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TEE INDIVIDUA.L SPEC IFIC ITY 

OF OOG P'USJ4 

PREFACE 

This work a.rose from the cha.noe observation of a. phenomenon 

whioh ha.d reoeived a.lmost no attention in the litera.ture. The problem, 

beoa.use it wa.s a. :œw one, required exploration before the definitive 

experi.ment oould be designed. The resulta desoribed here a.re from 

these explora.tory e:x:perimentsJ they do not expla.in the underlying 

meoha.nism of the phenomenon, and indeed they pose more questions tha.n 

they a.nswer. However, the resulta do :mak:e it ea.sy to defend the thesia 

tha.t dog plasma ha.a an individua.l speoifioity, and they a.lso emphasize 

the physiologioa.l and olinioa.l signifioanoe of this phenamenon. 

ihe first two ohapters are revins of the literature, and 

oontain none of my own experimental work. It ha.s been helpf'ul in 

theae introduotory oha.pters to range rather far a.f'ield in order to 
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put the thesis in proper perspective. I have paid partioular attention 

to the phenomenon of homogre.f't rejeotion, not so muoh beoause of the 

possibility that the speoifioity of plasma is direotly related to it. 

but beoause both phenomena are akm in representing tmusual degrees 

of individual speoifioity, and beoause the one phenom.enon has beoome, 

and the other may become, a meeting point of genetics, immunology. 

physiology and olinioal medicine. 

MUoh of the experimental work desoribed here has already been 

published.* I have quoted freely, where appropriate, from the parts 

of these papers whioh represent my own writing. 

* with Stewart, 1957; With Stewart and Fuller, 1958; with Johns and 
· Burgen, 1959; with Wallœr, 1959. 



CHAPTER I 

DIDIVIDUAL S~IFICITY .üDNG BIOLOGICAL W.TERULS 

(A l!EVIEW) 

Jn some speoies, two naterials - living nuoleated oella and 

erythrocytes - possess a sui'f'ioient degree ot speoif'ioity to enable 

ane, by appropriate means, to use them to distinguish one individual 

from all or nearly all of the rest or the population. cne purpose 

of this ohapter is to asses& th.ese two examples of ind.ividual speoi

fioity. The other purpose ia to show that plasma and serum also ~ 

possess quali ties suoh that one oan identif'y a partioular plasJD&: or 

serum with a partioular animal. 

No mention ia made in this ohapter of auch parametera as body 

si!'•• oxygen oonsumption, nitrogen excretion, and the lilœ, ~ one 
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of wh.ioh shows variation from one animal to another, nor are the 

inàivid.ually speoitio morphologioal oharaoteristios, beat represented 

by fingerprints, disoussed. The only justification for this exclusion, 

aside from the limitations of spaoe and time, is that these latter 

itema do not seem quite so pertinent to the problem at hand. 

1.. Transplantation Jlmnunity 

Tissue transplanted from one region of the body to another -

an autograft - general:V survives indef'mitely provided proper physio

logioal and. surgioal prinoiples are obaerved in the gratting. In 

oontrast, tissue trrmsplanted wi th the saœ oare from one individual 

to another of the sam speoies - a homogratt - survives for only a 



few days and th.an is rejeoted by thehost. This phenomenon of rejeotion, 

know:n as transplantation immunity. is alJOOst tm.iversal among the higb.er 

animale. 8.Dd it representa the most refined exemple of individual 

speoificity. 

1he genetic basis. It ia generally e.ocepted that the :lndividual speci

fioity of transplantation iJIIIrlUility is a result of genetic differences 

between 1ndividuals. Barnas end Krohn (1957) have 8\UIIIIlarbed the 

reasona for believing that the aurvival of a homogreft 18 governed by 

the presence or absence in the host of 'histooompatibilityt genes 

present in the donor. 1hat is • if the hoa t posseues a1l the histo• 

compatibllity genes whioh are present :ln the donor. the greft will be 

aooeptedJ if the host doe 8 not. the greft will be rejeoted. The 

presence of genes in the host which are absent in the do110r doea not 

affect the aurvival of the gratt. Using en ingenious system of inter

breeding, Barnes end Krohn have ahown that there are a miniDml of 15 

suoh genes oon trolling the fa te of gratta from. one partie ular inbred 

strain ot m:ioe to ao.other. Beoause the strain8 were genetic&l.ly 

homogeneous. a min.im\111 of 16 loci must be :lnvolved in hiatooom.pati• 

bility between these two strainse 

1'he most extensive etudies of' histooompatibility genes have 

been done by Snell in the United States and by Gorer in !hgland. Th.eir 

work has beenOCJ:IIJiBely aummarized by Allen {1955). &ell in partioula.r 

bas oonoentrated on one locus {locus H-2) controlling hietooompatibility 

in mice. 8lld has found at lea.st ten alleles at this locus. It the other 

histooampatibility loci have as many alleles. and 1t each allele is 

e.otin, then. using Bames and Krohn'a figure for the number of 1ooi, 



one oan oaloulate tha.t the probability of suooess of a. grat"t between 

t.o mice chosen a.t random from the Wild (non-inbred) po pula tien is of 
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15 15 
the order of (~~ or <ir> • Dl.is figure assumes complete hetero-

zygosity, and rmdom. distribution of alleles, both of which are mlikely, 

and there is no solid evidence for aome ot the other asaumptiou involved 

in ita calculation. However, it does serve to show how a genetio ba.sia 

of transplantation imm.lllity oan conter upon a. tissue complete individua.l 

epeoiticity. 

1'he immunological meohanism. ~e temporary aurvival of a hamogra.tt, and 

its sub1equent ra.pid destruotion, bea.r a euspicious resemblance to an 

i:mmunological phen.omenon, with the survin.l period representing the 

aensitizing interval, and the destruction the appearance ot effective 

am.omte ot ctibody. Only recently, however, bas it been possible to 

translate this aupertioia.l resemblenoe into apecitio immt:l:l.ologioal tel"JU. 

Dte tiret olear evidence pointing to an immWlological basie of 

homogra:t't rejection was provided by Medawar (1944 ·) who described the 

now famUia.r •second-set• phenomenon. He ahowed that an animal whioh 

has already rejeoted one graf't rejeots a. second gratt from the sa.me 

donor muoh more rapidly. Medawar•s interpretation of this phenome:non 

is that the tiret gratt aensitizes the host, and makes it i.mmtm.e in 

the olassioa.l sense, so that subsequent gratta a.re met with a tore-

wa.:r:c.ed or already immune host. 

The next importar.tt advanoe in the imm.lllologioal interpretation 

was made by W.tohison (1953), who ahowed that passin transter ot the 

second-set type of transplantation immunity can be etfected, provided 

that living cells rather thau serum are transferred. fhe tissues ot 

the primary host most efficient in tranaf'erring imm.\Dlity a.re the lyaph 



nodes drain:lng the iDinw.izing gratt• a site. Kitohison worked witb. 

tunours J Billingha.m.. Brent and Jledawar (1955) have shown that the aame 

prinoiples hold true in the transp~tation of nor.mal tissues. 

The seoond•set phenomeDOn• the passive trans:f'er of ho:mogratt 

ilmnunity. IUid the demnstration that transplantation immunity oan be 

a.brogated a.ooording to the prinoiples o:r immunologioa.l tolerance (as 

discussed later). have led most workere to aooept the tmmunologioal 

interpretation of transplantation :l.mlluuity, i.e. that homogratts are 

antigenio and owe their destruction to the formation of antibodiea 

against them. However. there is still no general agreement either 

about the nature ot the antibodies or about the meohtmism by whioh 

they destroy gratta. 1he observation tb.at only liv:lng cells and not 

serum are effective in transte:rring ilmmmity arcues against 1:be anti

bodies being of the elassioal type. Consiâer&ble support has boen 

lent this idea by the demnstration by' Weaver • .Ugire and Prehn (1955) 

that gratta survive indetinitely if they are plaoed in dii'tuaiœ 

chambers which allow free aooess to the gratt of host•a interstiti&l 

fluidl)\ltnot of hoat•s cella. It the usuel. type ot humoralantibody 

were the sole agent responsible tor rejeotion. the gra.t'ts ahould not 

survive. It has been shawn repeatedly. however. (e.g • .Amos. Gorer. 

Jlikulska• Billin.gham. and Sparrow. 1954) that antibodies do a.ppear in 

the host•a aerum atter homogratting. Although these antibodiea are 

agglutinine of donor• s red cella md leucocytes, their ooou:rrenoe atter 

hanogratting may have little or DOthing to do 'With the destrœtion of 

the grat't. In tact. their appearance may be simply a response to 

erythrocyte agglutmogens shared by the gratted cella (that at least 

some red cell agglutinogens are present in other types ot oella hu 



been shawn by Coom.bs, Bedford, and lbuillard, 1966). Jfeverthe1esa, 

Gorer (1968) believes the.t these antibodies may be oytotoxio in vivo 

11' not in vitro, and that the f'ailure of' passive transf'er with serum 

may be peouliar to mjoe, the species used in earlier etudies. Stetson 

and Demopouloa (1968) 1 working with rabbits, olaim to have passinly 

transf'erred homograf't immun! ty w1 th serum af'ter unuaual.ly vigo roua 
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immlmbatian with homologoua spleen oella and adjunnta. Most wo.ricers, 

however, are relœtant to acoept the orthodœ: nature of homograt't anti

bodies, and preter to agree with :Medawar and hia oo1leagues (Brent, 

Brown and lledawar, 1968) that the rejeotion phenom.enon requiresthe 

intercession of living oe1lee 

flle antigens involved in transplantation iDm!lm.ity are leas 

oantroversial, not beoause more is knawn about them, but beoause anly-

reoen tly have they been atudied at all. The f'irst worke rs to evoke 

a state at seoond-set immunity to homologous tissue with non-living 

material were Billingha, Brent aXld JA'edawa.l"- (l966a) • i'hey disinte-

grated mouse spleen cella by ultrasonio radiation, md to1md that a 

water soluble oomponent was released whioh wa.s able to elioit imnunity 

in mioe auoh tha.t the tiret aotual homograf't (from the donor ot the 

spleen oelle) was rejeoted rapidly-1 as 1t it nre a aeooncl-set gratt. 

1he antigenio material oould be obtamed from oell nuolei but not from 

oy-boplasm. Its aolubility oharaoteriatios and susoeptibility to dea-

ox.yribanuolease auggested that it was a desoxyribonuoleoprotein. 

Further evideœe iha t this nuolear material representa the hQI\ograft 

antigens haa been obta:n;_ed by Brent~ Brown and Medawar (1968), who 

have demanstrated a delayed type of hyperaensitivity in the akin atter 

injection ot this material into guinea•pig• made aensitive by ea.rlier 



homograf'ting. i'he antigenio extraot was prepe.red .t'rom the donor o.t' 

the homogra.f't. Berrian. and Brent (1968) have alao shown that the 

ability' of suoh extraots to evoke homogratt i.mmunity is impaired by 

incubation in Titro with oella .t'rom. an animal (.t'rom. the same inbred 

atrain. aa the extre.ct treated animal) whioh haa previoualy reoeived 

a homograf't .t'rom the donor ot the antigmio material. 

The importance o.t' theae obaervations on non-liv:in@: antigenio 

ma.terial oan hardly be overestimated, .t'or, as Medawa.r (1957) pointa 

out, they provide a strong indication that oells oonstantly release 

into the ir enviromnent substances 1ntimately as aoc iated 1t 110t 

identioal. with their genetio apparatua. Tha.t this release ia a 

pnysiological prooesa, and not limited to homogratts, ia strongly 

auggested by an elegant experi:ment ot Billingham., Brent aild Medawar 

(1966b). 1hey uaed the phenomanœ ot immunologioal tolerance to JUl::e 

m.ioe pennanently aooept ekin homogratta. Atter these gratta had been 

alive and well in their new sites .t'or more than a hundred daye, the 

hosts were in.jected with noral (not immune) lYJI!Ploid oells from :mioe 

whioh were not tolerant to the same type of gratt. (1hese mioe were 

.t'rom the same inbred a train as the tolerm t ; hosts J the ir lymphoid 

oells theretore did not aot as homo gratta th.emselvea.) The gratu 

in the tolerant animale underwent typioal rejeotion. The only 

e:r:plan.ation tor this outoome is that the transterred lymphoid oella 

were the etteotors ot the rejeotion. They theretore must have been 

cposed to antigenio material .t'rom the gratta, indioating that these 

gratte wre diaoharging thie liiiiLterial while atill behavi~~g as it they 

were autograttl. 

8 

Immwologioal tolerance. Probably the most important single development 



:ln the study of transplantation immunity bas been the .formulation ot 

the principle o.f immunological tolerance. ntil!l principle owes ita 

demonstration to transplantation etudies, and transplantation studies 

have protited i.mmensely by its application. 

In 1945, Owen made the w.usual observation that dizygotio 

(traternal) tw:lns in oattle have identioal erythrocyte types .far JIIOre 

frequently than oan be aocounted tor by simple inherita.noe. He 
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tound in addition that in these cases eaoh member o.f the pair actually 

had a mixture ot two distinct types o.f eeythrocytes. He postulated 

that the situation came about by an interohange o.f embryonal cella 

between the twins through vaacular anastomoses dudng embryonio lite. 

This .finding had .far reaoh:lng implications, tor it auggested that an 

animal might tolerate .foreign cella permanently it it were exposed to 

them sut.ficientl.y early in ljfe. Billinghaa, Brent md Medawar (1953) 

ahowed that this is in .faot true, and that animal& which have reoeind 

injections o.f living homologoua tiaeue during embryonio lite will 

penunently aocept homogratts of that tissue during adult lite. 

Billingham md Brent (1966) have improved the experimenta by ahowing 

that intraven.oua injection o.f .foreign cella into newly-hatohed ohioka 

or newbom mice is suf.fioient to induoe tolerance to subsequent homo

gra.f'ts from the same source. Evidence is aooum.ulating (see ~-~· Cinader 

and Dubert, 1956J Cinader and Pearoe, 1958) that tolerance oan be 

similarly indueed to prote in an tigens as well as to tissue cella. In 

the systeliUI atudied so .far, the specitioity o.f the induced tolerance 

is comparable to the apeoitioity of antigen-antibody syetell18 in 

general a the aoquired tolerance is restrioted to the antigen uaed to 

induce it. 
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The prinoiple of immunologioal tolerenoe whioh has evolved 

from theae experimenta oan be stated sucoinotlyl an animal exposed to 

suffioient amow.ts of an.tigenic material during its early lite p noan

ently loses the abilit,y to react bamnnologioally against it. !his 

prinoiple has both praotioal end tb.eoretical signi.:f'ican.ae. Sihoe it 

provides a method whereby animale oan be indooed to aoaept homograf'ts 

pennanently, it is being applied e:rtensively and to great advantage 

in etudie• of transplantation immUJJ.ity'. An important application bas 

already been oited (Billingham, Brent and Medawar, 195Gb) • li> re 

important, the phenomenon of immunologioal tolerance haa provided 

a clue to the unknown meohanism whereby an animal can reoognize, 

and take action against, a my-riad of substances foreign to itself. 

It shows not only that this mechan.ism is a relatively late acquisi

tion of the animal, but that the mechani.sm's operation can be 

impaired aelectiwly and permartently. 

B. Erythrocyte Antigens 

Differences amang ho.mologous bloods have been demonstrated 

in many species# and in aome speoies have enabled the formulation of 

elaborate systems of blood types or groups. These differences are 

usually a property of the erythrocyte. and are due to the pre•~ce on 

or in the erythrocyte .. of antigens. The antigenic pattern of a 

partioular animal 'a erythrocytes is under genetic control; however, 

the genes governing the red cell antigens often are not randomly dia

tributed through a population. So:me genes may have auch high frequen

oies as to make their antigens almost universal in a species; other 

genes and their correspond~ antigens may be extremely rare. jnt1-

bodie s to the erythrocyte antigens generally are deiOOnstrated by 
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th.eir ability to agglutinate or to lyse the cella bearing the antigens. 

T'he an.tibodies may be of the 'natu.ral 1 type,. ooourr:ing without known 

an tigenio stimulus,. or of the 'immune' type, requiring antigenio 

stimulus tor f'onœtion. 

These elementary aspects of erythrocyte types may be illustrated 

by reference to the human blood groups. (Unless othenrise noted, the 

ini'ormation here is talœn from the extensive review by Baoe and Sanger, 

1958). So f'e.r, 57 antigens have been demonstrated on human erythrocytes, 

and the existence of e.t least 20 more is suspeoted. Some are so rare 

that they have been designated 'private' antigens, implying that they 

exi.Bt only in the members of one or two f'amilies. others are so common 

that they have been oalled 'publio' m tigms, implymg th at almost 

everyone possesses them. The majority of' antigens in mm have inter-

mediate, although still not random f'requencies. For exanple, 92% of' 

l!hglishmen poasess the tua antigen of the Lutheran system; 8% laok it. 

Al though the number or erythrocyte antigens identi.fied in man is 

aufticient to determine several million phenotypes, the distribution 

of these antigens ie such that they do not conter an absolute degree \ 

of' individua.l speci.fioity upon erythrocytes. Using Fisher' s method 
- -~ 

(1951) it oan be oa.lcula.ted that, with-th~r-ëxisting'to'Ping procedures, 
~ 

the probability of failure to distinguish between two samples of 

blood taken at randomf'rom the Engliah population ia o.00042. !he 

antibodies in man may be either natural or immtme. For exam.ple, 

.bti•.l and anti-B are al.most inva.r1ably present in blood. la.ckiug the 

oorreaponding antigenJ anti-Lua oocurs atter immmiza.tion but some-

times is present naturallyJ anti•K (Kell system) has bec demonstrated 

only in subjects exposed to K entigen. 

' ' 



12. 

.llthough the most extensive work has been done :1n man, blood 

groups in anilllala have reoeived considerable attention. Ferguaon {1955) 

haa reviewed the subjeot thoroughly, and deacribes blood group systems 

in oattle, horaea, swine, sheep, dogs, birda, and in the small labora

tory animala. Jloat of theae systems are rel&tively simple and do not 

allow the approaoh to mdiTidual apecif'ioity exempliiied by the eystems 

in man. .&n exception is aeen :1n oattle, however, for the use of immune 

aera has demonstrated Ja"e thau 40 di8tinot antigenio fa.otors oontrol1ed 

by multiple allelea a.t at least 10 looi. 

Partioular mention should be made of blood groups in dogs. 

'l'he infrequency of typioal heœlytio transfusion re!Otiona in doge 

has lead many people to believe th.at blood groups are absent in this 

apeoiea. .la early as 1910, however, von Dungem and Hirschf'eld del• 

oribed isoagg1utinina ot canine erythrocytes, and eince their work there 

have bee acattered reports, sllllllll&rized by Cohen and Fuller {1953) and 

Hamilton (1948), dealing with this subjeot. Definitive work on oan::lne 

erythroo7te types has been don.e by Yowg end hia aasooiatea (Yow.g, 

Ervin end Tuile, 1949; Christian, Ervin. and Young, l951J Young, O'Brien, 

Slriaher, Jliller and Yuile, 1952). Using isoimmœe sera, and agglutina• 

tion techniques, they have demonstrated 5 distinct antigena whioh they 

have desigœted A, B, c, D and E (no oonneotion with h~ t;ypea 

.reproaented by these symbole ia mtended) • Q:lly the .l antigen waa 

able to evoke antibody production ot a. type whioh would reault in 

severe (hemlytio) reaotioDJS on subsequent transfusion. Naturally

ooourriug isoantibodies oould be deteoted in only 15% of doge, and 

uaually œly in low titre. They were D>Stly of anti-D speoii'ioity. 

Sinoe only about on.e-third of dogs were found to be D-poaitive, one 

oonoludes that on1y about 5% ot random pairs at mngrel d.oga ahould 
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show an incompatibility on direct cross-matching. 

An important application of this work has been the production 

in new-born pups of a syndrome resembling erythroblastosis foetalis 

(Young. Christian. Ervin. Davis. O'Brien. SRisher and Yuile. 1951) • 

.l-negative bitohes. deliberately inmw.i~ed with A-positive cella. 

nre mated to A-positive doga. i'he newborn .l•positive pups regula.rly 

developed a fatal hemolytic disease. provided theywere allowed to 

suckle the immuni%ed mother during the fil·st day of lif'e. This 

observation is of particular interest in this thesis beoause it ahows 

that canine mate.rnal antibodies ca.n be transt'erred to of.t'spring. and 

that this transf'er may oocur by other titan the transplaoen tal route. 

C. Pla sme. and Serum 

The existence of interspeoies variations in plamna and serum 

is an acoepted fact. and indeed is one of the oornerstones of i.mmun

ology. Homologous plasma and serum. however. have usually been oon

sidered to be rather homogeneous substances showing little if' eny 

qualitative variation among di.f:t'erent members of the species. 1his 

opinion UD.doubtedly resulted from the (justitied) preoccupation ot 

most investigators with d1f'.t'erenoes in the celllÜar oom.ponents of 

homologous blood, &nd from. the relatively la.te advent of the sophia• 

tioated techniques of the protem chemiat alld the imm:mochemiat. 

There is ample evidence now that qualitative differences do 

occur among homologous sera in ao:me species. The purpose here 18 to 

su.rmœ.rize this evidence and to show that a.t lea.st the potentiality 

exista for individual spec:ifioity of plasma and aerllne 

Immunologioal dif'.t'erenoes. One method of detecting differences in 

the large molecules of sera is to analyse the antigenic oomponenta 



of individual sera. In 1943, Cumley and Irwin used this method to 

de:xoonstrate a considerable degree of individual apeoitio ity of humm 

ser\tll. 1'hey induoed formation in rabbits of preoipitine to individual 

semplea of human serum, 8lld then showed that absorption of these pre-

oip1tins by humsn serum other than that uaed for indQ:3tion usually did 

not remove all the precipitins capable of reaotmg with the :lnducing 

sert.D, or indeed with some other &Elples of serum. A:f'ter a large 

nuuber of tests, all the resulta of whioh were not reporte4, they oon• 

olu:led that 1human serum oontains antigenio oompoœnts by whioh the 

serum of an individual oan be distinguished from that of others. t 

Goldberg and de Gara (1948) olaimed to be unable to oonfi~ these 

resulta, but their study was on too maall a soale (only two h'U1118n 

sera were used) to be conclusive. 

More reoently, Oudin (1966a,b) and Dray and Young (1958) have 

used a JOOdit ioation of this method to demon strate ditterenoes in the 

an tigenio oomponents of sera of individual rabbi ta. nte latter 

authors had partioular suooea1; they were able to di vide 90 rabbit 

sera into 30 groupa aooording to their reaction patterns in agar gel 

witb 6 antisera. 7he :mat interesting aspect of the work of Oudin 

and of Dray and Young ia that the antisere. were homologous or isoim-

~· indioating that the antigens invol ved are antigenio in some or 

all of the other members of the speoies laoking them. 

i'lnüg to the other immunologioal oomponent of serum, the 

antibodies, it il possible that animale may have individually speoifio 

It 1a entirely possible, in 
,......_. ~ __ __. <. 

mtibody patterns in their sera as well. 

faot, tha t the 'an.tigenio • difference a ~:.üsoll'ibM 'iaay. l'Mlw ::~epn

~ -· · 
sent ditferenoea m varioua antibody oomponents able to aot as isoantigens. 
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Only in the case of the erythrocyte isoa.gglutinms. harever. have clear 

qualitative differences :1n antibody patterns been demonstrated regularly. 

Beca.use of their limited distribution. the natural isoagglutinins do not 

atford muoh degree of :individual specificity. rn mc. tor exa.mple, only 

the agglut:inina aseDciated with the ABO and P ayatema are consistently 

present in the absence of kno'Wl'l a.ntigenio exposure (Baoe and Sanger, 

1958). Th.eoretioally. of course. it ahould be possible with appropriate 

imm.unizing prooeduresto provide a given serum with an ieoagglutiuia 

pattern al.JIIQ8t as individw.lly specific as the corresponding agglutinogen 

pattern. This latter example of individual speciticity. harner, woul.d 

have to be regarded as a rather arti:ticial system not present wder 

normal conditions. 

Physioo•cbem.ical differences. Uthough there he.d been aeveral reporta 

of intraspecies variations in the physioo-chemical properties of the 

serum protein fractions (e.g. Bernteld. Donahue and Bomburger. 1953) 

and even a auggeation that these might be under ge:cetic control (Thomp

son. Foster. Gowen and Tauber. 1954). it remainedfor &nithies md hia 

associates tc attempt a caretul an.alysis or the problêm.. Using one• 

dimensional and two-d1mensional staroh-gel eleotrophoresis, whioh in 

their hands prodooes remarkable resolution or serœ protein fractions, 

they have been able to demonstrate in hum.e.n serum two haptoglobins 

(alph~-globulins) whose presence ia governed by two al1elic genes 

showing no dominance (&nithies. 19551 Smithies and Walker. 1956), and 

three beta-glob ulin fractions govemed by three allelic genes without 

dominaDCe (~rsf'lü.l and Smithies, 1958; &nithiss, 1958). .Uthough the 

•serum groups' eluoidated by Smithies and his colleaguea do not conter 

individual apeoit'ioity on serœ. they do show that this is theoretioally 
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possible end that at least some serum protein fractions are genetioally 

oontrolled. 1'hat this phenomenon is not peouliar to man is shawn by 

the work ot Ashton (1958) and Ashton and )[oDougall (1958), who have 

extended Smithies' worlc to other epeoies and have fotmd similar gene

tioally controlled serum protein polymorphism in oattle, sheep, goats 

and horses. 

Immediate biological differences. By this tenn is ~plied differences 

whioh enable one to distinguish between two samples of plasma or serum 

on the basis ot the responses they produce on initial injection into 

an animal. 

It is oonvenient to mention first that one can distinguish 

between heterologous and homologous plasma on this basis. This was 

best demonstrated by Lake, Simmonds and Steinbeck (1953a,b), 'Who 

showed that the injection of heterologous plasma into the skm, or 

pleural or peritoneal oavities of non-sensitized anilnals produoes an 

immediate local increa.se in oapillary permeability with exudation. 

atoipient animale inoluded rats, ra.bbits and gu:inea•pigs,; a variety 

ot heterologous donor sera were tested. The authors oould not e:x:plain 

the phe:noœ:non, al though they showed th at the prote in mo iety of the 

plasma was res pons ible tor the eti'ect. jntihistam:ine s had soœ inhi• 

bitory effeot on the reaction to intraoutaneous injection, but did 

not affect the reaction in the sercus oavities. It is possible that 

these immediate ef'feots of heterologous plasma are due to a release 

ot endogenous histamine, tor, as will be desoribed later, Feldberg and 

Sohaohter (1952) and Sohaohter and raleanik (1952) have shown that 

histamine is released by an initial injection of horse serum in the cat, 

and by an initial injection of egg white in the cat and rat. 
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distinguished according to their effects in vivo is not easy to f:ind 
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in the literature. It is well established, of course, that injection 

of homologous plasma containing appropriate isoagglut:t.nins cen produoe 

profound reactions; however. ether effects of plasma or serta, tm.related 

to their agglutinin content, have only ocoasionally beee. desoribed. 

What reports there are deal almost entirely wi th the effeots of intra

outaneous injection. In 1927, Chant and Ge.y reported as en incidental 

observation that homologoua serum often p:roduced larger skin reactions 

than did autologoua serum in man. (ln consulting thè:lrpaper, one 

ahould note that they use 1heterologous• and 'homologous' to mean 

'homologous• and •autologous' respectively). Levine and State (1942; 

State and Lev:t.ne, 1942•3) observed triple responses to intracutaneously 

injeoted homologous plasma in about 20% of humen subjeots, although 

they do not mention the use of autologous plasma oont:rols in their 

study. They were incl:i.ned to attribute the majority of the reactions 

to the presence of diasolved incompatible erythrocyte antigens in the 

plasma. Finally, :U..ell (1944) has reported frequent reactions to _ 

intracuta.neous injection of homologous serum in man. .&.utologous serum 

controle did not produoe these reactions, nor could she find any 

correlation with the .lBO blood group system. 

ihe dog is apparently the anly ether speoies in whioh this 

kind of intraspeoies variation has been noted, am even here there are 

only two · short communications by Freeman and Sb.ecter (l942a,b) dealing 

with the subject. These workers, while looking for a capillary permea• 

bility factor in the lymph from injured limbs of dogs, noted that aome 

samples did oause an inorease in oapillary permeability as evidenced by 

) 
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the appearance of the dye T-1824, previously given intravenoualy, at 

the sites of intracutaneous injection of auch aamples. The unusual 

aspect of this etfeot was tb,at i t occurred only if the sam.ples were 

tested on another dog. Plasma and serum obtained from norD&l animals 

were then tested in the same way; it was towd that they regularly 

produoed local increases in capillary penœability when i.njeoted intra

outaneously into other dogs. but not when given to the dog from. whioh 

they were obtained. All oombinations were tested in 6 mongrel dogs and 

no exception was tound to the rule. The authora oonoluded that in 

their limited experience, dog plasma and serum poesess an individuel 

speoit'ioity. 
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CH.lPI'ER II 

OO:ME ASPECTS OF THE RELEASE OF HISTAMI:tm 

(A REVIEW) 

-} 
immediate e.ffeots of .foreign protein 

release of histamine in the recipient, 

may be as well to examine the physiologie al disposition of histamine 

in the tissues and the conditions œder whioh it oan be released in a 

.t'ree and active .t'orm. 

A. îhe state of Histamine in the Body 

Histamine is a normal constituent of most mammalian tissues. 

Veey little, i.t' e:ny. however, is present in a .free torm œder normal 

conditions. lhtil reoently, the exact site where histamine is held in 

the tissues wa.s unknown. From the observations of lt11ey and West (1953) 

it is now olear that the greater part o.t' the histamine in most tiesues 

is oontained in the mast cella. These workers showed a close correla• 

tion between histamine contant and maat cell content, and a selective 

de.nage to mast cella by compoUDd s kno'Wll to release histandne in the 

body. Their poetulate that mast cella are rich in histamine haa been 

amply con.t'inned, partioular1y by the demonstration by Benditt, Wong, 

Arase and BPeper (1955) and Garoia-Arooha (1958) of histamine release 

.t'rom mast cella isolated by the teo:tmique of Padawer and Gordon (1955). 

Hi.Btamine there.t'ore joins heparin (Jorpes, 1946) as a normal constituent 

o.t' the mast oell. 

It should not be implied that because mast oells are rich in 

histamine all the body histamine is in the mast oells. None of the 
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methods used to show histamine in mast cella haa been sensitive enou:gh 

to show that all a tissue• s histamine is in i ts mast cella. Moreover, 

apparently much of the histamine in the gaatrointestinal tract is not 

in mast cella (lt>ta, Beraldo, Fen-i and Junqueira, 1956), although its 

true si te ia unlo:lown. This point is 

error in aasuming a substance to be arif 

evidence that it releasea histamine. 

Another pitfall relevant to the association of histamine with 

mast cella is to suppose that an effeot whioh is auspected to be due 

to histamine releaae is in tact due to this cause because it is absent 

in tissues depleted of their mast cella. Hot only do mast cella con-

tain heparin along Wi.th histamine, but also at least one other substance 

with poteat phar.macologioal properties, 5-hydroxytryptamine (Benditt, 

l'long, Arase and Roeper, 1955). Although the distribution of 5-hydroxy-

tryptamine is not so universal among mast cella {Parratt and West, 

l957a; Casa, Marshall and Riley, 1958), the similarityot some of its 

Detection of free histamiDh ~al proof of histamine liberation in a 

given phenomenon ultimately must rest on a demonstration of the 

appearence of free histamine. 

Detection of inoreased levels at histamine in the blood plasma 

would appear at first glanee to be the easiest way to show histamine 

relea.se. That this is not always the oase oan be attested to by anyoœ 

who has tried it. Released histwnine, owing to its high ditfusibility 

and aqueous solubility, rapidly undergoes enormous dilution, not only by 
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the plasma but by the entire extracellular fluid. The assay of histamine 

in plasma may be interf'ered with by the presence of other agents. B:>ugh 

handling, hemlysis or clotting of blood samples raises the plasma 

histamine content (Emmelin, 1945). These various difficulties have been 

partially overoome, however, by using the venous or lymphatic effluent 

from histamine-rich tissues rather than random venous samples (e.g. 

Dragstedt and Gebauer-Fuelnegg, 1932; Gebauer-Fuelnegg and Dragstedt, 

1932), by extraoting the histamine from plasma (reviewed by Code, 1952) 

and by handling blood samples gently (Emmelin, 1945). 

The annoyanoes in deteoting free histamine in blood have led 1x> 

the stbstitùtion of isolated preparations for llhole animale. Generally, 

suoh preparations have the advantages of allowing the selection of 

material particularly rich in histamine, of reduoing the dilution of 

f'reed histamine, and of permitting perfusion or incubation with media 

free from inter.f'ering substances. Among the more widely used pr-epara

tions (MOngar, 1956) are per.fused skin, chopped lung, rabbit platelets, 

and isolated intraoellular particles. 

Detection of histan.ine depletion. Demonstration that the histamine 

content of a preparation is redmed by a given treatment gives presum.p

tive evidence of histamine liberation. For example, Ojers, Holmes and 

Dragstedt (1941) 1 by assaying samples of liver before and af'ter anaphy

laotio shock, were able to show that large amounta of histamine were 

released t'rom this organ dur:ing anaphylaxie in the dog. The method is 

a relatively simple one, but tmless the reduction in histamme is large, 

it may require many experimenta, for the histam:ine content often shows 

wide variations, not only in different animals and tissues, but in 

different regions of the same tissue (see e.g. Feldberg and Miles, 1953). 
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Detection of effeots of free histamine. Beoause histamine has suoh a 

variety of phannacologioal effects, eTidence for its release can often 

be obta:ined by obserYing these effeots. Thua arterial hypotension, 

increa.sed hematocrit, increaaed capilla.r;y permea.bility, SJOOoth muacle 

contraction, urticaria., oedema, and gastrio a.cid secretion are amang 

the responsea whioh have been cited a.s evidence for hista.mine release. 

As a rule, the oocurrence of one or more of these responses is 

used only as it should be, viz, aa suggestive or circumsta.ntial evidence. 

This rule does not do justice, however, to tw"o types of response whioh 

are partioularly usei'ul in moriminating histamine: inoreaaed gastrio 

aoid secretion, and what oan be oalled the speciea-specii'ic response 

to histamine. 

Gastrio aoid secretion as an index of histamine release ha• 

severa.l merita. It is extremely sensitive; intact daga will respond to 

as little as 0.02 )-(g.jkg./min. given inti1Lvenously, and human subjeots 

to l/loth this dose (Hanson, Grossman and Ivy, 1948). »:>re important, it 

18 ·u.uuaual.ly reliable. Histamine is not unique in stimul.ating ga.strio 

secretion, but in most expe riments in whioh i ts relea.se is suspeoted, 

the action of other ga.stric secretagogues is unlikely. This is parti

oularly the case since the demonstration by Black, Fisher and Smith 

(1958) that 5-hydroxytryptamine does not stilnulate ga.strio secretion. 

Finally, the pattern of secretion evoked by histamine is quite 

oharaoteristio, the jùioe being highly aoid, oopious, and low in pepsin 

(Gilman and Cowgill, 1951). 

The speoies-specifio response to histamine is a consequence of 

the faot that in at least aome speoies one response to histamine pre

dom:inates over all others, and that this response is oharaoteristio of 
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the speoies. To illustra te: if a guinea-pig, a rabbi t, and a dog are 

eaoh given a large dose of histamine, or of a substance able to release 

histamine, the predominant effeot will be asphyxia from bronohiolar 

oonstriotion in the guinea-pig, pulmonary hypertension from pulmonary 

arteriolar oonstriotion in the rabbit, and portal congestion from 

hepatio venous oonstriotion in the dog (Dale and Laid1KW, 1910-ll; 

Feldberg, Soh-111" and Zernik, 1928; Mautner and Piok, 1929). These 

responses are so oharaoteristio of the speoies that individua1ly they 

provide a rather good indication of histamine release, md oolleotively 

almost conclusive proof. 

Use of antihistamines. Inhibition of a response with an antihistamine 

is probably the easiest method of implioating a histamine release 

meehlmism. 

The reliability of evidence obtained with antihistaminea 

depends largely on their specitioity. It is generally agreed that the 

oommonly used antihistamines, partie ularly mepyram.ine, have a high 

degree of speoif'ioity, prov:ided they are not used m massive doses 

(Schild, 1947; Beuse, 1948; Bain , Broadbent and Warin, 1949). !hat 

is, if a response is inhibited by a dose whioh is just adequate to 

inhibit the response to e.dministered histàmine, the evidence ia good 

that the response is due to histamine. The diff'ioulty arises when 

relatively large doses of the antihistam.ine are given. Bere no sa.f'e 

oonelusions oan be drawn; if the response is inhibited, the effeot may 

be a non-specifie one; if it is not inhibited, i t may still be due to 

histamine, for, as disoussed by Dale (1948),it is possible that seme

times histamine may be released in auch high local concentration as to 

require enormous doses of antihistam.ines for its antagonisme 



Use of histamine depletion. Whether an ef.feot is due to a release of 

histamine can sometimes be decided by its presence or absence in tissues 

depleted of their endogenous histamine. 1hus raw (Brooklehurst, 

Humphrey and Perry, 1955) and rabbita (Lecomte, 1956) pretreated with 

the histamine liberator oompoœ.d 48/80 still showed Arthus reactions, 

and the authors concluded that histamine plays a DÙllOr rolee Witb. 

this type of experi:ment, and this kin.d o.f result, the conclusion is 

sound so long as it ia ahown that the endogenoua histamine has in .fact 

been depleted. However, in experimenta where the other kin.d of result 

is obtained - i.e. where the effeot 1a reduoed • it is not alwaya se.t'e 

to conolude that histamine release is an essential .factor. Pretrea'b

:ment with a 'histamine liberator• usually means pretreatment with a 

mast oell depleter, and therefore a depletion not only o.f histamine, 

but also of heparin, 6-hydroxytryptamine and perhaps otb.er unkn.own 

factors. For example, Feldberg and Talesnik (1963) Bhowed that the 

anaphylaotoid reaction to egg white in rats was reduoed a.fter prolonged 

treatment with 48/80 and oonoluied that histamine wa.s an important 

mediator of the response J Parratt and West (1957) 1 however, la ter 

ahowed that 5•hydro:xytrypta.mine is much more signifioant in this reac

tion, but ia alao depleted by 48/&0. 

c. Histamine-releasing Substanoes 

ot natural origin. These have been reviewed by Paton (1957) and llooha 

e Silva {1955) 1 and :inolude tryps:in, 6-hydroxytryptami.ne, leucota.xin, 

and some lymphagogues, venoms, and am:ino acids. Tiro aubstancea are 

of partioular interest - horse serum end egg white. 

Feldberg and Schaohter (1962), using perfused skin. flaps, 

found that horse serum. released large amounts of histami:œ from the 
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skin of non-sensitized cats. The release resembled that obtained with 

oompo\md 48/80, the maximum output oceurring during the first few 

minutes a.fter the addition of horse serum to the per.t"uaa.te. Dog and 

rabbit serum did not have this effect, a.lthough human serum, on the 

two oooa.sions in which it was tested, released small quantities of 

histamine. Autologoua oa.t serum was without effeot; apparently 

homologows oat serum was not tested. The signifioanoe of these obser

vations ia stated by the authors s •the finding that horse serum relea.sea 

histamine from the skin of the oat wi tho ut previous aensitization of the 

animal appears to be the t irst direct demonstration of the release ot 

histam:ine by a foreign protein not previously aotivated'• Curiously, 

these worlœrs were not able to show a dmilar pheno:menon in dog&.J 

using per.t"used a kin, they c ould obtain hiatamme release by horse 

sertmJ. only in animal a whioh were so strongly sensi ti~ed by previous 

injection that they reaoted with ana.phylaotio shock to i.D.travenous 

injection of hor se sel'\D• 

Experi.Iœnts along similar lines were done by Sohachter and 

Talesnik (1952), using egg white instea.d of horse serum. They tound 

that egg white also relea.sed histamine from perf'used skin of non• 

sensitized oats, but not from the skin of non-sensitized dogs. They 

were able to show too that intravenous egg white raiaed the plasma 

histamme of rats. The active agents in egg white were different in 

the oat and rat; the oomponent effective in the rat was heat stable, 

in the cat heat labile. 

or simple ch emioal structure. The olassio demonstration by Macintosh 

and Pa.ton (1949) that a nUI!i:ler of basio organio compounds of simple 

ohemioal structure liberate histam:ine on initial :injection wifuout 
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produoillg other obvious ef'fects has led to the recognition of a variety 

of compow.ds known. collectively as •histamine liberators.' These sub-

stanoes have recently been reviewed by Paton (1957), and the only 

me:mber that will be conlidered here is 48/80, the compound used in some 

of' the experilœntal work of this thesis. 

Compound 48/80 wa.s prepared by Baltzly, Buok, deBeer and Webb 

(1949) from the condensation of p~ethoxyphenethylmethylamine with 

formaldehyd~ Its potent histamine-releasing action was demonstrated 

by Paton (1951), who showed that it caused a depressor response and a 

rise in plasma histamine :in the cat and dog, a rise in :int.raportal 

pressure m the dog, and a triple response in human sldn. Feldberg 

and Sbhaohter (1952) showed that 0.1 - 0.5 mg. would release a large 

fraction of the histamine of' a perf'used f'lap of skin m the dog. ( 
1~-~-

AJ.thoug}i~liberation!'""is the predominant ef'fect ot 

48/80, this compound also releases or aotiTàtch other substances 

in vivo. Pa.ton (1951) found that af'ter its administration to cats 

and doge, the rise in plasma histamine was acoompe.nied by the a.ppear-

ance in the plasma of a factor ( 1 slaw-contracting substance') which 

caused a slow contraction of the guinea•pig ileum even in the presence 

of mepyramine. He also noted a prolongation of the olotting time, 

almost oertainly a result of released heparin. ~• reoently, Bhat

taoharya and Lewis (1956) have sh011ll that 48/80 is a potent liberator 

the refo re may be 

Of immunologioal sign.ifioanoe. It is well established that hista.mme, 

and in some a~!ies heparin, are released in sen si tized animal& exposed 

to antigen. llany reviews have dealt with the role of histamine in the 
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anaphylactio and allergie reactions. and only some interesting recent 

developnents will be mentianed here. 

Evidence is now acotunUlating that, just as in the case of the 

reaction to the histamme liberators like 48/80, pharmaoologioally 

active st.bstames other th.en, hiatamine and heparin are released in the 

anaphylaotio reaction. Beraldo (1950) has foœd a bradykinin-lilœ 

substance in the plasma of doge in anaphylaotio ahook. Brooklehurst 

(1963) has eh.own that a t alow-reaoting eubstanoe• appears in the 

pertuaate of lwgs of senlitized guinea-pigs when antigen is added to 

the preparation; this substance is not 5-hydroxytryptamine or brady-

kinin, although it haa some of the propertiea of the latter. With 

the demonstration by Parrat and West (1957b) that 5-hydroxytryptamine ia 

the most important mediator of the anaphylaotoid reaction in the rat 

and by Bhattaoharya and Lewis (1956) that 5-hydroxytrypt~ine is 

released by 48/80• it beoom.ea proable that 5-hydroxytryptami.ne is re-

leased as well during the anaphylaotio reaction in at least some speoies. 

That this is in f'aot so in the rat has been shown by Garoia-.Arooha. (1958) • 

who f'oœd that large &IOO\Ilts of' 5-eydroxytryptamine were released from 

the pertused gut ot sensitized rats atter the addition of' antigen to 

tho peri'usate. Garo1o.-Arooha haa aJ.so boen able~ protoot 

rata from anaphylaotio shook with. antagonistes of' 5-hydroxytryptamine. 

Probably the most interesting develop:œnt in the field in sane 

years is the f'inding of' Germuth end lfoKiJ:mon (1967) that antigen-antibody 

complexes f'ormed in vitro and dissolved in exoesa antigen prodwe typioal 

anaphylaotio shook when injeoted into normal, non•aenaiti'-'ed "&nimals. 

»J!lreath (1958) has shawn that suoh complexes releaae hi•tamine in the 

perf'used guinea-pig lung. Ishizalœ md Campbell (1968) have shawn tha.t 
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soluble complexes produce immediate akin reactions in normal guinea

pigs. The lat'ber worlœrs also noticed the effect desoribed by Lalœ, 

Simmonds, end Steinbeck {1953a,bf Chapter I), end they mak:e the ingenious 

suggestion that the skin reactions to initial injections of heterologous 

sera may be caused by "the presence in such sera of soluble a.ntigen

antibody complexes. 
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C H.A.PTER III 

THE INDIVIDUAL SPEX: IFIC ITY OF DOG PLASMA 

During some experimenta involving the intrapleural injeotion of 

isotonie saline in dogs. Stewart and Bu~en (1968) obtained resulta 

whioh oould be aooounted for only on the basis of inoreaaed pleural 

capillary permeability". It seemed likely tbat this change waa due to 

the intrapleural activation of a ht1110ral permeability-inc.reasing faotor. 

and we therefore attempted to demonstrate auch a factor by the intra

outaneous injection of samples of pleural fluid into guinea-pigs. We 

found from the outset that not only do some samples of plew-al fluid 

inorease oapillary pe:rmeability in the guinea-pig, but al so •amples of 

tresh or stored oanine plasma and serum. This reSJlt was attributed 

to the phenomenon desoribed by' Lake, Simmonds and Steinbeck (l953a.b) 

as disoussed m Chapter I. 

To oi.roumvent this effeot of heterologous serœ protein, ft 

used dogs as recipients tor the testing of pleural .f'luid sam.ples. It 

beoame apparent at o~ however. that normal homologous plasma in the 

dog produoes looal moreases in oapillary perJœability on intraoutaneous 

injection. The ef'f'eot wa.s not observed when autologoua plasma was 

tested. These findings indicated that canine plasma poa aessea at least 

some degree o.f' individual speoiticity. Evidently we were dealing with 

the aame phenomrmon as that desoribed by Freeman and Soheoter (l942a,b; 

Chapter I), although at the time we were waware of their work. 

The resulta described in this ohapter are mainly those f':rom 

experiments desigœd to test the degree ot individœl specifioity ot 

dog plasma, to examine the simpler oharaoteristics of the phenomenon• 
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and to determine whether it f'ite any aooepted genetio or immunologioal 

oonoepts. 

Some of the experimnts with mongrel dogs were perf'onoed with 

the assistance of Dr. P. B. stewart. Dr. J. L. Fuller provided the 

faoilities and animale for the experimenta with inbred animal•• 

METH<DS 

The skin wa.s used ae the test site. The injeoted plasma wae 

alwa.ys obtained from donors of the seme speoies. in this case doga. 

as the reoipientJ we distinguish, hcwever. between plasma from the 

recipient itself' • autologous plasma, and plamna from a different 

aniiœl of the same speoies• non•autologous plasma. 

FiTe ml. blood samples were obtained by venipunoture. Eaoh 

sample was mixed wi th 0.1 ml. of' 1% sodium heparin (Mann) in isotonie 

saline and the plasma separated by centrifugation at 3000 rpm for 10 

min. (r • 10 cm.). Plasma samples so obtained were tested within oœ 

hour. Jn some experimenta. three-f'old serial dilutions of' autologoua 

md non-autologous plasma in isotonie saline were prepared to a final 

dilution of' l/8le and injected i.mmediately. (Here. a dilution of' l/3 

means plaema and saline in the proportions ot 1:2, a dilution of' l/9 
means plasma and saline in the proportions ls8. etc.). Autologous and 

non-e.utologous plasma se.mples were always prepared and tested in the 

same way. 

Before testing. recipient animale were 1blued• by the intra

venous injection of 5 mg./kg. of' 1'-1824 (Evans Blue, Wamer-Chiloott) 

made up as a 1.5% solution in isotonie saline. 1'•1824 is known to 

b:ind seourely to the plasma album.in (Rawson, 1943). When test aamples 

were thereafter injeoted into the reoipient•s skin, the degree of' dyeing 



at the injection site provided an index of inoreased capillary per

:meability (Miles and Miles, 1952). Duplioate intraoutaneoua injections 

of non-autologous a.nd auto logo us plasma sample s were made on the olipped 

baok of the recipient wi th tuberculin syringes titted with 26 gauge 

needles. Injec'tiona were made within one hour of the blueing of the 

recipient. The volt~œ injected wa.s o.l ml. Test sites were examin.ed 

30 min. af'ter in.jeotionJ the diameter of the blued area was measured, 

and 'When this exceeded 3 mm., the intensity of blueing was graded 

from 1 to 4 in order of increasing intensity. 

Al.1 animale were una:naesthetized. 

Other procedures, particularly those relating to the experimenta 

on yo'lmg animals, are described in the text. 

BESULTS 

In mongrel âogs. .Adult animals of both sexes, posseuing their 

pe:nnanent teeth, were randomly seleoted from the stock of the jnimal 

Colony at ~Gill tbiversity. There was no indication that any of these 

doga had previously reoeived any injection of biological or phar.maoo• 

logical materials. 

Fig. I shc:.s the responses in a typioal exper:ilœnt, and Table I 

presents the resulta in ten recipients chosen at random from the records. 

1'o date, sam.ples of plasma from 105 llrJngrel dogs have been tested on as 

many recipients. When one takes into aooount the testing ot one donor 

plasma on more than one recipient, and the testing of several donor 

plasmas on only œe recipient, a total of 170 donor•reoipient pairs 

has been exam.in.ed. Intra.outaneous injection of autologous plasma in 

these a:nimals either had no et'fect, or produoed a blued area which was 

nothing more than the traumatio œrk let't by the needle punoture. 1. tew 
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FIGURE I - Cutaneous Responses of a Mongrel Dog. 

Eaoh square oontains duplicata intraoutaneous injections of 0.1 ml. 
Dz, E4, and Es: autologous plasma; Ez and E3: non-autologous plasma 
from two donors; D3: histamine in isotonie saline, 1 ,Ug.Jml. (calo. 
as the base)J D4: histamine in isotonie saline, 0.1 pg./ml.; Ds: 
isotonie saline. Photograph taken 45 minutes after intravenous 
injection of T-1824, 5 mg./kg. • and 30 minutes after the intra
outaneous injections. 



TABLE I - Cutaneous .Responses of lbngrel Dogs to Autologous and Non-

Autologous Plasma. Eaoh value representa the mean from duplioate 

injections of 0.1 ml. .111 recipients and all donors were different 

animal s. 

Bleoipient 

No. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean 

:t S.E. 

Auto1ogous Plasma 

Diameter o:f !ntensi ty 
b1ued area 

0 mm. .. 
0 .. 
0 -

2.0 2 

9 

4.5 1 

0 

0 

1.6 4 

1.0 4 

Non-Auto1ogous Pla~ 

Diamater of 
b1ued area 

11.3 mm. 

16.5 

10.7 

8.5 

11.2 

11.7 

11.0 

15.0 

13.8 

9.0 

11.9 

!o. a 

!ntensity 

4 

4 

2 

4 

3 

4 

2 

4 

4 

4 
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TABLE II - Effeot of Dilution on Cutaneous Besponses to Non-Autologous 

Plasma. The re sul ts are from 50 different samples of donor plasma. 

ea.oh tested in a. different recipient. 

Highest dilution 
produoing blueing 

Undiluted 

l./3 

1/9 

1/27 

1/81 

Nl.Dnber of 
donors 

6 

20 

14 

8 

2 

50 

Peroentage ot 
donora 

12 

40 

28 

16 

4 

100 
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FIGURE II - Cutaneous lèsponses of a Mangrel Dog to Plasma 

Diluted with Isotonic Saline. 

c2,3,4,5: autologous plasma undiluted, diluted 1/3, diluted 1/9, 
diluted ~27; B2,3,4,5: non-e.utologous plasma undiluted, 
diluted ~3, diluted ~9, diluted 1/27; Â2 3 4 s= another 
sample of non-autologous ple.mma undiluted, ~i!~ed ~3, 
diluted J/9, diluted ~27. Photograph taken 60 minutes after 
injection of T-1824, and 30 minutes after the intracutaneous 
injections. This recipient is also shawn in Figure I. 
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animal. a irregularly showed a more distinct response, pema.ps bec a use the 

needle penetrated a region tha t happened to be rioh in mast oells. In 

striking contrast wa.s the effeot of non-autologous plasma. Blueing 

beoame obvious wi thin five minutes of injection, reaohed maximum aize 

and intensity over the next lo-15 minutes, and deolined slowly over 

24 hours or more. Careful inspectiœ usually showed that the bleb pro

duoed by the initial injection ot non-autologous plasma had increased 

in si&e and was raiaed above the level of the surromding akiD. 

It should be emphasized th.a.t, in every animal tested, non

autologous plasma produoed a 110re pronomced response than autologoua 

plasma. Oocasionally, the response to non-autologous plasma was wea.k; 

when this ooourred, injection of both kinda of plasa into the skin ot the 

neck rather than the baok always revealed a clear diatinotiœ between 

the responses to the plasmas. Why the neck area ehould be superior for 

11howing the difference has not been investigated, al though a grea ter 

hiataine content aeem.s to be a li1œly reasan. 

ln many Q:perblents, fresh serum was tested in the same way aa 

plasma. It was just as effeotive in ahowmg the seleotiTe response. 

ln order to e:xolude the posaibility that dogs that had been 

housed together mi.ght haTe become sensitized to one anothert s dander, 

some dogs were tested within an hour of being delivered to the animal 

colonyJ their responses were no different from tilose of animale that 

had been kept for -neks. 

The ability of non-autologous plasma to produoe intraoutaneoua 

blueing decreaaed with dilution of the plasma in isotonie saline • 

.A.ctivity was usually retained at 1/3 or l/9 dilutions, but was lost in 

the majority of tests at l/27. A few samplea retained their activity 
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UD.til diluted to 1/81. The resulta are summarized in Table II, and 

the responses in one experiment are illustrated in Fig. II. Autologous 

plasma dilutions were a.lways used as oontrolas. They never produoed 

blue :ing, even when diluted samples were al.lowed to incubate at room 

temperature for one hour before injection. In three experimenta. 

autologoua plasma and saline were compe.red as diluen.ts of non-autologoua 

plasma. 1'he higheat dU ut ion prodœ ing a response was the same tor 

both dilœnts in each experimente 

In a fn e.:x:perilaents 1 akin teating waa pertormed in the absence 

of dye. The responsea to nœ-autologoua plasma were again more pro

nounoed t~ ~J?S.~.-t<?. .. ~-~~~-~ua• al~~~ ~-djfference waa1EJot 

cours' ra striking. caretul inspection revealed th~t··-~it~·s of non-

autologous injection took on a. dusky hue within one to two minutes 

(probably the canine version of the flare) • and af'ter five to ten 

minutes the wheala ra.ised by non-autologous plasma were visually and 

palpably larger the.n the orig1nal blebs at the time of injection. 

These changes did notoccur at sites of autologous injection. In 

th.ree e.:x:perimmts, T-1824 wa.s given intravenously in the usual way 

five minutes atter the intra.outaneous injection of plasma. In avery 

case, in less than 30 seoonds1 the sites of non•autologous injection 

turned blue. 

In purebred and inbred dogs. :r.bst ot the animale were from the dog 

colony of the B::>scoe B. Jackson Jlemorial Laboratory. The majority of 

experimenta were conducted on the pure-bred lines of Basenjis and 

Springer Speniels wb.ose pedigrees are shawn in Fig. III. Blese Unes 

had been inbred for severa! generations, though not long enough to 

produoe the degree of hoD)Zygosi ty fomd in strains of inbred mioe and 

! 
! 

! 
! 
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Sprin~r Spanit>l Basenji 

FIGURE III - Pedigrees of the Springer Spaniel and Basenji 

Inbred Linas. 

Spaniels Â and B were pure-bred siblings. Basenjis A and B were 
pure-bred~ and partially related. Horizontal connections repre
sent .full-sib matings; diagonal connections represent baok-crosses 
to parent or to parent• a sibling. Note that neither pedigree has 
any outoross. 
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rats. .A.ll anmala tested were adults. None ot theae animala had 

previously been exposed to one another• s plasma, serum or tissue. .lll 

o~ them, however, at eight and ten weeka ot age, had reoeived anti-

distemper serum prepared and pooled ~rom the dogs of a oommeroial pro-

dooer of veterinary produo45a and anti-hepatitis vaooine prepared from 

dog liTer from the seme aoaroe. Some additional experimenta were per-

tormed on eeven p~·bred but not inbred Sp~Speniela provided in 

:Montreal by a benetaotor ot llo Gill UniTe rai ty. Bone of tbeae latter 

animals had reoeiTed dog serum. or oellular aterial ot any ldnd, or 

any ether injection or treatment. 

Resulta obtain.ed with the inbred doga are ah0111l. in Table III. 

In experilœnt one, the responsea wre tested ot one reoipient 

Basenji to plasma from m:i:u.la ot other breede, md to plasma from 

animal• ot hia own breed. It was toœd that the non-autologoua plasma 

e~~eot ooo\œred in theae pure-bred animale, tb.at it waa pronounoed, cd 

that it did not appear to diminish as the genetio relationship betnen 

donor and recipient ~eoame oloaer. .. . . . 
..,... . 

Closely related Basen.jis were alao examined in experiment two, 

and the resulta were aimilar to those ot the i'irst expe.r:iment. In 

experiment two, 3-i'old serial dilutions of plasma. were e.lso tested; 

this method provided a better index ot plaama aotivity thm did simple 

testing of undiluted pla.ama. The highest dilution whioh was a till 

active waa l./27 tor eveey non-autologous plaama, indioatiug that they 

all possesaed appro:.d.mately the aame aotiTity. Control testing ot 

dilulïed autologous plasma showed no aetivity. Jn experiment three, all 

possible donor-reoipient pairs were tested among tive Baaenji litter 

mates (m:imals F, G, H, I and J ot the pedigree). The non-autologoua 
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TABLE III - Cutaneous Responses of Inbred Dogs to .lutologous and Non-

.lutologous Plasma. Each value representa the mean from dttplioate 

injections of o.l ml. 

Ex:pt. lèoipient Don or lèsponse 
No. Dieme ter Intensity 

1 Basenji S Self 0 mm. 

" Beagle 13.0 3' 
• Cooker 11.5 4 
• Springer 14.5 4 

" Basenji c 12.3 4 

" Baeenji E 13.5 4 

" Baeenji K 12.0 4 

" Basenji Q 12.8 4 

2 Basenji U Self 0 mm. 
" Basenji C 11.0 4 
n Baaenji Q 10.8 3 

" Basenji V 12.8 4 

Basenji V Self 0 
A Basenji U 13.8 4 

3 Basenji F Self 0 mm. 
" Basenji G 13.0 4 

" Basenji H 12.8 4 

" Basenji I 14.0 4 
Il Basenji J 13.0 4 

4 Spri.nger 0 Self Omm. 
tt Sprmger P 11.8 3 
lt Springer Q. 7.0 1 
" Springer R 11.8 3 
tl Sprillger S 12.0 2 
lt Springer T 9.8 2 
" Springer U 9.5 2 

" Springer M 12.0 3 

" Springer L 13.0 4 

Springer Q Self 0 
" Springer 0 9.8 1 
" Springer R 10.3 3 
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FIGURE IV - Cutaneous Basponses of Basenji F. 

The four squares with positive reactions contain duplicata 
intraautaneous injections of plasma from the recipient's 
four litter mates. The seoond square from the right con
tains duplicata injections of autologous plasma. Photograph 
taken 45 minutes after injection of T-1824 and 30 minutes 
after the intraoutaneous injections. 
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plasma effeot ooourred in avery oombination. The re sul ts wi th Ba sen ji F 

are shown in Table III, and in Figure IV J when his sibl inga were used as 

recipients, they showed just as pronoUDOed reactions. 

ln experiment four, the litter mates and sires from the inbred 

strain of SpriDger Spa.niels were examined. Al.though the non-autologous 

plasma affect appeared to be more variable here, it was still present in 

every pair. Much of the variation was probably due to the di:f'ficulty' 

in assessing the intensity of dyeing at the injection sites, for these 

animals had naturally dark skin. 

Jrfany or the closely related pairs were typed for erythrocyte 

agglutinogens, using the system developed by Young and his associates 

(Chapter I). ihere wa.s :no correlation whatever between blood group 

oompatibility and reaotivity to non-auliologous plaema. 

Of the sevan pure-bred Springer Spaniels obtained in lrkmtreal, 

five were li tter mates and the othe ra leu olosely related. All pos

sible combinations were testedJ that is, 20 donor-reoipient pairs 

among litter mtes, and 22 pairs among lesa closely related animals. 

Non•autologous plasma produoed the typioal response in ever,y pair; 

autologous plasma oontrols had no deteotable effect. Although testing 

of serial dilutions was not possible, owing to limitations imposed by 

the small areas of light-ooloured skin available in these dogs, the 

responses to undiluted non-autologous plasma were generally as pronounoed 

as those in the Basenjis. In the one recipient where the responses were 

somewhat weaker, there was still a olear difference between the effeots 

of non-autologous and autologous plasma.. 

ln puppies. Plasma obtained fram puppi es was tested in adult rec i pients. 

Both dono.teand recipients were mongrel animals, unseleoted as to breed or 



sex, .from the animal ooloey at llcGill University. None of the anima.ls 

had previously been exposed to dog plasma or ser~ 

Two littera ot puppies were .followed at weekly intervals from. 

the tenth day atter birth until their plasmas prodœed oonsistently 

positive reactions in adul. t recipients. For this test mg of puppy 

plasma, one adul t recipient was used per litter per week. Blood sam.ples 

(3.0 ml.) were te.ken from each puppy by' cardiao puncture. Eaoh sample 

was heparinized with 0.1 ml. of 5% sodium heparin in iaotonic saline, 

and the plasma harvested af"ter centrifugation. Plasma samples were 

left unpooled. .An aliquot from each sa.mple was seriall;r dil uted wi th 
--------.--~- - .. · .. 

isotonie saline. The dUutions were tested immediately, aud the 

highest dilution at which activity was retained was noted. This pro-

cedure, by oompa.rison with adult oontrols, provided a rough index ot 

non-autologous plasma aotivity in those oasea where neat plasma pro--
duoed promounoed reactions. 

As controle, one adult donor animal was assigned to the .first 

litter (litter A) and two adult donor animale to the second litter 

(litter B). The se oantrol animal a were bled and the ir plasmas tested 

oonourrently with the puppies, on the same recipients. 

Undiluted puppy plasma tested on the lOth, 17th and 24th post-

natal daye uni.foml.y produoed either no response, or weak responses, in 

adult animals. From the 31st day on, however, the aotivity rapidly 

inoreased to the adult level. This change is shovm in Fig. v. Litter A 

was weaned during the tourth post-natal week. Sinoe the increase in 

plasma aotivity to the adult level began during this period, it aeemed 

interesting to see whether weaning inf'luenoed the time oourse iAt the 

inorease. Wesning of litter B was theretore withheld tor the duration 

of the experimsnt. Evidently this did not prevent the develo};BlSnt of 
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FIGURE V - Titres of Non-Autologous Aotivity in Plasma from 

Puppies and from Adul t Dogs. 

Litter A (above) oontained 6 pups and litter B (below) 5 pups. 
The titre representa the highest dilution whioh gave a deteot
able response. ~ : mean titre. with full range of each 
litter of pups; A • •: titres of adult animals tested oonour
rently. 



45 

adult activity. 

llother-offspring relationships. In the inttial experimente w1 th puppies 

desoribed above, our technique tor obtaining blood by oardiao punoture 

was not good enough to permit the oollecting ot plasma for testing 

earlier than about the tent.h post-œtal day. However, as the technique 

improved, we were able to obtain plasma from a litter ot pupa twelve 

hours a.tter their birth. Surprisingly, this plasma ha.d considerable 

a.otivity when tested on an a.dult recipient. Untortunately the mother 

ct these pups h&d very d&rk skin, so that skin testing in her was 

impra.otical, but it was suspected that the a.ctivity in the plasma 

from newborn• represented transferred activity tram the mother. 

This idea was tested in a seccnd litter ot four pups. These 

pups were allowed to feedfreely at the mother. Blood wa.s obtained at 

the 24th post-natal hour, and the i.Ddividual samples ot plasma were 

injected intraoutaneously (a) :into an Ullrelated &dult mongrel temal•• 

and (b) :into the mother. ~e resulta of thil experilœnt are presented 

in i'able IV. i'hey show that the puppy plasmas were able to evolœ clear 

responsee in an UDrela.ted adul t roughly comparable to tho se produced by 

the mother•s plasma, but were without effect when injeoted into the 

mother. 1'hat the mother wa.s able to respond to non-autologous plasma 

was shcwn by her reaction to plasm. t'rom the tm.related adult. In order 

to œtermine whether the la.ok of reapoue by the mother to her ottspr~s t 

plasmas represented a true tolerance to a •non-autologous factor' manu

factured by her pups or simply represented a tolerance to her own plasma 

factor, plasma wa.s obta.ined t'rom two of the pups when they were six 

weeks of age. This plasma now prodœed pronomoed reactions in the 

mother, even a.t a dilution of 1/3. 
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TABLE IV - Mother-Of'fspring B19lationships. Eaoh reading represente the 

average response to at least two intracutaneous :injections of 0.1 ml. 

of plasma. 

B:toipient Domr ~sponse 

Dia.meter Intensity 

Unrelated adult Self 0 mm. 

M:> the r o t pups 8.5 4 

Pup # 1 8.5 2 

Pup #= 2 9.0 3 

Pup # 3 trace 

Pup #= 4 8.5 

M:>ther of pups Self 0 zmn.. 

Un.related adul t 8.5 4 

Pup # 1 0 

Pup # 2 0 

PUp :{/: 3 0 

Pup # 4 0 
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Â f'urther experiment was p8rtormed on the mature offspring of 

aeveral bitohes at the Jackson Laboratory. Two adult Basenji siblinga. 

and two adul t wire-haired terrier siblings. were injeoted with the ir 

mothers• pla.aa. They showed olear responses to matemal plasma. 

responses just as prcm.ounced as their responses to plasma from Ullrelated 

animaJ s. 

DISCUSSION 

These results demonstrate clearly 1:hat canine plasma possesse& 

a considerable degree of individual speoifioity. Jntraoutaneoua 

injection of another (adult) dog 1 s plasma causes a marked looal inorease 

in capillary pemeability wi th distinct Wheal formation. whUe a similar 

mjeotion of the animal's own plasma has no suoh effect. ihe apeoifioiv 

is unuaual and indeed seems to be unique in that it aln.ys manifesta 

iteelt on the initial injection of plasma.J sensitization in the uaual 

sense is œ:meoessary. This is in oontrast to the type of speoifioity 

exhibited by the homogratt rejeotion );il.enomenon or by the majority of 

the erythrocyte antigens, where the speoificity reveals itaelt onl;r 

efter a latent period during whioh antibody production coeurs. 

Durillg the experimenta wi th mongrel dogs. it seemed reasanable 

to attribute the speoitioity of dog plasma to gross ontogenetio dis

parities among mongrel dogs. (<ne need only look: at our stock of 

mongrels to be impressed with this dhersity). However, the experimenta 

with pure-bred and inbred dogs quiokly showed that this was not the oase, 

for we have been unable to find either compatible pairs among olosely 

inbred pure•bred animals, or even to deteot any diminution in the 

reaponse to non-autologous plasma as the ~netio relationahip between 

donor and recipient beoomes oloser. 
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The inbred dogs we studied had never been previously exposed to 

donor plasma. but it is possible• of oourse. 'that they had been in some 

wa.y atfeoted by their expoaure to pooled dog 1erum. given to proteot 

against distemper. or by exposure to o ellular œterial oont&ined in 

the antihepatitis vaccine. It was with this in mind that we tested the 

pure-bred Springer Speniels obta:ined in Kontreal.~ These animale had 

never reoeived injections of any kind. Since their responsea were no 

different from those of the 1nbred dogs. and sinoe they themselves were 

rather closely related. it seems unlilœly th&t the early treatment ot 

the inbred dogs need be a serious qualification to the interpretation of 

the present study. 

The reason for testing serial dilutions of plasma was of course 

to see whether this procedure could be used as a rough quantitative 

measure of non•autologous aotivity. just as the titre of erythrocyte 

agglutinine is usually determined by dilution techniques. For the 

prooedure to be valid. it was neoe.seary to show. in so far as possible. 

that the change 1n non-autologous aotivity with dilution was 1n faot due 

to simple physioal dilution. and not to a ohemical ~or removal 
~ctivttftli" ~ 

ot the factor responsible for the non.-au't:Dlogous aotivity or of some 
A 

other f'aotor. Xhe importance of this point ia lhown by the demonstration 

that simple dilution with isotœio saline of guinea•pig serum (Kaokay. 

:Miles. Sohaohter. and Wilhelm• 1953; Miles and Wilhelm. 1955) or of 

h\lllan plasma (Stewart and Bliss. 1957) aotivates an enzyme-lilce f'actor 

( 1PF/D11•) which increases oapillary penœability. In the dilution 

studies with canine plasma. theref'ore• autologoua plasma dilutions wre 

alwaya used as oontrols. Sinoe they never produoed blœing. the responses 

to diluted samples of non-autologous plasma are due to the sam.e factor 



as that in mdiluted non•autologoua plasma. fhat this ta.otor is not 

approoiably al tered ohemioally bJ' dilution m sal:ine is suggested by 

the tact that use of autologoua plasma instead of sal. ine as the 

diluent did not alter the titre. The dilution technique theretore 

eeema to be suitable as a ro\lgh index of non-autologous aotivity. 

4-9 

It wa.s considerod possible that the dye T-1624 might ill some 

way be playi.Dg m integral role in the selective response to autologous 

and non-autologoua plaSD18.. However, none of the re sul ts of some 

experimente designed to test this possibility suggeats that this is 

the case. ilesponses to non-autologous plasma were more pronomced 

than those to autologous in the abaenoe of dye. 'When dye was given 

shortly atter the intraoutaneoua injections, the rapidity witb. whioh 

the sites ot non-a.utologoua injection turned blue (little more than 

one circulation time) strongly suggests tha.t the il:!orease in oapillary 

permeability already e:tisted at tbe ti.Jœ ot dye injection. Further 

evidenoe that l'-182~ is unimportan.t in the se responses except as a 

viBùal aid will be presented in Chapter rf. 

Plasma taken from puppiea during the early weeks of lite is 

inetteotive in prod~ing the typical response to non•autologous plasma. 

This is partioularly apparent in view of the tact that aDDng adult doge 

no instance has been enooœtered in whioh non-autologous pla•• hae 

:f'ailed to plO duce the e.xpeoted response J among 33 sample s of plasma 

obtain.ed from 11 puppiea during the 2nd, 3rd and 4th post-natal weelca, 

20 samples tailed to produoe any deteotable response in adult recipients, 

and the remainder produoed only weak: responses. .ltter the 4th week, 

however, the aotivi ty of puppy plasma rapidly rises to the adul t level. 

The stimulus whioh causes this ia unknown, tor although in litter .l the 
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rise to adult level was concurrent with wean.ing, litter B showed a 

similar riae while umreaned. A. rather subtle qualification which 

should be noted here is whether the rise to adult activity really 

representa the appearauce of non-autologoua aotivity; or the tran.sient 

appearance of some other factor able to inoreue capillary permeability 

and absent in adult e.nimala. It must be remembered the.t in the experi

ment as designed it we.s not possible to test repeatedly autologoua 

puppy plasma, for onoe an animal is 1blued' it is unsuitable as a 

donor, and in any case skin testing in young puppies il a formidable 

UDdertaking. The possibility tbat the plasma aotivit,y ot older puppies 

is not non-autologous activity seems remote, however, for we have 

noticed repeatedly that autologous plasma is uniformly inactive in 

animals without ~emanent teeth but suf'ficiently mature to permit 

careful skin-testing. 

Although plasma taken from puppies during the early post-natal 

weeks is generally inactive, plasma talœn during the first day of life 

may have considerable non-autologous activit,y. This suggests at once a 

transfer of matemal aotivity, and this h;ypothesis ia strongly supported 

by the demonstration that while newbom puppies• plasma produoes dis

tinct responses in unrelated adult recipients, it is without effeot in 

the mother. Furthennore, the transfer of large molecules (he:molysins) 

to the off'spring through the colostrum has been demonstrated in doge by 

Yow.g and his asaooiates, as disousaed in Chapter I. Whether the trans

fer of' non-autx>logous aotivity also oc ours through the colostrum is not 

answered by our experiment, but will be tested when further litters are 

available. 

In view of the eTidenoe that maternal non-autologoua factor 

app1rently is present in the blood of the offapring during the early 
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post-natal period, it was pertinent to inquire whether the offapring 

might be pe:rma:œntly tolerant to the matemal .faotor owing to tb.eir 

ea.rly exposure to it, in aecorda.noe with the prinoiple of i.mml.mologioal 

tolera:œe. When :aaterna.l plasma was tested on mature offapring, hovrever, 

no· · tolerame to this plasma wa.s apparent. 

Possible meohanis.ma whioh might a.ooou:Q.t for the individuel 

speoitioity of dog plasma are disoussed in Chapter Vile 
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CHJ.PTER IV 

HISTAMINE RELE&SE BY NON-ÂUTOLOGOUS PlASMA IN TFI! OOG 

.ls soon as it had been establiahed that non-autologous plasma 

prod\.Ce& a llheal on intraoutaneous injection into the dog, and that 

this ef'f'eot is not sha.red by autologous plasma, some simple tests were 

done to see whether non-autologous plasma acta direotly on the skin 

oapillaries to :inorea.se their penœability or whether it aots 

indireotly through one or more :intermediate mschanisms. The e:f'fect of' 

an antihistamine on the response to non-a.utologous plasma was teated in 

one of the f'irst of these experilœntsf in moderate doses it produced 

a marked redmtion in the response. !his result, and the obvious 

similarity between the ef'f'eots of' non-autologous plasma and histamine, 

led to the hypothesis that the principal ef'f'eot of non-~utologous 

plasma is a release ot endogenous histamine. 

In the f'ollowing experimenta, four eriteria for histamine 

release by non-autologous plas:ua were used: (a) partial or complete 

inhibition by an antihistamine of the whealing produced by non-autologous 

plasma, (b) reduction or absence of' the whealing in skin previoul!lly 

depleted or its endogenous histamine by a histamiD& liberator, (o) an 

inorease in gastric aoid secretion after exposure to non-autologous 

plasma, and (d) the presence of f'ree histamine in tissue exposed to non

autologous plamna. These criteria imply, of course, the use of suitable 

autologous plasma oontrols. 

Mr. J. D. Walker assisted with the experimenta testing ori

terion (d). 
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)f}THODS 

.ldul t mongrel doga of both sexes were used. The methode of 

obtaming plasma and of intracutaneous injection have been described 

in Chapter III. In eome of the experilllenta, histamine was also tested 

in the skinJ 0.1 ml. ot an isotonie solution oontaining 1 ,u g./ml. 

(caloulated as the base) was injeoted. In the experimenta testing 

the effects of the antihistamine mepyra:mine and of histamine d.eple• 

t1on with compoœd 46/80, Pontamine Sky Blue (G. r. Gurr), 70 mg./kg. 

body weight waa uaed for staining the plasma.• In the other experi• 

:ments where blueing waa necessary, T-1824 waa used as described in 

Chapter III. 

Uae of an antihistam.ine. llepyramine alea te (Neoantergan, Poulenc) 

was given intravenously aa a 5% solution 1n iaotanic saline. 

Blued recip:iants were skin teated, and as aoon as the initial 

injection sites had been read (i.e. approxima.tely 30 minutes later), 

eaoh .recipient was given mepyramine, 2 mg./kg. body weight. Twenty 

minutes later the a1d.n testa were repeated. 

Use ot a histamine liberator. Twenty-four to 48 hours before blueing, 

random sites were injected iutra.outaneously with 0.5 ml. of a o.l% 

solution in isotonie saline of the histamine libera.tor ooapoUDd 48/80 

~ese exper:1JD8nts nre performed before most or the experimenta in 
Shapter III, at a time when we were using Pontamine SJc;y Blue to1low
ing the recommandation of Miles and Mlles (1952). It was perfeotly 
satisfaotory for our purposes, but when experimenta on va1table pure
bred doge were proposed, it waa felt aafer to change to r-1824, whoae 
toxicity' has been more ca.refully studied, and to redœe the dose of 
dye to 6 :mg./kg. Once thia procedure waa adopted, use of Pontamine 
Blue was diacontinued in order to standardize all future experimenta. 
We have had no reason to auapect that the cutaneoua responses to 
plasma are any different when Pontamine Blue is used instead ot f-1824 
(compare, tor exam.ple, Table VI wi th Table I) • 
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(Burroughs Welloome). 'l'be bleb raised by the volume of injected solu

tion was demarcated with :ink so that the treated area could ~ used 

aga.in. as an injection si te atter the dog had been blued. 

Gastric aoid secretion. Eight doge, i'asted for 24 hours, were trans

fused wi th 20 ml. of plasma per kg. body weight at a rate ot 2 ml.jkg./ 

:aün., under sodium pen.tobarbital anaesthesia (approximately 25 mg.jkg., 

given intravenously) • The procedure for obtaining and handlin.g plasma 

is described in Chapter V. Four animale wre given autologous and 

tour non-autologous plaSJD8.. Beth series ot animale were subjected to 

the same bleed:ing procedure and both types of plasma were obtamed 

and trea.ted in the sa.me way. 

The donors ot non•autologoua plasma, however, were delibera.tely 

selected on the basis of the blued recipients' cutaneous responses to 

in tracutaneously injected dilutions ot donor plasma. Where donor 

pla.sma failed to produce a whea.l at a dilution of 1/9, this donor wu 

rejected and replaced • 

.Af'ter induction ot ana.esthesia, the pylorus was exposed and 

gently tied off tàrough a mid-lin.e incision and a tube waa introduoed 

into the stomach through the esophagus. Atter thorough gastric lava.ge, 

50 ml. ot distilled wa.ter were placed in the stomaohJ every 15 minutee 

thereaf'ter the fluid was aspirated ott and replaced with a further 

50 ml. of distilled water. The remved fluid wa.s titra.ted with 0.05 ll 

Na.Œ to pH 7 usmg phenol red indicator. In 8 titrations, the :œu

tralized solutions as jud.ged with the indicator were checked with a 

Beolcman Model G pH me ter. The measured pH va.lues averaged 7 .2fo.l 
(mean ::. s.n.). 

Free histamine. !hese experimenta followed the transfusion experimenta 



desoribed in Chapter V. The int'requenoy of' hypotensive episodes t'ollow

ing transfusion of' non-autologoua plasma suggested that if hiatamiDe ia 

releaaed at all, it is released in relatively amall am:nmta. llith tbil 

1n m.ind, we developed a simple metbod tor deteoting the releaae of aall 

quentities of histamine. Briet'ly, the method involves the intraoutaneoua 

injection of' the auapeoted histamine liberator, t'ollowed by exoiaion ot 

the injeoted area and incubation :in Tyrode 1 a solution. Beoause ot ita 

high dittuaibility and low attinity t'or tissue aome or all of any 

histamine releaaed should diatributa itselt' in the iDoubation medium 

(B>oha e Silva and Sohild, 1949; Mangar and SohUd, 1952). This 

mediun is then assayed t'or tree histamine. 

At the start of' eaoh experiment, a pair :of' doga was aeleotad 

at random. The recipient waa blued, and samples ot diluted plasma were 

tested on the skin. Where donor plasma tailed to produce a distinct 

wheal at a dil\ltiion of' 1/3, this donor waa rejeoted and replaoed • 

.lfter skin testing, the recipient dog waa anaesthetized with 

sodium pentobarbi tal, 25 mg./kg., and a traoheotomy pertormed. 1.0 ml. 

of' nan-autologous plasma waa injeoted intraoutaneously at a site ohosen 

at random along the m.id-axillary line. When the tiret tinge ot blue 

appeared a.t the site, the entire bleb ra.ised by the injeoted pla...-. wa.a 

rapidly mdercut and exoised with a. aharp soalpel. The exoised tissue 

oonsiated ot both. t'ull-th.iola:l.eas skin and 2-3 mm. of' suboutaneoua 

tissue. This tissue wa.a plaoed on t'ilter pa.per, weighed, out into alioes 

approxi:mately 2 Dllle thiok, and drcpped with the t'ilter pa.per :into a test

tube oontaining 4.0 ml. of Tyrode's solution. 'lhe entire procedure was 

then repeated with autologous plaa•, uai.ng an injection site illm.ediately 

adjacent to that of' the non-autologous injection. 1he time interval 
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between injection and excision wa.s the same as that tor non-autologous 

plasma. ln eaoh experiment. 3 pairs of injections were made. those of 

autologous plasma altemating with those of non-autologous plasma. 

Eaoh aample ot excised. sliced tissue was allowed to inoubate 

in Tyrode' a solution at room temperature ~or 30 minutes. Then. foll011'• 

ing brief centrifugation. the supemate was pipetted ott and treated 

with triohloroacetio aoid to a final concentration of 10%. The result

ing precipitate was reiOOved by centrifugation. and 0.3 ml. of conoen• 

trated HCl and aome boilin.g chips were added to the supemate. 'l'hia 

solution wa.s held m. a bath of boiling a,_line (107°c.) for 90 minutes. 

'!he sample was then brought to pH 7. Si o. 5 wi th NaOH and 0.2 ml. of' 1 11 

tris (hydro:xyme thyl) aminomethane buffe r • pH 7. 7. The pH was al ways 

ohecked wi th a Beckman U:>del G pH :meter. 

The neutralized samplea were assayed for histamine on an iso

lated segment ot guin.ea-pig ileum suspended in a 6 ml. bath filled with 

Tyrode 1 a solution (ot the composition recOl'lllllended by Code and Molntire, 

1966), containing 0.15 mg. of' atropine aulphate per litre. A represen

tative assay is shown in Figure VI. :No more than 0.1 ml. of sample 

lf'.a·a added to the bath at a time. for larger additions sometimes had a 

depressant eff'ect on the gut, probably owing to their hypertonicity. 

Because the amount ot histamine in the samples otten was ama.ll, intes• 

tine insensitive to 0.003 pg. was rejected and replaced. At the end of 

a series of assays, 0.020 pg. ot :mepyramine maleate was added to the bath • 

.&t'ter aeveral washinga, soDI8 assays were repeated to test parallel 

inhibition..of the histamine standard md samples. Theae tests never 

indicated the presenoe of a contraoting eubstance ether than histamine. 

To en sure the validi ty of the :method, the recovery of standard 
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FIGURE: VI - Histamine Assay on the Atropinized Guinea-pig Ileum. 

The photograph shows the k:ymograph record of contractions o:f a 
segœnt of guinea-pig ileum. Actual size. Drum speed 9 mm./m.i.n. 
Contraction of the gut caused an upvtard swing of the sty1us. 

Prelminary soreening of the samples had shown the particular 
samp1e assayed here to have a histamine content of about 0.1 pg./ml. 
From the 1eft: the :f irst, third., fourth., sixth., and seventh con
tractions were caused by 0.010., 0.012, o.oos, 0.006., and o.oos pg. 
of histamine respeotively, added to the bath as a solution con
te.ining 0.10 pg.Jml.; the second and fifth contractions were 
oaused by 0.10 and 0.05 ml. of semp1e respeotive1y. The histamine 
contant of the sample was reoorded as 0.11 pg./ml. 



TABLE V - B:loovery of Histamine atter Treatment with TC.A., BCl and 

He at. 

Total .A.mount of Histamil:le % ~oovery 

Initial Final 

1.oo )J.g. 0.90 )J.g. 90 

1.00 0.90 90 

0.75 0.64 85 

0.75 o.12 96 

o.so 0.43 86 

0.50 0.45 90 

0.25 0.20 80 

0.25 0.19 76 

o.oo o.oo 

o.oo o.oo -

58 
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histamine solutions was tested. 1.00 ml. of an appropriate histamine 

solution in saline was added to 1.00 ml. of heparinized dog plasma. 

4.00 ml. of Tyrode's solution were added. Af'ter 30 l!linutes at room 

temperature, the aoluticn was treated with triohloroaoetia aoid, HCl, 

and heat, :œutralized, and assayed, in e:z:actly the same wa.y as were 

supernates from the inaubated tissue. The reooveries are sho.n in 

Table V; the mean reoowry in 8 tria.ls wa.s 87!2(S.E.)%• 

The amcnmt ot free his tam.ine reoovered par aample of akin. in 

fi.•• was oa.loula.ted from the expression A x (4+S) whe.re A • total 
v 

histamine in assayed se.mple, in fg., V • volume of supemate removed 

after inouba.tion, in ml., and S • weight of exaised tissue, in g. 

(4 + S representa fairly olosely the original volume through whioh 

any free hi stamine oan dia tribute itself) • 

.lll values for histamine are exp.resaed as the ba.se. 

Com.poœd 48/80, diuolved in isotonie saline, was tested in 

the same wa.y as plasma in some experimenta. At the end of these 

experilœnts, the minimum dose of 48/80 whioh oould produoe a 10% fall 

in arterial blood pressure was determined. Blood pressure waa 

reoorded wi th a mercury manometer from the femoral artery 1 48/80 wu 

given intravenously in asomding doses a.t 6 minute interva.ls. 

BESULTS 

Ef'feot of mep;yramine. The re sul ts in 8 dii'ferent recipients, eaoh 

tested with a aeparate sample of non-autologpus plasma, are shawn 

in Table VI. A dose of 2 mg. of mepyra.mine pe r kg. body weight 

reduoed the mean diameter of the bluad a.rea prodwed by non-autologous 

plasma from 12.6 mm. to 7.3 mm., and of that produoed by histamine from 

10.2 to 4. 7 Dllle The reduction in both oases was signifioant (p -<.O.Ol by 



TABLE VI - Ef'feot of Mapyramine Malea.te on Cutaneous llesponses to Non-Autologous Plasma and Histamine. Eaoh 

value representa the mean from duplioate injections. 

Before Mepyramine 1 After:Mepyramine 

Autologous Non-Autologous 
1 

Histamine Non -Auto logo us Histamine 
Plasma Plasma lj«./ml. Plasma 1 jJg./ml. 

Diameter Jntensity 1 Diameter Jntensity 1 Diameter Intensitl - Diameter Intensity Diameter In.tensity 

• n.m. - 11.8 mm. 2 10.8 mm. 3 2.0 mm. - 2.0 mm. 

n.m. - 16.2 4 5.3 2 10.8 3 2.0 -
n.m. - 12.5 4 11.8 4 2.0 - 3.6 1 

5.1 mm. 1 10.8 4 11.4 4 7.9 1! 2.0 --
lbll1e - 12.0 4 10.0 4 9.8 2t 6.1 1 

-
n.m. - 10.1 3 11.5 4 3.6 li 6.5 1 

-
4.0 3 12.4 4 10.8 4 10.5 si 6.4 2 

-
n.m. - 15.3 4 1o.o 4 12.2 3-à- 8.8 3 

-

Jlean 12.6 10.2 7.3 4.7 

! S.E. !o.T ~0.7 ~.5 ~0.9 

(J\ 
0 • n.m. 1 needle mark < 2 DDD.. in diameter. 

~ 
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t test using paired valuee). 

Bft'eot of compound 48/so. The eft'ect of previous treatment with 48/80 

is shown in Table VII. The response to non-autologous plasma was 

reduoed on the average from 11.8 Dllle in untreated area• to 8.2 mm. in 

treated areas (p<O.Ol, paired values) • The response to 48/80 was 

reduoed from 1•.6 -.. to 10.0 mm. (p <0.06, unpaired value a). The 

response ot treated areu to histamine waa not appreciably af':f'ected 

(p > 0.3, paired values). 

Gastric ac id secretion. The resul ts are shown in Figure VII. Autologows 

plasma transfusions were un.itormly witb.out e.t'f'eot on aoid secretion. In 

contrast, every non•autologous plasma transfusion was followed by a 

rather sharp increase in seoretion. In three dogs, the inorease began 

wi thin 30 minutes of the trane:f'uaion J in the .t'ourth dog it was delayed 

for an hour. It is interestmg that the recipient with the delayecl 

respoœe had a severe hypotensive episode following the transfusion, 

as descrihed in Chapter VJ the inorease in aoid secretion coincided 

with the return of the blood pressure to normal. 

Free histamine. The re1ults ot 10 consecutive experimenta are shown 

in Table VIII. Dle &1Wl1mt of free histam.iœ recsovered af'ter lK>D.• 

autologoua plasma injection was on the average 0.296 ).lg•• &t'ter 

autologoua plasma, 0.141 JJg. Application of the ! test to individually 

pa.ired values ·showed this dit.ferenoe to be sipifioant (p <O.OOl). 

Tlfo variables besides the source of' the plasma should be oon• 

aidered 1 the &lOOtat of tissue exoi&ed (to whioh the amo1.11t of apontaneous 

histamine release ia rela.ted), and the presence o.t' s:uall quantities of 

extre.vascular T-1824 in the tissue treated with non-autologous plasma. 

fhe weight of' tissue exoised a.t'ter non•autologoua injection wa.a on 'the 



TABLE VII - Etfect of Previous Treatment with a Histamine Liberator on Sktn Besponaes to Non-Autologous Plasma., 

Histamine., and Compolmd 48/80. Each value representa the mean from duplicata injections. 

H'on-auto1ogous Plasma 

Untreated Treated 

Diameter 
., ipientj or bl ued Inten-

RnimAl area aity 

Diameter 
or blœd Inten-

area sity 

No. 1 12.0 mm. 4 8.1 Dllll. 1t 
-

No. 2 10.1 • 2i a.a i 
-

11.o• 3t 7.8 2 -
No. 3 11.6 4 8.2 2-! 

-
No. 4 14.1 4 8.2 2 

Mean 11.8 8.2 

s.E. !o.s + .o.2 

• Different donorae 

Histe.mine 1 }4.g.jml. 

Untreated Treated 

Dia.me'ter Diameter 
or blued Inten- ot blued Inten-

area sity area sity 

10.0 mm. 4 10e5 liiDle si 
-

11.5 4 11.2 3 

10.8 4 10.4 3t 
-

13.2 4 10.8 3 

11.4 10.7 

+ _o.? !o.2 

Compound 48/80 1 mg./ml 

Untreated 

Diame'ber 
of blued Inten-

area aity 

13.9 :mm.. 4 

16.0 4 

13.5 4 

14.5 

+ .o. a 

Treated 

Die.meter 
of blued I.:D:ten-

area sity 

8.2 mm. 

9.2 

10.00 

12.5 

1o.o 

+ .o.9 

1 

2 

1 

1 

G" 
~ 
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FIGURE: VII - Effects of Plasma Transfusions on Gastric Aaid 

Secretion. 

The gra.phs show the total aoid secretion of four dogs reoe~vmg 
autologous plasma {above) and of four dogs reoeiving non-autologous 
plasma (below). Closely grouped values are presented as a mean 
with full range. 
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'l'ABLE VIII - Free Histauùne Bsoovered after Plasma Injection. 

Non-Autologous Plasma Autologous Plasma 

Expt. No. Mean S.E. )&)an s.E. 

1 0.49 + 0.06 jJ.g• 0.15 + o.o3;.tg• - -
2 0.55 0.06 0.30 o.o1 

3 o.33 o.04 0.14 0.03 

4 0.26 o.os 0.14 o.os 

5 0.25 o.ol 0.06 o.ol 

6 0.15 o.œ 0.06 0.02 

7 0.12 o.o1 0.12 0.02 

8 0.15 o.o1 0.16 o.o1 

9 0.21 o.o1 0.11 0.01 

10 0.45 o.os o.1e o.o2 
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TABIE IX - Free Histamine lèoovered af'ter 1.0 ml. Injections of 

Compound 48/80 and .A.utologoua Plasma. 

Conon. of 48/so. 
g./ml. 

10-3 

1o-4 

10-5 

10-6 

10-7 

Dose ot ~jao 
oausing l()lfo 
fall in B.P. 

Expt. No. 6 

Plasma 
48/80 (adjacent area) 

o.23)l..g. o.og J.l.g• 

0.18 0.05 

. 0.16 0.04 

0.12 ) 
)0.04 

o.o4 ) 

0.2 mg. (0.025 mg.jkg.) 

Expt. No. '1 

Plasma 
48/80 (adjacent area) 

0.43 )J.g• o.lo )J.g• 

0.30 0.10 

0.23 ) 
) 

0.22 )0.15 

0.13 ~ 

o.5 mg. (0.025 mg.jkg.) 



average 1.43 g., after autologous injection 1.38 g. This difference 

is not signitioant (S.E. of the difference • 0.05 g., p')0.3), nor is 

it in aey case large enough to be of importance. In experimenta 9 and 

10, t-1824 was not given, e.Dd tissue wae excised atter an intenal 

a.rbitrarily set a.t 2j- minutes after :injeotionJ the dif'ferenoe in his• 

tamine release waa as marked as in the other experiiœnts. 

Beaults obtamed with compoœd 48/80, in the two experimenta 

in whioh i t was used, are ah011ll in Table IX. The lkin injection 

:method '08 aensi tive to 1/200 to 1/500 ot the dose ot 48/80 needed to 

cause an appreciable fall in blood preaaure. 

DIOOUSSIŒ 

Th.ese resulta 11how that the effeots of non-autologous plasma 

mset the requirements of the four criteria for hist.aine release aet 

down in the introdwtion to this chapter. The val1d1ty of eaoh of 

these criteria is diacussed in Chapter II, but some comment on the 

part:ioular conditions used in the present experimlnta ia appropriate. 

The reduction of the response to ncn-autologoua plasma by the 

ant:lhi8tam.ine mepyrœl\ine is by itself good evidence for a histamine-

release meohanism. Mepyramine is noted for 1 ta high degree of speoi

:t:io ity as an antihistamine. For example, lèuse found that ita pA! for 

the antagonism of the action of histamine Cil the guinea-pig ileum. waa 

9.32, but only 5.03 for the antagonism of acetylcholine in the aame 

system. That is, mepyramine, on a molar basis, was about 20,000 times 

lll'lhe ~ i8 the negati've logari thm to the base 10 of the molar concen
tration of the antagonia tio drug whioh will reduoe the effect of a 
doUble dose of the active drug to that of a single dose. 
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more, the dose of mepyramme used in the present experimenta {2 mg./kg.) 

was not inordinately large, for, al though it was suf'fioient to deorease 

the response to a moderate dose of exogenoua histamine, it did not 

always abolish it. 

The response to non•autologous plasma was muoh reduoed in a.reas 

or skm previously injeoted with 48/80• Feldberg and Talemik (1953) 

have shawn that 48/80, in oonoentratdànB aimilar to that used here, 

reduoed the histamine content of a treated area of dog sldn by as muoh 

as 85% for at least 10 days. That the skin histamine was oonsiderably 

reduoed by 48/80 in the present e:x:perimen ts is indicated by the 

decreased effect of a second injection or 48/80 into the same site. 

That the capillaries in treated areas could still reaot by an inorease 

of' permeabUity is sbo1m by the near normal response ot theae areas to 

exogenoua histamine. ihua the redwtion in the response to non-autologoua 

plasma in the se areas again suggesta, although it doe s not prove, that 

at leads part of the etfects of non-autologoua plasma can be attributed 

to a release of histamine. 

The striking oontrast between the eff'ects of autologous md non

autologous plasma on gastric aoid secretion ia interesting from two 

points of view. First, it provides f'urther ciroumstantial evidence 

that non-autologous plasma releases histamine. Second, it shows that 

if the increased secretion is indeed due to histamine, non-autologous 

plasma ia able to release histamine on systemio as well as on intra

cutaneous injection. 

The recovery of' more f'ree histamine from skin injected with 

non-autologous plasma than from skin injeoted with autologous plasma 
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malœs the evidence conclusive that nCil-autologous plasma releases 

hÛitamine.• The objection might be raised that in these latter ex:peri-

ments non-autologous ple.sma was not really releasing histamine but 

1nstead was having a leucotaxio effeot, and that the increased a.mount 

ot free histamine reoovered frcainoubates of the excised sk:in was due 

to spontaneous release from increased numbers of hista.m:ine-rich 

leucocytes in the injected skin areas. Although we have not exami.ned 

histologically sites mjeoted l'li th non-autx:llogous plasma, this poe-

sibility is extremely remote. Leuoocytic infiltration would have had 

only about two m:inutes to ocour before excision of the skin. In addi-

tion, the leucocytes of the dog, in contra.st to those of some other 

s:pecies, oonta.in a.lmost no histamine (Code, 1937, 1939). .Another 

possible objection is tha.t the present interpretation of the experi-

:ments :involves the taoit assumption tha.t the active stb stance being 

assayed on the guinea.-pig ileum is in tact histamine. ibis a.ssumption 

is a.lmost oerta.inly valide The trea.t:œnt of the akin extra.ots with tri-

chloroaoetio a.oid, hydroohlorio a.oid and heat would ina.otivate suoh 

interf'er1ng substances as active proteine and 5-hydroxytryptamine. 

1he assay itself was performed in the prese~of atropme. The con• 

traction produoed by the extracts resembled in i ts time course that 

produoed by standard histamine solutions, and the slope of the dose• 

response ourve was identioa.l for the extraots and for histamine (see 

Figure VI). F:inally, mepyramine, :in doses suffie ient to reduce but 

not to abolish the gutts response to histamine, oaused parallel 

•As an in.cidental observation it might be mentioned tha.t the method 
used for this demonstration seems to be well suited for the detection 
of histamine liberators of low potency, or of higher potency but 
a.va.ilable only in m:inute amounts. It deteoted histam.i:D.e release by as 
little as 1 pg. ot 48/80, a dose severa! hundred times lesa than the 
intravenoua dose needed to cause hypotension. It has the further 
advantage of permitting the screening of many drugs for histamine
~leasmg properties :in one animal. 
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inhibition of the effeots of the aample and of standard histamine. 

The reoovery of some free histamine from skin injeoted with 

autologous plasma should not be interpreted as an aotual release of 

hista.mme by suoh plasma. It is muoh more likely that this free his• 

tamme ia a prodœt of spontaneoua release and the trauma of exoiaion 

and sliomg, for intraoutaneous or intravenous injection of autologous 

plasma (Chapter V) rarely if ever causes my (untoward) reaction. 

The present method needs furtiler developœnt before it cm be 

used for a striotly quantitative :measure of the total a:g)unt of hista

mine released. Some l:iberated his tam.ine is probably removed by the 

circulation before excision of the injeoted tissue, and there is no 

absolute assurance that free histamine in the removed tissue reaohe• 

oomplete equilibrium wi~ the incubation mediœ. Conoeming the 

latter point, however, it is likely that equilil::d.um is olosely 

approaohed, for llongar md Sohild (1952) fotmd that wi th 10o-200 mg. 

pieoes of guinea•pig tiSsue inoubated wi th various histamine libera. tors, 

75% of the total histamine released into the medium oocured in the first 

10 minutes. In the present experimenta, moreover, tbere is eo:me rea8on 

for believizJg that non-auwlogous plasma releases only a amall portion 

of the total skm histamine. The amotm.t of release as estimated by 

our method is small ( <10%) relative to the total skin histamine oon

tent of d.ogs (Feldberg, 1956; Perry, 1956) J ill a few pilot experimenta 

we were tmable to find ditfere:œes in the residual skin hiatamine atter 

injection of autologous and non-auw1ogous plasma1 and in soœ further 

pilot experimenta we fotmd that 48/80 is still able to produoe ma.rked 

whet).ing in areas of skin previously injected wi th nan•autologous 

plasma. 
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It should be remembered that the doge used in the experimenta on 

gastric acid secretion and on histamine release fran injected skin did 

not represent a ra.ndom aam.ple, but a a ample in whioh the degree of plasma 

incompatibility was soiii8What :mre pronounoed than in the general popula

tion ot mngrel dogs. How representative of the general population tb.ese 

doge were ca.n be seen from Table II• which shows that in about 48% ot 

rtmdom donor-recipient pairs the recipient shows a response to a dilu

tion of l/9 or higher ot donor plasma {the oriterion for the gastric 

secretion experimenta), and in about 88% ot rando:m. pairs the recipient 

shows a response to a dilution ot l./3 or higher (the criterion for the 

histamine release exper:imenta) • Whether higher peroentages of l'llldom 

pairs would show increased gastrio secretion or histamine releaae oannot 

be deoided without furtiler experimente. However, if the blueirlg atter 

intraoutaneo us injection ia mother manifestation of the histamine

releasing property ot non-autologous plaiJlll&, as it almost certainly ia, 

then it is reaaoœble to conolude that it our method were suf'ficiently 

sensitive, almost every pair of doge would show at least the histamine 

release from skin. 

Although these experimente show that non-autologous plasma 

releases histamine, they ck> not exolude the possibility tb.at part ot 

the effeot of non-autologous plasma ia mediated through some other 

meohaniam. Sinoe the histamine release suggeats (although it does not 

prove) that non-autologous plasma acte on the mast cella, a release ot 

heparin'-' and 5 -hydrox:ytryptamine might be expected. If 5-hydro:x:ytryp

tam.ine playa a role in the cutaneoua reaction, however, it is probably 

a ame.l.l one, tor the 5-hydro:xytryptamine content of dog skin is veey 

law (0.1 ug./g., West, 1958). We are presently investigating whether 



haparin is released a.f'ter non-autologoua transfusions. If' 1t ie, the 

~idenoe that non-autologoua plasma aota on the mast oell will be 

oonsid.erably improved. 

71 



7Z 

CHÀP'l'ER V 

TlrlNSFUSION REACTIONS DUE 1'0 PLASlfA. ŒOMPATIBILITY IN DOGS 

Untoward reactions are not infrequent following the transfusion 

of plasma or serum or whole blood in dogs. Freeman and Wallace (1938) 

noted that of 10 tranatuaions of dried reconatituted serum, three were 

followed by urtioaria. Metoalt (1944) mentions occasiona.l anaphylaotoid 

reactions wi th hypotension and urticarie. in dogs tre.nefused wi th pl&8lll& 

or serum. Hamilton, Pe.rkins and Wal tzer (1947) fotnd that urticaria 

often oocurred a.tter plasma infusions in dogs. Guyton, Lindley, Touch

stone, Smith and Batson (1950), while studying the effeots of massive 

transfusions ot whole blood, were foroed to discard the resulta in six 

out of 34 dogs beoe.use of 'transfusion reactions with resultant sewre 

urtioaria and fall in blood pressure'• Markowitz (1954) oomments that 

blood transfusion reactions in dogs are oharaoterized by shivering and 

vomi ting tlld aometimes by anaphyle.otoid . shook. 

It will be reoalled from the discussion in Chapter I of erythro

cyte types in dogs that most of these reactions oannot be explained on 

the baais ~ erythrocyte inoompa.tibili tiea. The ir ana.thylactoid n&t;ure 

suggested the.t the type of re&otivity observed after intraoutaneows 

injection of non-autologous plasma might be pare.lleled by a syatemio 

ree.otion ~ plasma were given intraveDOusly. The experimenta deaoribed 

in this ohe.pter 11'8J"e designed to test this possibility. Special atten

tion waa paid to blood volume changes, sinoe usue.lly the main reason for 

a transfusion, partio ularly a plasma transfusion, is to expend the blood 

volume. 
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Dr. D. G. Johns assiated with many of these experilœnts. 

ME'l'BODS 

Animale. Jlongrel dogs of both sexes weighing 2o-30 kg. were used tor 

all experimenta except those under anaeathesia where tewer blood samples 

were taken and smaller animals (5-10 kg.) could be used without undue 

interference with the blood volume. None ot the animale had previously 

reoeived any dog plasma or otber injections. 

The dogs were trained to lie quietly on an operating table ao 

that only local anaesthesia was necesse.ry during an experiment. The 

training we.s surprisingly suooesstul a none of the subjecta rebe1led, 

and there was rarely any evidence that the experimenta were being 

intertered with by ale.rm reactions. 

Preparation and handling of plasma. Plasma was obtained by a two•stage 

bleeding on consecutive days from the lateral ve1n of the hind leg. One 

ml. of 2% xylocaine (without epinephrine) was injeoted suboutaneously in 

the region of the vein, and the vein was exposed. To ensure e. free flow 

of blood, a polyethylene catheter large enouP1 to aocept a 16 gauge 

needle was introduoed as far as the int'erior vena cava. Twanty ml • .t 

blood per kg. of body weight were removed on ee.oh occasion into hepe.rin 

(lOO :mg./1.). CD no occasion did signa of shook ensue. The blood was 

oentrituged at 2000 r.p.m. ( r•20 cm.) tor 10 minutes, the plasma 

aspirated off, and the cella, resuspended in isotonie saline, were 

re1nfuaed into the animal. Chlorampheniool, 20 mg./1., was added to the 

plasma, which wa.s stored at 4°C. It was never k:ept longer than 48 hours, 

and waa alwaya reoentrituged immediately before use. 

Transfusions of plasma were made at a oontrolled rate through a 
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oatheterized le g vain. 

Determinations. .lll blood sa.mples were obta:l.ned from. and all injections 

were made into, the indwelling venous catheter. Blood samples were take:n 

into syringes whioh had been rinsed with a 1% hepe.rin solution and dried 

in an oven. Betore any sample was taken, 5 ml. of blood were wi thdrawn 

to rinse the catheter; this blood was returned to the animal atter the 

sample had been obtained. 

The oirculating plasma volume was measured with T-1824 (Brickman), 

the concentration at zero time be:l.ng determmed by extrapolation back 

from the concentrations of four aamplea takea. at 7-à- minute intervals 

atter the injection of the dye. 'Ibis ti.ming was ohosen for two reasons: 

4 samples were considered necessary for a.ccurate extrapolation, and 

Greve and Hamilton (1957) have shown that 30 minutes atter injection the 

disa.ppearance ourve ot 1'-1824 in dogs changes direction rather abruptly 

to become less steep. !he plasma volume, in litres, was oal~ulated by 

dividing the value in mg. of the 8Jir)\llt of dye :in.jeoted by the plasma 

concentration in mg./1. of dye at zero time. The dye was injected as a 

0.2&% solution in isotonie saU.ne; 5 ml. were generally given per injec

tion, e:mept in a rew very large dogs, where 6 ml. were given. The 

injection was made with a syringe held in a deviee fGtr oonstant-volœe 

delivery, and was followed i.mmediately by a flushing injection of 5 ml. 

of isotonie saline introdmed through a 3-way stopoook fitted between 

the dye syringe and the needle at the end of the catheter. The aotual 

volœe injected was determined by delivering an. equivalent voluae of 

water into a tared bealœr and weighing. Dye concentrations were deter

mined with a Beokman Jlodel DU speotrophotomster at 620 JlJf• atter a.oetoœ 

extraction of the plasma (Chinard and Eder. 1948). The zero aetting on 
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the speotrophotometer was made with a blank prepared by extraction of 

plasma taken just before the f'irst dye injection. The extinction pro

duoed by eaoh sample wae oompared Yi th the extinction of extraoted plaaa 

samples made up to a known dye concentration with the same dye solution 

as tb.at :lnjeoted. The standards were alwa.ys prepared from the plasma. ot 

the pa.rtioular experimeotal animal, and care was always ta.ken that the 

standards oovered the same range of concentration as the post-injection 

sa.mples. 

Total plasma protein waa determined in duplioate by the biuret 

method of lbb :in son and Hogd.en (1940). Samples oontaining T-1824 needed 

decolorization,l this was aohieved by the addition of Baney niokel

aluminum alloy as desoribed by Stewart and Burgen (1958). 

The hematoorit was determined in duplioate in Wintrobe tubes by 

centrifugation at 2500 r.p.m. for 30 minutes {r-10 om.). 

To show the aoouraoy of the se œ thods a in 8 dogs, the mean 

individual difference, ignoring the sigD., between two successive plasma 

volume determinations was o.8to.2 (S.E.) ml/kg., between two successive 

plasma protein determinations was 0.16%0.05 g.%, and between two succes

sive hematoorits was 1.8:to.7 percent (oells). The determinations were 

spaoed 30 minutes apart. 

1n the few experimente in 11hioh i t was measured, plasma hem::>

glob in was detennined by the method of Flink and Watson (1942), whioh 

involves the conversion to pyridine ferrohem.oohromogen tollœed by 

colorimetrie estimation. The method in our hands was able to detect 

10 mg. of he:mglobin per lOO ml. of plasma. 

Skin testing. An assessment of the sensitivity of the dog to the donor 

plasma was made by intradermal injection of 0.1 ml. of se rial 3-f'old 
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dilutions of the plasma in saline as described previously. These tests 

ftre peri'ormed e.t"ter the initial plasma volumes had been determined with 

T-1824. so that the wheals were easy to distinguish by their blae tinge. 

Erythrocyte croas•matohing. Plasma and serum samples were examined tor 

erythrocyte isoagglutinins by direct crosa-matohing. o.os ml. or a 5-

10)& suspension of erythrocytes in sa.l ine were added to 0.2 ml. of plasma. 

or serum. After incubation at 37°C. for one hour. the suspension we.s 

exa.m:in.ed miorosoopically for agglutination. Cross-matohing was also 

pert'ormed in a high•albumin medium a.ooording to the directions of 

Hamilton (1948). 

For convenienoe. the design ot eaoh experiment is desoribed 

with the resulta. 

HESULTS 

Group 1. Compe.rison of the plasma.-expending effioiency of autologous 

and non-autologous plasma. Eight dogs were divided into tour pairs of 

matching weight. were bled. and on the day following the second bleeding 

were transtused with 20 ml. of plasma/kg. at the rate of 1 ml./kg./minute. 

The animale were unanaesthetized. Two pairs reoeived autologous plasma 

and two non-autologous plasma. Two weeks later the entire procedure was 

repeated with the types of tranaf'usion - a.utologous in.d non-autologoua -

reversed, so that at the èlld of the experiment eaoh animal had received 

both an autx>logoua and a non-autologous transfusion. The procedure for 

eaoh transfusion is outlined in Table x. 
To our knowledge the source ot the plasma was the only variable 

in these experimenta. The recipients of both autologous end non-autologous 

transi' us ion had undergone identioal bleeding sohedules and were entirely 
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TABLE X - Procedure for eaoh Transfusion of Group I. 

Day 1. Plasma volume, plasma protein, and hematoorit detenninations. 

Dog bled of 20 ml./kg. Cells repla.oed. 

Day 2. Dog bled o:f 20 ml./kg. Cells replaoed. 

Day 3. Time, min. 0 

30 

6o-so 

llO 

Plasma volume, plasma prote in, and 

hematoorit detenninations. 

Plasma volume, plasma protein, and 

hematocrit detem.inations. Sk:in testing. 

Transfusion of 20 ml./kg. of autologous 

or non-autologous plasma. 

Plasma volume, plasma prote in, and 

hematoorit determinations. 

140 Plasma volume., plasma protein, and 

hematoorit determinations. 
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oomtarable in mi tial blood volume and hematoori t. The samples of 

autologous and non•autologous plasma were obtamed., stored., and adminis

te red in the s ame way. 

In Table XI the values for plasma volume., red oell volume., and 

plasma protein are given for the animale before bleeding and before 

transfusion. The plasma volUIIle waa redœed on the average by 7. SJ' and 

the oirolllating plasma protein by l6.6fo as a result of the bleeding. 

Harever., these reductions were small relative to the volœe and plasma 

protein. content of the subsequent trenafusiona. 

Within 15 minutes after transfusion of non•autologous plasma 

everz animal developed outaneous whealmg., pa.rtioularly in the neck and 

groin regions. The wheals were bright blue in colour owing to the 

leakage of plasma stained with T-1824, and were preceded and surro1.m.ded 

by eryth.ema. In the mre severe reactions, the wheala were generalized 

and confluent and facial edema oocurred. partioularly in the muzzle end 

periorbital tissues. The severe reactions were aooompa.nied in some 

an1Jnal.a by vomiting and letb.argy. On the other ha.Ild, no outaneous or 

other reactions were seen after any of the autologous plasma transfusions. 

Table XII gives the values for changes in plasma volœ.e, protein 

and red oell volume following transfusion. Table nii shows pertinent 

individual resulta. lètention of transfused volume within the oiroula

tion was complete after autologous plasma, but a.fter nan-autologous 

plasma only 51.5!10.3% of the transfused vol\IDB remained in the oirou

lo.tion 30 minutes after the transfusion. No signifie ant further losa 

ooourred during the subsequent 30 minutes. The estima.ted red oell 

volumes re:mained so constant throughout the experimenta that the change 

in hematoorit provided almost as aoourate a measure of the degree of 
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TABLE XI - Effeot of the Bleeding ~cedure on the Plasma Volumes. 

Cell Volumes. and Total Plasma Proteins of Eight Normal Doge*. 

Pre-bleed Pre-transfusion 

a. Plasma vol ume + 48.5 :t 1.9 44.8 ± 1.2 (p (o.o2)i 

(ml./kg.) 

be Cell volume 34.5 t 1.5 33.5 t 1.7 (p. 0.3)* 

(ml./kg.) 

o. Plaama protein 3.25 ! 0.12 2. 71 ! o.o9 (p <.o.ool)i 

(gm./kg.) 

* 'l'wo procedures per dog. apaoed two weeks apart. 

+ Mean ~ standard error. 

• Value for t, pre-bleed vs. pre-transfusion, paired values. 
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TABLE XII - Effeot of Autologous and Non-Autologous Plasma Transfusions 

on the Plasma Volumes, Bad Cell Volumes, and Total Plasma Protein of 

Eight Dogs. 

a. Pre-transfusion 

plasma volume 

(ml./kg.) 

b. Post-transfusion 

plasma vo 1 'UDif) 

(ml./kg.) 

o. Plasma vol ume 

expansion• 

(as peroentage of 
volume transfused) 

d. Plasma protein 

expansion+ 

(as peroentage of 
amount transfused) 

e. ~d oell volume+ 

(as peroentage of 
pre-trans:t'usion 
red oell volume) 

Auwlogoue 

60 min. before 45.0 t 1.5* 

30 min. before 44.2 ! 1.8 

30 min. after 

60 min. after 

• 65.7- 2.1 

45 min. after 104.0 :t 8.9 

45 min. after 126.1 ! 10.8 

45 min. after 99.8 % 4.3 

• lrean ! standard error. 

Nac.-Autologous 

45.0 ! 2.0 

55 ~ + ~.o 
eù - ù 

+ 54.9- 3.1 

99.5 :t 6.6 

+ Averaged for eaoh animal from 30 and 60 minute pre- and post-transfusi on 
detenninations. 

• Value for t, autologous vs. non-autologous, paired values. 



SI 

TiBLE XIII - Effioienoy of Auto1ogous and of Non-Auto1ogous Plasma 

as Plasma Volume and Protein Expanders • 

• • Dog No. Plasma Volume Expansion_ Plasma Protein Expansion 
(as % of volume transfused) (as % of amoœt transfusèd) 

.Autologous Non-Autologous .Autologous Non-J.uto1ogous 
Transfusion Transfusion Transfusion Transfusion 

1 159%+ 71% 191%'" 79% 

2 93+ 13 119+ 22 

3 96+ 33 105+ 34 

4 77+ 16 97+ 19 

5 102 93+ 126 77+ 

6 83 66+ 99 sa+ 

7 115 70+ 138 76+ 

8 102 54+ 134 76+ 

• .. Averaged from 30 and 60 min. pre- and post-transfusion determinations. 

+ Denotes :first of the two tra.nsf'usioœeaoh animal reoeived. 
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plasma expansion as did the dye dilution method. 

Af'ter the non-autologous transfusions, muoh of the equivalent of 

the transfused plasma protein was lost from the circulation, but with 

autologous transfusions the :increase in ciroul.ating protein• appeared 

to be slightly greater than that trana.tused. 

Plaœa volume, total plasma protein, and red oell voltu~~~e did 

not change wi th time in three control experimenta in which the protoool 

was identioal with the above experimente, but in whioh transfusion was 

omi tted. The mean value a.fter what ordinarily would have been the trans• 

.fusion period, expressed as a percent of the œan value before the period, 

was 100.6tl.7 (S.E.)% for plasma volume, 100.3~1.6% for plasma protein~ 

and 96.1!5.0% t.or red cell volume. 

Group 2. Effeot of mepyramine on the non-autologous plasma reactions. 

Plaama was obtained from. eight pairs of dogs of matohed weights by the 

standard bleedillg procedure. Each member of a pair served as donor for 

the other. so that all animale reoeived Cilly non-autologous tranatusions. 

Twanty ml. of plasma per kg. were transf'used at the rate of 1 ml./kg./min

ute. No anaesthesia was used. <ile member of each pair reoeived mepyramine, 

5 mg.jkg., as a 1.5% solution intravenously in divided doses 30 and 15 

minutes before transfusion. The other mem.ber se!"V'ed as a control. The 

timing of the pre-transfusion determinations was different from that in 

the experimenta iD Group lJ determinations were made at 80 minutes and. 

50 minutes before transfusion. 'l'his al.lowed time for the mepyramine to 

aot without inter.f'ering with the skin testing a.fter the seoand dye 

injection. 

None of the animals treated with mepyramine developed wheale 

follawing transfusion, whereas seven of the eight untreated animal• 
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developed whe als similar to those already desoribed. Table XIV shOWB 

that expansion of plasma voluœ and retention of plasma protein were 

considerably greater in the treated animale than in the untreated, but 

still were signitioantly lese than the complete expansion found after 

autologous transfusion (p-<.0.02 for both volume and protein expansion). 

In three supplementary control experimenta, mepyramine alone 

(i.e. in the absence of transfusion) did not att'ect the plasma volœe 

or circulating protein. 1he mean value atter what ordinarily would 

have been the transfusion period, expressed as a percent of the mean 

value before the period, was 100.3±1.4 (S.E.)% for plasma. volume, and 

l00.5!o.g,( for plasma protein. 

Group 3. Ef'feots of transfusions on blood pressure. Eight dogs were 

transfused under a.na.esthesia (intravenous sodium pentobarbital, a.pproxi

mately 25 mg./kg.) with 20 ml. of plasma per .kg. a.t a. rate of 2 ml../kg./ 

minute. Arteria.l blood pressure wa.s recorded from a femoral a.rtery with 

a mercury manometer. Four mim.als were given autologous and four non• 

a.utologous plasma. Agam, both series of animale were subjeoted to the 

seme bleeding procedure and both types of plasma were obta.ined and treated 

in the same way. The donors of non-autologous plasma, however, were deli• 

berately seleoted on the basie of the recipients t responsea to intraou

taneously injeoted dilutions of donor plasmas only those donors whose 

plasma produoed a wheal at a dilution of 1/9 or higher were uaed. (The 

effect of transfusion an gastrio acid secretion, already described in 

Chapter IV, was determined in these experimenta) • 

The four animale reoeiving autologous plasma showed slight pres

sor responses. Three of the four dogs reoeiving non-autologous trans

t'usions showed similar responses, but: the t'ourth animal developed a

severe hypotension, the mean blood pressure fa.lling from 115 mm. J[g. to 
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TABLE XIV - Ef'fect of Non-Autologous Plasma Transfusions on the Plasma 

Volumes, ~d Cell Volumes, and Total PlaB.ma Protein of Eight Untreated 

Dogs and of Eight Dogs Treated wi th :Mepyram.ine Lfs.leate. 

a. Pre-transi' us ion 

plasma volume 

(ml.jkg.) 

b. Post-transfusion 

plasma volume 

(ml./kg.) 

o. Plasma vvlume 

expansion+ 

(as peroentage oi' 
volume transfused) 

d. Plasma protein 

expansion+ 

(as peroentage or 
amount trenstused) 

e. led oell volume+ 

(as peroentage or 
pre- transf'usion 
red oell volume) 

80 min. bei' ore 

50 min. bei' ore 

30 min. a.t' ter 

60 min. ai' ter 

45 min. atter 

45 min. atter 

45 min. a.fter 

• :Mean t standard error. 

Treated 

50.4 :!: 3.1"' 

50.6 :!: 2.9 

65.9 :!: 3.5 

63.7 :!: 3.6 

71.5 ! 7.8 

105.0 z 2.6 

Untreated 

48.0 :t 2.5 

47.6! 2.6 

56.8 ~ 3.3 

55.0! 3.4 

40.5 ;t 8.·9 (p<0.03)~ 

45.2 ! 10.6 (p~0.02)~ 

108.1 ! 8.7 

+ Averaged for eaoh animal from 80 aild 50 minute pre-transfusion and 
30 and 60 minute post-transfusion determinations. 

* Value for t, treated vs. UD.treated, unpaired values. 
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FIGURE VIII - HYPotension Following a Non•Autologous ~lasma 

Transfusion. 

The record is from a 7.7 kg. dog. Five minute intervals are 
marked on the base·line. Between the arrows 154 ml. of non
autologous plasma were transfused at a constant rate. 
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TABLE XV - Intradermal Titre • Whealing Reaction • and Plasma Expansion 

in Dogs Beoeiving NOn-Autologous Pla~ Transfusions• 

Pre-Transfusion 
Intrader.mal Titre* 

1/27 

1/9 

1/3 

Undiluted 

Whealing af'ter 
Transfusion+ 

4.o* 

(4. 4, 4) 

2.7 

(3, 3, 2) 

2.1 

(3, 1, 3, 3, 
2, l/2) 

1.4 

(4, 1/2, 1, 0) 

~ Highest dilution produoing a deteotab1e response. 

Plasma Volume 
Expansion. 45 minutes 
after transfusion, as 
percentage of volume 
transfused 

1~ 

(33, 16, 9) 

51% 

(56, 19, 78) 

58% 

(26. 70, 60, 71, 
64, 65) 

47% 
(13, 66, 93, 16) 

+ Graded on an arbitrary soale: 0 - no whealing; 1 - one or two 

wheals; 2 and 3 - modera te whealing; 4 - confluent wheal:ing 

with severe facial edema. 

* Mean value. Individua1 valœs in braokets. 

• 



87 

40 mm. Hg. near the end of the transfusion and then remaining law for 

almost an hour. Part of the lcymogra.ph record is shown in Figure VIII. 

S~ilar hypotensive response1 to non•autologous plasma have been 

observed in severa! pilot experimenta. 

Skin testing. It is of some interest to kn.ow wbether the intensity of' 

the intradenual reaction tc plasma retleots the degree of wbealing and 
. !1 

of defio ient retention atter plasma transfusion. In Table XV are sum-

marized the resulta in 16 dogsa the 8 dogs of Group 1 and the 8 control 

an:i:mals reoeiving non-autologous transfusions in Group 2. There is a 

fairly good correlation between the severity of whealing and the titre 

of the intr&dermal reaction. 1'he correlation of' ei ther of the se wi th 

retention ct transf'used plasma is poor. 

Erythrocyte isoagglutinina. lnlnedia tely before ten of the non•autologous 

transfusions the sera ot both donor and recipient were tested f'or erythro-

oyte isoagglutinins. None were detected. Further evidence that the 

réactions to non-aùtologous plasma are unrelated to any erythrocyte 

f'aotors was obtained from two pairs of' dogs which bad shawn atrong 

reactions to each other' s plasma. Four lf8elca atter plasma transf'usion, 

these dogs were transfuaed with lOO ml. of eaoh other1s wa.shed erythro-

oytes, suapended in lOO ml. of' isotonie saline. No signa of whealing, 

oollapse or other \mtoward reaction oocurred. Plasa hemoglobin deter-

minations tak:en bef'ore and at hourly intervals for 6 hours af'ter trans-

fusion gave no evidence of a hemolytic reaction; the post-tra.nstuaion 

levels on no occasion were higher than the pre-transfusion levela. 

DIOCUSSIOR 

These resulta show that in the unanaesthetized dog relatively 

large transfusions ot non-autologous plasma almost always produoe miner 

to moderate reactions and oocasionally produoe major reactions of an 
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anaphylaotoid type. Although urtioaria is the oommonest manifestation 

of these reactions, a more signifioant feature is a losa of the equi• 

va.len t of muoh of the added plasma wi thin 30 minutes of transfusion. 

This losa is on the average suf'i'ioient to reduoe the increment in plasma 

volume to about half' the predioted valœ J oooasionally 1 t is so pro

nounoed that the plasma voll.llle is not expanded at all. 

Autologous plasma ia far superior to non•atrbol()gous plasma aa 

a plasma volume expander. This conclusion is valid whether one com

pares the resulta of autologous transfusion with those of non•autologous 

transfusion in Group 1, or with those of non•autologous transfusion in 

the wtreated animale of Group 2. The effjo iency of autologous plasma 

as a volume expander, and the absence of reactions following its use, 

provide valuable evidence that the reactions to no~autologous plasma 

desoribed here are mt due to the methode of handling or stor:ing the 

plasma. but to a genuine incompe.tibility. Jbmington and Baker (1959) 

have recently contirmed the se re sul ta J they t'ound a high ino idenoe of 

reactions to hom.ologous plasma, oharacterized by urtioaria, t'alle in 

arterial blood pressure, and poor expansion ot the blood volumeJ 

autologoue plasma transfusions produoed the predioted increaae in 

plasma volume, and were not i'ollowed by untoward reactions. 

The plamma inoompatibility demonstrated by transfusion is almost 

oertainly another manifestation of the ind.ividual specificity of dog 

plasma. 'We can i'ind no evidence to conneot the inoompatibility wi th the 

presence of natural. erythrocyte isoagglutinins in the plasmas the occur

rence of the se isoagglutinins has been reported to be inf'requent, as 

disoussed in Chapter I, and in our o1m experimenta we have been lll8.ble 

to demonstrate either natural iaoagglutinins or pathologioal reactions 

to red oell in.fusions. The reactions to non-autologous plasma 
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transfusions again appear to be the result of a release of endogenous 

histam:lne. It was shawn :ln Chapter IV that a sharp increase in gastric 

acid secretion often follows non•autologous transfusion, In the present 

experimente the urtioarial reactions were oompletely inhibited and the 

expansion of the plasma volume was sigJlificantly improved by pre-treat

ment with an antihistamine. Similarly, Baker and Remington (19i8) have 

found that the facial edema and fatal circulatory collapse which oocur 

after non•autologous transfusio~s in adrenaleotomized dogs oan be pre

vented by the previous administration of the entihistam:lne diphenhy

drandne (Benadryl). 1he failure of mepyram:ine in our experimenta to 

prevent completely the plasma extravasation while preventing the 

urtioaria may mean that part of the reaction to noc.-autologous plasma 

transfusion is :mediated by some mechanism other than histamine release. 

It is just as reasonable, however. to attribute this failure to the 

known resistance to the antihistamines ot the cardiovasoular affects 

of the histamine liberators (Paton, 1957). 

It is obvious from the whealing reaction that some of the plasma 

loss from the circulation following non-autologous transfusion ocours 

into the sldn. However, this is probably not the only site of plasma 

extravasation. Slcin lesions and blue:lng no longer appear a.fter treatment 

with mepyramine, yet some plasma loss still ocours. Al.though the present 

experimenta do not show where this extra losa happens, the resulta of 

Deavers, Huggins and Smith (1967) suggest that it is not restrioted to 

a partioular tissue or organ. They round a generalized inorease in the 

amount of 'trapped' (i.e. stagnant or only slow~ oiroulating) plasma 

in the abdominal organs, lunga, and skeletal muscl e, as well as in the 

skin, following massive transfusions of homologous blood in the dog. 
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Donor plasma was tested in the sk:in bet'ore trans.t'usion to deter

mine whether one could prediot the outoome o.t' trans.t'usion o.t' that plasma. 

~e resulta of skin-test:ing were only o.t' limited value in this respeot. 

Although dogs whioh sho•d marked skin sensitivity to donor plasma e.lso 

had severe reactions to subsequent transfusion. dogs with weak &kin 

responses had reactions of variable. unprediotable severity. This laok 

of good correlation is not surprising. In addition to the di:t'fioulty 

of objective assessment of' both skin responses and transfusion reactions .. 

it il probabl~ that the skin sensitivity to donor plasma is only cne of 

several factors whioh determine the severity o.t' the reaction to tre.ns.t'used 

plasma. An.other f'aotor, for example, may be the initial rate at which 

ncn-autologous prote in reaohes the e:x:transcular spe.ce and the til sue 

mast oells. 

Although. few o.t' qur transfusions were pêrfonaed under anaesthesia, 

we gained the impression that whealing was lesa prominent than in oon

scious animale. Sim11arly. Baker and Remington (1958) have reported 'that 

facial edema is less severe tmder anaesthesiaaf'ter transfusion in adrena1-

eotomized dogs, and in their most reoent experimenta (~mington and Bt.ker, 

1959) have fotmd that the frequency of hypotensive episodes after trans

fusion is reduoed by anaesthesia. !he .t'aot that ~ :investigators have 

not reported serioua transfusion reactions in dogs may be due to this 

ef.t'eot of anaesthesia and to the wheals being les s obvious when dye ia 

not present in the plaama. 

The physiological signifioe.nce of these exper:i.lœnts is disoussed 

in Cha pte r VII. 



CHAPTER VI 

E.XPERIMENTS WITH OTHER ~lES 

Although. only a fflff speoies have been examined for a plasma 

specifioity simila.r to that of the dog, the re sul ts are :interesting 

enough. to warrant aome description. 

:ME'mODS 

Homologous plasma was tested in the skin of oats, rabbits, 

guinea-piga, and ~ 
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Light-coloured cats, ra.bbits and guinea-pigs of both sexes were 

closely olipped to remove the furJ in guinea-pigs, olipping was followed 

by the use of a depUator (J4iles and Miles, 1952). Blood was obtained 

by ca.rdiao punoture under light ether ana.esthesia, md the animale were 

blued by intra.peritoneal injection of Pontemine Sky Blue (G. Te Gurr), 

70 mg./kg. Sldn-testing was pertormad an hour later, after complete 

reoovery from the a.naesthetio. 'l'he techniques of handling and injecting 

the plasma were as desoribed for the doge 

The hurn.an subjeots were healthy young adult males. .Ul appara.tus 

was sterilized by dry heat. Blood was obta.ined by venipuncture. The 

subjects were blued by intra.venous injection ot 50 mg. ot T•l824 (Warner

Chilcott), a dose whioh prodmed moderato staining of the plasma but left 

the skin oolour normal during the experi.msnt so long as oapillary permea

bility wu not inoreased. (.1 day or two after the dye injection, the skin 

of som.e aubjeots developed a. fai:at grayish hue whioh persisted for about 

a. week) • Plasma was prepared and tested in the skin of the baok in the 

&ame way as it was in the dog. Histamiœ, 1 pg./ml. {calcula.ted as the 



92 

b~se) in isotonie saline, was also injeoted in 0.1 ml. volumes :in some 

subjeots for purposes of comparison. Cutaneous responses were -a:lways 

assessed by an independant observer unaware of the kinds of fluid 

injeoted at particular sites. Erythrocyte types were determined by 

slide tests using standard typing sera (Hartz). 

R&SULTS 

Only in man were the re sul ts of more than routine :interest. 

In rabbits (six donor-reoipient pairs) no reaction was obtained to 

autologous or non-autologous plasma. In cats. no selective response 

oould be dem:mstrated in six donor-reoipient pairs. as the majority 

of recipients .. howed pronounoed reactions both to autologous and to 

non-autologous plasma. In guinea-pigs there was a slight indication 

of a selective response. for two out of eight donor-reoipient pairs 

showed moderate reactions to non-autologoua plasma. while no recipients 

reaoted to autologous plasma. 

ln human subjeots, intraoutaneous non-autologous plaama pro

duced on the average larger reactions than autologous plasma. although 

the results were lesa uniform than in the dog. Typioal responses are 

shown in Figures IX and x. In 16 donor-reoipjent pairs (eight donors 

tested :in five recipients) the diameter of the blued area produced by 

nQl-autologous plasma. averaged s.o mm.. with a mean intensity of 2-à-. 

The se lesions were all typioal triple responses wi th well-marked flares. 

and they developed wi thin fi ve minutes of injection. Auto logo us plasma 

generally produoed no more blueing than oould be acoounted for by the 

needle mark. It may be seen from Table XVI that of the 16 dono:r

reoipient pairs. 11 showed olearly positive rea6tions to non-autologous 
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FIGURE DC - R!3sponses of' Human Skin to Autologous and Non-

Autologous Plasma. 

The lef't member of' eaoh horizontal pair of' blebs representa 
the injection site of' autologous plasma. At the upper.rnost 
sites. direotly beneath the letters 'A' and •NA•. the plas.mas 
were injeoted undiluted. At the other sites. the plasmas were 
first diluted with isotonie saline; the reoiprooals of the 
dilutions are indioated. 

The photograph was taken about one hour af'ter T-1824 injection, 
and 30 minutes af'ter the intraoutaneous injections. 

(Photograph by Dr. s. Freedman.) 



FIGURE X - ~sponses of Human Skin to Autologous and Non-

Autologous Plasma. 

This photograph is a close-up of the upper two pairs of 
responses sho:m in Figure IX. The reddish discoloration 
in the lower right was caused by shadow. 

(Photo graph by Dr. S. Freedman.) 



TABLE XVI - lèsponses of Human Sk:in to Autologous and Non-.A.utologous Plasma and Histamine.• 

Autologous Non- auto logo us Histamine 
plasma plasma 1 pg./ml. 

Blood 
~ . 

Dieme ter Diameter Dia:rœter 
type of of of 

ABO Bl blued area b1ued area Intensity blued area Intensity 

Becipient No. 1 •••••••••• B d n.m.+ 9.0 mm. 3 
Donor No. 1 •••••••••• A D . 7.8 Dmle 2 
Donor No. 2 •••••••••• 0 D 12.3 4 
Donor NO. 3 •••••••••• 0 D 3.3 2 
Donor No. 4 •• •••••••• A D 10.8 3 

~oipient No. 2 •••••••••• A D n.a. 
Donor No. 2 •••••••••• 0 D 15.2 4 
Donor No. 5 •• •••••••• 0 D J,s.o 3 
Donor No. 6 •••••••••• A D 13.5 3 
Donor No. 7 •••••••••• 0 D 13.3 4 

Beoipient No. 3 •••••••••• A D n.m. 11.5 :St 
Donor No. 2 ••••••··•• 0 D 7.8 2i 
Donor No. 3 •••••••••• 0 D 1.0 
Donor No. 6 •••••••••• A D 3.6 
Donor No. 8 ••• ••••• •• A D 4.9 1 

18oipient No. 4 •••••••••• A D 4.7 mm. n.o 4 
Donor NO. 1 •••••••••• A D 4.0 1 
Donor No. 6 •••••••••• A D 1.0 

IBcipient No. 5 •••••••••• 0 D n.m. 10.5 4 
Donor No. 2 •••••••••• 0 D 6.8 1 
Donor No. 7 •••••••••• 0 D 10.6 2 

<.o 
VJ 

• Eaoh value representa the mean f'rom duplicata injections of 0.1 ml. 
" n.m.: needle mark< 2.0 mm. in diameter. 



plasma and f'ive gave doubtf'ul reactions or none at all. The one 

recipient (No. 4) who reaoted as strongly to his ow:n as to donors' 

plasma had mild dermatographia., and his positive responses may have 

been due to trauma alone. 

No correlation was f'ound between ABO and Rh blood group 

incompatibility and reaotivity to non-autologous plasma. 

9b 

One stibjeot (No. 6) was injeoted intraoutaneously at two sites 

with 0.5 ml. of a o.02% solution of compound 48/80 in isotonie saline 

42 hours bef'ore blueing and testing. The responses to two different 

samples of non-autologous plasma. were reduced from diametereof 10.6 mm. 

and 6.8 mm. in untreated areas to nothing more than needle marks in 

trea. ted a.reas. 

The testing in man of' se rial saline dilutiotl(t of plasma pro-

duced ourious resulta. Dilutions of' the order of 1/9 or higher of'ten 

oaused rapid blœ ing., but no flare, a.t the injection si te. Sinoe this 

eff'eot ooourred both with diluted autologous and with dilutEdnon-autolo

gous plasma., no f'urther attempt was made in man to determine the titre 

of non-au'lx>logous activity by the testing of' serial dilutions. It was 

found, however, that addition of soya bean trypsin inhibitor (Worthington), 

0.1 mg./ml. of' diluent, ef'f'eotively prevented the blueing response to 

diluted autologous plasma. This response was also reduoed when parti

cular care wa.s taken to injeot samples immediately after their dilution 

(a.s was done in the experiment represented by Figures IX and X). 

DI&:}USSION 

These resulta suggest that individual speoif'ioity of plasma 

may not be a phenomenon restrioted to the dog. Although the few experi-
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ments with oats~ rabbits and gu:inea-pigs were unsuooessful :in demon

stra.ting an.y appreciable dii'ference between the effeots of autologous 

and non-autologous plasma, the experimenta with human aubjeots showed 

that the outaneous respon.se to non-autologous plasma resembles that of 

dog skin, but is obtained with lesa regularity. Earlier workers (Chant 

and Gay, l927J Levine and State, 1942; lfa'tmsell, 1944), though they did 

not have the advantage of the blue:ing technique, have also reported 

outaneous reactions to non•autologous plasma in man, as disoussed in 

Chapter I. 

Using the techniques described here, Dr. s. Freedman has oo~ 

t:inued the experimenta on human subjeots at the Montreal General Hospital. 

Hia re sul ts are in complete agreement with tho se reported heres in 38 

recipients, the outaneous responses to non-autologous plasma were olearly 

more pronounoed than those to auio logous plasma; in the remaining 9 

recipients tested, both kinds of plasma produoed either equal responses 

or no res penses; in no recipient was the response to autologous plasma 

greater than that to non-autologous plasma. Every donor-reoipient 

pair had the same major blood types. 

It is diffi cult to decide how olosely the phenomenon in man 

parallels that in the dog. The degree of speoificity does not ap~ar 

to ma toh that of dog plasma, but the grea ter variability of the responses 

:in man may be due in part to the faot that dogs were given muoh more dye 

be.fore testing than were human subjects. In addi tion, it may be that 

the sk:in is not the ideal site in man for demonstrating the apeoifioity 

of plasma. Whether h'Uill8.n non-auwlogous plasma produces its effects by 

releasing histamine also remains undeoided, although the effeot of 
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pretreatment wi th 48/80 in the one experiment in which i t was tried 

suggests that this may be the oase. Even more suggestive is the simple 

observation that the response to non-autologous plasma is a triple 

response, for in zœn.1 only histamine or histamine-releasing substances 

are known to produc~ triple responsea on intraoutaneous injection 

(Paton, 1957). 

T'ne observation that diluted autologous plasma is able to pro

duce blueing on intraoutmeous injection in man was relevant to the 

present study only to the extent that it showed the danger in using 

serial dilutions tor assessing non-autologous activitywithout oare-

ful oontrols. The observation did have considerable signitioanoe in 

anOther respect, however, for it suggested that simple dilution 

aotivates a permeability faotor in human. plasma :in the same way as it 

doe s in guinea-pig serum (Miles and Wilhelm, 1955). This idea. was oon

i'irmed in a. series of experimenta reported elsewhere (Stewart and Blis s. 

1957). 

ïhe signif'ioanoe of the demonstration of huma.n plasma speoifioity 

is disoussed in Chapter VII. 
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CHAPTER VII 

A GENERAL DIOO USSION 

In the preced:ing four ohapters, the va.lidity of the experimental 

re sul ts and of the conclusions drawn from them has been disoussed. In th18 

chapter the wider significanoe of the resulta is considered. 

A.. The General Significance 

The two most striking fea.tures of the individual specifioity of 

dog plasma are tirst, the immedia.oy with whioh it manifesta itsel!' on 

injection, and second, its unusua.l degree of speoifioity. Jn adult 

animals, only ra.rely was it ditfioult to distinguish between non

autologous and autologous plasma within five minutes of their injection 

into the skin, and wi thin 30 minutes one oould always make the distinction. 

1his was true whether the anima.ls were mongrel or closely inbred pure-

bred dogs. Concern.ing the degree of specificity, all that can be said 

is that the plasmas of the most olosely related ani:mala a:va.ila.ble tor 

stud.y were as easily identitied with their donors as were plasmas from 

mongrel dogs. The lOOSt closely rela.ted a.nimals we tested (Bas:e .njis U 

and V, and Springers o-u, Figure III) were sufficiently inbred to be 

heterozygous for an average of only 10 per cent• of the loci a.t which 

heterozygosity existed :in the original pure-bred population. The 

ori ginal population, moreover, since it wa.s pure-bred, was oansiderably 

more genetioally homogenous than the population of mongrel dogs. This 

is pa.rtioularly true of the Basenjis, which represent an ancient breed 

*calculation by Dr. J. L. Fuller, Bar Harbor, Maine. 
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of dog. We oan oonolude, then, tha.t the degree of speoii'ioity is 

extrema, although we oe.nnot say how extreme until we tind a •compatible' 

pair of dogs either by chance or by oontinued inbreeding. 

Uthough these two aspects, the immediaoy and the speoitioity", 

malœ the phenomenon interesting, they make its interpretation ditficult. 

On the one hand, the immediate release of histamine mak:es it tempting to 

postulate an i.mmmologioal mechanism, but to do so requires some explane.

tion of the absence of a latent period during whioh antibodies oan form.. 

On the ether hand, the individual speoifioity suggests a genetio basis , 

but any genetio interpretation involves the assumption tha.t suffioient 

inbreeding would attel:mate the phenomenon, an assum.ption for whioh there 

is no experimental support. In other words, any interpretation must for 

the present be highly speculative. It may be worthlfhile to so speculate. 

however, if only to show that whatever meohanism underlies the specifioity 

ot plasma must be an interestin.g one. 

It is appropriate to refer first to the immediate effeots of 

heterologous serum, which resemble, superf'io ially at least, some of the 

effeots of non•autologous plasma in the dog (Chapter I), and to the 

histam:ine-releasing ability in so:œ species of auch foreign proteine as 

egg white. (Chapter II). A glib interpretation of the individual speci

ficity of dog plasma is to ma.ke it analogous to one or both of the above 

phenomene., with the dissimilarity between autologous and non•autologous 

dog plasma being œrely lesser in degree, but resting on a similar 

chemical basis. The possib1lity that the phenomene. are related caunot 

be rejeoted, although it is difficult to reconcile it with the absence 

of attenuation of tJle response to non- autologous plasma in olosely 
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related dogs. Another difficult,y is that Feldberg and Sohaohter (1952). 

and Sohaohter and Talesnik: (1962) • were unable to demonstrate histamiœ 

release by horse serum or egg white in non•sensitized dogs; it is 

entirely possible. however, that their method was not sensitive enough 

to deteot the release of small am.omts of histamine; moreover, sinoe 

pertused akin f'laps were used in their experimenta, it may be that in 

the dog inBufficient amotmts of the foreign protein reaohed the tisaue 

oells. In our ovm experimenta we detected only rather small amotmts of 

hiBtruniœ released by non-autologous plasma, even though the plasma was 

injeoted direotly into the skin to ensure free acoess to the tissue oells. 

The most serious diffioulty, however~ is in gaining moh useful infor

mation by oomparing the effeots of no~autologous plasma in the dog with 

the initial ef.f'eots of heterologous sera and protein, for no one has 

provided an explanation based on experimental evidenoe .t'or the latter 

phenomene.. 

ln the disoussionwhioh .f'ollows, possible msohanisms to aooount 

.t'or the illdividual speoi.f'io ity of dog plasma •re postulated; any one of 

these meohanisms might apply just as well to the actions of heterologous 

sera and proteine 

Immtm.ological interpretations. One immw.ologioal interpretation of the 

individual specif'ioity of dog plasma is to attribute it to the presence 

of soluble antigen-antibod:y complexes in the plasma. It was po:inted out 

in Chapter Il that it has reoently been fo1.1ld that un:ler suitable co~ 

ditions suoh complexes oan produoe the manifestations of an antigen

antibody union within the body, with histamine release. It is oonoeivable 

that eaoh dog has tm.ique imm.tmologioa.l expe rienoes during his lif'etime, 
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and that these experiences provide him with ciroulating antigen-antibody 

complexes epecific to himself. Presumably an animal would in some we.y 

be come tolerant to his ovm complexes. When ex po sed to anothe r animal 1 s 

complexes, however, an immediate reaction, with histam:ine release, might 

be expected. This idea will be easier to evaluate when more is known. 

about soluble complexes. It gains some support from the fact that the 

plasma of young puppies does not produoe the typical response in adult 

recipients. Not only have young animals had short imml.m.ologioal lives, 

but it is welllmown that their ability to produ;,e antibodies is poor 

(Brambell, Bemmings, and Henderson, 1951). 

Another immunological possibility is that the individual speoi

fioity at dog plasma representa an orthodox antige~antibody systemwith 

the somewhat tmorthodox qualification tb.at all the antibodies are of the 

naturally-oocurring type. ~ this basis the phenomenon would resemble 

in so:me respects the ABO system in man, but would require a larger number 

of antigen and antibody speoies. ~e oan, in fact, draw a rather close 

parallel with the ABO system if one aes'Ullles that the antigen•like m.ember 

of the system resides in the skin oelle and the antibody-like member in 

the plasma. Coombs, Bedtord and ~uillard (1956) have recently demo~ 

strated the A and B agglutinogens in human epidermal cella. In addition, 

it is well known that the anti-.&. and anti-B aggll.ttinins appear only 

alowly in the sera of the newborn (Qlce and Sanger, l958a), a situation 

resembling the delayed appearanoe of aotivity in puppy plasma. 

The real di.ffioulty with this hypothesis lies, of course, in our 

ignorance of the origin at natural a.ntibodies. Even the origin of the 

anti-.l and anti-B agglutinins ia still disputed (wiener, 1951) 1 one view 
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is that their occurrence is genetically deter.mined; the other view that 

their formation is indmed by exposure to À and B substances .t'rom the 

environment. As Baoe and Sanger (1958b) point out •there are but few 

tacts to spoil the debate'• If the latter view is the correct one. 

and the natural antibodies of' the ABO system do require antigenio 

exposure for thei r developrœnt. the anal ogy wi th the dog plasma 

pheoomenon breaks down, for it is di.fficul t to conoeive of sut'fio ient 

speoif io environmental .factors whioh oould indt.a the formation of the 

large number of' antibody-like substances required by the hypothesiS • 

(This is in distinction to the antigen-antibody-complex hypothesis, 

where antigen is entirely of exogenous origin, and antibody forma in 

the usual way.) If, however, the f'ormer view is the correct one, and 

natural antibodies are genetioally determined, it is neoessary only to 

inorease the genetio complexity of the system to account for the 

speoifioity o.f' dog plasma. That is, dogs would have genetioally deter

mined antigen pattems, and genetioally determined antibody patterns. 

both of' a nature suoh that partioular antibodies of one animal are 

directed against partioular antigens of another just as they are in 

the .lBO system. .l modification of this idea is presented later • 

.A.nother po85ibility, perhaps less plausible but JOOre i.ntrigu

ing, is that the non-autologous plasma effeot in dogs is a manifesta

tion of the unlm.own mechanism whereby an animal is able to reoognize 

antigenio material, inol uding homologous tissues, as be:ing •foreign'. 

Eve~ theory of antibody formation implies, taoitly or otherwise, the 

existence of' suoh a recognition meohanism. 1htil more is known about 

the :mechanism. of' antibody formation, there is little worth in speoulat~ 
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about the possible relation of plasma speoifioity to it. However. it 

is :interesting to note how conveniantly the plasma speoii'icity oan be 

interpreted ·iD the terms of the old theory of antibody formation, first 

put forth by Ehrlich (as discussed by Landsteiner. 1936) • and repeatedly 

revived and :modif'ied sinoe then (Cushing Md Campbell. 1967). This 

theory, in its ammended form, holds that an animal possesses sufficient 

diversity in its protein molecules to be fore•al"m9d with antibody or 

antibody-lik:e material bef'ore antigenio exposure. Exposure. by removal 

or antibody or by the action or antigen-antibody complexes or by some 

other f'eedbaok meohanism. aooelerates the production of antibody. The 

theory is not now in vogue, both because of' the inability to demonstrate 

many instances of nature.l mtibodies and of the dif'f'ioulty in oonceiving 

of the required diversity in native proteins. The first drawback is not 

a serious one. however. for mmute amounts of antibody. not neoessarily 

even present in the serum, satisf'y the theory. The second drawback is 

the one usually oited against the theory, but the recent calculation by 

Haurowitz (1967) that an animal may be able to fonn only 103 to 104 

distinct antibody speoies suggests that the diversity in protein 

structure required by the theory is not so formidable as previously 

auspeoted. The real virtue of the theory lies in the faot that it does 

llDt require en animal to have the ability to manuf'aoture a 'new• molecule 

of a composition or configuration diotated by the antigen. 

To put the plasma speoifioity phenomenon in the ter.ms of this 

theory, we oan think of an animal' s possessing some large mleoules, for 

example the hcmograf't antigens. whioh are llDt shared by many other members 

of the population, 1lnd whioh are a.t t he seme t ilne oomplementa.ry to one or 
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more of' the antibody speoies present in the rest of' the population. 

If' these large molecules were present in the plasma, (Oudin, l956a,b, 

and Dray and Young, 1958, Chapter I, have demonstrated substances in 

rabbit serum antigenio to other members of' the speoies), then, aooord

ing to the theory, initial exposure of an animal to non-au-b:>logous 

plasma 'WOuld lead to an antigen-antibody union and its oonsequenoes 

(in dogs, histamine releaae). The same result oould ooour if' the se 

large molecules were present in the tissues J one would then be trans

ferring the antibody speoies with non-autologous plasma. This same 

reasoning requir:• ·· s that all substances whioh are antigenio in a. given 

animal should produoe an e.ntigen-antibody union on initial exposure. 

The possibility that this is so is suggested by the immediate ef'f'eots 

of' heterologous sera and some other foreign protems. Instances where 

:imlœdiate reactions to antigen are absent may represent only our ina

bility to deteot suoh reactions with present methods. 

This hypothesis is presented only as a remote but interesting 

possibility. No serious attempt haa been made to give all the support

ing and ref'uting arguments, for these woul,d require ohapters. 

Bef'ore oonolUding the discussion of' possible immunologioal 

interpretations of' the plasma speoif'ioity, it is neoessary to oommmt 

on the observation (Chapter III) that mature of'f'spring are not immuno

logioally tolerant to mater.nal non•autologous f'aotor despite their 

exposure to it in the early post-natal period. This re sul t m.ight be 

oonstrued as evidence against either of' the last two hypothesea. It 

is en tirely possible, however, tb.at the transfused :œ.ter.nal factor 

representa the antibody-like member or the system, and that antigenio 

expoeure dœs not ooour. It is also possible, as po:inted out in 
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Chapter III. that the maternal factor is transferred not aorou the 

plaoenta, but through the colostrum; ii' this is indeed the case, then 

exposure of the of't'spring may be too la te to induoe tolerance, t'or 

Billingham, Brent and Medawar (1956b) have shawn that exposure later 

the:n the first few post-natal hours is of'ten unsuooesstul. 

A genetio interprErial;ion. 1he previous suggestions emphasized the 

imm.unological aspects of the plasma specif'icity phenomenon, although 

the possibility of a genetio balis wa.s suggested. l.bier the present 

head:ing is coneidered a hypotheais which attributea the phe.noJII8non to 

a genetic system without introduoing any 1mmunologioal meohaniams. 

If one accepta the oonoept that the 1 soagglutinina of the ABO 

system are under the same genetio control as the agglutinogens, one 

bas a system whereby a partioular person al.ways possesses, by virtue 

of his genes, antibody-lilœ substances capable of' specifie chemioal 

tm.ion with whatever antigen-lilce substances of the system that person 

laoks. The possibility that the plasma speoifioity pbenomenon may 

resemble this system at a higher level of' oomplexity has already been 

mentianed. However, sinoe we have no very good evideœe that the 

plaama speci.ficity representa m immunological system, we may redrn 

the anal ogy wi th the .lBO system, this time wi tho ut ex:t;endi.ng the 

analogy so far. We would now conoeive of the plasma speoif'icity 

pheno:menon (a) as resting on the same type ot genetio basis as the 

ABO system, (b) as having the sa.me specificity for ohem.ioal union as 

the ABO agglutinogens and agglutinins, and (o) as dif'fering fran the 

ABO system in that exposure of' an animal to agglut:inogen-like factors 

he lacks dœ s not induoe inoreaaed fornation of his agglutinin-like 

factors. 
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Xhe detailed mechanisms neoessary to complete this hypothesis 

are matters for even greater conjecture., but continuing the modified 

analogy wi th the ABO system, we might thin.k: of tissue cells .. parti cu-

larly the mast cells, as having on their oell membranes the agglutinogen-

li.ke substances, and of plasma as containing the agglut:inin-like sub-

stances. Expo sure of tissue cells to non-autologous plasma might then 

rewlt in Ul:lion of membrane factors with plasma factors, followed by 

lysis of the membrane and, in the case of mast cella., by histamine 

release~ 

Both this hypothesis, ac.d the earlier hypothesis from which it 

was :roodi:t' ied, recei ve soma support from the recent demonstration by 

Smithies and others that at least soma serum proteins are under 

rigorous genetio control, as discussed in Chapter I. It might be 

argued that a genetio system would require far greater oomplexity than 

that exhibited either by the A.BO system or by the serum protein systems 

to accoun.t for the degree of speciticity of dog plasma. This is partly 

true, but i t should be remembered that the individue.J. specü'icity exhib-

ited both by the homogra.f't rejeotion phenomenon and by the overall 

pattern of the erythrocyte antigens is due to genetio systems. It should 

be remembered too that a large number of phenotypes can result from a 

rather simple gEnetio system. For exa:mple, if the specifioity of dog 

plasma were governed by only four alleles at each of four loci, and if' 

the same assumptions were made to oalculate the probability of finding 

a compatible pair as were made in Chapter I with reference to the hom.o-
4 

gre.t't phenomanon, this probability value would be (_!,_) , that is, less 
4c2 

than 0.001. This rather fanciful calculation is presented simply to 
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show that it is not neoessary to postulate an inordinately oomplex 

genetio system to aooount for the high degree of specifioity exhibited 

by dog plasma. 

In summary, it has been postulated that the individual speoi

ticity of dog plasma may be a manifestation of (1) the presence ot 

soluble antigen-antibody complexes in the plasma (ii) a genetioally 

oontrolled antigen system wi th naturally-ooourring antibodies (iii) 

the unlalown. meohanism whereby an antigen is reoognized as being if'oreign, 

and (iv) a genetically oontrolled system of plasma factors capable of 

speoif io union wi th genetioally oontrolled tissue factors. The experi

mental evidence presented in this tœsis does not lend partioular 

support to any one of these hypotheses. ll.any of the experimenta were 

not designed to do so. Tho se that were, partioularly the experimenta 

with inbred dogs, produoed resulta whioh, instead of simplif'ying the 

problem, made it more perplexing (and, fortunately, more interesting). 

Two obvious experilœnts present themselves for further analysis 

of the problem. If' the immutlOlogioal interpretation (aside .from the 

soluble antigen-antibody-complex theory) is correct, then it should be 

possible to enhanoe the response to non-autologous plasma by appropriate 

antigenio stimulation. Experimnts along these lines are now in pro

grass. If' the genetic interpretation il! the correct one, the response 

to non-autolo~us plasma should be absent among identical twins. These 

are not available in dogs, but experimenta with human identioal twins 

are being started. If the response is absent, the results will require 

statistioal analysis, for the reaponse is not unif'ormly present am:>ng 

unrelated hum.an subjeots. If' it is present, however, the evidence 



109 

·against a gene tic basis in man will be conclusive. To say how useful 

resulta obtained in man will be in interpreting the phenomenon in doga 

will require mere mrk with both species. 

B. The PhySiologioal Significance 

Although most of the experimenta desoribed in this thesis are 

interesting from a physiologioal point of view, the resulta of the 

transfusion experimenta have particular signifioance in this respect. 

The demonstration in the dog that IIOn•autologous plasma is a 

re1atively meffioient plasma volume expander, and that it sometimes 

prodœes serioua transfusion reactions, permits control, or at leaat 

appreciation, of an unexpeoted variable in e:xperizœnts involving 

transfusion. The importance of this point lies in the frequsnoy with 

whioh transfusion ia used, "IÜ'ther as a support for a failing animal or 

as an integral part of an experiment. To quote Rushmer and Smith (1959), 

•thie experilœntal procedure is one of the most oommon in oa.rdiao 

physiology'. 

The demonstration also opens to reevaluation some previous 

experimente on the circulation in l'lhioh transfusions of non-auto1ogous 

blood or reservoirs stoolœd with non-a.utologous blood have been used. 

This is particularly the case with experimenta in which blood volœe 

changes have been important. It has been observed repeatedly, for 

exam.ple, that large transfusions of blood or plasma into normal dogs 

cause a rapid losa of plasma from the intravascular space (létcalf, 

1944,; Seavers and Priee, 1949,; Guyton, Batson and smith, 1951J 

Potvin, 1951J Huggins, Smith and Seibert, 1956; HUggins, Deavers and 

Smith, 1958). This observation haa led to the opinion that a regulatory 
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meohanism exista for rapidly readjusting to normal an inoreased blood 

volume (Huggins, Deavers and Smith, 1958; Guyton, 1956). The resulta 

described in Cha.pter V show, however, that at least part of the plasma 

loss observed by earlier workers was undoubtedly due to the reaction 

to non-autologous plasma, and not to a homeostatio meohani.Bm. 

Indeed, the finding (Table ni) that the plasma volume expansion 

pro dwed by autologous plasma transfusion was still complete at least 

an hour after transfusion shows that the oorreotion of hypervolemia 

is surprisingly slow. .Uthough the recipients of autologous plasma 

were slightly hypovolemio at the time of transfusion, the aize of the 

transfusion was auffioient to malœ them hypervolemio: both the plaem 

volume and the total plasma protein were reduoed by the plasmapheresis 

required to obtain the plasma, but they had returned suffioiantly toward 

normal by the time of transfusion that, assuming ideal expansion, the 

volume of the transfusion produoed an inorease of 31% and the protein 

of the transfusion an :inorease of 25% over the normal valnr«s for plasma 

vol\1118 and total plasma protein determined before the bleeding procedures. 

The aotual 1œaaurements showed that 46 minutes after transfusion 'the 

plasma volume was 33% above normal and the total plasmaprotein 35% 

above ncrmal (oell volumes bad not ohanged). Although this observation 

sheds little light on the l~ly unka<al.:tohanism of blood volume 

regulation, it doe s show that an increased blood volume return.s to 

normal much more slowly than previously thought. It suggests, moreover• 

that the correction of ~rvolemia is considerably slower than the 

correction (HUgg:ins, smith, Deavers and Overton, 1957) of hypovolemia.• 

"'A teleologist would not find this surpris :inge 
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.Another result from the transfusion experimenta whioh ma.y have 

some physiologioa.l signifioa.noe was the unexpeoted observation of an 

apparent inorea.se in total plasma protein a.fter autologous transfusion 

26% greater than oould be aooounted for by the amotm.t ot protein adminia• 

te red (Table XII). This divergence from the p.redicted inorease in total 

protein, although statistioally significant (p<.0.06) is sutfioiently 

small relative to the total protein value to be the result of a syste-

me. tic error in experimental tœthod. If it is real, however, it 

representa a ourious effect. One explanation might be an acceleration 

of the normal lym.ph circulation suoh that, for a short period a.fter the 

transfusion, normal protein-rioh lym.:fh entera the intra.vasoular spaoe 

while a fil trate musually po or in prote in lea.ves the oapillariea. Â 

more inte.resting poasibility involves the concept of' •extra• plasma. It 

is reasonably well established that the total bOdy hema.tocrit ia con

siderably smaller th.an the larg~- vessel hema.toorit, particularly in 

splenectomized dogs (Beeve, Gregersen, Allen and Sear, 1953), suggesting 

that some of the plasma in small vessels is oell•free or cell-poor. It 

is not known whether all of this extra plasma is ciroulat:ing or whether 

a portion of it is trapped (Deavers, Huggins and Smith, 1967). If the 

latter is the case, then it is possible that as the intravasoular spaoe 

expands to aocommodate a transfusion some of the sequestered plasma 

becomes free and mixes with the oiroulat:ing plaSIDA. This would inorease 

both the oi roulating plasma volume and the total oiroulating plasma 

protein. If at the Sfllœ time the blood volume expansion were cauaing 

an increased rate of capillary filtration of protein-poor fluid, the 

net effeot of transf usi on oould easily be an increase in total plasma 
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protein greater than the amount tnnsfused without an equivalent 

inorease in plasma volume. 'l'his wae the situation enoountered after 

the autologous plasma transfusions, although there is no way of' knowing 

whether it was, in fact, due to the above mechenism. However, sinoe the 

oonoept of' trapped plasma is important but unsettled, i t should be 

profitable to reexamine the question e:x:perimentally following the lead 

provided by the transfusion experimenta. 

c. The Clinioal Signif'ioanoe 

The observations on human aubjeots reported here may have con

siderable practioal as well as theoretioal in te rest: if the systemio 

response to non•auwlogous plasma parallels the outaneous response, as 

it does in the dog, i t is possible tb.at a plasma. inoompa.tibility is 

respons:ible for soJœ w.explained (and, more important, unreoognized) 

reactions to blood transfusion in man. The oo:mmonest (Weil, 1959) 

untoward reaction to blood transfusion naw seen in clinioal practioe 

is the so-oalled allergie reaction, oharaoterized by erythema, urti

oaria, and, rarely, by frank anapliylaotoid manifestations. Al.though 

the allergie reaction is usually regarded as bothersome but har.mless, 

its signifioanoe deserves reassessment in te~ of assooiated changes 

in blood volume. If in man non-autologous plasma oan prod.uoe not just 

urtioaria, but, as in the dog, an ineffioient expansion of the blood 

volume, then the situation beoomes a serious one, for often the purpose 

of a transfusion is not to supply oells, but to inorease the blood 

volume. 

Transfusion experimenta on normal human volunteers have recently 

been started by Dra. Burgen, Freedman and Hutohi son, at the llontreal 
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General Hospital. The experilllenta.l design and procedure are rather 

similar to tho se of Group I of Chapter V. Of more importance is the 

fact that the resulta are also rather silnilar. It is not appropriate 

to desoribe these experimenta in detail here; but it is interesting to 

note from the preliminary resulta that six autologous plasma transfusions 

have all p-oduoed efficient volume expansion and no l.ll.toward reactions. 

while seven of twelve non-autologous transfusions (obtained from donors 

of the same major blood groups) have resulted :in urticaria (Figures XI 

and XII), and poor volume expansion. 

On the basis of these resulta, it is tempting to speoulate that 

the individual speoii'ioi ty of plasma, al though more interesting in the 

dog from a theoretioal standpo:int, may have some olinical importance as 

well. 
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FIGURE XI - Urtioarial Reaction to Non-Autologous Plasma 

Transi' us ion. 

The photograph was taken immediately after the transfusion 
of 490 ml. of oitrated non-autologous plamna. The subjeot 
had reoeived 50 mg. of T-1824 intravenously one hour earlier, 
at the start of the transfusion. The areas coloured blue 
represent giant confluent wheals. 

This subjeot had no untoward reaction to transfusion of the 
sama volume of his own plasma trro weeks earlier. 

(Photograph by Dr. s . Freedman.) 
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FIGURE XII - Urticarial Reaction to Non-Autologous Plasma 

Transfusion. 

This subject reoeived 440 ml. of non-autologous plasma. The 
experimental procedure was the same as that described for 
Figure XI. The blue areas again represent giant wheals. 
The redness of the chast and neck is true erythema, not 
photographie artefact. Thè. subject had no untoward reaction 
to transfusion of his own plasma. 

(Photograph by Dr. s. Freedman.) 
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1. Dog plasma has been shawn to have an e.xtreme degree of 

individual speoif'ioity. 

Among adult mongrel doga, intraoutaneous injection into one 

dog of plasma taken from another (non-autologous plasma) always 

'1 6 

caused a local inorease in capillary permeability and a distinct 

wheal, while similar injection of the dogts own plasma (autologous 

plasma) never had this effeot. 

Dogs of standard pure breeda, inoluding inbred dogs closely 

related genetically, showed the same phenomenon wi tho ut exception. 

2. Plasma taken from puppies during the second, third, md fourth 

post-nate.l weeks often failed to produoe typica.l cuta.neous responaea 

in adult recipients. Activity rapidly inoreased to the adult level 

after the fourth week. 

Plasma ta.ken from puppies during the first post-natal day 

produced typioal responses in an unrelated adul t recipient, but no 

response in the mother, suggesting a tra.nsfer of a.ctivity from the 

mother. This transfer is ineffective in malcing off'spr:ing tolerant 

to maternal plasma, for uature offspring showed normal Whealing 

responses to matemal plasma. 

The individual specificity or dog plasma also revealed itself 

on intravenous injection. 

Transfusions of non-autologous plasma, 20 ml./kg., nearly 

always produoed miner to moderate urtioarial reactions, and 

oooasionally major reaotions of en enaphylaotoid type. The 



increments in plasma volume and total plasma protein were equal 

on the average to only about half the amnm.ts tra.nsf'used. 
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Transfusions of' autologous plasma under identical conditions 

never produced mtoward reactions. The inoreœnts in plaBJD8. 

volume md total plasma protein were more than double those pro

duoed by non-autologous plasma transfusions. 

No evidence was obtained to oonneot the reactions to non

autologous plasma with erythrocyte isoagglutinins. 

4. In the dog, most if' not all of the effects peouliar to non-

autologous plasma were shown to be due to a release of' endogenous 

histamine. 

~e wb3aling response to intraoute.neously injected non-autologous 

plasma was i.nhibi ted by the e.ntihis tamine mepyramine and was reduoed 

in areas of skin previously exposed to a histamine liberator. More 

free histamine was reoovered from skin injeoted with non-autologous 

plasma than from skin injeoted wi th a.utologous plasma. :Me.rked 

inoreases in gastrio aoid secretion often followed non-autologous 

plasma transfusions. Mepyramine abolished the urtioarial reactions 

to suoh transfus i ons, and improved the effioienoy or non-autologous 

plasma as a plasma volume and protein expander. 

5. Skin-testing or hmnan subjects suggested that the speoificity 

ot dog plasma may be paralleled by a similar phenomenon in man. 

6. Some meohani~ are postulated whioh might acoount for the 

individual speoifioity or plasma. 



7 • The general. physiologie al 1 and ol inioal s ignll' io anoe of the 

restùts is disoussed. 

Note: The above summary outl:ines the original work oontained in this 

thesiB. 

r te 
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APPENDIX 

PRELIMINAllY EXPERIMENTS WIT.H SERUM FBACTIONS 

No evidence has been presented so far oonoer.ning the physioo

ohemioal nature of the factor(s) in dog plasma responsible for its 

individual specificity, although it was otten impliedin the thesis 

that this factor probably representa a large molecule. Some experi

menta have been performed in an attempt to determine what serum fraction 

contains the non-autologous activi ty. Most ot the re sul ts are too 

preliminary to warrant their inclusion in the main body of the thesis; 

but it may be worthwhile to describe briefly soma of these experimenta, 

if only to show that this aspect of the problem is being oonsidered. 

All the experimenta had the seme general plan. Serum was used 

instead of plasma, since it is easier to handle during long experimenta. 

Serum obtained from a donor dog was subjeoted to the partioular experi

mental treatmant (e.g. dialysis), atter whioh i t or its fractions were 

testad in the skin ~ or the donor dog and of a recipient dog. The 

importance of testing in the donor dog oan.not be overemphasized, for 

physical or chemioal manipulation of the serum frequently activated non

spec:li'ic factors able to cause blueing on intracutaneous injection. The 

efteot of a particular .. treatrœnt on non-autologous aotivity was e.ssessed 

in the usual way by oomparing the responses to serial dilutions of 

lmtreated and treated serum. 

Using this procedure, it was relatively easy to show that the 



120 

factor responsible for non-autologous aotivity is (a) non-dialysable, 

(b) stable at 60°C., and (o) partially preoipitated by 1~ Na2so4 • 

Serum dialysed at 4°C. against isotonie saline aero ss cellophane for as 

long as three days always retained its full titre of' non-autologous 

aotivity. Full aoti vity was also retained by serum held in a water 

bath at 60°C. for one hour. Addition of' 26.6% N~So4 to a final con

centration of 1~, followed by incubation at 37°C. for one hour and 

the.o by centrifugation at 20,000 g for 30 minutes produoed a preoipi

ta.te which usually oontained from 50 to 80% of the non-autologous 

e.otivity present in the origina.l aliquot of' serum. These peroentages 

were obtained by the skin-testing of' a dialysed solution prepared by 

dissolving the preoipitate in isotonio saline adjusted to pH 7.4 with 

phosphate buf'fer. Higher yields of' non-a'âtologous e.otivity oould not 

be obtained by ino reasing the final concentration of' Na2so4 • 

None of' these procedures was complicated by the appearance of' 

interf'ering permeability f'aotors. I!owever, more drastio treatment of 

the serum.- for e:x:ample ether extraction or triohloroaoetio aoid pre

cipitation - always aotivated non-sp3oif'io f'aomrs whioh oaused marked 

outaneous blueing whether the skin tests were perf'orJœd on the donor 

or on the reoipien t dog. These interf'ering fe.otors severely limi ted 

f'urther exploration of' the problem. Hœever, the information at hand 

supported the working hypothesis that the serum fraction responsible 

for non-aut;ologous aotivity is aloost oertainly of large moleotùar Bize, 

is probably a prote in, and is possibly assooie.ted wi th the beta- or 

gamma-alobulins. 

An attempt was made to examine this hypothesis by t~ teating of' 
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serum. protein fractions obtained by Porath's method of prepi.rative 

eleotrophoresis in a vertical cellulose column {Porath, 1956). Electro-

phoresis in phosphate buffer, pH 7.4, p • o.os, produoed four fractions 

whioh by paper electrophoresis had the oharacteristics of albumin + 

alpha1-globulin, alpha2-globulin, beta-globulin, and gamma-globulin. 

Skin-testing of these fractions gave rather disappointing resulta. 

Al.though the albt.Unin and alpha-globuline had no activity of any kind, 

an interfering non-specifie factor was present in both the bata- and 

1. , ~- · . l gamma-globulin fractions. 
1. ' ~ . ~ :1 

\ -..· . :..- . 

1 

. intracutaneous injection that any evidence of non-au1x>logous activity 

This factor produoed so muoh blueing on 

was oompletely obsoured. À search was then made for means either to 

inhibit the effeot of this factor or to prevent ita formation. This 

effort finally met with some sucoess 1 addition of small a.momts of 

soya bean trypsin inhibi tor {Worthington) to the fractions bef ore 

testing illhibited muoh of the non-apeoit'io aotivity, but did not 

affect non-autologous aotivity; and electrophoresis in verona! buffer 

at pH a.s partially inhibited the appearance of no~specifio aotivity. 

Only a few further experimenta have so far been performed wi th 

the improvetœnts afforded by this observation. Electrophoresis in 

verona! but'fer, pH 8.6, p • 0.05, produoed good separation of six 

fractions 'Whioh by paper eleotrophoresis had the oharaoteristios of 

albumin, alpha1-globulin, alpha2-globulin, fast beta-globulin, slow 

beta-globulin, and gamma-globulin. Non-autologous aotivity appeared 

only in the latter two fraotions; it was stronger in the slow beta 

than in the gamma fraction. However, the interpretati on of these 

resulta was still oomplioated by the presence of some non•specif'io 
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activity, and by some teolm.ioal dif'fioul ties. Dei'inite conclusions 

must await further experiiœnts. 
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