , 1 96 5 ;  Willoughby , Walt ers and Spe c t or , 1 96 5 ;  Willoughby , 1 966 ; 

Willoughby and Coo t e , 1 966 ; Schild and Willoughby, 1 96? ) . 

The following exp eriments demonstrate the presence o f  a "LNPF" in the 



lymph node c ell  extrac t s  o f  normal she ep a nd a t t empt to  d e sc ribe s ome o f  

i t s  prop erties . 

( i )  Ef fect  o f  lymph node c e l l  extract s  on  vascular permeability :  

To p repare lymph node cell  extract grossly normal l ymph nodes  ( pres­

c apular , p r e f emoral , mediastinal and m esent eric ) were c o l l e c t ed f rom five 

sheep . A s eparat e  extract was p r epared from each individual animal using 

t h e  meth od o f  Will oughby , B ough t on and S child ( 1 963 ) . Lymph nodes  were 

f reed of  fat and the cells teased out with f orceps int o Tyrode s olut ion.  

The percentage c omposition o f  the Tyrode  s olution was the sam e as used by 

B ough t on and Schild ( 1 962 ) , i . e . ,  NaCl 0 . 8  per c ent , KCl 0 . 02 per cent , 

CaC12 0 . 02 p e r  cent , MgC12 6 .H20 0 . 0 1  p er c ent , NaH2P042 .H20 0 . 00 5 p e r  cent 

and glucose  0 . 1 p e r  c ent . The suspension was freed of coarse debris by  

passage through f ine  nylon and the c ells collected by c e nt rifugation at  

4000 r . p . m .  for 10  min . The pad of  cells was washed t w i c e  by  resuspension 

in Tyro de solut ion and the number of c e lls estimat ed us ing a haemocytome t e r  

c ount ing chamber . The f inal suspension contained approximately 500 million 

c e l ls  p e r  ml . and wa s treated in one o f  the following ways : ( a )  Cell  sus­

pensions were frozen and thawed t e n  times until mi cro s c o p i c  smears showed no 

wh ole  c e l l s  but only debris wh i ch was r emoved by centrifugati on at 4000 

rev ./min. f or 1 5  min . Most o f  t h e  exp eriments were carr ied  out with the 

sup ernatant obtained in th is way. ( b )  After t reating c e ll s  with an ul t rasonic 

d i s integrat o r  of  20 , 000 cycl e sls e c .  for two minut es , m i c ro s c op i c  e xamina t i o n  

reveal ed no i n t a c t  cel l s .  The sup ernatant obtained i n  t h i s  way h a d  th e sam e  

permeabil i t y- increasing a c t i v i t y  a s  that obtained by f re e ze thawing . The l ymph 

node c e l l  extra c t  was e i ther use d  at once or stored at - 1 0°C until r equired .  

D ialysi s  of  the cell extract i s  n e c essary t o  remove any h i stamine p re­

sent . This  was carried out by exposing the extract  t o  thr e e  changes o f  
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saline in dialysis tubing at 4°0.  

Two  blued she ep were made  to test the effect on  vascular perm eability 

of the extract .  Both undialysed and dialysed  extract was inj ected  intra­

dermally in 0 . 1  ml . volumes , representing an extract of 5 x 1 07 cell s . 

Nine inje ctions of each extract were made and  distributed  on both sides 

of the sheep.  

Leakage of dye occurred after a latent p eriod of 1 - 3 min. The 

intensity of blueing reached its  maximum in about 1 5  min . When the 

undialysed lymph node extract  was tested on guinea-pig ileum it  showed 

some histamine-like activity ; no such activity was seen after the dialysis . 

The dialysed lymph node extract showed similar permeability-increasi ng 

activity as the undialysed extract : in both c ases it  was evident within 

5 min . and reached a maximum 1 5  min .  after intradermal inje c tion. The 

permeability activity of the extract was apparently unchanged whe n  the 

extract was left  standing at room temperature for one day or when  stored 

40 0 at C for two weeks , or stored at - 1 0  C for 4 month s .  

( ii )  Comp�rison of the area of dye leakage induced by lymph node extract 

and other pe rmeability factors; 

Lymph nod e extract was inj ected intradermally in a blued she ep in 

volumes of 0 . 1  ml . Histamine , 5-HT , bradykinin and Compound 48/80 were 

inj ected in 10 �g amounts in volumes of 0 . 1  ml . 6 hr� pleural exudate  was 

inj ected in 0 . 1 ml . volumes . Each of the vascular permeability fact ors 

was inj ected once in a series on each side of one sheep , using a d ifferent 

syr inge for each test substance .  The diameter of the blue areas that 

developed following the intradermal inj ecti ons of the permeability factors  

was recorded afte r  1 5  min . , 1 hr . ,  and 5 hr . The results are summarised in  

table 1 4 .  



Fig. 57 Skin of a lamb sho wing blue ing induced  by lymph node c e ll 
ext ract and o ther permeabil i ty fact ors . Ph otographed 1 5  
min . after th e i ntrad ermal inj e c t ions of the following 
substances . From lef t : 6 hr  turpent ine-induced pleural 
exudate  ( 0 . 1 ml . ) ,  his tamine ( 1 0 �g ) , Comp ound 48/80 
( 1 0  �g ) ,  l ymph no d' cell extract ( O o 1  ml . represent ing 
an extract of 5x 1 0  cel l s ) , 5-HT ( 1 0 �g ) and bradykinin 
( 1 0  �g ) .  
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Table 1 4  - Comparison of the area of dye leakage induc ed by lymph 

node extract and o ther p erme abil i ty fact ors .  

Time after  
intradermal 
inj e ction 

:1 5 min . 

l hr . 

5 h r .  

Pleural 
exudat e 
6 hr. (0.1 
ml . )  

1 1  

1 4  

43 

Blue area ( maximum diam e t er m� . )  

Histamine 48/80 Lymph node 5-liT 
1 0  l!g 1 0  J1g 5x1 07 c el l s  10 � 

1 6  

1 9  

50 

1 1  

1 5  

3 5 

1 5  

1 8  

45  

1 5  

1 7  

1 8  

Bradykinin 
1 0  J.tg 

1 8  

1 9  

20 

In the early s tages ( i . e . , up to one h r . ) the diam e t e r  of the b lue 

areas p roduc ed by lymph node extract and other permeability fac t ors were 

similar ( fig . 57 ) ,  The int ensity of the b lueing differe d  sligh tly with 

each test  sub stance ; 48/80 produc ed blueing of the lowest intensity . 

5 hr . after inje c t ion the areas di ffered markedly. 

( ii i )  Histopat�ological changes fol lowing intradermal injection of lymph 

node extra c t : 

The abili ty of the lymph nod e  c ell extracts to induce leuc ocyte 

emigrat ion was s tudied by intradermal inj ections of the dialysed extra ct 

int o a sheep in 0 . 1 ml . volumes . Skin bi op sie s were t aken 1 5  min. , 30 min . , 

1 h r . , 2 h r . , 4 hr . , 6 hr. , and 24 hr . aft er the intrade rmal inj e ct i ons . Skin 

samples were fixed , s e ct ione d and s tained with H & E and for mast c ells . Tl!e 

result s are described under the heading of each time int erval . 

15. �in : Secti ons revealed vascular dilatation and congestion .  Hyp e raemic 

VQ�sels showed marginati on of p olymorphs . There was oedema but very little 

emigration. of leu c ocytes .  Mas t  c el ls "'appeare d more numerous than in the 

normal skin . They were smaller and contai ned well-defined oyt0plasmic 



Fig. 58 S e c t i on of sh eep skin 30 m i n .  aft er i nt radermal inj e c t i on of 
l ymp� node cel l  extract ( 0 . 1 ml . ,  representing an extract of 
5x 1 0  cells ) showing ma rgi na t i on o f  polymorphs but onl y sl ight 
emi gra t i on .  More numerous mas t  cells ( arrow ) are seen than in 
the normal skin ; t h ey show varying degre es  of swel l in g .  

Fig. 59 

Leishman s t ain x 2 50 

S e c tion of  sh eep skin 6 h r o  a f t er intradermal inj e c tion of 
lymph node cell  ext ract  ( 0 . 1 ml . ,  repres enting an extract  
of 5x 1 07 cell s )  showing ext ensive neutrophil ic infi l t ra t ion 
of t issues . 

Leishman stain x 1 00 
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granule s .  Some of the cells show ed vacuolation and mild de granulat ion . 

30 min : Margi nation of the polymorphs was more marked but still the cells 

were mos t l y  c onfined in the blood vessels ( fig . 58 ) .  Congest ion o f  b lood 

vessels and oeaema had sligh t l y  increased . Mast cells were increas e d in 

number ; vacuolation and d egranulat ion was more marked .  Occasionally , a 

basophil l eucocyte c ould be s ee n  lying inside the blood vessels wi th p oly­

morphs .  

� :  Emi grat i o n  and infiltration of th e tissues with polymorphs had 

c ommenced . The s e  cells were at this s tage mostly i n  the pe rivascular 

areas . Mas t  cell changes ranged from swelling and degranulation to dis­

rup tion o f  the cells w i t h  sca t t e ring of th e granul es . 

� : The changes were e ssentially s imilar t o  those seen at 1 hr . L e ucocyte  

emigration had markedly incr eased ; the cells  had now moved away from their 

pe rivas cular si tes  and were dif fusely scat t ered throughout the d ermal tissue s .  

Mast c e l l s  reveale d  change s similar t o  thos e s e en a t  1 hr . 

4 hr : There was further l euco cytic inf�ltration of the ti ssue spa c e s  which 

appeared distended wi th flui d .  Degranula tion o f  mast cells was marked and 

the cells appeared less numerous . They were not seen in areas of l euc ocyt ic  

infi ltra t i ons . 

6 hr : Further inc reases in the above changes were noticed particularly in 

l eucoc y t e  emigration ( fig . 59 ) . Fluid dis t ensi on , esp ecially of the sub­

dermal c onne ctive t issue was considerabl e .  Similar ch anges in mast cells 

were s e en as were no t e d  at 4 hr . 

24 hr : Leucocyt e  e migra t i on and infil trati on o f  the t i s s u e s  was a t  i t s  heigh t  

a t  this stageJ many o f  the polym orphauclear neut rophile b eing dege n e rat e .  

Oe dema o f  th e  tissues was marked .  Mast c ells appeared mor e  numerous than 

in the prec e ding s tage and s till s howed varying stages· o f  avelling and de ... 

granulation .  As not ed e arlie r  the cells coul d  not b e  d e te cted in are as 
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o f  l eucocyti c  infil t ration and oedema . 

Lymph node extract appeared to indu c e  more extensive e migration of 

l eucocytes than e i ther histamine , 5-HT or bradykinin , but the  emigration 

was less extensive than that induce d  by 6 hr.  p leural exudat e .  

( iv )  Effe c t  of  m epyramine mal eate on the increased vascular permeab ilit� 

induc e d  by lymph node extract :  

Two blued sh e ep were used . Mepyramine maleate was inje cted intramus­

c ularly in a singl e dose of 2 5  mg/kg body wt . 1 5  min . b ef ore intrade rmal 

inj e cti ons o f  dial ysed lymph node e xtract in volumes of 0 . 1  ml . Six intra­

d ermal inj e c tions were made on each side of each sheep . The dialyse d  l ymph 

n ode extra c t  had b e en shown t o  have no histamine-like action in guinea-pig 

ileum ., 

Pretreatment wi th mepyramine delayed th e increase in vascular permeabili t y  

which normally followed the intradermal inj e c t i on o f  0. 1 ml . volumes of  l ymph 

n o de extra c t . The l eakage of dye was suppressed f or 2 - 3 hr . only , a f t e r  

wh ich marked blue i ng to ok pla c e , reaching a maximum i n  about 2 h r .  

( v )  In vitro s tudy o f  the histamine-rel easing activity of  lymph node 

extra c t  using ch opped guinea-pig and sheep lung: 

The abili ty of  the lymph node extra c t s  and o ther test s olutions t o  

r elease his tamine from chopped guinea- p ig and sheep lungs was t e s t e d  

using a modificati on o f  the m e thod of  M ong� and S child ( 1 9 53 ) .  Histam ine 

was assayed on the guinea-pig ileum . 

Luns P-reparation : The histamine-releasing a c t ivity of the lymph node extract 

was tested on the guinea-pig and sheep lungs s eparat ely , and was compared with 

th e activity o f  6 h r .  pleural exuda t e  and comp ou�d 48/80 t ested in the same 

way . A t otal o f  four guinea- pig. and f our sheep lungs was used . The fresh 

lung was first chopp.ed int0 small pie c e s .  Four samples of equal weig�t 



- 1 36-

( 500 mg. ) wer e  incubated separately at 37°C ( in a water bath ) with 2 ml . 

o f  Krebs ' Ringer solution in a 1 0  m l . beaker for 30 min. The contents of the 

beakers were kept stirred a nd at  the end of 30 min . the Ringer solut ion was 

discarded to remove any spontaneously released his tamine . The d;llscarded 

Krebs ' Ringer was replaced in three of the four lung sampl es  with e ither 

1 ml . d ia lysed lymph DOde extract or d ialysed 6 hr. pleural exudate or 

Krebs ' Ringer containing 1 mg/ml . of compound 48/80. Al l solutions were 

0 kept at 37 c .  To the fourth lung sample 1 ml . Krebs ' Ringer was added t o  

check f o r  spontaneous release o f  histamine . Befor e  the experiment c ommenced  

the  dialysed lymph node extract , dialysed pleural exudate and the Compound 

4 8/80 s olution were shown to exert no his tamine-like action on guinea-pig 

il eum . 

The lung samples were incubated for a furth er period of 30 min . at 

37°C .  At the end of th is time fluid was removed from each sample with a 

pipette and examined for the presence of any released histamine by testing 

against guinea- pig ileum . 

Guinea-pig ileum preparation : A segment ( 1 -2 cm. ) of terminal ileum was 

0 suspended  i n  oxygenated Krebs ' Ringer solution in a 5 ml . bath at 37 c .  

Histamine was assayed using a n  automatic  apparatus . 

It was found that when 0 . 1 ml . volumes of fluid samples were added t o  

5 ml . organ bath , all the t reated  solutions including the control ( i . e . , 

c ontaining Kreb s '  Ringer only ) induced contraction of the ileum . This 

suggested tha t the co ntrol Krebs ' Ringer solution contained some spontane-

ously r el eased h istamine . To overcome this difficulty all the treated 

solutions , as well as the control Krebs ' Ringer were dilute d  five t imes with 

Krebs ' Ringer Solution . When tested on the ileum ,  whereas the other solutions 

still induced th e c ontractions of ileum , the dilution nearly abolished the 

activity of the "control" Krebs ' Ringer Solution. All the solutions were  
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then assay e d  for his tamine . 

The contra c t ions of the ileum induced by the t est solutions were 

compared with thos e produced by 0 . 002 �g , 0 . 01  pg , and 0.2 �g histam ine . 

This was d one by adding hist amine to t h e  5 ml . organ bath i n  0. 1 ml . 

volumes in a concentration of 0 . 02 �g/ml . ,  0 . 1  pg/ml . an d 2 pg/ml . res­

p e ctively in  Kreb s ' Ringer S olution . After the his tamine c ontracti ons , 

the effects of  lung-t r eated samp l e s , i . e . , control Krebs ' Ringer , Krebs ' 

Ringer containing 48/80 , 6 h r . pleural exudat e and l ymph node extract 

were recorded , in tha t order . Each solution was added in 0 . 1  ml . vo lumes 

t o  the organ bath and maximum heigh t of the c ontraction r e c orded. After 

t esting e ff e c t  of each sampl e ,  the organ bath was wash ed wi th Krebs ' Ring er 

for 1 0  s e c onds .  

T o  show that the activity o f  the solut ions was due t o  the presence o f  

his tamine and n o t  5-HT , the effe c t  of  m epyramine was test e d .  Mepyramine 

in concent rat ion of  0 . 4  pg/ml . abolishe d contracti ons of t h e  ileum induced 

by all the t e s t  s olutions. Further , whe n  the test solutions w ere t e s ted on 

the rat ut erus for 5-HT , they were f ound ina ctive . 

Dialysed lymph nod e extract induced some histamine rel ease from chopp ed 

guinea-p ig lungs , but th e effect  was not marked.  On the other hand , when 

t ested on the sh eep lungs , lymph nod e extract showed marked his tamine-re­

l easing a c t i vity . Similar results were obtained with all four lung samp l e s .  

A s  j udged from the guinea- pig ileum assay , compound 48/80 appe ared t o  induce 

more histamine release from sheep lung &ban from guinea-pig lung : the lungs 

from both spe c i es having been treated in the same manner . 



D I S C U S S I 0 N 



Discus s i o n  

The p r e s en t  resul ts have shown tha� a biphasic increase i n  vas c ular 

p ermeab ility d e v elops in the inflammat o ry reaction in the sheep f ollowing 

t urpentine and th e rmal inj ury ; an earl y phase s e ems to b e  medi a t ed by 

h is tamine . In contras t ,  mediation of th e d elayed phase , wh ich app ears t o  

b e  t h e  maj or p a r t  o f  the respons e ,  remains u n c ertain . H is tami n e , a 

" Gl obul in PF" and p ossibly kinins , probably par t i c ipa t e . The resul t s  

furthe r suggest that p ermeabi l i ty sub s ta n c e s  a c t ivat e d  or released b y  

inj ury , d o  n o t  app ear t o  e xert much eff e c t  on the emi gration of l eucocyt e s , 

and , thus , sup p ort the idea of a s epara t e endogenous me chanism f o r  this -

s epara t e , that i s , from tha t  leading t o  increased p ermeabil ity t o  prot ei n .  

O n e  of t h e  m ost s triking r esult s  from t h e  pre sent exp eriment s ,  is t h e  

appare nt eas e  with wh i ch h i s tamine can be rel eased in sh eep skin a n d  with 

a wide vari e t y  of s t imul i .  The s ituat i on i s  qui t e  d i f fer ent t o  th a t  

ob taining in th e rat and , p e rhap s , more akin t o  that i n  th e guinea - pig , 

th ough there i s  l e ss informa t ion in th e la t t e r spe c i e s . 

The contribut i on h i s t amine made in the inflammat ory reac t i o n  was re-

vealed by the app licat i o n  of a number of d i f f erent but c omp l ementary 

t e chnique s .  Th e maj or t e chniques wh i ch have be e n  used t o  inve s t i gat e  the 

role of histamine incl ude : 

( i )  Th e use of ant ihistamines 

( ii )  D ep l e t ion o f ,  or a t t emp t s  t o  d ep l e t e  histamine 
'( 

( ii i )  B l o c king o f  h i s tamine release 

The first of th e s e  has b e en employed in relati on t o  s tudi e s  on th e 

r e a c t ion t o  exogenous l y  d e rived , i . e . , in j e c ted histamine , to inj e c t ions 

o f  the his t amine l i b erator , compound 48/80 , and on the r ea c t i on to t urpent i ne 

injury , th ermal in.jury , er cutaneeus ant igen-ant ibody r ea c ti ons . Studies 
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made by using ant ihistamines required their careful s e l ec�ion , since 

many antihist am ines  are not specific in  their action in blocking histamine . 

Mepyramine maleate  is well known for its  high specific i t y  as an antihistamin e  

and has n o t  been shown t o  antagonise  any other compound which increases  

vas cular p ermeabil ity ( Halpern e t  al , 1 9 50 ; Spector and Wil l oughby , 1 9 57a , 

1 9 59a , 1 963b ; Parrat t and West , 1 9 58a and b ;  see  als o  Miles and Wilhelm , 

1 960a ; Wilh elm � 1 962 ) . In the sh eep mepyramine maleate  suppressed the 

increased vascular permeability induced by h igh doses of  histamine ( i . e . , 

in 1 00 pg amounts ) .  In contrast , promethazine hydrochl oride failed to give 

a compl e t e  suppres sion . The resul t s  confirm in the she ep spe cific anta­

gonism of histamine by mepyramine mal eate . 

Of the wid e  variety of agents wh ich release his tamine from mast cells , 

compo und 48/80 is considered th e mos t spe c i fic ( Paton , 1 9 51 ; Fawcett , 1 9 54 ) . 

Marked sp e c i es differences have b e en not ed with the h is tamine-releasing 

activity of 48/80 ( Sparrow and Wilhelm , 1 9 57 , Riley , 1 9 59 ) . The inc rease d  

vascular permeabil ity induced  b y  48/80 inj e c t ed in small amount s  i n  the she ep , 

and its suppression by mepyramine mal eate indicates th at 48/80 releases h ist­

amine in  the she ep . It  was later us ed t o  deplete tissues of  histamine and 

then  study the inflammatory r esponse . The failure of m epyramine mal eate 

t o  block th e r e sp onse induc ed by high doses of 48/80 ( i . e . , in 1 mg. amoun t s )  

could b e  explained o n  th e basis of the large amount o f  histamine released 

by this high dose quant itatively over-riding the e f f e c t  of the antihistamine 

available .  A l t e rnatively ,  it coul d be  sugges t ed tha t at  this dose  48/80 

released some substance in addit ion to histamine which affe c t s  vascular 

p e rmeability ·and is not antagonised  by mepyramine male at e .  Similar ob­

servat ions have been mad e  by o ther  workers in other species wi th large dos e s  

of  48/80 ( Sparrow and Wilhelm , 1 9 57 ;  Paton , 1 957 ; Miles and Wilhelm , 1 960a ) 
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In an attempt to  suppress locally the permeabili ty response that 

followed intradermal inj e cti on of turpentine by  mepyramine maleate ,  it  was 

found that mepyramine maleate solution ( "Anthisan" ) ,  by itself , i ncrease d  

vascular permeability . Solutions with a pH ranging be tween 3 and 1 0  did 

not increase vascular permeability . It seems the mepyramine maleat e  

solut ion did not increase permeabili ty due t o  its acid pH . No increase in 

permeability was induced  by intradermal inj e c t ion of mepyramine maleat e in 

those sheep previously given mepyramine maleat e ,  syst emically.  Thi s  may 

indicate that the antihis tamine solut ion increased permeability by causing 

a release of his tamine . 

Release of histamine by antihistamines has been reported . Arunlakhna 

( 1 9 53 )  showed tha t the antihistamine diphenhydramine and an tazol ine liberated 

h i stamine from guinea-pig tissue , but  she did not test mepyramine . Paton 

and S chachter ( 1 9 51 )  rep orted that  the acid gastric secretion indu c ed by 

48/80 in dogs was greater after mepyramine treatment ; this was probably 

be cause mepyramine liberated histamine . Sparrow and Wilhelm ( 1 9 57 )  found 

that in guinea-pigs doses of mepyramine j ust below the dose which would 

c ause blueing has a peculiar enhancing effect  on compound 48/80 when in­

j e cted  intradermally at  the same site . The authors suggested that this  

e f fect  of mepyramine may have been due to the fact that it is a histamine 

l iberator . These findings are supported by the results  ob tained in the 

sheep . 

The previous administration of mepyramine maleate gave almost c omplete  

suppression of exudate formation in the 2 hr . foilowing the intrapleural 

i njec tion of turp entine . However , the continued reduc tion in the volumes  

of  exudate obtained 4 and 6 hr .  after intrapleural inj ections of  t urpent ine 

s uggests a continuing contribution of h is t amine in the later phases  of the 

inflammatory reac tion in the sheep . This  contrasts with the situation in 
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t h e  rat in whi ch mepyramine gives comple t e  suppression o f  exudate formation 

for not longer than 30 'in : no s i gnificant differenc e was seen in the 

volumes of exudat e s  formed in mepyramine-treated rats and control animal s 

4 hr after the intrapleural inj e ct ion of turpentine ( Sp e c t or and 

Willoughby , 1 9 59a ) . 

In contrast t o  turpentine injury , the permeability r esponse t o  thermal 

injury in the skin of the sheep was suppressed by mepyramine mal eate for 

only 8 - 1 5  min. This indicated that in thermal inj ury the release of 

histamine was of a much shorter durat ion . Thi s  appears s imilar t o  the 

si t uati on in the ra t ( Spec tor and Willoughby , 1 959b ) , and also guinea-pig 

and rabbit ( Wilhelm and Mason , 1 960 ) . Direct comparison of the sheep wi th 

o ther spe cies  is difficul t , since the amount of heating used in sheep is  

more than that used in the laboratory animals .  I t  has b e en shown i n  the 

laboratory animals that the onse t  of delayed permeability response , whi ch 

is  not dependent on histamine , i s  hast ened by the use o f  higher temp eratures . 

Th e suggestion h as been made that i n  high temperature injury the pharmacolo­

gi cal picture may be complicated by non-spe cific breakdown products ( Wilhe lm 

and Mason , 1 960 ) , or that there 
_
will have been direct physical damage to the 

blood vess els in the skin ( Sp e c t or and Willoughby ,  1 9 59b ) .  However , these 

observations do not seem to confound the present result s  in sheep , f or two 

reasons . Firstly , the leakage of dye followe d  a latent period as in the rat 

and guine�-pig. And secondly , after th is initial latent period , the permea­

bility response was suppressed by mepyramine mal eate .  Thi s  i s  consistent 

with results obtained in the laborat ory animals , and indicates the spe cific 

mediation of the reaction by histamine . It is  suggested that the d egree of 

thermal injury infl icted in the sheep was c omparable with that used i n  the 

rat and the guinea-pig to pr0duc e burns of moderate s everity . A relative 
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insusc ep t ib i l i t y  o f  the she e p  to t he heat app l i ed may b e  due t o  the g r ea t e r  

thi ckness o f  the skin o r  t o  the fac t  that , al though th e skin was c l o s e ly 

clippe d , i �was not sub j e c te d  t o  d epilat ives , a s  it was in the experime n t s  

o n  the lab orat ory animals . 

Apar t from th e above , the variat ion in resul t s  ob t ained by d i f feren t 

workers in response to simi lar degrees of heat ing in the same spe ci e s , 

intro duc e s  yet another diffi cul ty in comparing th e e ffe c t s  of thermal inj ury . 

Spe c t or and Wil l o ughby ( 1 9 59b ) , and Wilh elm an d  Mason ( 1 960) o b taine d 

differen t  resul t s  w i t h  almos t  similar degree s  o f  heating in th e ra t .  The 

present resul t s  s uggest greater involvement of hi stamine in t he sheep than 

in the rat , and in this way the sheep r es embl e s  the guinea-pig ( Wilh e l m  and 

Mason , 1 960 ) .  S ome suppression of oedema format i on in response to t h e rmal 

injury in the sheep for up to 3 hr. af ter mep yramine malea t e-pretre at me nt , 

further sugges t s  tha t h i s t amin e c ont inues t o  have some effect over a l ong 

peri o d  in the sheep . This contra s t s  with the si tuat ion rep orted b o th in the 

rat ( Spe c t or an d Willoughb y ,  1 959b ) , and the guinea-p i g  ( Wilhelm and Mason , 

1 960 ) . 

In addit i on to turpe ntine and th ermal inj ury , mepyramine mal e a t e 

was used t o  t ry t o  suppress the pe rmeabi lity response resul t ing from an t igen­

ant ibody reac t i ons . A complete absence o f  inc reased vas cular permeab i l i ty in 

the Reversed Passive Arthus Rea c t i on ( RPA ) a f te r  mepyram ine maleat e ­

pre t reatment , indi cated that i n  th is r ea c t i o n  too t h e  permeabil i t y  response 

was mediated by h is t pine . No development of increased permeabil i t y  over 1 2  

hr sugges t ed th at the permeab ility response ,  wh ich nermally oc curs wi t h in 

this p e riod, was m e dia t e d  by h istamine onl y .  

Rel ease o f  h i s tamine in Arthus reac t i on i n  other aaimals has not be e n  

clearly d emons t ra t e d . Antih i s tamine drugs failed t o  medify th e inflammatory 



response in the Arthus rea c t ion in rat and guinea-pig ( Brockl ehurst e t  al , 

1 955 ; see also Cochrane , 1 96 5 ) .  Histamine mediation of the RPA-reac t ion 

in the present s tudy may indicat e a spe cies difference ; or  may have been 

b ecause very small quantities of antibody were used , and t hat th e rea c ti on 

p roduced was very mil d .  It  has been shown i n  passive cutaneous anaphylaxis 

( PCA ) that when small doses of antibody are used , mepyramine maleate suppresses 

the reaction ( Ovary and Bier , 1 9 53 ;  Halpern et al , 1 95 9 ) ; but neither 

mepyramine nor triprolidine suppress the more intense react i ons ( Ovary and 

Bier , 1 953 ;  Alberty and Takkunen , 1 957 ; Brockl ehurst et al , 1 960 ; Craig 

and Wilhelm , 1 963 ) .  Cochrane ( 1 96 5 )  point ed out that alth ough evidence 

suggests that the release of h is t amine plays lit tle part in the  devel opment 

of  Arthus reac tion , the relatively great quantities of antigen and antibody 

employed neces sita t es caution in this int erpretation . Spe c t or and Willoughby 

( 1 964c ) sugges t ed that in Arthus react ion , the react ions produced may be too 

explosive a typ e  for histamine to exert a separate effe c t . It is likely 

t hat in a severe RPA-reaction in the sheep , and in the more explosive 

active typ e , the permeabilit y  response migh t  not entirely depend on his tam ine . 

Any release of histamine might also be associated with a c tivat ion of o ther 

vasoact ive substances like plasma kinins . Results obtained in attemp t s  to 

produce the Arthus react ion in the sheep , also suggest the possibili ty that 

in a s evere Arthus reaction the increase in vascular p ermeability may be 

biphasic . The earl y phase may b e  an anaphylact ic-like response mediated 

by hist amine ; and the Arthus r ea c tion may be superimposed on it . This 

sugges t i on has been made for laboratory animals ( Humphrey ,  1 95 5a ,  b ;  

Hayash i  e t  al , 1 964 ; see  Cochrane , 1 96 5 ) . 

The same antigen-antibody s ys t em for the RPA-rea c t i on was used t o  

produce passive cutaneous anaphylaxis , but the reac tion was not obtained 

as j udged by the l eakage of dye .  This may have been because the antiserum 
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whi ch contained prec ip i t at ing ant ibody , as shown by the double diffu si o n  

i n  agar gel , perh ap s , lacked t h e  tissue " f ixedn antibody on whi ch t h e  

cutaneous anaphyla c t i c  react ion depends ( Ovary a n d  Bier , 1 9 53 ) .  It i s  

possibl e  that the rabbit  antibody employed to produce both RPA- and 

PCA-react ion migh t hav e  failed to sensi t i ze t h e  sheep for PCA . Ant i s era 

have been found capable of provoking Arthus but not cutaneous anaphyl a c t i c  

responses  and vi c e  v ersa ( se e  Cochrane , 1 96 5 ) . It cannot be sugg e s t ed and 1  

s eems unl ikely , that � i s  difficult t o  elicit  PCA in the sheep , unl e s s  

antisera c ontaining known t i ssue "fixed" antibody are t e s te d .  

To recapitulate , with a s ingle antigen-antibody syst em an RPA-reaction 

was prod uc ed in the she ep but PCA could not be produced .  The reasons for 

this failur e have been dis cuss ed . The Arthus reaction was very mild ,  

p o s s ibly sinc e very small amounts of ant ibody were use d .  I t  was mediat ed 

by  histamine , although in a more severe reac tion other vasoactive subs t anc e s  

might b e  released t ogeth e r  with his tamine . 

Interest in the mode of action of  ant ih i s t amines led t o  the use  

in the pres ent exp erim ent s of the  cardiac gly c o side strophanthin- G .  Thi s  

f ollowed the report by Judan , Ahmed and McLean ( 1 96 5 )  of the similarity o f  

action b e t ween the ant ihistamine prome thazine and strophanthin-G . S uppress ion 

of  the early inflammat ory changes in th e skin and pleura by strophanthin-a 

suggested that s t r ophanthin-a may block the e f f ects of local histamine release . 

The p;cotective  e f f e c t s  o f  ant ihis tamines i n  preventing liver c e ll 

necrosis have, b een r eported ( Gallagher et  al , 1 961 ) and int erprete d  t o  be 

due , in part , to the ir interact ion with the s ys t em in the cell membrane 

that r egulates ac t ive tran sport of sodium and p otassium ions ( Judah et ,al , 

1 964) . Both , the ant ihistamine prom e thazine and stroph�thin-G have been 

report ed to prot e c t  the rat l iver against thioac etamide induced l iv e r  

necrosis ( Gallagh e r  e t  al , 1 9 56 ;  Judah e t  _al , 1 96 5 ) . More recent l y ,  it  has 



b e en report ed that promethazine and s t rophanthin-a show approximately 

e qual activity in inhibit ing potassium i on transport (Judah e t  al , 1 96 5 ) . 

In the she ep the suppression by strophanthin-a of the e arly inflammatory 

changes induced by histamine coul d b e  due to inhibition o f  the  sodium/ 

potassium ion tran sport mechanism of  the vascular endothelium and this 

c ould , in return , suggest that par t  of  the action of the antihistamine 

mepyramine maleate against histamine ma y  be due to its act i on on the ion 

t ransport mechanism of  the endothelial cell membrane . I t  i s  suggested that 

strophanthin-a may prove useful in th e study of inflammatory reacti on , 

particularly histamine liberation and the mechanism of  exudat e  formation in 

the sheep . 

Histamine deplet ion studies :  

Diff erent animal species do not show the same sensitivity t o  his tamine . 

The present findi ngs that histamine produced death in th e sheep in doses 

f rom 3 mg. to 1 5  mg/kg are consis tent with those reported by Alexander et al , 

( 1 967 ) .  Compared with cattle (De sl i eus , 1 9 58 �  cited by Nilsson , 1 963 ) and 

p igs ( Smith and Alpert ,  1 95 5 ) , the she ep appears somewhat less sensitive t o  

his tamine , but more sensitive than the dog ( Halpern , c i t e d  by Nilsson , 1 963 ) . 

No information concerning the toxicity o f  48/80 , or the release of histamine 

by various stimuli used in the present s tudy , could be found in the literature 

relating t o  either she ep or other species of domesticated animals .  I n  view 

of the present findings of  the apparent ease with which histamine is released 

in the sheep and the rapidity of d eath following t oxic doses of 48/80 and 

histamin e , it i s  suggested. that th ese findi ngs may help t o  explain sudden 

deaths in she ep , which are common in certain acute toxa emic diseases l ik e  

elostridial inf ections. It i� of interest that the post-mortem picture seen 

followi ng l e�hal doses of 48/80 , resembled very c losely those in clostridial 
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infecti ons ( se e  Jubb and K ennedy , 1963 ) .  It is p ossibl e that clostridial 

infections in sheep may involve sudden w idespread release of histamine , 

mainly from the intestinal tract , in amoun ts l ethal t o  the animal , and ,  thus , 

c ontribute to the sudden deaths . 

Whe n  t urpentine-induced inflammation was produced in sheep depleted 

o f  histamine by 48/80 given systemically , similar results to th ose found 

by using mepyramine maleate were obtained . The resul ts supported previous 

ones indicat ing a continuing , though after the early stages , a decreasing 

role for histamine in the inflammatory reaction and a greate r  significan c e  

of  histamine in inflammation i n  the she ep than i n  the rat . 

I n  histamine depleted sheep , histamine produced less reaction in the 

skin than in cont rol animals . Thi s  may hav e  b e en due to reduced s ensitivity 

of  the skin to histamine following prolonged 48/80 treatment . This has been 

r eported to be so in th e rat skin , where Brockl ehurst et al , ( 1 9 5 5 )  found that 

depletion of skin histamine by subcutaneous inj e c tions of 48/80 reduced the 

effect of intradermally inj e c t ed histamine . by about 50 per c ent ( see  als o  

Wilhelm , 1 962 ) . In the present experiments sheep were treated over a slightly 

longer period with 48/80 than in similar experiments in rats ( Spector and 

Willoughby ,  1 959a ) .  

The c onclusions which can b e  drawn concerning histamine from the present 

experimen t s  depend i n  part on the spe cificity of the drugs used . It has 

been suggested that even m epyramine maleate can be shown t o  have some non­

specific action in high doses ( se e  Spec t or and Willoughby ,. 1 96 5 ) . Although 

mepyramine has been use d  at 2 5  mg/kg in the present experime nt s , it appeared 

a specific antagonis t  to  histamine in the sheep .  Even , i n  much high e r  and 

fatal doses ( 50 mg/kg) ,  mepyramine still did not suppress the increased 

vascular p ermeability in the delayed phase of inflamma tion . Moreove r , 
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r e sults obtained from histamine deple t ion using compound 48/80 were 

consistent with th ose using mepyramine . I t  was also found that whereas , 

mepyramine antagonised the action of h is tamine in the skin , i t  c onsistently 

failed to suppress the action of  bradykinin and kallikrein . Fai lure of  

mepyramine malea t e  to  suppress the a c t ion of these perm.eability factors , 

l eads us to a consideration of endogenous substances responsibl e for the 

delayed phase of  the increased vascular pe rmeability : this is disc ussed 

later.  

I t  is int e r e s ting to speculat e on the possible explanat ions for the 

species differences observed . The apparent ease with which his tamine i s  

rel eased i n  the sh eep skin when compared with rat may be due t o  differences 

i n  sensitivity of the mechanism of histamine releas e .  The greater sensi tivity 

o f  the sheep skin to his tamine and the larger parti cipation of histamine in 

the inflamma t o ry reac tion in the she ep may , theoretically , b e  due to some 

or all of the following possible di fferences in sp ecies : 

( i )  in the enzyme-system that ina c t ivates histamine ; ( ii )  in the amount 

of histamine rel eased in response to a standard injury , it s rate of release 

and rate of degradation ;  ( iii ) i n  local increase o f  th e synthesis of 

histamine f ollowing . injury ; or ( iv ) in the responsiveness of  the blood 

vessels to th e sam e  amount of histamine . 

Bl ocking of h i stamine release : 

The r e l e a s e  o f  histamine from mas t  c el ls is now b e l i e v e d  to b e  an 

enzymic p r oc e ss . The presen c e  of both SH and NH2 groups i s  consider e d  

ne cessary i n  t h e  enzyme sy s t em that r e l eases this his tamine ( s e e  Uvnas , 

1964 ) . The failure of all&xan , an SH-blocking agent ( Bar r on , 1951 ) t o  

suppress h is tamine rel ease i n  the sheep , suggests that the mechanism of 

h istamine r e l ea s e  may di f f er i n  t h e  sheep and the rat . However , s ince 
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SH-blocking agents other than alloxan have not b e en tried in the pre s en t  

experimen ts ,  this l imit s such an int erpretation. Alt ernatively , th e 

failure of alloxan t o  suppress histamine release in the sheep may b e  due 

to differences  in p enetration into the cells of the various SH-blocking 

c ompounds or to variations in sus c eptibility o f  the SH-groups t o  d i f ferent 

types of inact ivation. In the rat , Spe c t or et  al ,  ( 1 963 ) found that use of 

an SH-blocking agent other than all oxan failed to diminish th e exudat e  

formation and offered the above explanation for i t s  failur e . It is n o t  

clear whe ther there are species differences in the mechanism o f  hist amine 

r elease or no t .  Studies on vari ous inhibitors of SH and NH 2  groups may 

prove useful . Resul t s  wi th s trophanthin-G ( ouabain ) sugges t  yet another 

p ossibility.  S trothanthin-G suppresses the early histamine-mediated 

response in the she ep . On the other hand , it  has been r ep or t ed not t o  

affect the inflammatory response in  othe r ( unspecified ) animals ( se e  

McLean , Ahmed , and Judah , 1 964 ) . Investigations into th e ion transport 

mechanism of the c el l  membrane in  relat i on to his tamine release should 

prove a useful adjunct to  studies on inflammation.  

The points enumerated a s  ( i )  - ( iv )  on page 1 47 will now b e  considered 

in the same s e quence a s  listed earlier . 

( i )  The most important means of inac tivation of histamine i s  an oxidizing 

d eaminat ion by the enzyme diamine oxidas e  (histaminas e ) ,  which normally 

destroys free , unbound histamine and prevents i t s  t oxic effect  ( se e  Tab o r •  

1 954 ) . The c oncentration of hist amina�e in the tis sues varies  in different 

animals ( se e  Rocha E S ilva , 1 955b ) . It  can b e  argued that since sheep akin 

is poor in mast cell s , it may contain less  histamine , and possibly therefore 

need a lower concentration of histaminase than the rat .. The same argument 

can be applied to the guinea pig and the rabbi t  whi ch also c ontain f ewer 

mast cells in the skin and al ae l ess histamine than the rat ( see  Riley, 1 9 59) . 



Thi s  woula s uggest that the same amount of histamine inj e c t e d  intradermally 

would be sub j e cted to l ess ina c tivati on in the sh eep , guinea-pig , and th e 

rabbit than in the rat , and would thu s  p roduce more reaction . This appears 

to be the case , and may partly explain the greater s ens i tivity of the sheep 

skin to histamine . The use of inhibitors of histaminase in sheep may throw 

further l ight on this . 

( i i )  In relation t o  the apparent great e r  imp ortance of histamine in the 

inflammatory reaction in the she ep , several possibilities may be c onsidered .  

Whe reas the released histamine may b e  sub je cted to less ina c tivati on ,  as 

considered ab ov e ,  it is  possible tha t  histamine in comparatively larger 

amounts may be released in response to a standard inj ury . Mast c ells  in 

the sh eep skin appeared more  numerous foll owing an inj ury than in normal 

skin . This may b e  associated with a corresponding increase in the histamine 

c ontent of the inflamed skin , which c ould contribute to a greater role for 

histamine.  

Mas t cells contain histamine , but not  all  the histamine in the  body i s  

held in the mast cells ( West , 1 956 ) . Paton ( 1 9 56 )  also suggested that all 

of the his tamine in th e body is no t c ontained in th e mast cell s ,  and gave 

examples of epidermis in the cat and in man ( Harria , 1 927 ; c ited by 

Paton, 1 9 56 ) . In the pig , histamine in the stomach is bound direc t l y  to the 

gastric muco sa and not contained in the mas t  c ells ( Riley and Wes t ,  1 956 ) .  

The apparent release of histamine by hyaluronidase in the sheep skin may 

suggest s ome sour c e  o f  histamine out s i de the mast cells . Histamine may be 

released in the d ep olymeri zation of the c onnective tissue muc opolysaccharide s , 

which hyaluronidas e  is known t o  caus e .  Hyaluronidas e  is said to  accumulat e  

i n  inflamed tissues ( see  Fler ey , 1 9�2) . 

( ii i ) Another factor o f  importance c ould be an increase in l ocal synthesis 



of h is tamine following injury . S chayer ( 1 960 , 1 96 1 a  and b ,  1 963 ) has shown 

that following injury there is increased activity of the histamine­

synthesizi ng en zyme histidine dec arboxylase , which he assumes leads t o  

an increased histamine synthesis . This i s  considered pos sible in the 

sheep , but remains to b e  inves tigated : us e of inhibit ors of histidine 

decarboxylase may prove us eful . 

( iv) Differences in the responsiveness of  the blood vessels shoul d  als o  

be  considered . Spector and Willoughby ( 1 963a ) have stated that hyaluronic 

a cid i s  probably a maj or c ons tituent of the basement membrane , and peri­

vascular ground sub stanc e .  I n  the rat , Spe c tor ( 1 9 58 )  found that 

hyaluronidase inc reased vascular permeability at a concentrati on of  1 mg/ml 

but not below this level .  As the amount inj ected was not state d ,  i t  i s  

p ossible tha t  the lowe st dose of 500 �g o f  hyaluronidase needed t o  produce 

increase d  vascular permeability in the sh eep may not be the same as in the 

rat . Sinc e h yaluronic acid can reduce the rate of  fil tration of colloids 

l ike albumin ( Ogst on and Sherman , 1 96 1 ) ,  i t  can be argued that a low con­

centration in the vessels may facilitate an increase in permeabili ty t o  

plasma proteins , i . e . , render  th em more responsive to the action of 

permeability-increasing substanc es . It is als o  possible that inst ead of 

a · quantitative difference , the hyaluroni c acid molecule may differ in i t s  

l o cation i n  th e vessel wall.  Investigat ion of factors that control the 

resp onsiveness of blood yessels , may help t o  exp lain different response 

produced b y  th e same amount of  histamine in different animal s .  

It may also b e  that inter-spe cies differences in blood vessel 

structure , perhaps , at a molecular level , account for variation in the 

t yp e  of vascular response in inflammatory reaction as indicated by the 

predominantly venular resp onse in she ep and minimal capillary invo lvement . 
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I n  c ontrast , i n  th e rat although there i s  greater involvement of 

venules , c apillaries also show significant increase in vascular p ermeability 

( Hurley and Spe c t or , 1 96 5 ;  Spector , Wal ters and Willoughby ,  1 96 5b ) . 

Until more information is  availabl e  on th e way in whi ch histamine is 

released , on how i t  ac t ually produces  an increase in vascular permeability 

and the way in which antihis tamine drugs work, it will not be  possible to  

explain th e species di fference s  discussed.  Studies in these  different 

species may contribute to obtaining th e explanations . 

Fac t ors oth er than his tamine concerned in the permeability changes : 

The p ossibility that fact ors o ther than histamine contribute to the 

mediation of the e arly permeability resp onse : and , studies on the d elayed 

phase , will not be c onsidered . Antihistamines again proved of value in 

these s tudies  - in att empting to  det ermine whether histamine or some other 

factor was involved . 

Suppre ssion b y  mepyramine maleate o f  the increased  vascular p ermeab il i t y  

induced b y  5-Hydroxytryptamine i n  t h e  sh e ep , i n  c ontrast to  i t s  failure t o  

do  so  in th e rat ( Sp e c tor and Willoughby , 1 963b ) , indi cated that 5-HT i n  th e 

sheep produced  its  act ivity by releasing hi stamine . H istamine release by 

5-HT has been  observed in certain exp erimental conditions . Sparrow and 

Wilhelm ( 1 9 57 ) noted histamine release by 5-HT in the excis e d  skin and 

p erfused hind quart ers of rat and c oncluded that in the rat 5-HT increases 

p e rmeability , at least in part , by the r elease of  histamine . A p o int worth 

r e-investigation in the rat may be  the release or not under in vivo c onditions 

of histamine by 5-HT. Other in vitro studies by Feldberg and Smith ( 1 9 53 )  

sh owed that histamine wa� liberated in p erfused isola t ed skin flaps from 

the cat and dog on  t reatment w ith 5-HT . These in vitro observations suppo rt 

the resul t s  in the sheep . 
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Spec i e s  differences in the amount of  5-HT in t he mas t  cells hav e  

b e e n  repor t e d . I t  is found i n  only rat an d mouse mast cells , and i s  not  

present in signifi cant amoun t s  in mas t  cel l s  of oth e r  animals : no m en ti o n  

was made o f  t he position in  th e sh eep (Parratt and Wes t , 1 957a ) . It  i s  

possible that  mast  cel l s  in th e sheep may s imilarly lack 5-HT . The present 

results sugg e s t  that 5-HT is n o t  a natural mediator o f  th e inflammat ory 

r eaction in the sheep , unlike the rat ( se e  Spector and Willoughby , 1 963a ) . 

Resul ts  obtaine d with various nucl eosides and h yaluronidase , used in 

conjunction wi th mepyramine maleat e ,  al so indicate that in sh eep th ese 

substances pro duce th eir activity by rel easing his t amine . Release of his t ­

amine b y  nucl eosides in the she ep is similar to find ings in th e rat ( Mo ul t o n  

e t  al , 1 9 57 ; Spector and Wil l oughby , 1 9 57��. 

The relati onship between hyaluronidase and h i s t amine is not cl ear . 

Though there are conflicting r epor ts  regarding the mode of action of 

hyaluronidase ,  its a c ti on through his tamine ha s be en susp ected . Els t er 

e t  al ( 1 949 ) found that tripel ennamine , an ant ihi s t amine , inhibited the 

e ffects  o f  hyaluronidase in the rat . The s e  workers sugg e s t ed that his tamine 

or  histamine-like subs tance s  m ay be released by t h e  rat in respons e t o  

hyaluronidas e and tripelennamine may be  blocking the action o f  histamine . The 

r e s ults ob tained in the she ep support th eir observati ons . However , hyal uroni­

dase has b ee n  report ed to hav e  no s ignifi cant acti on on the vasc ular p ermea­

bility { see  Spe ctor , 1 958 ) . It has heen fur ther sugge s t e d  by Florey ( 1 962 ) 

that hyaluronidase i s  of no importance in inflamma tion . 

A spreading e f f e c t  of hyaluronidase on the increased vascular 

p ermeability produce d  by h i� tamine , w�s observed in th e sh eep . Ho�ever , 

with increase d  doses of hyalu:roni tias e , still within the non-blueing rang e , 

t h e  blue area did not inc rease in si ze . This sugg ested that although 
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hyaluronidase exerted a spreading effe c t , i t  did not potentiat e  the 

p e rmeability activity of his tamine . 

The failure of mepyramine maleate to suppress the increased 

vascular permeability induced by bradykinin and kallikrei n ,  indicates 

that the p ermeability response induced by these  substances is not 

d ependent on the release o f  histamine . Howeve r ,  the brief delay in the 

l eakage o f  dye not i c ed in th e early stages ,  both in the case o f  bradykinin 

and kallikrein , does point to some h i stamine release by these sub s t ance s .  

This contrasts with the r esults obtained in the rat ( Spe ctor and 

Willoughby, 1 963b ) .  No mention o f  histamine release by bradykinin could 

be found in the l it erature . However , p olypeptides have been r e p orted 

to possess weak histamine-rel easing properties and c ertain bas i c  peptides 

are histamine lib erators ( see  Spector , 1 9 58 ) . Further , "leue otaxine "  

which is cons idered to be a polypeptid e  h a s  been found to increase vascular 

permeability by releasing histamine ( Miles and Miles , 1 952 ; Mile s  and 

Wilhelm,  1 96W . 

The slightly longer l at ent peri od of 3 - 4 min . aft er whi ch an increase 

in vascular permeability was not iceable in th e case of kallikrein , and a 

gradual increa s e  thereafter , contrasts with the result s  of h istamine , 

5-HT and b radykinin .  Kal likrein i s  a kinin-�orming enzyme present i n  plasma . 

Bhoola et al ( 1 960) suggest ed that increased p ermeability caused by the 

inj ection o f  kallikrein into the skin i s ,  presumably , due to  the formation 

of kinins in viv o .  This may exp lain the results obtained in sheep and coul d  

account for t h e  slightly longer latent p erio� noticed with ka.ll ikre.in , 

b ecause of the time needed for the formation of kinins in the skin . S om e  

release o f  histamine b y  kallikrein may be explained o n  the b a s i s  o f  the pre­

vious result showing that bradykinin has a weak histamine-rel easing ac tion 

at the s i t e  of i ntradermal i.n j e c tion i n  the sheep . 



Further i nvestigati on int o  the mediation of the delayed p ermeab i l i t y  

response included a s tudy of the inflammatory exudat e s , induced by 

intrapl eural inj ecti on of turp en ti ne . Failure of dialysis to elimina t e  

the permeab ility-increasing a ctivity of the undi+ u t e d  and diluted pl eural 

exudat es and th e dilut ed she ep s e rum t indicated that they cont ained a 

permeabili ty factor of a large molecular size . The fac t or , howeve r ,  was not 

identified by f ractionati on in the present work . The resul ts in the sh eep 

closely resemble those of M i l e s  and Wilhelm ( 1 9 5 5 )  using dilut ed guinea-pig 

serum , and of Spector ( 1 956 )  using diluted r a t  s erum a n d  t urp en t ine- indu c e d  

pleural exudat e .  These work e r s  f ound the factor conc erned t o  b e  a globul i n .  

This sugge s t s  a similari ty , or p o s s ible iden t ity ,  between the Globul i n  P F  

�solated b y  th em and th e vasoactive factor found i n  diluted sheep serum an d  

pleural exudate .  

Suppression o f  th e increased vascular permeab il i ty due to "Globulin PF" 

by mepyramine mal eate further indicates that 11GPF11 releases histami n e  in th e 

sheep skin . Some his tamine release by pleural exudate in vitro from the 

guinea-pig and sheep lungs p r ovides further support fb� thi s  p rop o s i t i on . 

A failure of mepyramine to suppress the increased p e rmeab i l i t y  for l ong e r  

than 2 - 3 hr , after the int radermal inj e ction of ''GPF" , indicates an inc r ease 

in vasc ular p ermeability apparently through ano ther meohanism in the later 

stages. The r elationship b e t w e en GPF and his tamine is not entirely clear . 

"The overall evidence indicates tha t  globul in PF does not owe i t s  p ermeability­

increas ing activity to the l ib e ra t i on of histaminet' ( Wilh elm , 1 96 5) • This 

eoncl us ion refers part i cular l y  t o  guinea-pig GPF , and th ere is evidence 

that i t  may a c t ually antagonis e  histamine ( Mackay et al , 1 953) . Mareov e r , 

it has been foun� that reactions t o  rat aad rabb i t  GPF are moderatel.y 

susceptible to antihi stamine (Wilhelm et al , 1 958 ;  s e e  Miles and Wilhelm , 

1 960a ) . Resul t s  obtained in the slleep are1somewhat s imilar. An explanati0n 
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f o r  the release of  histamine by "GPFn in the sheep , remains t o  b e  provided.  

Miles and Wilh elm ( 1 960a) suggested that it was theoretically p ossible 

that GPF released leuc otaxine-like polyp ep t ides .  They di scounted this 

possibility since guinea-pig GPF activity was not affe cted by ant ih i stamine 

t r eatment ; much of  the effe ct of "leucotaxine" on vascular permeabil i ty is 

through the release of histamine . It may be  argued that if in the sh e ep 

'UPF" released " l eucotaxine" or leucotaxine-like polypeptides , thi s  could 

a c count for the apparent release of his tamine by "GPF" • 

The activat i on of GPF in vitro is inhibited by sal i cylat e ,  whi ch also 

has a relatively sp e cific effect in vivo in suppressing the action of 

activated GPF on vascular p e rmeab ility in th e  rat ( Spector and Willoughby , 

1 9 59a ) . The suppression of pleural exudate  formation fo r up to 6 hr . by 

salicylate in she ep pre treated with m epyramine , compared with only up t o  

2 hr. by mepyramine alone , suggests a delayed role for "GPF" f ound i n  the 

p l eural exudate.  Devel opmen t  of  pleural e xudates after 2 hr . in  b o th m epy­

ramine-pretreated sheep and in sheep depleted of histamine by 48/80 , further 

indicate s  that the salicylat e -sensitive mechanism that succeeds the 

h istamine �bas e  i s  not dependent for i t s  appearance on the successful 

operation of the early his tamine phase.  Thi s  i s  cons i s t ent with r esult s ob­

tainedfiter turpentine injury in the rat ( Spector and Willoughby , 1 959a) , 

after thermal inj ury in the guinea- pig , rat an d  rabbit ( Wilhelm and Mason, 

1 960) and after ultraviolet injury ( Logan and Wilhelm , 1966b) . 

In sh eep p r etreated wi th salicyla t e  there was a significant suppres s i on 

o f  oedema formation after thermal inj ury of th e skin. This indi cates that 

in thermal inj ur y , t o o , a salicylate-sensitive mechanism , possibly activated 

"GPF111 comes into operation , after the brief early histamine phas e  and ,  

perhaps , mediate s  the ma j or portion o f  the inflammatory respons e .  



Alth ough i t  has been shown tha t sal icylate depresses the activity 

of the GPF in the rat , both the pre sent result s of skin tests in the sh eep 

and th ose obtained in the rat ( Spector and Willoughby , 1 959b ) , further 

indicate that salicylate may h av e  some general d epressant effe ct  on th e 

vascul ar permeabili ty .  However, the failur e  of salicylate to suppress 

p leural exudate formation at t wo h ours after i ts induction ,  indicates  that 

th is was not of su fficient magnitude t o  interfere wi th the early phase of  

the reaction . From work in the rat ,  Sp ector and Wil l oughby ( 1 959b , 1 963a )  

c oncluded tha t  the interference with GPF ac tivity was more significant than 

a general depressant effect on the vascular permeability.  

Taken toge the r ,  th ese resul t s  suggest tha t  in the  she ep a 11GPF" may 

be involved in the maintenance of increased vascular permeability , initiate d  

b y  his tamine and when th e eff ect  of  which i s  declining , i . e . , in the delayed 

phase of inflammation. 

Significant suppression of pleural exudate formation in the delayed 

phase was produced in the sheep by ei ther indomethacin , cort isone , or 

salicylat e ,  all given without antihistamine or any other treatment . This 

cont rasts with f indings in the rat ( Spector and Willoughby , 1 9 59a ; Wal t er s  

and Willoughby , 1 965 ) •  The above compounds are no t specific antagonis t s  o f  

any parti c ular permeability-increasing subst ance and the reason f o r  the 

spe c ies di fference is obscur e . All these substances are potent anti­

inflammatory agents in man , but their mode of acti on is not known . 

From the observed int erference in the delayed phase of inflammation 

in the sheep b y  mepyramine maleate , it has already b een suggested that , 

in the sheep , h istamine is involved in more than the early inflammat ory 

resp onse . It i s  likel y  that some of the histamine release in the delayed 

phase in t he she ep is  caused by the "GPF".  Histamine is not generally 
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b elieved to be involved in the d elayed phas e  in the rat , guinea-pig,  and 

rabbit . H owever , from a consideration of S chayer 1 s  ( 1 963 ) findings o f  in­

c reased histidine decarboxylase act ivi ty in  th e delayed response  t o  i n j ury, 

Wilhelm ( 1 96 5 )  has suggested that histamine cannot be entirely dismi s s ed as 

a m ediator of the delayed phas e . The resul t s  obtained in the sheep can b e  

t aken t o  support Wilhelm ( s  contention . I t  is  suggested that a s tudy of 

h is tidine decarboxylase activi ty in the she ep may further help to explain 

the present resul t s .  

I t  does no t appear , however , that histamine plays a major rol e in the 

d elayed phase in th e sheep , as its  effect  b e c omes progress ively and 

relatively less  significant with the op eration of other mediating m echanisms . 

Among these possible f3c tors the "GPF" , bradykinin and the kinin- f o rming 

enzyme kallikrein have been f ound to increase vascular permeabil i ty by 

means other than releasing histamine . Thus , it  is suggested that the  

m ediation of th e delayed phase may dep end on a mechanism similar to  that 

discussed in other sp ecies (Spec tor and Wil loughby , 1 964c ) ; i . e . ,  on  the 

formation of kinins by a "Globulin-kinin f orming system" , activat e d  

following injury . The duration of  the increased vascular p ermeab i l i t y  

induced by bradykinin f o r  only about 1 5  min . in t h e  sheep , sugge s t s  that 

any mediat ion by kinins ( i . e . ,  bradykinin ) would require their continuous 

f ormation in thi s  animal by the proposed "Globulin-kinin forming system " .  

From studies o n  dog , Menkin ( 1 936 ) found a p ermeability substan c e , in the 

later stage s  o f  pl eural exudates , whi ch h e  d es cribed as 1 1leukotaxine" , 

and c onsidered to  be  p o lypept ide in  nature . The nature of .!!l eukotaxine" 

� emains in· doubt ( see Spector1  1 9 58 ;  Wilh e lm , 1 96 5 ) ; it  is  possible that 

the p ermeabil i ty factor  described by Menkin fits in with some asp e ct of the 

kinin-system.  Similarly,  Cullumbine and Ryd on ( 1 946 ) found a p ol yp eptide 



with p e rmeability inc reasing activity in  p leural exudat e ob tained in . the 

goa t .  

A n  association of th e delayed increase i n  vascular p ermeability 

in the present s tudy wi th the onset o f  la rge-scal e l euco cyti c  e migrat ion 

raises the possi bi l i ty of polymorph onuclear neut roph i l e s  c on tributing to  

t h e  increased p erme ability indi r e ctl y  by  the  lactic ac i d  they  may produc e .  

Lac tic acid increas es vascular perme ab i l i ty o n  intradermal inj ect i on i n  the 

sh eep . Howeve r , r e c en t  work by Logan and Wilhelm ( 1 966a ) indicates tha t  

the delayed permeab ility r espons e t o  ultraviol et inj ur y  i n  the guinea-pig , 

rat and rabb i t  i s  independent of t i s sue leuc o cytosi s .  The possibility o f  

a causal relationsh ip between ti s sue  l eucocytosis an d increased vascular 

p e rm eab ility in the sheep remains to b e  investigate d .  

Stud i es o n  lymph- node-permeab i li ty factor ( LNPF ) carr i ed o u t  in 

l ab orat ory an imal s indi cat e that it may b e  a mediator o f  the  vascular 

changes of d elaye d hype rsensi tivity and auto-immune reactions  ( se e  S child 

and Willoughby ,  1 967 ) .  Expe riments on "LNPF" from she ep sh owed that i ts 

activity was unchanged on standing at room temperatur e for 24 h r .  or on 

s t o rage at 4°C for two weeks . No l os s  of prmeab ility activity oc curred 

af ter dialysi s ,  indicating that th e act ivity in th e ext ract was not due 

to hi� tamine or o ther small. molecules but due to  a sub s tan c e  o f  larger 

mole cular si ze . The se resul ts are similar to  those obtained in  the gu inea­

pig ( Wi l l oughby et  al , 1 962 ) . 

Mepyramine mal eate suppressed for 2 - 3 h r .  the i nc r ease in vas cular 

p e rmeability caused by "LNPF" • Th is provid e s  an ind i ca t i on that in the 

early s tages the extract caused the r'e lease of his t amin e .� The demonstra t ed 

i n  vi.tro release o f  his tamine f rom s h e ep luhg further supports t hi s  

c onclusion. Thi s  c ontrast s  with finding s  in the rat , 'i n  which p ermeab i l it y-
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increasing e ffect  of LNPF is not suppressed by mepyramine , and in whi ch 

LNPF shows no histamine-releasing activitY. in vitro ( Will oughby e t  al , 

1 963 ) .  On the o ther hand , it has been shown tha t  mepyramine antagonises 

LNPF in the  guinea-p ig ( Boughton,  1 96 5 ) . The action o f  LNPF in sh eep 

and guinea- pig app ear to be similar in th is respect and differ ent f r om 

that in the rat . 

LNPF has not been characterised as yet and how it releases histam ine 

is not known .  Re cent work of Willoughby and Walt ers ( 1 96 5 )  indica t e s  

that LNPF has many similarities with RNA . Th ese workers found that i n  the 

rat intradermal inj ection of RNA increased vas cular permeabili ty. H oweve r ,  

further studies revealed that the increase in  permeability was not caused 

by RNA i t s elf , but by a breakdown product o f  i t , possibly an oligonucl eoside . 

They excluded the possibility that the activity of RNA was due t o  i ts 

degradation into smaller breakdown product s  - nucleoside s .  This was 

based on the previous finding that nucleosi de s  released histamine in the rat 

and that their activity in increasing p ermeability was antagonised by ant i­

histamines ( Moulton , e t  al , 1 957 ; Spector and Willoughby , 1 957� } . Anti­

histamines had no effect on the permeabili ty activity of either RNA or 

LNPF . Nucleosides have been found t o  rel ease histamine in the she ep .  If  

it i s  a ssumed that "LNPF" in the she ep als o  a c t s  through its RNA content 

it may b e  postulat ed tha t ,  since his taminefis released by "LNPF" in the 

she ep , i t  is b roken down further than it  i s  in the rat , i . e . , at l east 

to nucl e osides .  H owever ,  the failur e  to induce more than a very small 

increase in vascular p ermeability in the she ep by the inj ection o f  puri­

fied RNA ( HP )  d o e s  not support this idea . The RNA used was the same as 

that used by Willoughby and Walter ( 1 96 5 )  in the rat . I t  i s ,  however , d e­

rived from yeast which introduces another p ossible difficul t y  in c ompar ing 
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results  of the reaction of different species to the foreign substances . 

The failure of mepyramine to suppress the intradermal l eakage of  dye f or 

longer than 2 - 3 hr.  after inj ec tion of 11LNPF" indicates  that an increase 

in vascular p ermeability arises apparently through another mechanism , in 

the later stage s .  

The possible participation o f  the enzyme monoamine oxidase ( MAO ) in 

increasing vascular permeability in the inflammatory reaction in th e she ep 

was also examined. This enzyme increases vascular permeability after 

turpentine and thermal inj ury in the rat by inactivating anti-inflammatory 

amines present in the tissue s ( Spect or and Willoughby , 1 960 b ,  c ) . There 

is an indication from the results  obtained tha t in the sheep in the response 

to  thermal , but not in turpentine inj ury , some local inactivat io� of anti­

inflammatory amines may occur . In the rat , MAO inhibitors - af"fect the 

increased permeability in response to both turpentine and thermal injury . 

However , the failure of MAO inhibitor  to  suppress pleural exudat e formation 

in the she ep 2 hr . after turpentine injury does not seem to differ from the 

results reported in the rat .  In the rat , Spector and Willoughby ( 1 960b ) 

did not record a significant reduction in the volume of pleural exudate in 

the first hour after turpentine administration . The effect  of MAO inh ibitor 

on the delayed permeability response to  turpentine injury has not been  

investigated in  the present work ; i t  could profitably have been studied . 

The finding that in the sheep MAO inhibitor fai l ed to suppress the permeability  

response that gollowed intradermal inj e cti on of histamine , 5-HT and bradykinin , 

is similar to that obtained in the rat ( Spector and Willoughby , 1 960b ; 1 96 5 ) . 

It is suggested  that the failure of MAO inhibitor to ·suppress the p ermeab ility  

response following intradermal inj e c tion of  histamine may account for its  

failure to affect  the increased vascular permeability af t er turpentine 

injury in the she ep , which is also mediated  by h istamin e  in the early stages .  
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Thi s  a l s o  sugges t s  tha t t h e  partial s upp r es s i on b y  MAO inh ib i t o r  o f  th e 

r ea c t i on t o  t h ermal inj ury is not due to i n t e rf er e n c e  w i th t h e  e a rl y  

h i s tamine phas e ,  b u t  t o  s om e  e f f e c t  o n  the l a ter s t ages o f  th e r e a c t i o n .  

H is t o l ogi c al s t udy o f  i n creased vas cul ar p e rmeab i l ity in th e sh e ep 

r e ve a l e d  th at i n  r e sp ons e t o  b oth t urp en t i n e  and th ermal i n j ur y ,  the 

p ermeab i l i t y  r e sp onse was mainly v e nular ; c ap illary invo l v em ent was min o r . 

Th e r e su l t s  di f f e r  from t h o s e  in th e rat . I n  � e  rat b o th i n  t u rp e n t i ne 

( H ur l ey and Sp e c t o r ,  1 96 5) and th e rmal inj ury ( We l l s  and Mil e s , 1 963 ; 

C o t ran a n d  Maj n o , 1 964 ; Sp e c t or e t  al , 1 96 5 ) , alth ough , the p er m e a b il i ty 

r e sp o n s e  i s  mainl y  venul ar , s ignifi cant invo l v ement o f  c apill a r i e s  has 

also b een fo und . The w e a k  capillary r e sp on s e  i n  th e she ep sugg e s t s  that 

i n  th i s  s p e c ie s , incre a s e d  cap i l l ary p ermeab i l ity mak e s  only a v e r y  minor 

c ontribution t o  f o rma t i o n  of the i n f l ammat ory oe dema . 

Mepyramine mal e a t e  s upp r e ss e d  the carb o n  labell ing o f  venu l e s  b o th 

in th e skin and d i aphragm i n  the h i s tamine-me d i a t e d  early phase in th e 

t urp e n t ine i n j u r y .  Th i s  s upports the findi ng that h i s t amine caus e s  carb o n  

l e aka g e  i n  venul e s  ( Ma j n o  e t  al , 1 96 1 ; Hurl e y ,  1 963 ) . Th e  fai l u r e  of 

mepyram ine to suppr e s s  c arbon lab e l ling in th � delay e d  pha s e  i s  c o n s i s t ent 

w i th the c on c e p t  that i nc r e a s e d  p e rmeab il i t y  i n  thi s pha s e  i s  l ar ge l y  

m ediat ed by fac t o rs o t h e r  t h a n  h is tamine . Suppr e s s i o n  b y  salicyla t e  o f  the 

carb on l ab e l ling in the v e nu l e s  in the d e l ay e d  pha s e  i s  cons i s t e n t  with 

s imilar supp r e s s i o n  o f  p l e ural exuda t i on by salicylat e  duri ng thi s  pha s e . 

In the inj ury due t o  appl ic a ti on o f  h e a t  mepyramine s upp r e s s e d  th e 

c arbon l a b e l l ing o f  venul e s  at 1 5  min . , and s ome suppr e s si o n  was s e en up 

t o  one hour . In th e rat ,  mepyramine fai l s  t o  supp r e s s  t h e  v enular labe l ling 

in the reacti on to t hermal inj u:ry (Sp.e c t o r  et al , 1 96 5 ) ; thi s  i s  t h o ught to 

b e  due to a min o r  rol e  of h i s t am�ne in this reaction in th e rat . In the 

sheep ,.. h is tamine - app ear-a t o  b e  mor e importan t  in th e rmal inj ury as c on-
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c1uded earlier . Marked but incomple te suppression of carbon labell ing 

by salicylate in thermal inj ury was first seen at 30 min. and persis t ed 

t hereaft er .  This is c onsistent with the effect of sal i cylat e  on the 

inflammat ory o edema in response t o  thermal inj ury in t he sheep . The 

incomplete suppression of carbon labelling by salicylat e  may have b e e n  

due t o  concurrent operation of o ther mechani sms in thermal inj ury i n  

addition t o  the salicylat e-sensi tive one , f o r  instance , inactivation o f  

anti-inflammat ory amines .  The failure of mepyramine and salicyla t e  t o  

affect  the m inor capillary resp o nse both i n  turpentine and thermal inj ury , 

f ur ther supports the idea that  p ermeability factors act  only on the venules 

(Hurley and Spector , 1 96 5 ) . 

Mepyramin e  mal eate suppresses the dye-l eakage ( i . e . , the increased 

vas cular p ermeabili t y ) which normally follows the intradermal inj ection of 

t urpentine , but fails to suppress t he local ' flar e '  ( erythema ) . Histological 

s tudy with colloidal carbon technique confirmed this fail ure . Whereas 

carbon labelling of the venules was suppressed by  mepyramine , the h yperaemia 

and dilatation of  the vessel s ,  whi ch c aused local ' flare ' , was not suppress e d �  

I t  was fur the r  seen that combination o f  m epyramine-pre t r eatment with d ener-

vation , or denervation by i tself also had no affect on the vascular 

h yp eraemia and d ilatat ion . The se observat ions suggest that in the skin • s  

response t o  turp entine , the hyp e raemia is not due to  the acti on of histamine 

but develops separat ely. Zwei fach ( 1 96 5 )  suggested , "Th e  major features 

of the inflammatory proces� - vasodilatation , t ransudation of pro t eins , and 
' 

cellular emigration --------- appear to  develop separa�e ly ------- " ·  Logan 
. 

and Wilhe lm ( 1 966a) found that l!he reas antih is ta�ine s �ppress e d  the 

p ermeability respons e  in ultraviole t  inj-ury it  failed to affect the erythema . 

The observations made in t he she ep suppo.rt thi s  �atter f ind�ng-. 
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Studies with denervat ion showed that it has no suppressive e f f e c t  

o n  the d evelopmen t o f  an inc rease i n  vascular p ermeability . This i s  similar 

to certain observations reported by o the r workers ( se e  Ohapman and Goodall , 

1 964) . Some additional increase in th e ext ent of b lu eing , i . e . , increase 

in vasc ular permeab ility after denervation seems similar to the finding 

o f  Humphrey ( 1 9 5 5a ) .  Humphrey ( 1 9 5 5a )  found tha t  denervation resul t s  in 

an inc re as e  in oedema f ormation in Arthus reac tion in th e rabb i t . 

The pr esent s tudy has r eveal ed a delayed emigration o f  l eucocytes in 

the inflammatory reaction in the she ep . The p ermeab ility inc reasing 

substanc es tested produc ed l i t t l e  immedia t e  effect on leucocyte  emigration . 

The resul t s  suppo r t  similar finding s  obtained in the rat ( Hurley and 

Spe ctor , 1 961 b ;  Sp e ctor and Willoughby , 1 964b ) . Howeve r ,  no significant 

l eu cocyt e emigra t i on was seen in the resp onse to  thermal inj ury even in 

the delayed phase in c ontrast to findings in the rat ( Hurley and Spe c t or , 

1 96 1 b ) . In addition in the rat , the lymph nod e  permeability fact o r  ( LNPF ) 

pro duc es an immediate large s cale  emigration o f  l euco cytes ( Spe c t or and 

Willou ghby , 1 964e ; Will oughby et al , 1 964) . In the sheep this was not 

obtaine d .  I t  i s  c l ear that mode of action o f  LNPF differs between the rat 

and the sheep , a t  least in th e early phases . The reasons for the differenc e  

a r e  unknown . 

Histamine , 5-HT and bradykinin inc rease vas cular p e rm eab il i ty almost 

imm ediately following their int radermal inj e c t�ons ; and in all cases the 

p e rmeability is  restored to  normal by the end o f  one hour . Leuc o c yt e  

emigration o ccurs aft e r  this time.  :SimiTarly ,  sal ine whi ch has  no det-e c t­

able effect  on vascular permeability c auses  d elayed emigration of l eucocy te s .  

Thus , increased vascular pe rmeabili t y  t o  p r o t e in i s  dissociated i n  time from 

l eueocytic emigrati on . This is supporte d  b y  the resul t s  obtained with the 

c o l l oi da l  carb on t echnique . It was f ound tha t  emigration o f  l eu c o c yt e s  
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apparently t o ok p la c e  from venule s  tha t  were not labelled with carbon 

and , presumably , therefore , were not abnormally permeabl e to protein .  I t  

has been shown that the two phenomena are similarly diss oc iated in the rat 

and l euc ocytes can emigrate from v e ss els which have a normal prot ein 

permeability ( H url ey and Spec t or , 1 96 1  a ,  b ;  Hurley , 1 963 ) .  The present 

resul ts suggest that pe rmeability s ub st ances activated or rel eased by 

injury do not exert  much effect on l eucocyt e  emigrat ion and suggest the 

involvement of a s eparate endogenous mech anism controlling this .  Hurley 

and Spec tor ( 1 96 1  a ,  b)  al so c oncluded this from their work in the rat . 

Mas t  cells appeared mor e numerous in the she ep skin following intra­

dermal inj e c t i o n  of turpentine and various permeability- increasing substan c e s . 

Apart from an increase in mast c ells in the mouse skin f ollowing local 

application of certain carcinogen i c  h ydrocarbons ( see Ril ey , 1 9 59 ) , no 

mention of increase in mast  cells in response to inj ury or  inj e c tion of 

permeability-increasing subs tances was found in the l it e ra ture . It has 

been stated that  mas t cells are l ess evid ent in acute inflammation but 

are inc r eased in c hronic inflamma t ory processes ( see  Blo om , 1 96 5 ) .  

Regranulation of mast cell s  after degranulation has b een rep o rted . Sh eldon 

and Buer ( 1 960 ) found that 2 hr . af ter initial degranulation mast  cells 

began to r egranula t e  and after 1 2  h r .  the number dete ctable was normal . 

The apparent fluctuati ons in the mast cell numbers in sh e ep skin may b e  

due t o  their alt ernating degranula t i on and regranulat ion . 

Mas t cells can increase by mitosis (Hunt and Hunt ; 1 9 57 ; Allen , 1 96 1 ; 

1 962 ; s e e  Bloom , 1 96 5 ) •  Sinc e ,  no mit o t i c  figures were s een in the present 

study , i t  suggests that increase in mast cells in the inflamed skin may not 

have been due t o  mitosi s .  The observation in several cases of the presence in 

a blood vess el of a polychroma t i c  _ c e ll ( presumably a basophil l eucocyt e ) , in 



the s e c ti ons of skin undergoing inflammatory changes but not in th e normal 

skin , s uggests tha t basophils in the blood may be a source for the increase 

in mast cells in the inflamed skin . 

The relati onship between h i s tamine and eosin ophilia is  not clear.  

His tamine attra c t s  eosinophiles in horse skin in as little as 10 Ug doses 

( Archer , 1 963 ) .  Such an eosinophilotactic e f f e ct has not b een demonstrate d  

in oth er sp ecies , and d e spite e xt ensive studi e s , claims are disput ed that 

his tamine at tra c t s  e osinophiles to tissue sites , or to  the blood stream from 

the marrow reserves ( Vaughan , 1 953 � Lit t ,  1 962 ) . In the guinea-pig , histamine 

has little eosinophilotactic effect  in doses of  0 . 1  to 1 00 �g ( Li t t , 1 962 ) . 

The present results indicate that histamine in  high doses ( i . e . , in 1 00 �g 

amount s )  at trac ts eosinophiles to the inj e ct ion site in the sheep skin . 

Many inv estigators have reported or  proposed an antihistaminic 

function f or eosinophile s ,  a p roposal suppor t ed by det e c t i on of histamine­

neutralising sub stanc es in extract s  of eosinophil granul es ( Kovacs , 1 9 50 ; 

Vercauteren and Peet ers , 1 952 ; Vercau t eren , 1 953 ; Broome and Arche r , 1 961 ) .  

The present results could be taken to suggest  that degranulation may p lay a 

rol e in the in vivo inac tivation of histamine by eosinoph i l e s .  D egranulation 

o f  eosinophiles has been described b e f or e .  Hirsch ( 1 96 5 )  sugge s ted that 

d egranulat ion o f  eosinophiles which accompanies the ingestion of ant igen­

ant ibody p re cipitat e s  ( Archer and Hirsch , 1 963 ; Sabesin , 1 963 ) may l ead to 

r e lease and activation of enzy�es , or other subs tances whi ch destroy the 

immune aggregate s .  Although the present evidenc e is not adequat e  t o  confirm 

the inact ivation of his tamine by  eosinophile s  in vivo , it  i s  sugge s t ed that 

sheep may prove useful in the s tudy o f  anti-inflammatory role of e o sinophil e s .  

The delay e d  m igration o f  neutrophil es i n  the reversed passive Arthus 

r eaction { RPA ) following intradermal inj e c ti on of antibody , is s imilar to 
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the late migration of cel l s  seen w i th various permeability sub s t ance s .  

However , i n  contrast t o  the cellular infiltration induced b y  them , in the 

RPA-reac t ion some mononuclear and e osinophilic infiltration of the t i s sues 

was se en in the early stage s .  Since the increase in vascular permeability 

in th e RPA-rea c t ion has been found to be mediated by his tamine in the she ep 

and his tamine ppoduces lit tle emigra tion of leucocytes in the early s t ages 

and then of neutrophiles , it does not  appear that histamine was causing this 

early migrati on o f  mononuclear cell a .  Histamine also doe s  not s eem res­

p onsible for the eosinophil migra t i o n , sinc e his tamine in dose s  of 1 0  pg 

does not attract  e osinophiles. Mor eover , the area of blue ing seen in the 

RPA- reac t ion i s  l ess than that produced by 10  �g of h i stamine , which makes 

it unlikely that his tamine would hav e  been released in amounts large e nough 

to at tra c t  eosinophiles . The degranulat ion of e osinophiles not i c ed may 

have been associated with th e ingestion of immune complexes by th ese cells , 

as reported by Archer and Hirsch ( 1 963 ) and by Sab esin ( 1 963 ) .  It  seemed 

possibl e that  immune complexes might have been responsible for both mono­

nuclear and e o sinophilic infiltra t i o n .  How�ver , further s tudies r evealed 

that p re forme d insoluble precipita t e s ,  and also thos e allowed to  b e  formed 

in vivo caused migrati on of only mononuclear c ells in the early s t age s ; 

e osinophile s were not seen in signif icant numbers . 

A ccumulation of nautrophiles in the vessel walls has been c onsidered 

t ypi c al of  the Arthus reaction and i s  b elieved to be due t o  the deposition 

of �he immune reactants and hos t c omplement in the vessel wall , f ollowing 

which neutrophiles are attract e d  and accumulat e  in the ve ssel wall ( se e  

Cochrane ,  1 96 5 ) .  Marked accumulation o f  neutrophiles in the wall of the blood 

vessels was also noticed in the present study in the RPA reac tion. This is . 

not seen f ol lowing the intradermal inj e ction o f  turpentine and various 
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permeability-increasing subs tanc e s  although th ey all produc e marked 

neut rophilic infi l t ration .  

T o  conclude , the above dis cussion has shown marke d sp ecies differences 

of the inf lammatory reac t ion and some similari t i e s .  Whereas t h e  inflammatory 

mechanism in the sheep seems to  differ from that in laboratory animal s ,  the 

result s suggest  a closer similari ty between the sheep and th e guinea-pig than 

betwe en sheep andpat . The skin of she ep and guinea-pig sh ows a comparab l e  

resp onse to hist amine and in both sp ec ies this is grea ter than tha t  o c c urring 

in the rat . 5-HT is  involv e d  in th e inflammat ory response in the rat ,  but 

cannot be implicated in ei ther the sheep or guine a-pig . The degree of 

involvement of  histamine in the early phase of  the respons e to the rmal 

inj ury is  comparable in the sh e ep and guinea- p ig and perhaps greater than 

that in the rat .  LNPF releases h istamine on inj e ction into the skin o f  

sheep and guinea-pig , b u t  does no t do so i n  t h e  rat . Finally , an 

indic ation of th e release of histamine by mepyramine maleate inj ected  into 

the skin ha s been obtained in sh eep , and it  has been sugges t e d  that  this may 

occur in guinea- p ig .  

Desp ite  the striking differences observed , however ,  the present s tudy 

further suggests that a fewf�neralisations on th e inflammatory rea c t ion 

may be made among these spe cies , viz . , sheep , rat and guinea-pig.  A b i­

phasic  increase in the vasc ular permeab il i ty app ears common t o  all . Whereas , 

histamine and/or 5-HT appear to  m ediate the early respons e , mediat i on o f  

the l a t e  phase appears very comp l ex .  Also in  the sheep , suppression o f  

the early histamine phase d o e s  n o t  seem t o  a ff e c t  the development of  th e 

late  phase of  increased permeability . This s upports the suggestion by 

Spe c t or and Willoughby ( 1 963a ) and Wilhelm ( 1 96 5) that although the 

histamine phase initiates the _ infl ammat ory r espons e  it does not sustain it . 
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Wilhelm ( 1 96 5 )  has further sugg e s t ed that the o c c urrence of the h i stamine 

phase may merely refle c t  the ease wi th whi ch histamine is  r e leased in 

injured t issues . 

It  i s  apparent from the present s tudy that there are c l ear differences 

between sp e c i e s  in the inflammatory m e chanism . While re sul t s  obtained in 

one spe ci e s  may p rovide clues for another , inter-spe cies d i fferen c e s  may 

b e  wide and bas i c  and it is not saf e  to a ssume that result s  ob tained in one 

species n e c e ssarily apply to ano th e r . Ext ensive work is re quired t o  

categorise the mechanism i n  dome s t i c  animal s .  This would provide a b e t t er 

unders tanding o f  the pathogenesis and pathology of disea s e s  in  them , and 

the information ob tained may cont ribut e t owards a ful l e r  und erstanding of 

the inflammatory reaction .  I t  i s  also obvious that i n  sp i t e  of  intense 

research , c ertain fundamental problems of the inflammat o ry p r o c e s s , namely -

th e way in which an endogenous permeab ility fac t or is rel eased , how i t  

a c tual ly produ c e s  an increase i n  vas cular permeability , and t h e  way i n  

whi ch i·ts  act ion is  blocked by an antagonist - r emain unknown . Studi e s  

o n  various sp e c i es i n  th is resp e c t  m a y  contribut e to  ob taining the 

explana t ions . I t  i s  suggested tha t  the sheep may prove a useful animal 

in  exploring solutions for c ertain basic  problems conne c t e d  with the 

inflammat ory r ea c t ion and that the expe r imental work presented in  this 

thesis j us t i f i e s  t his conclusi on . 
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(Reprinted from Na:ure, Vol. 213, No. 5078, pp. 840-841, 
February 25, 1967) 

Suppression of the Early Inflammatory 
Response in the Sheep by Strophanthi n  G 

IT is well established in rats that the increased vasculai· 
permeability which follows the intrapleural injeci.ion of 
turpentine is due to the local release of histamine and is 
continued by the activation of other mechanisms• · •. Our 
experiments on sheep have sho�-n a similar pattern of 
immediate histamine release and later continuation of the 
increased vascular permeability. Following the report by 
.T udah, Ahl;ned and M cLean 3 of the similarity of action 
bet ween the antihistamine promethazine and the cardia{) 
glycoside strophanthin G, strophanthin G was used as a 
possible suppressor of the early inflammatory changes in 
the sheep. 

Romney Cheviot X lambs weighing about 20 kg were 
used : they were "blued" by intravenous inJection of 
pontamine blue (25 mgfkg body weight of a 5 per cent 
solution in isotonic saline). Turpentine was used as the 
irritant to produce inflammation : the intradermal in­
jection of 0·1 ml. of turpentine into. the clipped back of 
"blued" sheep was followed by marked leakage of dye at 
the injection site. The size of the blue area varied from 
3·5-5 cm in diameter at the end of 1 h. In "blued" sheep 
pretre!'loted with the antihistamine mepyramine maleate 
(25 mgfkg body weight in 5 per cent solution, injected 
intramuscularly), the leakage of dye did not develop until 
1 h after the intradermal injection of turpentine. Pre­
treatment of sheep with mepyramine maleate also sup­
pressed exudate formation after the intrapleural injection 
of 0·5 ml. of turpentine into the right pleural space. The 
antihistamine treatme;nt, however, failed to give complete 
suppression of exudate formation for longer than 2 h. 

• Histamine depletion using compound 48/80 gave similar 
results. Sheep were depleted of their stores of histamine 
by repeated injections of compound. 48/80 using the method 
of Spector and Willoughby1 ; a 0 · 1  pet cent w fv solution of 
compound 48/80 in saline was given intraperitoneally, 
morning and evening, in ten dos�s beginning with an 
evening dose. The dose used was 0·6 mg/kg body weight 
for the first eight injections and 1 ·2  mgfkg for the two 
6.nal injections. Skin tests we:I:e carried out 2 h after the 
last injection. In sheep depleted of histamine both the 
early inflammatory changes in the skin and exudate 
fo:ronation in pleural cavity were suppressed. Compound 
48/80, however, like mepyramine madeate, failed to 
supP-ress the inflammatory changes for longer than 1 h 
in the skin and 2 h in the pleural cavity. Pretreatment of 
s eep with strophanthin (} ( l OO (.Lg/kg body weight intra-



venously) suppressed the leakage of dye for l h after the 
intradermal injection of 0· 1 ml. of turpentine, after which 
marked blueing took place. Pretreatment with strophan­
thin G also suppressed the formation of pleural exudate for 
2 h after the intrapleural injection of turpentine. These 
results are similar to those observed with mepyramine 
maleate in the sheep. 

These experiments show that a biphasic response of 
i ncreased vascular permeability develops in the sheep after 
injury with turpentine, the fust stage being inhibited by 
antihistamines. The antihistamine compound mepyramine 
maleate is a specific antagonist for histamine, and has not 
been shown to antagonize any other compound which 
increases capillary permeability1 •'1-7• In the sheep, the 
suppression of the early inflammatory changes by pre­
treatment with mepyramine maleate indicates that it is 
the local release of histamine which initiates the increased 
vascular permeability. The experiments with compound 
48/80 lend further support to this view. Suppression of the 
early inflammatory changes in the skin and pleura by 
strophanthin G suggests that strophanthin G may .be 
blocking the effect of local histamine release. It is thought 
that anti-histamines act by blocking the effects of hista­
mine at tissue recaptor sites, thereby preventing the 
normal physiological reactions to this substance8·• .  The 
protective effects of antihistamines in preventing liver 
cell necrosis havEl been reported10•12 to be due, in part, to 
their interaction 'with the system in the cell membrane 
which regulates active transport of sodium and potassium 1 1• 
Both the antihistamine promethazine and strophanthin G 
have been reported to protect the rat liver against thio­
acetamide induced neorosis3•10• More recently, it has been 
reported that promethazine and strophanthin G show 
approximately equal activity in inhibiting potassium 
transport•. 1n the sheep the suppression by strophanthin 
G of the early inflammatory changes induced by histamine 
could be due to inhibition of the sodium/potassium ion 
transport mechanism of the capillary wall and this could, 
in return, suggest that part of the action of the anti­
hista'P'line mepyramine maleate against histamine may be 
due to its action on the ion transport mechanism of the 
cell membrane. 

Our results support the view put forward by Judah, 
Ahmed and McLean 11 that the antihistamines owe their 
effects to their interaction ·with that system in the cell 
membrane which regulates the active transport of sodium 
and potassium ions. The results suggest that strophanthin 
G may prove useful in the investigation of the Urflammatory 
reaction, particularly histamine libe.ration and the mech­
anism of exudate formation, in the sheep . 
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