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THE INDIVIDUAL SPECIFICITY

OF DOG PLASMA

PHERACE

This work arose from the chance observation of a phenomsnon
which had received almost no attention in the literature, The problem,
because it was & new one, required exploration before the definitive
experiment could be designed. The results described here are from
these exploratory experimentss they do not explain the underlying
mpchanism of the phenomenon, snd indeed they pose more questions than
they answer, However, the results do meke it easy to defend the thesis
that dog plasma has an individual specificity, and they also emphasize
the physiological and clinicel significance of this phenomenon,

The first two ochapters are reviews of the literature, and
contein none of my omm experimental worke It has been helpful in

these introductory chapters to range rather far'e.field in order to



put the thesis in proper perspective., I have paid particular attention
to the phenomenon of homograft rejection, not so much because of the
possibility that the specifioity of plasma is direotly related to it,
but because both phenomene are akin in representing unusual degrees
of individual specificity, end because the one phenomenon has become,
end the other may become, a meeting point of genetics, immunology,
physiology end clinical medicine.

Much of the experimental work described here has already been
published+* I have qQuoted freely, where appropriate, from the parts

of these papers which represent my own writing.

* with Stewart, 1957; with Stewart and Fuller, 19583 with Johns and
" Burgen, 1969; with Walker, 1959,



CHAPTER I

INDIVIDUAL SPECIFICITY AMDNG BIOLOGICAL MATERIALS
(A BEVIEW)

In some species, two materials ~ living nuoleated cells and
erythrooytes ~ possess a sufficient degree of specifiocity to enable
one, by appropriate mesns, to use them to distinguish one individual
from all or nearly all of the rest of the population. One purpose
of this chapter is to assess these two examples of individual speci-
ficity. The other purpose is to show that plasma end serum also may
possess quelities suoh that one oan identify a particular plasma or
serum with e partioular animal,

No mention is made in this chapter of such parameters as body
size, oxygen consumption, nitrogen excretion, and the like, any one
of which shows variation from one enimal t0 smother, nor are the
individually specifioc morphologioal characteristios, best represented
by fingerprints, disoussed. The only justification for this exclusion,
agide from the limitations of space and time, is that these latter

items do not ssem quite so pertinent to the problem at hend,

A. Treasplantation Immunity

Tissue transplanted from one region of the body to another =
en autograft - generally survives indefinitely provided proper physio-
logical and surgical principles are observed in the graftings In
contrast, tissue transplanted with the same care from ome individual

to another of the same species =~ a homograft - survives for only a



few days and then is rejeoted by thehost. This phenomenon of rejection,
known as trensplentation immunity, is almost universal among the higher
animels, and it represemts the most refined exsmple of individual
specificitye

The genetic basis. It iz generally accepted that the individuel speci-

ficity of transplentation immmity is a result of genetic differences
betwoen individuals, Bernes and Krohn (1957) have surmarized the
reasons for believing that the survival of a homograft is governed by
the presence or sbsence in the host of thistocompatibility? genes
present in the donor. That is, if the host possesses all the histo=
conmpatibility genes which are present in the donor, the graft will be
acoepted; if the host does no£, the graft will be rejecteds The
presence of genes in the host which are absent in the donor does not
affect the survivel of the graft. Using en ingenious system of inter-
breeding, Bames and Krohn have shown that there are & minimm of 15
such genes oomtrolling the fate of grafts from one partisular inbred
strain of mice to smother., Because the strains were géneticolly
homogenecus, & minimmm of 15 loci must be involved in hlstocompeti-
bility between these two strains,

The most extensive studies of histocompetibility genes have
been done by Snell in the United States end by Gorer in Englend. Their
work has beenoawisély summarized by Allen (1956)s Snell in pertioular
has ooncentrated on one locus (locus H=2) controlling histocompetibility
in mice, and has fownd at least ten allelea at this loous. If the other
histocompatibility looi have as many alleles, end if each allele is

active, then, using Bames and Krohn'!s figure for the mumber of looi,



one osn ocaloulate that the probebility of sucoess of a graf't between
two mice chosen at rendom from the wild (non~inbred) populs tion is of
the order of ( 1 )
C2
zygosity, end remdom distribution of alleles, both of which are wmlikely,

5 b
or (_z]_.s_)l e This figure assumes complete hetero=

emd there is no s0lid evidence for some of the other assumptions involved
in its caleculation. However, it does serve to show how & genetic basis
of transplantation immunity can confer upon a tissue complete individual
specifieoity.

The immunologicel mechanisme The temporary survival of a homograft, snd

its subsequent rapid destruction, bear a suspioious resemblance to an
immmmologieal phenomenon, with the survival period representing the
sensitizing interval, and the destruotion the appearence of effective
smowmnts of mtibody., Omnly recently, however, has it been possible o
translete this superficial resemblance into specific immmologiecal terms.

The first olear evidence pointing to an immwmologicel basis of
homograft rejeotion was provided by Medewar (1944 ') who deseribed the
now femiliar Ysecond-set! phenomenon, He showed that an enimal whioh
has already rejeoted one greft rejects a second graft from the same
donor muoh more rapidly. Medawar's interpretation of this phenomenon
is that the first graft sensitizes the host, and mekes it immwme in
the classisal sense, so that subsequent grafts are met with a fore-
warned or already immune hoste

The next importent advence in the immwmological interpretation
was made by Mitohison (1953), who showed that pessive transfer of the
second-set type of transplemtation immumity can be effected, provided
that living cells rather than serum are transferred. The tissues of

the primary host most efficient in transferring immunity are the lymph



nodes dreining the immunizing greftls sitee Mitchison worked with
tunours; Billingham, Brent and Medewar (1955) have shown that the same
principles hold true in the tremsplantation of normel tissues,

The seoond-set phenomenon, the passive transfer of homograf+t
immunity, and the demonstration that transplantation immunity cen be
abrogated according to the principles of immunologiscal tolerance (as
discussed later), have led most workers to ecoept the immwmological
interpretation of tremsplentation immunity, i.e. that homografts are
entigenic aﬁd owe their destruction to -Ehe formation of antibodies
ageinst thems However, there is still no generai agreement either
about the neture of the a.n‘!:i‘bodiés or about the mechsnism by whioh
they destroy grafts, The observation that only living ocells and not
serun ere effective In tramsferring immmity arguss against the anti-
bodies being of the elassical type. Considersble support has been
lent this idee by the demonstration by Weever, Algire and Prehn (1955)
that grafts survive indefinitely if they are pleced in diffusiem
chembers whioch allow free acoess to the graft of hostts interstitial
fluid byt not of host's cells. If the wsual type of humoral smtibody
were the sole agent responsible for rejection, the grafts should not
survive. It hes been shown repeatedly, however, (e.g. Amos, Gorer,
Mikul ska, Billinghem, end Sparrow, 1954) thet antibodies do appear in
the hostts serum after homogrefting. Although these antibodies are
agglutininsg of donorts red cells md leucooytes, their occurrence efter
hoanografting may have little or nothing to do with the destruction of
the grafts In fact, their appearence may be simply a respense to
erythrocyte agglutinogens shared by the grafted cells (that at least

some red cell agglutinogens are present in other types of cells has



been shown by Coombs, Bedford, smd Bouillard, 1956). Nevertheless,
Gorer (1958) believes that these antibodies may be oytotoxic in vivo
if not in vitro, and that the feilure of passive transfer with serum
mey be peouliar to mice, the species used in earlier studies. Stetson
snd Demopoulos (1958), working with rabbits, olaim to have passively
transferred homograft immunity with serum after unusually vigorous
immunization with homologous spleen cells end adjuvants. Most workers,
however, are relwtant to accept the orthod;:x nature of homogreft anti-
bodies, and prefer to agree with Medewar and his colleagues (Brent,
Brown snd Medawar, 1968) that the re jestion phenomenon requiresthe
intercession of living ocells,

The antigens involved in tremsplentation immmity are less
controversial, not because more is known sbout them, but because only
recently have they been studied at alle The first workers to evoke
a state of second-set immunity to homologous tissue with non-living
material were Billingham, Brent and Medawar- (1956a)e They disinte-
grated mouse spleen cells by ultrasonic radiation, md found that a
water soluble ocomponent was released which was eble to elicit immunity
in mice susch that the first actual homograft (from the donor of the
spleen cells) was rejected rapidly, as if it were a seoond-set graft.
The sntigenic material could be obtained from cell nuclei but not from
eytoplasme Its solubility charsoteristics and susceptibility to des-
oxyribonuclease suggested that it was & desoxyribonusleoprotein,

Further evidence that this nuclear material represents the hcmograft }\ ‘

antigens has been cbtained by Brent, Brown snd Medswar (1958), who
heave demonstrated & delayed type of hypersensitivity in the skin after

injection of this material into guinea-pigs made sensitive by earlier




homogref'tings The entigenic extract was prepared from the donor of
the homograf+t. Berrian snd Brent (1968) have also shown that the
ability of such extrects to evoke homogreft immmity is impaired dy
incubation in vitro with oells from an animal (from the same inbred
strain as the extract itreated animsl) whish has previously received
e homograft from the donor of the antigenic material,

The importence of these observetions on non~living entigenic
materiel cen hardly be overestimated, for, as Medewar (1957) points
out, they provide a strong indication that cells constently release
into their enviromment substences intimately assoc iated if not
identioal with their genetiec apperatus.s That this release is s

physiologioal process, and not limited to homografts, is strongly

suggested by an elegant experiment of Billinghem, Brent and Medewar
(1966b)s They used the phenomenon of immwnologiosl tolerance to make
mice permanently accept skin homografts. After these grafts hed been
alive and well in their new sites for more than & hundred days, the
hosts were injeoted with normel (not immune) lymphoid cells from mice
which were not tolerant to the same type of graft. (These mice were
from the same inbred strain as the toleramt hosts; their lymphoid
cells therefore did not act as homografts themselves.) The grafts

in the tolerant animels underwent typical rejectione The omnly
explanation for this outcome is that the transferred lymphoid cells
were the effeotors of the rejectione They therefore must have been
exposed to smtigenic material from the grafts, indicating that these
grafts wore discharging this materisl while still behaving as if they
were autografts,

Immmological tolerances. Probably the most importent single development




in the study of transplentation immunity has been the formmlation of
the prineciple of immwmologicel tolerance. This principle owes its
demonstration to transplantetion studies, and transpleantation studies
have profited immensely by its application.

In 1945, Owen made the wnusual observation that dizygotiec
(fraternal) twins in cattle have identical erythrocyte types far more
frequently then can be accounted for by simple inheritence. He
found in addition that in these cases each menber of the pair actually
hed a mixture of two distinet types of erythrocytes. He postulated
thet the situation came about by an interchange of embryonal cells
between the twins through vascular anastomoses during embryonic life.
This finding hed far reaching implicsations, for it suggested that an
enimal might tolerate foreign cells permsnently if it were exposed to
them sufficiently early in life. Billinghem, Brent snd Medawar (1953)
showed that this is in fect true, end that snimels which have received
injections of living homologous tissue during embryonioc life will
po manently accept homografts of that tisswe during adult life.
Billinghem end Brent (1956) have improved the experiments by showing
that intravenous injeotion of foreign cells into newly-hatched chioks
or newborn mice is sufficient to induce tolersnce to subsequent homo-
grafts from the same source, Evidence is accumulating (see e.ge Cinader
and Dubert, 19563 Cinader and Pearce, 1958) that tolerance oen be
similerly induced to protein antigens as well as to tissue cells. In
the systems studied so far, the specificity of the induced tolerance
is compareble to the specificity of antigen-antibody systems in
general : the acquired tolerance is restrioted to the antigen used to

.'mduoe_ it,
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The principle of immmological toleramce whioch has evelved
from these experiments ocan be stated sucoinctlys en animal exposed to
sufficient amowmts of antigenic meterial during its early life pe rman-
ently loses the abillty to react immwumologiocally against it. This
principle has both practical end theoretical significeance. Since it
provides a method whereby animals can be indwed to acscept homografts
permanently, it is being applied extensively end to great edvantage
in studies of transplantation immunity. A&n important application has
already been cited (Billingham, Brent and Medewar, 1956b)s More
important, the phenomenon of immumological tolerance has provided
a clue to the unknown mechanism whereby an enimal can recognize,
and take action against, a myriad of substances foreign to itself,

It shows not only that this mechanism is a relatively late acquisi-
tion of the animal, but that the mechanism!s operation can be

impaired selectively and permenently.

Be Erythrooyte Antigens

Differences emong homologous bloods have been demonstrated
in meny species, and in soms species havs 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 pregence on
or in the erythrooyte. of antigens. The entigenioc pattern of a
particular animal?®s erythrooytes is wnder genetic control; however,
the genes governing the red cell eantigens often are not randomly dis=
tributed through & population. Some genes may have such high frequen-
oiles as to make their antigens almost universal in a species; other
gones and their oorresponding antigens mey be extremely rare. Anti-

bodies to the erythrooyte antigens generally are demonstrated by
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their ability to agglutinate or to lyse the cells bearing the antigens.
The antibodies may be of the 'naturalt type, ocourring without known
antigenic stimulus, or of the timmune'! type, requiring antigenic
stimulus for formation,

Thess elementary aspects of erythrocyte types may be illustrated
by reference to the humen blood groups. (Unless otherwise noted, the
information here is taken from the extensive review by Race and Sanger,
1958)s So far, 57 antigens have been demonstrated on humen erythrocytes,
and the existence of at least 20 more is suspeoted. Some are 80 rare
that they have been designated 'private! entigens, implying that they
exist only in the members of one or two femilies. Others are so common
that they have been called *public! entigens, implying that almost
everyone possesses them. The majority of antigens in men have inter-
mediate, although still not rendom frequencies. For exsmple, 92% of
Englishmen possess the Lua' entigen of the Lutheran system; 8% lack it.
Although the number of erythroocyte antigens identified in men is
sufficient to determine several million phenotypes, the distribution
of these antigens is such that they do not confer an absolute degree |
of individual specificity upon erythroocytes. U;:Eg Fishert's method
(1951) it ean be caloulated that, with’thé”'éki;tingmmg prooedures,
the pro;;%ili'&y of failure to distinguish between two samples of
blood taken at random from the English population is 0400042, The
sntibodies in man may be either natural or immme. For example,

Anti-A end anti-B are almost invariably present in blood lacking the
corresponding entigen; enti-Lu® ocours after immmigzation but some-

times is present naturally; anti=-K (EKell system) has been demonsgtrated

only in subjects exposed to K entigen.
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Although the most extensive work has been done in mam, bloc;d
groups in animals have received considerable attention. Ferguson (1955)
has reviewed the subject thoroughly, and desoribes blood group systems
in cattle, horses, swine, sheep, dogs, birds, and in the small labora-
tory enimals. Most of these systems are relatively simple and do not
allow the approsch to individual speeif icity exemplified by the systems
in men. An exception is seen in cattle, however, for ’che use of immme
sers has demonstrated more than 40 distinot antigenic factors controlled
by multiple alleles at at least 10 loci.

Particular mention should be made of blood groups in dogs.
The infrequency of typical hemolytic transfusion resetions in dogs
has lead many people to believe that blood groups are absent in this
species. As early as 1910, however, von Dungern and Hirschfeld des-
oribed isoagglutinins of canine erythrocytes, end since their work there
have been scattered reports, summarized by Cohen and Fuller (1953) and
Hemilton (1948), dealing with this subject. Definitive work on canine
erythrooyte types has been done by Young end his associates (Yowmg,
Ervin and Yuile, 1949; Christisn, Ervin and Youmg, 19513 Young, O'Brien,
Swisher, Miller and Yuile, 1952). Using isoimmune sera, and agglutina-
tion bechniques, they have demonstrated 5 distinot antigens which they
have designated A, B, C, D and B (no connection with huyman types
represented by these symbols is intended)e nly the A entigen was
able to evoke antibody production of a type which would result in
severe (hemolytic) reactions on subsequent transfusion. Naturally-
occcurring isoantibodies could be detected in only 15% of dogs, and
usually anly in low titre. They were mostly of anti-D specifioitye
Since only about cne-third of dogs were foumd to be D-positive, one

oonoludes that only about 5% of random pairs of mongrel dogs should



show an incompatibility on direot oross-matching.

An importent application of this work has been the production
in new-born pups of & syndrome resembling erythroblastosis foetalis
(Yomg, Christien, Ervin, Davis, Ot'Brien, Swisher and Yuile, 1951).
A-negative bitohes, delibera'be_ly immuniged with A-positive cells,
were mated to A-positive dogs. The newborn A-positive pups regularly
developed a fatal hemolytic disease, provided they were allowed to
suckle the immunized mother during the first day of life. This
observation is of partioular interest in this thesis because it shows
that canine maternal antibodies can be transferred to offspring, and

that this transfer may occur by other than the transplacental route.

Ce Plasma and Serum

The existence of interspecies variations in plesma end serum
is an accepted fact, end indeed is one of the cormerstones of immun=
ology. Homologous plasma eand serum, however, have usually been con-~
gidered to be rather homogeneous substences showing little if eny
quelitative variation emong different members of the speoiss. This
opinion wndoubtedly resulted from the (justified) preocoupation of
most investigators with differences in the ocellular ocomponents of
homologous blood, and from the relatively late advent of the eophis-
ticated techniques of the protein ohemist and the immmochemist,

There is ample evidence now that qualitative differences do
ocour among homologous sere in some specises. The purpose here is to
sumerize this evidence and to show that at least the potentiality
exists for individual specifioity of plasma and serum,

Inmunological differences. One method of deteoting differences in

the large molecules of sera is to analyse the antigenioc components
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of individual sera. In 1943, Cumley and Irwin used this method to
demonstrate a considerable degree of individual specificity of humen
serume They induced formation in rabbits of precipitins to individual
semples of humen serum, end them showed that eabsorption of these pre-
cipitins by humen serum other than that used for industion usually did
not remove all the precipitins osapable of reacting with the indueing
serum, or indeed with some other samples of serum. After a large
nuwber of tests, all the results of which were not reported, they oon-
cluled that thuman serum contains entigenic components by which the
serum of en individual cen be distinguished from that of others.?
Goldberg and de Gara (1948) claimed to be uneble to confirm these
results, but their study was on too small a scale (only two humen
sera were used) to be coneclusive.

More recently, Oudin (1956a,b) and Dray and Young (1958) have
used a modification of this method to demonstrate differences in the
entigenio components of sera of individual rabbitse The latter
authors had particular success; they were able to divide 90 rabbit
sera into 30 groups according to their reaction patterms in agar gel
with 6 eantisera, The most interesting aspeot of the work of Oudin
and of Dray end Yowg is that the antisera were homologous or isoim-
mune, indiocating that the antigens involved are antigenic in some or
ell of the other members of the spesies lacking them.

Tuniimg to the other immumologioal component of serum, the
antibodies, it is possible that animals may have individually specific ..
antibody pattermns in their sera as wells It is entirely possible, in

=< T
faot, that the 'antigenic! differences just:described 'may reelly repre=-

sent differences in various antibody components able to act as isoantigenss
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Only in the oase of the erythrooyte isoagglutinins, however, have olear
qualitative differences in antibody patterns been demonstrated regularly.
Beoause of their limited distribution, the natural isoagglutinins do not
efford muoch degree of individual specificity. In memn, for example, omnly
the egglutinins assmoiated with the ABO and P systems are consistently
present in the absence of known antigenic exposure (Race and Sanger,
1968)e Theoretioally, of course, it should be possible with appropriate
immmizing procedures to provide & given serum with an isoagglutinim
pattern almost as individually speoific as the sorresponding agglutinogen
pattern. This latter example of individual specifisity, however, would
have to be regarded as a rather artificial system not present under
normal conditions.

Physico=chemical differences. Although there had been several reports

of intraspecies variations in the physico-chemioal properties of the
serum protein fraotions (e.ge Bernfeld, Donahue and Homburger, 1953)
and even a suggestion that these might be under genetic sontrol (Thomp=
son, Foster, Gowen and Tauber, 1954), it remained for Smithies ad his
assooiates to attempt a careful analysis of the problem. Using one=-
dimensional and two-dimensional starch-gel electrophoresis, whioh in
their hands produwes remarkable resolution of serum protein fractions,
they heve been gable to demonstrate in humen serum two heptoplobins
(alpha,-globulins) whose presence is governed by two ellelic genes
showing no dominence (Smithies, 1955; Smithies and Walker, 1956), end
three bete-globulin fractions governed by three allelic genss without
dominance (Hersfall and Smithies, 1958; Smithies, 1958). Although the
tgorun groups' elucidated by Smithies and his oolleagués do not oonfer

individual specificity on serum, they do show that this is theoretically



possible end that at least some serum protein fractions are genetically
controlledes That this phenomenon is not peculiar to men is shown by
the work of Ashton (1958) snd Ashton and McDougall (1958), who have
extended Smithies' work to other species and have found similar gene-
tically controlled serum protein polymorphism in cattle, sheep, goats
and hor sese

Inmediate biological differences, By this temm is implied differences

which enable one to distinguish between two samples of plasma or serum
on the basis of the responses they precduce on initial injection into
en enimel,

It is convenien;b to mention first that one can distinguish
between heterologous and homologous plasma on this basis. This was
best demonsitrated by Lake, Simmonds and Steinbeck (1953a,b), who
showed that the injeotion of heterologous plasma into the skin, or
plewal or peritoneal cavities of non~sensitized enimals produces en
immediate 1ooa1-inorease in cepillary permeability with exudation_,
Fecipient animals included rats, rebbits and guinea-pigs; a variety
of heterologous donor sera were testeds The authors could not explain
the phenomsnon, although they showed that the protein moiety of the
plasma was responsible for the effecte Antihistamines had soms inhi-
bitory effect on the reaction to intracutaneous injeotion, but did
not affect the reaction in the serous cavities. It is possible that
these immediate effects of heterclogous plasma are due to a release
of endogenous histamine, for, as will be described leter, Feldberg end
Sohachter (1952) and Schachter and Talesnik (1952) heave shown that
histemine is released by an initial injection of horse serun in the ecat,

and by an initial injection of egg white in the cat and rate



Evidence that homologous plasma and serum samples also oem be

distinguished aeccording to their effects in vivo is not easy to find

in the literature. It is well established, of course, that injection
of homologous plasmea containing appropriate isoegglutinins cem produce
profound reactions; however, other effects of plasme or serum, unrelsted
to their agglutinin content, have only occasionally been describede
What reports there are deal almost entirely with the effects of intra-
cutaneous injections In 1927, Chant and Gey reported as en inocidental
observation that homologous serum of ten produced larger skin reections
then did autologous serum in mane. (In consulting theéirpaper, one
should note that they use *heterologous! snd thomologous® to mean
thomologous® and tautologous' respectively)e Levine and State (1942;
State end Levine, 1942-3) observed triple responsesto intracutaneously
injected homologous plasme in ebout 20% of humen subjects, although
they do not mention the use of autologous plasma controls in their
study. They were inclined to attribute the majority of the reactions
to the presence of dissolved incompatible erythrooyte entigens in the
plasme, Finally, Mwmsell (1944) has reported frequent reactions to.
intracutaneous injection of homologous serum in men. Aubtologous serum
controls did not produde these reactions, nor could she find any
correlation with the ABO blood group systeme.

The dog is apparently the only other species in which this
kind of intraspecies variation hes been noted, and even here there are
only two short communications by Freemsn end Sheoter (1942a,b) dealing
with the subject. These workers, while looking for a eapillary permea=-
bility factor in the lymph from injured limbs of dogs, noted that some

samples did cause an inorease in oapillary permeability es evidenoed by



the appearence of the dye T-1824, previously given intravenously, at
the sites of intracutansous injeoction of such samples. The unusual
aspect of this effect was that it ooccurred only if the samples were
tested on another doge Plasms and serum obteined from normal enimels
were then tested in the seme way; it was fownd that they regularly
produced looal increases in capillary permeability when injeoted intra-
cutaneously into other dogs, but not when given to the dog from whioch
they were obtaineds A4ll combinations were tested in 6 mongrel dogs and
no exception was found to the rule. The authors concluded that in
their limited experience, dog plasma and serum possess an individual

specificitye
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CHAPTER II

SOME ASPECTS GF THE RELEASE OF HISTAMINE

Since sonme ) at least of the immediate effects of foreign protein

)}
46\9- injeotion pen be attributed to the releamse of histemine in the recipiemt,
mey be as well to examine the physiclogiocal dispositiom of histamine
in the tissues end the conditions under whioch it can be released in a

free end active form,

A. The State of Histamine in the Body

Histemine is & normal constituent of most mammalien tissues.
Very little, if any, however, is present in a free form wder normal
eonditions. Until recently, the exact site where histamine is held in
the tissues was unlmown. From the observations of Riley and West (1953)
it is now olear that the greater part of the histamine in most tissues
is contained in the mest ocells, These workers showed a close correla=
tion between histamine content and mast cell oontent, and a selective
damage to mest cells by compounds known to release histamine in the
body. Their postulate that mast cells are rich in histamine has been
amply confirmed, particularly by the demonstration by Benditt, Wong,
Arase and Roeper (1956) and Gareia-Aroche (1958) of histamine release
from mast oells isolated by the teohnique of Pedawer end Gordon (1955).
Histamine therefore joins heparin (Jorpes, 1948) as a normal constituent
of the mast cell,

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

histemine all the body histamine is in the mast ocells. None of the
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methods used to show histemine in mast cells has been sensitive enough
to show that all a tissuets histamine is in its mast cells. Moreover,
apparently much of the histamine in the gastrointestinal tract is not

in mest cells (Mota, Beraldo, Ferri and Junqueira, 1956), although its

true site is unknown, This point is 1tioned to show the possible

&

error in assuming a substance to be a\mast oelismgl—;éi;;;%h the
evidence that it releases histamine,

Another pitfall relevemt to the association of histamine with
mast cells is to suppose that an effeot whioh is suspected to be due
to histemine release is in fact due to this cause because it is absent
in tissues depleted of their mast cells., Not only do mast cells con-
tain heparin along with histamine, but also at least one other substance
with potemt pharmaecological properties, S5-hydroxytryptamine (Benditt,
Wong, Arese end Roeper, 1955). Although the distribution of 5-hydroxy=
tryptamine is not so universal among mast cells (Parratt and West,
1957a; Cass, Marshell snd Riley, 1958), the similarity of some of its

pharmmacologioal actions with those of histamine warrant its careful

55—
assessment in effects suspected of being\gistmine mediated.

g Pt ""\\_’M

B. Methods for De-becting\fﬂista.mine Relea.seo/

——

Deteotion of free histeaminee Hoal proof of histamine liberation in a

given phenomenon ultimately must rest on a demommstration of the
appoarance of free histamine,

Detection of increased levels of histemine in the blood plasma
would appear at first glance to be the easiest way to show histamine
release,s That this is not always the oase can be attested to by anyone
who has tried ite Released histamine, owing to its high diffusibility

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 histemine
in plasme may be interfered with by the presence of other agents. Rough
hendling, hemolysis or clotting of blood samples raises the plasma
histemine oontent (Emmelin, 1945). These various difficulties have been
partially overoome, however, by using the wenous or lymphatic effluent
from histamine-rich tissues rather than rsndom venous samples (e.ge
Dragstedt and Gebauer-Fuelnegg, 1932; Gebauer-Fuelnegg and Dragstedt,
1932), by extracting the histemine from plasma (reviewed by Code, 1952)
and by handling blood semples gently (Bmmelin, 1945).

The ennoyances in detecting free histamine in blood have led
the substitt‘lfion of isolated preparations for whole animalse Generally,
such preparations have the advantages of allowing the selestion of
material particularly rich in histamine, of reducing the dilution of
freed histamine, and of permitting perfusion or inocubetion with media
free from interfering substences. Among the more widely used prepara-
tions (Mongar, 195.6) are perfused skin, chopped lung, rabbit platelets,
and isolated intracellular particles.

Deteotion of histamine depletion. Demonstration that the histsmine

content of a preparation is redwed by & given treatment gives presump-~
tive evidence of histamine liberatione. For exaﬁple, Ojers, Holmes and
Dragstedt (1941), by assaying semples of liver before end after anaphy-
lectic shock, were able to show that large amoumts of histamine were
released from this orgen during snaphylexis in the doge The method is
a relatively simple one, but unless the reduction in histemine is large,
it mey require meny experiments, for the histemine oontent often shows
wide variations, not only in different animels and tissues, but in

different regions of the same tissue (see e.ge Feldberg and Miles, 1953).
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Detection of effects of free histamine, Because histeamine has such a

variety of pharmacological effects, evidence for its release can often
be obtained by observing these effects. Thus arterial hypotension,
increased hematocrit, increased capillary permeability, smooth muscle
oontraction, urtioaria, oedems, and gastric acid secretion are aning
the responses whioch have been cited as evidence for histamine release,

As e rule, the occurrence of one or more of these responses is
used only as it should be, viz, as suggestive or circumstantial evidenoce.
This rule does not do justice, however, to two types of response which
are particularly useful in inoriminating histemine: inoreased gastric
acid secretion, and what ocan be called the species=-specific response
to histamine.

Gastric acid secretion as an index of histamine release has
several merits. It is extremely sensitive; inteot dogs will respond to
as little as 0,02 uge/kg./min, given intravenously, snd humen subjeots
to 1/10th this dose (Hanson, Grossmen and Ivy, 1948), More importent, it
is ‘unusually relieble. Histamine is not unique in stimulating gastric
secretion, but in most experiments in which its release is suspected,
the action of other gastric secretagogues is umlikely. This is parti-
cularly the case since the demonstration by Black, Fisher and Smith
(1958) that S-hydroxytryptamine does not stimulate gastric seoretion.
Finally, the pattern of secretion evoked by histamine is quite
characteristio, the juioe being highly acid, copious, and low in pepsin
(Gilman and Cowgill, 1881).

The species~specific response to histamine is & consequence of
the fact that in at least some species one response to histamine pre-

dominates over all others, and that this response is characteristioc of
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the species. To illustrate: if a guinea-pig, a rabbit, snd a dog are
each given a large dose of histamine, or of a substanoce able to release
histamine, the predominent effect will be asphyxia from bronchiolar
constrioction in the guinea-pig, pulmonary hypertension from pulmonary
arteriolar constriction in the rabbit, end portal congestion from
hepatic venous constriction in the dog (Dale and Laidlaw, 1910-11;
Feldberg, Schilf and Zernik, 1928; Mautner and Pick, 1929), These
responses are 80 eharacteristio of the species that individuwally they
provide a rather good indication of histamine release, and collectively
almost conclusive proof.

Use of antihistamines. Inhibition of a response with sn entihistamine

is probably the easiest method of implicating a histamine release
meohhnism.

The reliability of evidence obtained with antihistamines
depends largely on their specificity. It is generally agreed that the
commonly used antihistamines, partioularly miayramine, have a high
degree of specificity, provided they are not used in massive doses
(Schild, 1947; Reuse, 1943; Bain -, Broadbent and Warin, 1949). That
ig, if a response is inhibited by a dose which is just adeguate to
inhibit the response to administered histamine, the evidence is good
that the response is due to histamine. The difficulty arises when
relatively large doses of the antihistamine are given. Here no safe
ocon@lusions can be drawnj; if the response is inhibited, the effect may
be & non-spocifio one; if it is not inhibited, it may still be due to
histamine, for, as discussed by Dale (1948), it is possible that some-
times histamine may be released in such high local concentration as to

require enormous doses of antihistamines for its emtagonism,
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Use of histamine depletion. Whether an effect 1s due to a release of

histamine oan Sometimes be deoided by its presence or absence in tissues
depleted of their endogenous histamine. Thus rate (Brocklehurst,
Humphrey snd Perry, 1955) and rabbits (Lecomte, 1956) pretreated with
the histamine liberator compound 48/80 still showed Arthus reactions,
end the authors ooncluded that histamine plays a minor rolees With

this type of experiment, and this kind of result, the conclusion is
sownd 8o long as it is shown that the endogenous histamine has in fact
been depleted. However, in experiments where the other kind of result
is obtained - i.e. where the effect is reduced = it is not always safe
to conclude that histemine release is an essential factor, Pretreat~
ment with a thistamine liberator! usually means pretreatment with a
mast cell depleter, and therefore e depletion not only of histamine,
but also of heparin, S-hydroxytryptamine and perhaps other unknown
factors, For example, Feldberg and Talesnik (1953) showed that the
anaphylectoid reaction to egg white in rats was reduced after prolonged
treetment with 48/80 and concluded that histamine was an importent
mediator of the response; Parratt end West (1967), however, later
showed that S5~hydroxytryptamine is much more significant in this reac-

tion, but is also depleted by 48/80,

C. Histamine~relesasing Substances

0f natural origin, These have been reviewed by Paton (1957) and Rocha

e Silva (1955), end include trypsin, S~hydroxytryptamine, leucotaxin,
and some lymphagogues, venoms, and amino acids. Two suhstances are
of particular interest = horse serum and egg white.

Feldberg and Schachter (1952), using perfused skin flaps,

found that horse serum released large amounts of histamine from the



25

skin of non-sensitized cats. The release resembled that obtained with
compound 48/80, the meximum output occurring during the first few
minutes after the addition of horse serum to the perfusate. Dog and
rabbit serum did not have this effect, although humen serum, on the
two oocasions in which it was tested, releeased small quentities of
histamine. Autologous cat serum was without effeet; apparently
homologous ocat serum was not testede The significence of these obser-
vations is stated by the authors: 'the finding that horse serum releases
histamine from the skin of the cat without previous sensitization of the
animal appears to be the first direct demonstration of the relesse of
histamine by a foreign protein not previously activated's Curiously,
these workers were not able to show & similar phenomenon in dogsj
using perfused skin, they could obtain histamine release by horse
serum only in enimaels which were so .strongly sensitiged by previous
injection that they reacted with anaphylaotic shoek to intravenous
in jection of horse serune

BExperiments along similar lines were done by Sohachter and
Talesnik (1952), using egg white instead of horse serum. They fownd
thet egg white also released histemine from perfused skin of non-
sensitized ocats, but not from the skin of non-sensitized dogse They
were able to show too that intravemous egg white raised the plasma
histamine of rats, The active agents in egg white were different in
the cat and rat; the component effective in the rat was heat stable,
in the cat heat lebile.

Of simple chemical structure. The classic demonstration by MacIntosh

and Paton (1949) that a nwber of basic organioc compownds of simple

ochemical structure liberate histamine on initial injection without
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produoing other obwvious effects has led to the recognition of a variety
of compownds known collectively as thistamine liberators.! These sub-
stences have recently been reviewed by Paton (1957), and the only
member that will be considered here is 48/80, the compownd used in some
of the exparimental work of this thesis,

Compound 48/80 was prepared by Baltzly, Buck, deBeer end Webb
(1949) from the condensation of p-methoxyphenethylmethylamine with
formaldehydg\. Its potent histamine-releasing action wes demonstrated
by Paton (1951), who showed thet it caused a depressor response and a
rise in plasme histamine in the oat and dog, & rise in intraportal
pressure in the dog, and & triple response in humen skin, Feldberg
end Schachter (1952) showed that Os1 = 0.5 mge. would release a large
fraction of the histamine of & perfused flap ofskin in the doge

Althoug}(i\ifzimjne Im is the predominant effect of
48/80, this compowund also releases or estivatés other substances
in vivo. Paton (1951) found that after its administration to cats
and dogs, the rise in plasma histemine was acocompanied by the appoar—
ence in the plasma of & factor ('slow-contracting substancet!) which
ocaused a slow contraction of the guinea~pig ileum even in the presence
of mepyramine, He also noted a prolongation of the olotting tims,
almost certainly a result of released heparin, Mope recently, Bhat-
tacharya and Lewis (1956) have shown that 48/80 is a potent liberator

of b=hydroxytryptamine in the Compowd 48/80 therefore may be

described more accurately as a‘\mast cellfjdepleters

Of immwologioal significances It is well established that histemine,

and in some speedes heparin, are released in sensitized animals exposed

to antigen. Meny reviews have dealt with the role of histamine in the
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enaphylectic and allergic reactions, and only some interesting reocent
developmen+ts will be mentioned here,
Evidence is now accumulating that, just as in the case of the
reaction to the histemine liberators like 48/80, pharmacologically
active siubstances other than histamine and heparin are released in the
anaphylaotic reaction. Beraldo (1950) has fowmd a bradykinin-like
substance in the plasma of dogs in smaphylactic shocke Brooklehurst
(1963) has shown that a 'slow-reacting substance! appears in the
perfusate of lmgs of sensitized guinea-pigs when antigen is added to
the preparations this substanoce is not S~hydroxytryptamine or brady-
kinin, although it has some of the properties of the latter. With
the demonstration by Parrat and West (1957b) that 5 hydroxytryptamine is
the most importent mediator of the anaphylactoid reaction in the rat
and by Bhattacharya end Lewis (1956) that 5-hydroxytryptamine is
released by 48/80, it becomes proable that b-hydroxytryptemine is re=-
loased as well during the anaphylactic reaction in at least some speciese
That this is in fact so in the rat has been shown by Garcia-Arooha (1958),
who found that lerge amowmts of S-hydroxytryptemine were released from
the perfused gut of sensitized rats after the addition of antigen to __!_m-
the perfusate. Garcia-Aroche has also been able|to|partially|protect (/i
rats from enaphylactico shock with antagonists of 5-hydroxytryptamine,
Probably the most interesting development in the field in scme
years is the finding of Germuth and MeKimmon (1957) that antigen-antibody
complexes formed in vitro and dissolved in excess antigen produce typiocal
enaphylactio shoock when injected into normal, non-sensitiged animals,
MoIlreath (1958) has shown that such complexes release histamine in the

perfused guines-pig lung. Ishizake end Campbell (1968) have shown thet



28

soluble complexes produce immediste skin reections in normal guines=-
pigs. The latter workers also noticed the effect deseribed by Lake,
Simmonds, end Steinbeck (1953a,bs Chapter I), end they make the ingenious
suggestion that the skin reactions to initial injections of heterologous
gsora may be oaused by the presence in such sera of soluble entigen-

entibody complexes.



CHAPTER 1III

THE INDIVIDUAL SPECIFICITY OF DOG PLASMA

During some experiments involving the intrapleural injection of
isotonic saline in dogs, Stewart and Burgen (1958) obtained results
which could be accounted for only on the basis of inoreased pleural
capillary permeability. It seemed likely that this change was due to
the intrapleural activAtion of & humoral permeability-increasing factor,
and we therefore attempted to demonstrate such & fastor by the intra-
cutaneous injeotion of samples of pleural fluid into guineea-pigs. We
found from the outset that not only do some samples of pleural fluid
inorease capillary permeability in the guinea=-pig, but al so samples of
fresh or stored ocanine plasma and serums This result was attributed
to the phenomenon desoribed by Lake, Simmonds end Steinbeck (1953a,b)
a8 discussed in Chapter I.

To ociroumvent this effect of heterologous serum protein, we
used dogs as recipients for the testing of pleural fluid samples. It
became apparent at ones however, that normal homologous plasma in the
dog produces locel increases in capillary permeability on intracutaneous
injections The effect was not observed wﬁern antologous plasms was
testoede These findings indicated that cenine plasme pos sesses at least
some degree of individual specificity. Evidently we were dealing with
the same phenomenon as that described by Freeman end Scheoter (1942a,b;
Chapter I), although at the time we were unaware of their work,

The results described in this chapter are mainly those from
experiments designed to test the degree of individual specificity of

dog plesme, to examine the simpler characoteristics of the phenomenon,
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and to determine whether it fits any accepted gemetic or immunological
soncepts.

Some of the experiments with mongrel dogs were performed with
the assistence of Dre Pe Be Stewarte Dre Je Le Fuller provided the

facilities and enimals for the experiments with inbred animals,

METHD S
The skin was used as the test site. The injected plasme wes
always obtained from donors of the same species, in this case dogs,
as the recipient; we distinguish, however, between plasma from the
recipient itself, autologous plasma, and plasma from e different

snimenl of the seme species, non-autologous plasnma.

Five ml. blood semples were obtained by venipuncture., Each
semple was mixed with Oel ml. of 1% sodium heparin (Mann) in isotonie
saline and the plasme separated by centrifugation at 3000 rpm for 10
min, (r = 10 om.)s Plasma samples so obtained were tested within one
hour. In some experiments, three~fold serial dilutions of autologous
end non-eautologous plasme inisotonic saline were prepered to & final
dilution of 1/81, and injeocted immediately. (Here, & dilution of 1/3
means plaema and saline in the proportions of 1:2, a dilution of 1/9
meens plasme and saline in the proportions 1:8, ete.). Autologous snd
non-autologous plasme samples were always prepared and tested in the
s5ame weye

Before testing, recipient animals were 'blued! by the intra-
venous injection of 5 mge./kz. of T-1824 (Evens Blue, Wamer-Chiloott)
mede up as & 1,54 solution in isotonic saline. T-1824 1s known to
bind securely to the plasme albumin (Rewson, 1943)« When test samples

were thereafter injeoted into the recipientts skin, the degree of dyeing
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at the injection site provided an index of increased capillary per-
meebility (Miles and Miles, 1952). Duplicate intracutaneous injections
of non=autologous and autologous plasma semples were made on the olipped
back of the recipient with tuberoulin syringes fitted with 26 gauge
needles, Injections were made within one hour of the blueing of the
recipient. The volume injeoted was 0,1 ml., Test sites were examined
30 min, after injection; the diameter of the blued area was measured,
and when this exceeded & mm., the intensity of blueing was graded
from 1l to 4 in order of increasing intensity.

All enimels were unenaesthetized.

Other procedures, partioularly those relating to the experiments

on young enimals, are described in the text.

BESULTS

In mongrel dogs. Adult enimsls of both sexes, possessing their

permanent teeth, were randomly selected from the stock of the Animel
Colony at MoGill Uhiversity. There was no indication that any of these
dogs had previously received eny injection of biological or pharmasco=
logical materials,

Fige I shows the responses in a typical experiment, end Table I
presents the results in ten recipients ohosen at random from the records.
To date, samples of plasma from 1056 mongrel dogs have heen tested on as
meny recipients. When one takes into ascownt the testing of one donor
plasme on more than one reoipient, and the testing of several donor
plasmas on only one recipient, a total of 170 donor-recipient pairs
has been examined. Intracutsneous injestion of autologous plesme in
these animals either had no effect, or produced e blued erea which weas

nothing more than the traumatic merk left by the needle puncture. A few
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FIGURE I - Cutaneous Responses of a Mongrel Dog.

Bach square contains duplicate intracutaneous injections of 0.1 ml,
D2, E4, end E5: autologous plasma; Ep and E3: non-sutologous plasma
from two donors; Dz: histemine in isotonic saline, 1 ug./ml. (calc.
as the base); D4: histemine in isotonic saline, 0.l pge/mle; D5:
isotonie saline. Photograph taken 45 minutes after intravenous
injection of T-1824, 5 mg./kg., and 30 minutes after the intra=
cutaneous injectionse



33

TABLE I - Cutaneous Responses of Mongrel Dogs to Autologous and Non=-
Autologous Plasma. Each value represents the mean from duplicate

in jeotions of 0.1 ml. All recipients and all donors were different

animals,

Becipient Autologous Plasma Non-Autologous Plasme
Diameter of Intensity Diameter of Intensity
blued aresa blued area

Ko. 1 0 mme - 11,3 mm, 4

2 0 - 1645 4

3 0 - 10.7 2

4 2.0 2 845 4

5 e - 11,2 3

6 4,5 1 11,7 4

7 0 - 11.0 2

8 o - 16.0 4

9 1,5 4 13.8 4

10 1.0 4 9.0 4
Mean 11.9

% S.E. *0.8
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TABLE II - Effect of Dilution on Cuteneous Responses to Non=Autologous

Plasme. The results are from 50 different samples of donor plasma,

each tested in a different recipient.

Highest dilution
producing blueing

Undiluted
1/3
1/9
1/27
1/81

Nurber of
donors

20

14

50

Porcentage of
@onors

12

40

28

16

»
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FIGURE II = Cutaneous Responses of a Mongrel Dog to Plasme
Diluted with Isotonie Saline,

2.3.4,5% 8utologous plasma undiluted, diluted 1/3, diluted 1/9,
diiu{;ea 1/27: B2,3,4 non-eutologous plasma undiluted,
diluted 1/3, anuﬁed 1',?9, diluted 1/27; A2 .3.,4,5% another
sample of non-autologous plasma undiluted, &ﬁ.u%

diluted 1/9, diluted 1/27. Photograph taken 60 minu-bes aftor
injection of T-1824, and 30 minutes after the intracuteneous
injections. This recipient is also shown in Figure I.
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enimels irregularly showed e more distinot response, perhé.ps because the
needle penetrated a region that happened to be risch in mast cells. In
striking contrest was the effect of non-autologous plasma. Blueing
became obvious within five minutes of injeetion, reached maximum size
and intensity over the next 10-15 minutes, end declined slowly over

24 hours or more. Careful inspection usually showed that the bleb pro~
duced by the initial injeotion of non~autologous plasme had inoreased
in size snd was raised above the level of the surrowmding skin.

It should be emphasized that, in every animal tested, non~-
autologous plesma produced & more pronounced response than bau*bologous
plasme. Ocoasionally, the response to non-autologous plasma was weak;
when this occurred, injection of both kinds of plasma into the skin of the
neck rather than the back always revealed a clear distinotion between
the responses to the plasmas. Why the neok aree should be superior for
showing the difference has not been investigated, although a greater
histemine ocontent seems to be a likely reason.

In many experiments, fresh serum was tested in the same way as
pleasma. It was just as effective in showing the selective response,

In order to exclude ‘the possibility that dogs that had been
housed together might have become sensitized to one anothert?s dander,
gsome dogs were tested within an hour of being delivered to the animal
colony; their responses were no different from those of animals that
had been kept for weeks.

The ability of non-autologous plasma to produce intrecutaneous
blueing deoreased with dilution of the plasma in isotonie saline.
Activity was usually retained at 1/3 or 1/9 dilutions, but was lost in

the majority of tests at IL/Z?. A few samples retained their asctivity
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wtil diluted to 1/8l. The results are summarized in Table II, end
the responses in one experiment are illustreted in Fig. II. Autologous
plasma dilutions were always used as controls. They never produced
blueing, even when diluted samples were allowed to incubate at room
temperature for one hour before injections In three experiments,
autologous plasma and saline were compered as diluents of non=-autologous
plasma. The highest dilution producing e response wes the same for
both diluvents in each experiment,

In a few experiments, skin testing was performed in the absence
of dyees The responses to nm=-autologous plasma were again more pro-

nounced then those to autoZLOgous, although the differenoe ns/@of

e

oours?rstrﬂ:mg. Careful inspection revealed tha.t ai;;s of non-
autologous injeotion took on a dusky hue within one to two minutes
(probably the canine version of the flare), and after five to ten
minutes the wheals raised by non-auntologous plasma were visually and
palpebly larger than the original blebs at the time of injection.
These changes did notoccur at sites of autologous injection. In
three experiments, T-1824 was given intravenously in the usual way
five minutes after the intracutanscus injection of plasma. In every
case, in less then 30 seconds, the sites of non=autologous injeotion

turned blue.

In purebred end inbred dogse Most of the animals were from the dog

colony of the Roscoe B. Jackson Memorial Laboratorye The majority of
experiments were oonducted on the pure-bred lines of Basenjis end
Springer Speniels whose pedigrees are shown in Fige III. These lines
hed been inbred for several generations, though not long enough to

produce the degree of homogygosity fowmd in strains of inbred mice and
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Springer Spaniel

Basenji

FIGURE III - Pedigrees of the Springer Spaniel end Basenji
Inbred Lines.

Spaniels A and B were pure-bred siblings., Besenjis A snd B were
pure-=bred, and partially related. Horizontal connections repre-
sent full=-sib matings; diegonal connections represent back~crosses
to parent or to parent's sibling. Note thet neither pedigree has
any outoross,
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ratse All animals tested were adults. None of these animals hed
previously been exposed to one another!s plasma, serum or tissue. All
of them, however, at eight and ten weeks of age, hed received anti-~
distemper serum prepared and pooled from the dogs of a commercial pro-
dwer of veterinary products and enti-hepatitis vacoine prepared from
dog liver from the same source., Some additional experiments were per-
formed on seven pire-bred but not inbred SpringwSpeniels provided in

Montreal by & benefactor of MeGill Universitye None of these latter

enimals hed received dog serum or cellular mmterial of eny kind, or
any other injeotion or treatment.

Results obtained with the inbred dogs are shown in Table III.

In experiment one, the responses were tested of one reoi:piant
Basenji to plasma from enimals of other Broeda, and to plasma from
enimals of his own breed. It was fownd that the nom-autologous plasma
effect ooccurred in these pure-bred snimels, thet it was pronoumced, aad
that it did not appear to diminish as the genetio relationship between
donor and recipient .'tgefoame oloser. o

Closely related Basenjis weré also exemined in experiment two,
and the results were similar to those of the first experiment. In
experiment two, 3-fold serial dilutions of plasma were also tested;
this method provided a better index of plasma activity then did asimple
testing of undiluted plasma. The highest dilution whiéh was still
active was 1/27 for every non-autologous plasms, indicating that they
all possessed approximetely the same aotivity. Control testing of
diluted autologous plasma showed no astivity. In experiment three, all

possible donor-recipient pairs were tested eamong five Basenji litter

metes (amimals F, G, H, I and J of the pedigree)s The non-autologous



TABLE II1I -~ Cutensous Responses of Inbred Dogs to Autologous and Non=

Autologous Plasma,

injections of 0,1 ml,

&Pt.
No.

Becipient

Basenji S
L

I3 Tz =2

Basenji U
"

Basenji V
n

Basenji F

Z 3 =

Springer O
]

T 3 3 2 2=

Springer Q
"

"

Donor

Self
Beagle
Cocker
Springer
Basenji C
Besenji B
Basen ji K
Basenji Q

Self

Besenji C
Basenji @
Basenji V

Self
Basenji U

Self

Basenji G
Besenji H
Basenji I
Basenji J

Self

Springer P
Springer Q
Springer R
Springer 8
Springer T
Springer U
Springer M
Springer L

Self
Springer Q
Springer R

Each value represents the mean from duplicate

Mesponse

Diemeter

Intensity

O mm.
130
11.5
14,5
12.3
13.6
12,0
12,8

0 mme
11.0
1048
12,48

0
13.8

0 mm,
13.0
12.8
14.0
13.0

0 mm,
11,8
760
1.8
12,0
948
9.5
12.0
13.0

98
1043
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FIGURE IV - Cutaneous Responses of Basenji Fe.

The four squares with positive reactions contain duplicate
intracutaneous injections of plasma from the recipient's
four litter mates. The second square from the right con=
tains duplicate injections of autologous plasma. Fhotograph
teken 45 minutes after injection of T-1824 and 30 minutes
after the intracutaneous injectionse

4]
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plasma effect ooocurred in every combination. The results with Basenji F
are shown in Teble III, and in Figure IV; when his siblings were used as
recipients, they showed just &s pronounced reactions,

In experiment four, the litter mates and sires from the inbred
atrain of Springer Spaniels were examined, Although the non-autologous
plasma effect appeared to be more variable here, it was still present in
every paire, Much of the variation was probably due to the difficulty
in assessing the intensity of dyeing at the injection sites, for these
animals had naturally dark skin,

Meny of the olosely related pairs were typed for erythrooyte
agglutinogens, using the system developed by Yowng and his associates
(Chapter I), There was no correlation whatever between blood group
compatibility and reactivity to non=autologous plasmae

Of the seven pure=bred Springer Speniels obtained in Montreal,
five were litter mates and the others less olosely relateds All pos=-
sible oombinations were tested; that is, 20 donor-recipient pairs
among litter mates, and 22 peirs among less closely related animals,
Non~eutologous plesma produced the typical respomse in every pair;
autologous plasma controls had no detectable effects Although testing
of serial dilutions was not possible, owing to limitations imposed by
the small areas of light-coloured skin availeble in these dogs, the
responses to undiluted non-autologous plasms werelgenerally &5 pronounced
a8 those in the Basenjise In the one recipient where the responses were
somewhat weaker, there was still a clear difference between the effects
of non-sutologous and autologous plasma.

In puppiese Plasme obtained from puppies was tested in adult recipients.

Both donorsand recipients were mongrel snimals, wselected as to breed or



kqs{ 6’"?& (5{@ Q'

43

sex, from the animal colony at McGill University. None of the animals
had previously been exposed t0o dog plasma or serum.

Two litters of puppies were followed at weekly intervels from
the tenth day after birth until their plasmas prodwsed consistently
positive reactions in adult recipients. For this testing of puppy
plasma, one adult recipient was used per litter per week. Blood samples
(3.0 ml.) were teken from each puppy by cardias punoture. Each sample
was heparinized with 0.1 ml. of 5% sodium heparin in isotonie saline,
end the plesma harvested after oentrifugation. Plasme samples were
lef't unpoolgd. An aliquot from each sample was serially diluted with
Lsotonis saline. The dilubions Were tested immediately, end the
highest dilution at whioch aotivity was retained was noted., This pro-
cedure, by comparison with adult controls, provided a rough index of
non=-autologous plasma activity in those cases wzlir’e neat plasma pro-
duced promounced reactions.

As ocontrols, one edult donor animal was assigned to the first
litter (litter A) and two adult donor animals to the second litter
(1itter B). These oantrol enimals were bled and their plasmas tested
concurrently with the puppies, on the same recipients.

Undiluted puppy plasma tested on the 10th, 17th end 24th post-
natal days wmniformly produced either no response, or weak responses, in
adult animals. From the 31st day on, however, the activity repidly
increased to the adult level, This change is shown in Fig. V. Litter A
was weaned during the fourth post-natal week. Since the increase in
plasma activity to the adult level began during this period, it seemed
interesting to see whether weaning influenced the time course &f the
increases Weaning of litter B was therefore withheld for the duration

of the experiment. Evidently this did not prevent the development of

I'f hlf\lctl
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FIGURE V - Titres of Non-Autologous Activity in Plasma from

Puppies and from Adult Dogs.

Litter A (above) contained 6 pups end litter B (below) 5 pups.
The titre represents the highest dilution which gave & detect~

able response. § ¢
litter of pups; A em
rentlye

mean titre, with full range of each
: titres of edult animals tested concur-
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adult activity.

Mother—-offspring reletionshipse In the initial experiments with puppies

desoribed above, our technigque for obtaining blood by cardiac punciure
was not good enough to permit the collecting of plasma for testing
earlier than about the tenth post-natal daye However, as the technigue
improved, we were able to obtain plasma from e litter of pups twelve
hours after their birth. Surprisingly, this plasme had considerable
activity when tested on an adult reoipient., Unfortwmately the mother
of these pups had very dark skin, so that skin testing in her was
imprectical, but it was suspeoted that the activity in the plasma

from newborns represented transferred aotivity from the mother.

This idea was tested in a second litter of four pupse. These
pups were allowed to feedfreely at the mother. Blood was obtained at
the 24th post-natal hour, and the individual semples of plasma were
injected intracutaneously (a) into an unrelated adult mongrel femalg,
snd (b) into the mother. The results of this experiment are presented
in Table IV. They show that the puppy plasmas were able to evoke clear
responses in an wrelated adult roughly oomparable to those produced by
the mother's plasma, but were without effect when injeoted into the
mother, That the mother was able to respond t0 non=-autologous plasma -
was shown by her reaction to plasme from the unrelated adult. In order
to dbermine whether the lack of response by the mother to her offspringst
plasmas represented a true tolerance to a 'mon-autologous fastor! menu-
factured by her pups or simply refresented a tolerance to her own plasma
factor, plasme was obtained from two of the pups when they were six
woeoks of ages This plasms now prodused pronownced reactions in the

mother, even at & dilution of 1/3,
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TABLE IV = Mother-Offspring Reletionships. Eaoch reading represents the

average response to at least two intracuteneous injections of O,1 mle.

of plasma,
Becipient Donor Reaponse
Dismeter Intensity
Unrelated adult Self 0 mm.
Mother of pups 845 4
Pup # 1 845 2
Pup # 2 9.0 3
Pup # 3 trace
Pup # 4 Beb 3
Mother of pups Self 0 mm.
Unrelated adult 8.6 4
Pup # 1 0
Pup # 2 o]
Pup # 3 0
Pup # 4 0
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A further experiment was performed on the mature offspring of
several bitches at the Jackson Laboratory. Two adult Basenji siblings,
and two adult wire-haired terrier siblings, were in jected with their
mothers?! plasma. They showed clear responses to matemal plasma,
responses just as pronounced as their responses to plasma from wrelated

animsl s.

DISCUSSION

These results demonstrate clearly that canine plasma possesses
e oonsidereble degree of individual specifiocity. Intracutaneous
injection of snother (adult) dog's plasma causes a marked looal inorease
in capillary permeability with distinot wheal formation, while a similar
in jeetion of the animalts own plasms has ho such effects The specificity
is unusual end indeed seems to be unique in that it always menifests
itself on the initial Injeotion of plasma; sensitization in the usual
sense is umecessary. This is in contrast to the type of specifieity
exhibited by the homograft rejection phenomenon or by the majority of
the erythrooyte antigens, where the specificity reveals itself only
efter a latent period during whiech antibody production ocours.

During the experiments with mongrel dogs, it seemed reasanable
to attribute the specificity of dog plasma to gross ontogenetic dis-
parities among mongrel dogs. (One need only look at our stock of
mongrels to be impressed with this diversity)., However, the experiments
with pure-bred and inbred dogs quickly showed that this was not the case,
for we have been unable to find either compatible pairs among closely
inbred pure~bred animals, or even to detect any diminution in the
response to non~autologous plasma as the genetic relationship between

donor and recipient becomes oloser,
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The inbred dogs we studied hed never been previously exposed to

donor plasma, but it is possible, of course, that they had been in some

way affected by their exposure to pooled dog serum given to proteot

against distemper, or by exposure to cellular material oontained in

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

pure-bred Springer Speniels obtained in Montresl. These snimals had

never received injeotions of any kind., Sinoe their responses were no

different from those of the inbred dogs, smd since they themselves were

rather closely related, it seems wunlikely that the early treatment of

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

the presemt study.

The reason for teating serial dilutions of plasma was of course

to see whether this proocsdure could be used as & rough quentitative

measure of non~autologous activity, just as the titre of erythrooyte

agglutininsg is usually determined by dilution techniques. For the

procedure to be valid, it was necessary to show, in so far as possible,

that the change in non=autologous activity with dilution was in faot duse . .

to simple physical dilution, and not to a chemical activation or removal ;"“‘ "‘iboﬁ
activateo g ?

of the factor responsible for the non-autologous activity oerf some :

other factor. The importence of this point isshown by the demon stration

that simple dilution with isotanic saline of guinea-pig serum (Maokay,

~ Miles, Schachter, and Wilhelm, 1953; Miles ang Wilhelm, 1955) or of

hunen plasma (Stewart end Bliss, 1957) activates an enzyme-like factor

('PF/Dil?) which inereases capillary permeability. In the dilution

studies with ocesnine plasma, therefore, autologous plesma dilutions were

always used a8 oontrols. Since they never produced blusing, the responses

to diluted samples of non-autologous plasma are due to the same faotor
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as that in undiluted non=-autologous plasma, That this faotor is not
appreciably altered chemicelly by dilution in saline is suggested by
the fact that use of autologous plasma instead of saline as the
diluent did not alter the titre. The dilution technique therefore
seems to be suitable as a rough index of non-autologous activity.

It was considered possible that the dye T-1824 might in some
weay be playing sn integral role in the seleétive response to autologous
and non-eutologous plasma, However, none of the results of some
experiments designed to test this possibility suggests that this is
the case. Responses to non-aubologous plesma were more pronounced
than those to autologous in the absence of dye. When dye was given
shortly after the intracutaneous injections, the rapidity with which
the sites of non-autologous injeotion turned blue (little more than
one ciroulation time) strongly suggests that the inorease in oapillary
permeability already existed at the time of dye injection, Further
evidenoe that T-1824 is wnimportant in these responses except as a
vistel aid will be presented in Chapter IV.

Plasma taken from puppies during the early weeks of life is
ineffeotive in producing the typlocal response to non-sutologous plasma.
This is partioularly apparent in view of the faot that among adult dogs
no instance has been encowmtered in which non-autologous plasme has
failed to produce the expected response; among 33 samples of plasma
obteined from 1l puppies during the 2nd, 3rd and 4th post-natal weeks,
20 ssmples failed to produce any detectable response in adult recipients,
and the remainder produwced only weak responses. After the 4th week,
however, the aoctivity of puppy plasme rapidly rises to the adult level.

The stimulus whioh cauwses this is unkmown, for although in litter A the
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rise to adult level was conourrent with weaning, litter B showed a
similar rise while unweaned. A rather subtle quelification which
should be noted here is whether the rise to adult activity really
represents the appearasnce of non=autologous o.otivity) or the transient
appearance of some other factor able to inorease capillary permeability
and absent in adult animals, It must be remsmbered that in the experi-
ment as designed it was not possible to test repeatedly autologous
puppy pleasma, for once an animal is *blued! it is unsuitable as a
donor, and in eny case skin testing in young puppies is a formidable
undertekinge The possibility that the plasma aotivity of older puppies
is not non-autologous activity seems remote, however, for we have
noticed repeatedly that sutologous plasma is wiformly inactive in
enimals without ppemanent teeth but sufficiently mature to permit
careful skin=-testing.

Although plasma taken from puppies during the early post-natsal
weoks is gemerally inaotive, plasma taken during the first day of life
mey have considerable non-autologous aotivitye This suggests at once a
transfer of matermal aotivity, and this hypothesis is strongly supported
by the demonstration that while newbom puppies! plasma produces dis-
tinot responses in unrelated adult recipients, it is without effeot in
the mother, Furthermore, the transfer of large molecules (hemolysins)
to the offspring through the oolostrum has been demonstrated in dogs by
Yomg and his associates, as discussed in Chapter I, Whether the trans-
for of non-autologous activity also ocours through the colostrum is not
answoered by our experiment, but will be tested when further litters are
available,

In view of the evidence that maternal non-autologous factor

apparently is present in the blood of the offspring during the early
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post-nafal period, it was pertinemt to inquire whether the offspring
might be permamently tolerant to the matermal factor owing to their
early exposure to it, in accordance with the prixioiple of immunologioal
tolerance, When maternal plasma was tested on mature offspring, however,
no - tolerance to this plasma was apparent.

Possible mechanismé which might account for the individual

specificity of dog plasma are discussed in Chapter VII.




52

CHAPTIER IV

HISTAMINE RELEASE BY NON-AUTOLOGOUS PIASMA IN THE DOG

As soon as it had been established that non=-autologous plasma
produwed & wheal on intracutemeous injection into the dog, and that
this effeot is not shared by autologous plesma, some simple tests were
done to see whether non-autologous plasme acts directly on the skin
capillaries to increase their permeability or whether it acts
indirectly through one or more intermediate mechenisms. The effeot of
an antihistamine on the response to non-autologous plasma was tested in
one of the first of these experiments¢ in moderate doses it produced
a marked redustion in the response. This result, and the obvious
similarity between the effects of non-autologous plasma and histemine,
led to the hypothesis that the principal effect of non—g.u‘bologous
plasme is a release of endogenous histemine,

In the following experiments, four oriteria for histamine
release by non~autologous plasma were used: (a) pertial or complete
inhibition by en entihistamine of the whealing produced by non-eutologous
plasma, (b) reduction or absence of the whealing in skin previously
depleted of its endogenous histamine by a histemine liberator, (c) an
increase in gestric acid secretion after exposure to non-autologous
plasms, end (d) the presence of free histamine in tissue exposed to nan-
autologous plasma. These oriteris imply, of course, the use of suitable
autologous plasme controls.

Mre Jo Do Walker assisted with the experiments testing ori-

terion (d)e.
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VETHODS

Adult mongrel dogs of both sexes were useds The methods of
obtaining plasma and of intracutaneous injeotion have been desoribed
in Chapter III. In some of the experiments, histemine was alsoc tested
in the skin; O.l ml. of an isotonic solution containing 1 ,ug./ml.
(caleculated as the base) was injecteds In the experimemts testing
the effects of the entihistemine mepyramine and of histemine deple=-
tion with compound 48/80, Pontamine Sky Blue (Ge Te Gurr), 70 mge/kgze
body weight was used for staining the plasma.* In the other experi-
ments where blueing was necessary, T-182¢ was-used a8 described in
Chapter III.

Use of an antihistamine. Mepyramine maleate (Neoantergan, Poulenec)

was given intravenously as e 5% solution in isotonic seline,

Blued reciplents were skin tested, and as soon as the initial
injection sites had been read (i.e. approximetely 30 minutes later),
each recipient was given mepyramine, 2 mg./kge body weight. Twenty
minutes later the skin tests were repeated.

Use of & histamine liberator. Iwenty-four o 48 howrs before blueing,

random sites were injected intracutaneously with 0.5 ml. of & 0.l%

solution in isotonic saline of the histemine liberator compound 48/80

#These experiments were performed before most of the experiments in
chapter III, at & time when we were using Pontemine Sky Blue follow-
ing the recommendation of Miles and Miles (1952)s It was perfectly
satisfactory for our purposes, but when experiments on valuable pure~-
bred dogs were proposed, it was felt safer to change to T-1824, whose
toxicity has been more carefully studied, and to reduce the dose of
dye to & mg./kg. Omnce this procedure was adopted, use of Pontamine
Blue was discontinued in order to standardize all future experiments,
We have had no reason to suspeot that the cutsneous responses to
plasma are eny different when Pontamine Blue is used instead of T-1824
(compare, for example, Teble VI with Table I).
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(Burroughs Wellcome). The bleb raised by the volume of injected solu-
tion was demarocated with ink so that the treated aree could be used
again as an injection site after the dog had beem blued.

Gastric acid seoretion. Eight dogs, fasted for 24 hours, were trans-

fused with 20 ml. of plasma per kg. body weight at a rate of 2 ml./kg./
min., wnder sodium pentobarbital ansesthesia (approximately 25 mge/kge,
given intravenously)e The procedure for obtaining and handling plasma
is described in Chapter V. Pour animals were given autologous and
four non=autologous plasma, Both series of enimals were subjeoted to
the seme bleeding procedure and both types of plasma were obtained

and treated in the same way,

The donors of non=-sutologous plesma, however, were deliberately
selected on the basis of the blued reoipients! outaneous responses to
intracutaneously injeoted dilutions of donor plasmea. Where donor
plasma failed o produce & wheel at & dilution of 1/9, this donor was
re jected and replesced.

After induction of anaesthesia, the pylorus was exposed and
gently tied off tkrough a mid~line incision and a tube was introdusced
into the stomach through the esophagus., After thorough gastric lavage,
50 ml. of distilled water were placed in the stomach; every 15 minutes
thereafter the fluid was aspirated off and replaced with a further
50 ml. of distilled water. The removed fluid was titrated with 0.056 ¥
NaCH to pH 7 using phenol red indiseators In 8 titrations, the neu-
tralized solutions as judged with the indiocator were checked with a
Beockman Model G pH meter. The measured pH values averaged 7.2;-""0.1
(mean + SeDe)e.

Free histamine. These experiments followed the transfusion experiments
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desoribed in Chapter Ve The infrequency of hypotensive episodes follow-
ing trsnsafusion of non-autologous plasma suggested that if histamine is
released at all, it is released in relatively small amounts. With this
in mind, we developed a simple method for deteoting the release of small
quantities of histamine. Briefly, the method involves the intracutaneous
injection of the suspected histamine liberator, followed by excision of
the injected area and incubation in Tyrode's solution. Because of its
high diffueibility and low affinity for tissue some or all of any
histamine releassd should distribute itself in the inoubation mediwm
(Bcha e Silva sand Sohild, 1949; Mgar and Sohild, 1962). This
mediun is then assayed for free histamine.

At the start of each experiment, a pair:of dogs was selected
at randoms The reciplent was blued, eand samples of diluted plasma were
tested on the skin. Where donor plasma failed to produce a distinot
wheal at a dilution of 1/5, this donor was rejected and replaced.

After skin testing, the reciplent dog was anaesthetized with
sodium pentobarbital, 25 mge/kg., end & tracheotomy performed. 1.0 ml.
of non-autologous plasma was injeoted intracutaneously at & site chosen
at random along the mid-axillary line, When the first tinge of blue
appeared at the site, the entire bleb raised by the injected plasma was
rapidly underout and excised with & sharp soalpels The exoised tissue
oconsisted of both full-thiokness skin and 2-3 mm, of subocutaneous
tissue. This tissus was placed on filter paper, weighed, cut into slices
approximately 2 mm. thick, and dropped with the filter paper into a test~
tube containing 4.0 ml, of Tyrodet's solutione The entire procedure was
then repeated with autologous plasma, using en injection site immediately

adjacent to that of the non-aubologous injeotion. The time interval
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between injection and exoision was the same as that for non-autologous
plasma, In each experiment, 3 pairs of injections were made, those of
autologous plasma alternating with those of non-autologous plasma.

Eech sample of exoised, sliced tissue was allowed to incubate
in Tyrode's solution at room temperature for 30 minutes. Then, follow-
ing brief ocentrifugation, the supemeate was pipetted off and treated
with trichloroacetic acid to a final concentration of 104, The result~
ing precipitate was removed by centrifugation, and 0¢3 ml. of concen=
trated HC1 and some bolling chips were added to the supernate. This
solution was held in & bath of boiling saline (107°C.) for 90 minutes.
The sample was then brought to pH 7.520,5 with NaOH and 0.2 ml, of 1 M
tris(hydroxymethyl)eaminomethans buffer, pH 7«7 The pH was always
checked with e Beclmen Model G pH meter,

The neutralized samples were assayed for histamine on an iso=
lated segment of guinea-pig ileum suspended in a 6 ml, bath filled with
Tyrode's solution (of the composition recommended by Code and MoIntire,
1966), containing 0.15 mg. of atropine sulphate per litre. A represen-
tetive assay is shown in Figure VI. INo more than O.1 ml, of sample
wa's &#dded to the bath et a time, for larger additions sometimes had a
depressent effect on the gut, probably owing to their hypertonicity,.
Because the smownt of histamine in the samples often wes small, intes~
tine insensitive to 0,003 ug. was rejected and replaced. At the end of
a series of assays, 0,020 pge of mepyramine maleate was added to the bathe
After several washings, some assays were repeated to test parallel
inhibition.of the histamine standard end samples, These tests never
indicated the presence of a contracting substance other than histamine,

To ensure the validity of the method, the recovery of standard
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FIGURE VI - Histemine Assay on the Atropinized Guinea-pig Ileum.

The photograph shows the kymograph record of contractions of &
segment of guinea=-pig ileum. Actual size. Drum speed 9 m.m./nu‘n.
Contraction of the gut caused en upward swing of the stylus.

Preliminary screening of the samples had shown the particular
sample assayed here to have a histamine content of sbout 0.l pg;./ml.
From the left: the first, third, fourth, sixth, and seventh con=
tractions were caused by 0.010, 0,012, 0,005, 0.006, and 0.006 pge
of histamine respectively, added to the bath as a solution con-
taining 0,10 pg./mle; the second and fifth contractions were

caused by 0,10 and 0.05 mle. of semple respectivelys. The histamine
content of the sample was recorded as O.ll pge/ml.




TABLE V = Beoovery of Histamine after Treatment with ICA, HCl and

Reate

Total Amount of Histamine % Recovery
Initial Final o
1,00 mg. © 0490 Mg. S0
1.00 090 90
0,75 0.64 86
0.75 0.72 96
0450 0643 86
0.50 0.45 20
0.25 0.20 80
0425 0.19 76
0,00 0.00 -

0.00 0.00 -
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histamine solutions was tested. 1.00 mle of an appropriate histamine
solution in saline was added to 1,00 mle of heparinized dog plasmae
4.00 mls of Tyrode!s solution were added. After 30 minutes at room
tempereture, the solution was treated with trichloroacetis acid, HC1,
and heat, neutralized, and assayed, in exactly the same way as were
supernates from the incubated tissus, The recoveries are shown in
Table V; the mean recovery in 8 trials was 8722 (S.E.)%.

The amount of free histamine recovered per sample of sgkin, in
R8s s Was celoulated from the expression % x (4+8) where A = total
histamine in assayed sample, in ‘Jg., V = volume of supemsate removed
after inoubation, in mle., and 8 = weight of excised tissue, in g.

(4 + S represents fairly closely the original volume through which
any freoe histamine ocan distribute itself).

All values for histemine are expressed as the base.

Compound 48/80, dissolved in isotonio saline, was tested in
the same way as plasma in some experiments, At the end of these
experiments, the minimum dose of 48/80 whioh could produce a 10% fall
in arterial blood pressure was determined. Blood pressure was
recorded with s meroury manometer from the femoral artery; 48/80 was

given intravenously in ascending doses at 5 minute intervals,

RESULTS

Effect of mepyremine, The results in 8 different recipients, eash

tested with a separate sample of non-autologous plasma, are shown

in Table VI, A dose of 2 mg. of mepyramine per kg. body weight
reduced the mean diameter of the blusd area produced by non-autologous
plasma from 12.6 mme to 7e3 mm., and of that produced by histamine from

10,2 t0 447 mm. The reduction in both cases was significant (p <040l by



TABLE VI = Bffeoct of Mepyramine Maleate on Cutaneous Responses to Non-Autologous Plasma and Histamine.

value represents the mean from duplicate injections.

Before Mepyramine

After Mepyramine

Each

Autologous Non~Autologous Histamine Non=-Autologous Histamine
Plasna Plasna 1pg./ml. Plasma 1 pge/ml,
Diameter Intensity | Diameter Intensity | Diameter Intensity | Diameter Intensity | Diameter Intensity
n.m.f - 11.8 mm. 2 10,8 mum. 3 2.0 mm, - 20 mm. -
NeMe - 1642 4 543 2 10.8 3 2.0 -
Nell, - 12,5 4 11.8 4 2.0 - 346 1l
5¢1 mm. 1 1048 4 11.4 4 749 1% 2.0 -
Rele - 12.0 4 1040 4 948 2% 6ol 1
Neme - 10.1 3 11.5 4. 345 1‘;‘;} 65 1
4.0 3 12,4 4 10.8 4 1045 3%— 6.4 2
Neme - 15,3 4 10.0 4 12,2 5% 8.8 3
Mean 12.6 1042 7.3 4.7
% S.E 0.7 Fo.7 .5 0.9

™
NN, 2

needle mark {2 mm. in diameters,

09
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% test using paired values).

Effect of compound 48/80. The effect of previous treatment with 48/80

is shown in Table VII. The response to non=-sutologous plasma was
reduced on the average from 11,8 mm. in untreated areas to 8.2 mm, in
treated areas (p<0.01,paired values)s The response to 48/80 was
reduced from 14,5 nmm, to 10,0 mm. (p <0.,05, mpaired values). The
response of treated areas to histamine was not appreciably affested
(p>0e3, paired values)e.

Gastrio acid secretion. The results are shown in Figure VII., Autologous

plasma transfusions were uniformly without effect on acid seoretion. In
contrast, every non-autologous plasma tre.nsflusion was followed by @
rather sharp inoreese in seoretion. In three dogs, the inorease began
within 30 minutes of the tren&fusion; in the fourth dog it was delayed
for an hour, It is interesting that the reoipient with the delayed
response had & severe hypotensive episode following the transfusion,

as desoribed in Chapter V; the increase in acid secretion coinscided
with the return of the blood pressure t0 normal.

Freo higtamine, The results of 10 comsecutive experiments are shown

in Table VIII, The amount of free histamine resovered after non-
auntologous plasma injection was on the average 0,296 nge, after
sutologous plasma, 0,141 ug. Application of the t test to individually
paired values showed this differemse to be significant (p<0.001).

Two variables besides the source of the plasma should be eon-
sidereds the amowmt of tissue excised (to which the smowmt of spontansous
histamine release is related), end the presence of small quantities of
extravascular T-1824 in the tissuwe treated with non=-sutologous plasma,

The weight of tissue exoised after nom-autologous injection was on the



TABLE VII - Bffect of Previous Treatment with & Histamine Liberator on Skin Responses to Non-Autologous Plasms,

Histamine, eand Compowmd 48/ 80s Each value represents the mesn from duplicate injeotions.

Non=autologous Plasma

Histemine 1 g./ml.

Compound 48/80 1 ngml

Untreated Treated Untreated Treated Untreated Treated
Diameter Diameter Diameter Diameter Diameter | Diameter
Recipienty| of blued Inten-= | of blued Inten-| of blued Inten~| of blued Inten=-| of blued Inten= | of blued Inten=
animal area sity area sity ares sity area sity area sity area sity
Noe 1 12,0 mme 4 8ol nme 13 10,0 ome 4 10,5 mme 33 13.9 mme 4 8e2 mm, 1
No. 2 10.1" 2% 8.8 2 | 1.5 4 11.2 s 942 2
11.0* 53 7.8 2
Noe 3 11.6 " 842 2% 10.8 4 10.4 3% 16,0 4 10,00 1
Ko. 4 14.1 4 8.2 2 13.2 4 1048 3 13.5 4 12,5 1
Mean 11.8 8.2 1144 10,7 14,5 10.0
SeE. *0.8 t0.2 0.7 t0.2 to.8 Yo.9

’_' Different donorse

9
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FIGURS VII - Effects of Plasms Transfusions on Gastric Acid

Secretions

The graphs show the total acid seorstion of four dogs receiving
autologous plasma (above) and of four dogs receiving non~autologous
plasma (below). Closely grouped values are presented as a mean
with full range.




TABLE VIII - Free Histamine Recovered after Plasmea Injeotion.

Expte Noo

10

Non=Autologous Plasme

Mean

0.49
0.55
0633
0.26
0426
0615
0.12
0.15
0.21

0.45

L+

S.E.

0.06/*5.
0.06
0404
0406
0.01
0,03
0.01 |
0.01
0.01

0.06

Autologous Plasme

Meen

06156
0.30
0014
0.14
0406
0.06
0.12
0.15
0.11

0.18

I+

SeEe

0.03/4g.
0.01
0.03
0406
0.01
0.02
0.02
0.01
0.01

0.02
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TABLE IX - Free Histamine Becovered after 1.0 ml. Injections of

Compound 48/80 end Autologous Plasmae

Conon. of 48/80,
g./ml.

10°°
1074

10°°

108

1077

Dose of 4&/80

causing 104
fall in BePe

Expts. Noes 6

Plasma
48/80 (ad jacent area)

Expts Noe 7

Plasma
48/80 (ad jacent ares)

0e23 siga 0409 Lige
0.18 0.05
- 0.16 004
0.12
0404
0,04

0e2 nge (0.025 mg./kg-)

Oo“Mg. 0010#30
0.50 0.10
0425 )

)
0.22 )0.15

)
0.13 )

065 mge (00025 mg./kg.)
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average l.43 g., after autologous injeotion 1l.38 g This difference
is not significant (S.E. of the difference = 0.05 ge., p»0e3), nor is
it in eny case large enough to be of importance. In experiments 9 amd
10, T-1824 was not given, and tissue was excised after sn interval
arbitrarily set at 23 minutes efter injection; the difference in his-
temine release was e.; marked a8 in the other experiments,

Results obtained with compownd 48/80, in the two experiments
in which it was used, are shown in Teble IX. The skin injection
method was sensitive to 1/200 to 1/500 of the dose of 48/80 needed to

osuse an appreoiable fall in blood pressure.

DISCUSSION

These results show that the effects of non=autologous plasms
meet the requirements of the four oriterie for histamine release set
down in the introdwotion to this chapters The validity of each of
these oriterias is discussed in Chapter II, but some comment on the
partiosular oonditions used in the present experiments is appropriate,

The reduction of the response to non~autologous plasma by the
antihistamine mepyremine is by itself good evidenoe for e histamine-
release mechanism, Meopyrsmine is noted for its high degree of speci-
fiocity as an antihistamine, For example, Reuse found thet its plé' for
the antagonism of the action of histamine om the guinea-pig ileum was
9432, but only 5.03 for the antagonism of acetylcholine in the same
systome That is, mepyramine, on & molar basis, was about 20,000 times
¥The is the negative logarithm to the base 10 of the molar concen-

tration of the antagonistic drug whioch will reduce the effect of e
double dose of the aotive drug to that of a single dose.
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more effective against histamine then against acetylcholine., Fuwrther-
more, the dose of mepyramine used in the present experiments (2 mg./kg.)
was not inordinately large, for, although it was sufficient to decrease
the response to a moderate dose of exogenous histamine, it did not
always abolish it.

The response to non-autologous plasme was much reduced in areas
of skin previously injected with 48/80. Feldberg aund Talesnik (1953)
have shown that 48/80, in concentrations similar to thaet used here,
reduced the histamine content of a treated area of dog skin by as much
as 85% for at least 10 dayse That the skin histamine was considerably
reduced by 48/80 in the present experiments is indicated by the
deocreased effect of & second injection of 48/80 into the same site.
That the capillaries in treated areas could still react by an inorease
of permeability is shown by the near normal response of these areas to
exogenous histamine, Thus the reduction in the response to non-autologous
plasma in these areas again suggests, although it does not prove, that
at leasds part of the effests of non-autologous plasma ocan be attributed
t0 a release of histamines

The striking contrest between the effects of autologous and non=-
autologous plasma on gastric acid seoretion is interesting from two
points of views First, it provides further circumstential evidenoce
that non=autologous plasme releases histemine. Seocond, it shows that
if the inoreased secretion is indeed due to histemine, non-autologous
plasma is able to release histamine on systemic as well as on intra-
cutaneous injeotion.

The recovery of more free histamine from skin injeoted with

non-autologous plasma then from skin injected with autologous plasma
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makes the evidence conclusive that nom=autologous plasma releases

his temine.* The objection might be raised that in these latter experi-
ments non-;utologous plesma was not really releasing histemine but
instead was having a leucotaxic effect, and that the increased amount
of free histemine recovered frominoubates of the excised skin was due
to spontaneous release from increased numbers of histamine=rich
leuccoytes in the injected skin areas., Although we have not examined
histologically sites injeocted with non=-autologous plesms, this pos-
sibility is extremely remote. Leucooytic infiltration would have had
only about two minutes to ocour before excision of the skine In addi-
tion, the leucooytes of the dog, in contrast to those of some other
species, contain almost no histamine (Code, 1937, 1939). Another
possible objection is thet the present interpretation of the expori-
ments involves the tacit assumption that the active swbstance being
assayed on the guinea-pig ileum is in faot histamine, This assumption
is almost certainly valid, The treatment of the 8kin extracts with tri-
chlorocacetic ecid, hydrochleric acid and heat would inactivate such
interfering substences as active proteins eand S~hydroxytryptamine,

The assay itself was performed in the presemdeof atropine., The con=
treotion produced by the extraots resembled in its time course that
produced by steandard histamine solutions, and the slope of the dose=
response curve was identical for the extracts end for histemine (see
Figure VI), Finally, mepyremine, in doses suffic ient to reduce but
not to abolish the gutt!s response to histemine, caused parallel

*As an inocidental observation it might be mentioned that 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
available only in minute amounts. It deteoted histamine release by as
little as 1 pge of 48/80, a dose severel hundred times less than the

intravenous dose needed to cause hypotension. It has the further

advantage of permitting the screening of meny drugs for histamine=-
releasing properties in one enimal,
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inhibition of the effeots of the sample and of standard histamine,

The recovery of some free histamine from skin injeoted with
eutologous plaesma should not be interpreted as en actual release of
histamine by suoh plasme., It is much more likely that this free his-
temine is & product of spontemecus release end the trauma of excision
end slicing, for intracutansous or intravemous injection of autologous
plasma (Chapter V) rarely if ever causes sny (wntoward) reactions

The present method needs further development before it cen be
used for a strictly quemtitative measure of the to-_bal amount of histea-
mine released. Some liberated histamine is probably removed by the
circulation before exoision of the injeoted tissue, and there is no
absolute assurance that free histamine m the removed tissue reaches
complete equilibrium with the inoubation mediume Concerning the
latter point, however, it is likely that equilileium is closely
approsched, for Mongar snd Schild (1952) found that with 100-200 mge
pieces of guinea~pig tissue incubated with various histamine liberators,
75% of the total histamine relsased into the msdium ocoured in the first
10 minutes. In the present experiments, moreover, there is some reason
for believing that non-autologous plasma relesses only a small portion
of the total skin histamine. The amoumt of release as estimated by
our method is small (<10%) relative to the total skin histemine con=-
tent of dogs (Feldberg, 19663 Perry, 1956); in a few pilot experiments
we wore wnable to find differences in the residual skin hiatamine after
injection of autologous and non-eutologous plasme; and in some further
pilot experiments we found that 48/80 is still able to produce marked
whealing in areas of skin previously injeocted with non-eutologous

plasmee
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It should be remembered that the dogs used in the experiments on
gastric acid seoretion and on histemine release from injected skin did
not represent a random sample, but a sample in whioch the degree of plasms
incompatibility was somewhat more pronownced then in the general popula-
tion of mongrel dogs. How representative of the general population these
dogs were oan be seen from Table II, which shows thet in about 48% of
rendon donor-recipient peairs the recipient shows a response to a dilu-
tion of 1/9 or higher of donor plasma (the oriterion for the gastrie
seoretion experiments), and in about 88% of random pairs the recipisnt
shows a response to & dilution of 1/3 or higher (the oriterion for the
histamine release experiments). Whether higher percentages of rendom
pairs would show inocreased gastric seoretion or histemine release ceannot
be desided without further experiments. However, if the blueing after
intracutaneous injeotion is enother manifestation of the histeamine-
releesing property of non-autologous plasma, as it almost certainly is,
then it is reasonable to conclude that if our method were sufficiemntly
sensitive, almost every pair of dogs would show at least the histamine
release from skin.

Although these experiments show that non-autologous plasms
releases histemine, they do not exoclude the possibility thet part of
the effect of non-autologous plasma is mediated through soms other
mechenism. Since the histamine release suggests (slthough it does not
prove) that non-autologous plasma scts on the mast cells, & release of
heparin: snd 5=hydroxytryptamine might be expected. If E~hydroxytryp-
tamine plays & role in the outeneous reaction, however, it is probably
& small one, for the S~hydroxytryptamine content of dog skin is very

low (Oel uge/ge, West, 1958), We are presently investigating whether



heperin is released after non-autologous transfusions, If it is, the
evidence thet non-autologous plasma acts on the mast cell will be

considerably improvede
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CHAPTER V

TRANSFUSION BEACTIONS DUE TO PLASMA INCOMPATIBILITY IN DOGS

Untowerd reactions are not infrequent following the trensfusion
of plasme or serum or whole blood in dogse. Freemsn and Wallace (1938)
noted that of 10 transfusions of dried reconstituted serum, three were
followed by urticeria. Metoalf (1944) mentions occasionsl anephylactoid
reactions with hypotension end urticarie in dogs transfused with plasma
or serums, Hamilton, Parkins and Waltzer (1547) fownd that urtiocarie
often ooourred after plasmg infusions in dogs. Guyboh, Lindley, Touch-
stone, Smith and Batson (1950), while studying the effects of massive
transfusions of whole blood, were foreced to discard the results in six
out of 34 dogs because of ttransfusion reactions wi'l.;.h resultant severe
urticaria and fall in blood pressuref, Markowitz (1954) comments that
blood transfusion reactions in dogs are cheracterized by shivering and
vomiting and sometimes by enaphylactoid .shock,

It will be recalled from the discussion in Chepter I of erythro-
cyte types in dogs that most of these reactions oannot be explained on
the basis of erythroceyte inoompatibilities. Their mnaphylactoid nature
suggested that the type of reactivity observed after intracutaneous
injection of non-autologous plasma might be paralleled by & systemic
reaction if plasma were given intravenously. The experiments described
in this chapter were designed to test this possibility. Special atten-
tion was-paid to blocod volume chenges, since usually the main reason for
a transfusion, particularly & pleasma trensfusion, is to expemnd the blood

volume,.
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Dre De G. Johns assisted with meny of these experiments,

METHODS
Animals. Mongrel dogs of both sexes weighing 20-30 kg. were used for
all experiments except those under anaesthesia where fewer blood samples
were taken and smaller animals (5-10 kg.) could be used without umdue
interference with the blood volume. None of the animals had previously
received any dog plasme or other injections,

The dogs were trained to lis quietly on an operating teble so
that only local enaesthesia was necessary during an experiment. The
training was surprisingly successful s none of the subjeots rebelled,
end there was rarely any evidence that the experiments were being
interfered with by alarm regctions.

Preparation and handling of plasma. Plasma was obtained by a two-stage

bleeding on consecutive days from the lateral vein of the hind leg. Ome
ml. of 2% xylocaine (without epinephrine) was injected suboutaneously in
the region of the wein, and the vein was exposeds To ensure a free flow
of blood, a polyethylene ocatheter large enough to accept a 16 gauge
needle was introduced as far as the inferior vema cava. Iwenty mle. ef
blood per kge of body weight were removed on each ocoasion into heparin
(100 mge/1s). On no ocoasion did signs of shook ensues The blood was
centrifuged at 2000 r.p.m. ( r=20 om.) for 10 minutes, the plasma
aspirated off, and the cells, resuspended in isotonio saline, were
reinfused into the enimal. Chloramphenicol, 20 mge/l., was added to the
plasma, which was stored at 4°C. It was never kept longer than 48 hours,
and wes always recentrifuged immediately before use. |

Trensfusions of plasma were made at a controlled rate through a
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catheterized leg vein.

Doeterminations., All blood samples were obtained from, and all injections

were made into, the indwelling wenous catheter. Blood samples were taken
into syringes which had been rinsed with a 1% heparin solution and dried
in en oven, Before any sample was taken, 5 mle of blood were withdrawn
to rinse the catheter; this blood was returned to the animal after the
sample had been obtained.

The circulating plasma volume was measured with T-1824 (Brickmen),
the ocncentration at zero time being determined by extrapolation back
from the concentrations of four samples teken at 7% minute intervals
after the injeotion of the dye. This timing was ol;osen' for two reasons:
4 samples were considered necessary for accurate extrapolation, and
Greve and Hamilton (1957) have shown that 30 minutes aftef in jeotion the
disappearance curve of T-1824 in dogs changes direction rather abruptly
to become less steep. The plasma volume, in litres, was calpula'bed by
dividing the value in mge of the amowmt of dye injeoted by the plasma
concentration in mg./le of dye at zero time. The dye was injeoted as a
0.20% solution in isotonic saline; 5 ml, were generally given per injec-
tion, except in a few very large dogs, where 6 ml., were given. The
injeotion was made with a syringe held in a deviee for oonstant-volume
delivery, and was followed immediately by a flushing injeotion of 5 ml,
of isotonio saline introdused through a 3-way stopcock fitted between
the dye syringe and the needle at the end of the catheter, The actual
volume injected was determined by delivering an: equivalent volume of
water into a tared beaksr and weighing. Dye oconcentrations were deter-
mined with a Beckman Model DU spectrophotometer at 620 mu. after acetone

extraction of the plasma (Chinard and Eder, 1948). The gero setting on
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the spectrophotometer was made with & blenk prepared by extraction of
plasma teken just before the first dye injectione The extinction pro-
duced by esach sample was compared with the extinotion of exitracted plasma
samples made up to a known dys ooncentration with the same dye solution
a8 that injected. The standards were always prepared from the plasma of
the particular experimental animal, and care was always taken that the
standards covered the same range of concentration as the post—injection
sample 8,

Total plasme protein was determined in duplicate by the biuret
method of Robinson and Hogden (1940), Samples containing T-1824 needed
decolorization; this was achieved by the addition of Reney nickel=~
aluninum alloy as described by Stewart and Burgen (1958).

The hematoorit was determined in duplicate in Wintrobe tubes by
centrifugation at 2500 r.pem. for 30 minutes (r=10 om.).

To show the acouracy of these methods: in 8 dogs, the mean
individusl differenoce, ignoring the sign, between two successive plasma
volume determinations was 0.8%042 (S.E.) ml/kg., between two successive
plasma protein determinations was 0,160,056 g.%, and between two succes-
sive hematoorits was 1.8%50.7 percent (oells). The determinations were
spaced 30 minutes apart.

In the few experiments in which it was measured, plasma hemo-
globin was determined by the method of Flink and Watson (1942), which
involves the conversion to pyridine ferrohemochromogen followed by
oolorimetric estimation., The method in our hands was able to detect
10 mge of hemoglobin per 100 ml. of plasma.

Skin testing. An assessment of the sensitivity of the dog to the domor

plasme was made by intradermal injeotion of 0,1 ml. of serial 3-fold
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dilutions of the plasma in saline as desoribed previously. These tests
were performed after the initiel plasma volumes had been determined with
T-1824, so that the wheals were easy to distinguish by their blue tinge,

Erythrooyte cross-matching. Plasme end serum samples were examined for

erythrooyte isoagglutinins by direct cross-matohinge 005 ml, of & 5=
10 suspension of erythrocytes in saline were added to 0Oe2 mls of plasms
or serun, After inoubation at 37°C. for one hour, the suspension was
examined miocroscopically for asgglutinations Cross-matohing was also
performed in a high=elbumin medium acocording to the directions of

Hemilton (1948).

For convenience, the design of each experiment is described

with the resultse.

RESULTS

Group l. Comparison of the plasma-expsnding efficiency of autologous

and non-autologous plasms, Eight dogs were divided into four pairs of

matching weight, were bled, and on the day following the second bleeding
wore transfused with 20 ml. of plasma/kg. at the rate of 1 ml,/kg./minute.
The animals were unanaesthetized. Two pairs received autologous plesma
and two non=-autologous plasma., Two weeks later the entire procedure was
r;peated with the types of transfusion - autologous and non-autologous =
reversed, so that et the énd of the experiment each animal had received
both en autologous and a non-autologous transfusion. The procedure for
each transfusion is outlined in Table X,

To our knowledge the source of the plasme was the only variable
in these experiments. The recipients of both autologous end non-autologous

transfusion hed undergone identical bleeding schedules and were entirely
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TABLE X - Procedure for each Transfusion of Group I.

Day 1.

Day 2e

Day e

Plasma volume, plasma protein, and hematoorit deteminations.

Dog bled of 20 ml./kge. Cells replaced.

Dog bled of 20 ml./kge Cells replaced.

Time, mine 0 Plasma volumes, plasma protein, end
hematoorit determinations,
30 Plosma volume, plasme protein, and
hematocrit deteminations, Skin testing,
60-80 Trensfusion of 20 ml./kg. of autologous
or non-autologous placmae
110 Plesma volume, plasma protein, end
hematocrit determinations,
140 Plagma volume, plasma protein, end

hematoorit determinations,
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comperable in initial blood volume and hematocrit. The samples of
autologous and non-autologous plasma were obtained, stored, and adminis=-
tored in the same way.

In Table XI the values for plasma volume, red ¢ell volume, and
plasma protein are given for the animals before bleeding and before
trensfusion, The plasma volume was reduoed on the average by 7.6% and
the oiroculating plasﬁa protein by 16.6% as a result of the bleedinge
However, these reductions were small relative to the volume and plasma
protein content of the subsequent transfusions,

Within 15 minutes after transfusion of non-autologous plasma
every enimal developed cutaneous whealing, particularly in ‘the neck and
groin regions, The wheals were bright blue in colour owing to the
leakage of plasma stained with T-1824, end were preceded end surrownded
by erythema., In the more severe reactions, the wheals were generalized
end confluent end facial edema occurred, particularly in the muzzle end
periorbital tissues, The seovere reactions were accompanied in some
animals by vomiting and lethargye. On the other hand, no cutaneous or
other reactions were seen after any of the autologous plasma transfusionse

Table XII gives the values for ochanges in plasma volume, protein
and red cell volume following trensfusion. Tabie XIIT shows pertinent
individual results, Retention of transfused volume within the circula-
tion was complete after autologous plasma, but after non-autologous
plasma only 51.5510.3% of the transfused volume remained in the ocircu~
lation 30 minutes after the transfusion. No significant further loss
occurred during the subsequent 30 minutes. The estimated red oell
volumes remained 80 constant throughout the experimsnts that the change

in hematoorit provided almost as accurate a measure of the degree of
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TABLE XI - Effect of the Bleeding Procedure on the Plasma Volumes,

—————————

Cell Volumes, and Total Plesma Proteins of Eight Normal Dogs*.

ae Plasma volume

(mle/kge)

be Cell volume
(ml./kge)

0. Plasma protein

(gme/kge)

Pre-bleed Pre~-transfusion

4

48.5 £ 1,9% 44.8 ¥ 1.2 (p <0.02)¥

(2 4

34.5 % 1,5 33,5 £ 1,7 (p= 0.3)%

i+

3.25 £ 0412 2,71 £ 0,09 (p <0.001)¥

* Two procedures per dog, spaced two weeks apart.

* Moan & standard error.

* Value for t, pre-bleed vs. pre-transfusion, paired values.
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TABIE XII - Effeot of Autologous and Non-Autologous Plasma Transfusions

on the Plasma Volumes, Red Cell Volumes, and Total Plasma Protein of

Eight Dogs.
Auto logous

a. Pre-transfusion 60 min, before 45,0 ¥ 1,5%
plasma volume 30 min. before 44,2 X 1.8
(ml./kg)

be Post-transfusion 30 min. after  65.7 & 2.1
plesma volume 60 min, after  66.2 £ 2.6
(mlo/kge)

¢. Plasma volume 45 min. after 104.0 X 8.9
expansion*
(as percentage of
volume transfused)

de Plasma protein 45 min, after 126.1 ¥ 10.8
expansiont
(as percentage of
amount transfused)

e. Red cell volume* 45 min, after 99.8 2 4,3

(as percentage of
pre—transfusion
red cell volume)

Non=-Autologous

240

14

4540

44,6 ¥ 2,1

i+

5543 = 340

I+

54,9 = 3l

4

51,5 ¥ 10.3 (p €0.002)%

10,1 (p<0e001)¥

'+

58,9

99.5 £ 6.6

* Moan * standard error.

*+ Averaged for each animal from 30 end 60 minute pre- and post-transfusion

determinations,

¥ Value for %, autologous vs. non-autologous, paired values.
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TABLE XIII - Efficiency of Autologous end of HNon-=Autclogous Plasma

as Plasma Volume end Protein Expanders.

Dog No. Plesma Volume Expansion’_' Plasma Protein Expa.nsion'_’
(as % of volume trensfused) (as % of emowmt transfused)

Autologous Non-Autologous Autologous Non-Autologous

Transfusion Transfusion Transfusion Transfusion
1 159%* 7% 191%" 7%
2 93+ 13 119" 22
3 o6 33 105" 34
4 77* 16 ot 19
5 102 93* 126 77*
6 83 66* 99 8g*
7 115 70" 138 6%
8 102 sa* 134 76*

‘ Avereged from 30 end 60 min, pre- and post-transfusion determinations.

+ Denotes first of the two transfusiomeach animal received.
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plasma expansion as did the dye dilution method.

After the non~autologous transfusions, much of the equivalent of
the transfused plasma protein was lost from the circulation, but with
autologous transfusions the inorease in ciroulating protein: appeared
to be slightly greater than that tranafused.

Plasma volume, total plasma protein, end red ocell volume did
not change with time in three control experiments in whioh the protocel
was identiocal with the above experiments, but in which trensfusion was
omitteds The mean value after what ordinarily would have been the trans-
fusion period, expressed as a percent of the msan value before the period,
was 100.581¢7 (S.Ee)% for plasma volume, 100.3%1.6% for plasmas protein,
and 96.1%5.0% for red cell volume,

Group 2, Effect of mepyramine on the non-autologous plasma reactionse

Placma was obtained from eight pairs of dogs of matched weights by the
stendard bleeding pmcédure. Each member of & pair served as donor for
the other, so that all animals received anly non-autologous transfusions.
Twenty ml. of plasma per kge were transfused at the rate of 1 ml./kg./min-
ute. No anaesthesia was useds One member of easch pair received mepyramine,
5 mg./kg., as e 1,5% solution intravenously in divided doses 30 and 15
minutes before transfusion. The other member served as a oontrol. The
timing of the pre-transfusion determinations was different from that in
the experiments in Group l; determinations were made at 80 minutes and
50 minutes before transfusione This allowed time for the mepyramine to
act without interfering with the skin testing after the seocond dye
injection.

None of the animals treated with mepyramine developed wiwals

following transfusion, whereas seven of the eight wntreated animals
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developed wheals similar to those already described. Table XIV shows
that expansion of plasme volume and retention of plasma protein were
oonsiderably greater in the treated animals than in the wmtreated, but
still were signifiocantly less than the ocomplete expamnsion found after
autologous transfusion (p<0.02 for both volume and protein expansion).
In three supplementary control experiments, mepyreamine alone
(i.ee in the absence of transfusion) did not affect the plesma volume
or circulating protein. The mean value after what ordinarily would
have been the transfusion period, expressed as a percent of the mean
velus before the period, was 100.3¥1.4 (S.E.)% for plasma volume, and

100,530,9% for plasms protein,

Group 3. Effects of transfusions on v'blood prossure, Eight dogs were
transfused under ansesthesia (intravenous sodium pentobarbital, approxi-
mately 25 mge/kge) with 20 ml, of plasma per kg. at a rate of 2 ml./kg./
minutes Arterial blood pressure was recorded from a femoral artery with
8 mercury manometere Four smimals were given autologous and four non-
autologous plasma. Agein, both series of snimals were subjeoted to the
same bleeding procedure and both types of plasma were obteined emd treated
in the same way. The donors of non-autologous plasms, however, were deli-
berately selected on the basis of the recipients* responses to intracu-
taneously injected dilutions of donor plasma: only those donors whose
plesme produced a wheal at & dilution of 1/9 or higher were useds (The
effect of transfusion on gastric acid secretion, already described in
Chapter IV, was determined in these experiments).

The four enimels receiving autologous plasme showed slight pres=-
sor responses. Three of the four dogs receiving non-autologous trens-
fusions showed similar responses, but the fourth animal developed &

severe hypotension, the meen blood pressure falling from 115 rm, Hge to
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TABLE XIV ~ BEffect of Non-Autologous Plasma Treansfusions on the Plasma
Volumes, Red Cell Volumes, and Totel Plasma Protein of Eight Untreated

Dogs and of Eight Dogs Treated with Mepyramine Maleate,

Treated Untreated
&« Pre-transfusion 80 min. before 50.4 3.17‘ 48.0 * 2,5
plasma volume 60 mine before 50e6 £ 2,9 47,6 ¥ 2.6
(mlo/kg.)
b. Post-transfusion 30 min. aefter 6569 X 345 5648 & 3.3
plasme volume 60 min. after 63.7 £ 3.6 55,0 & 3,4
(ml./kg.)
0. Plasma volume 45 min, after 7145 & 7.8 40,56 £ 8.9 (p<o.03)f
expansion*

(as percentage of
volume transfused)

LK 4

: +
de Plasme. protein 45 min. after 838 I 9.4 45.2 S 10.8 (p<04,02)*
expansion*

(as percentage of
amount trensfused)

14

e. Rd cell volume™ 45 min, after 105.0 & 2,6 10841 2 8.7
(as percentage of

pre-transfusion

red cell wolume)

'_’ Meoen ¥ stendard error.

+ Averaged for each snimal from 80 and 50 minute pre=transfusion and
30 and 60 minute post=transfusion determinations,

¥ Velue for t, treated vs. wntreated, wnpaired velues.
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FIGUEE VIII - Hypotension Following a Non-Autologous Plasma

Transfusion,

The record is from a 7.7 kge doge 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 - Intradermsl Titre, Whealing Resction, and Plasms BExpension

in Dogs Receiving Non=Autologous Plasme Trensfusionse.

Pre~Trensfusion
Intradermal Titre™

1/27

1/9

1/3

Undiluted

Whealing after
Trensfusiont

a.,0%

(4, 4, 4)

2¢7
(3, 3, 2)

201

(50 1’ 30 3’
2, 1/2)
le4

(4, /2, 1, 0)

Plasma Volunme
Expansion, 45 minutes
efter trensfusion, as
percentage of volume
trensfused

192

(33, 16, 9)

51%
(56, 19, 78)

58%

(26, 70, 60, Ti,
b4, 65)
47%

(13, 66, 93, 16)

'_* Highest dilution producing a detectable response,

* Graded on an arbitrary scale:

0 = no whealing;

1l - one or two

wheals; 2 and 3 - moderate whealing; 4 - oconfluent whealing

with severe facial edema.

¥ Mesn value, Individual values in bracketse
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40 mm, Hge near the end of the transfusion and then remeining low for
almost an hour., Part of the kymograph record is shown in Figure VIII.
Similar hypotensive responses to non-autologous plasme have been
observed in several pilot experiments,

Skin testing. It is of some interest to kmow whether the intemsity of

the intradermal rego'don to plasma reflects the degree of whealing and
of deficient retention after plasma transfusion, In Table XV are sum=
marized the results in 16 dogss the 8 dogs of Group 1 and the 8 control
animals receiving non-autologous transfusions in Group 2, There is a
fairly good correlation between the severity of whealing end the titre
of the intradermal reaction. The oorrelation of either of these with
retention of transfused plasma is poor,

Erythrocyte isoegglutinins, Immediately before ten of the non=autologous

transfusions the sera of both donor and recipient were tested for erythro=-
cyte isoagglutinins. None were deteoteds Further evidence that the
réactions to non-aubologous plasma are unrelated to any erythrocyte
factors was obtained from two pairs of dogs which hed shown stroang
reactions to each other's plasma. Four weeks after plasma transfusion,
these dogs wers tramsfused with 100 mls of each other's washed erythro-
oytes, suspended in 100 ml, of isotonio saline. No signs of whealing,
collapse or other untoward reaction ocourred. Plasma hemoglobin deter—
minations taken before and at hourly intervals for 6 hours after trans-
fusion gave no evidence of a hemolytic reaction; the post-~transfusion

levels on no oocasion were higher than the pre-transfusion levels,

DISCUSSION
These results show that in the unanaesthetized dog relatively
large transfusions of non-autologous plasma almost elways produce minor

to moderate reactions and occasionally produce major reactions of an
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anaphylactoid type. Although urticaria is the commonest manif'estation
of these reactions, a more significant feature is a los8 of the equi-
valent of much of the added plasma within 30 minutes of transfusion,
This loss is on the average suffiscient to mduoé vt,he inc rement in plasma
volume to about helf the predicted value; oooas'iomlly it is so pro~
nownced that the plasma volume is not expanded at alle

Autologous plasma is far superior to non-atitologous plasma as
a plasma volume expander. This oconclusion is valid whether one come
pares the results of autologous trensfusion with those of non-autologous
transfusion in Group 1, or with those of non-autologous transfusion in
the wntreated animals of Group 2, The effic ieney of autologous plasma
as o volume expender, and the absence of reactions following its use,
provide valuable evidence that the reactions to non-autologous plasma
described here are mot due to the methods of hendling or storing the
plasma but to a genuine incompatibility. HBemington and Baker (1959)
have recently confirmed these results; they found a high incidence of
reactions to homologous plasma, charasoterized by urticaria, falls in
arterial blood pressure, and poor expansion of the blood volumes;
autologous plasma transfusions produced the predicted increase in
plesma volume, and were not followed by untoward reactions,

The plasma incompatibility demonstrated by transfusion is almost
certainly another manifestation of the individual specificity of dog
plasma. We can find no evidence to connect the inoompatibility with the
presence of natural erythrooyte isosgglutinins in the plasmas the ocour-
rence of these isoagglutinins has been reported to be infrequent, as
discussed in Chapter I, end in our own experiments we have been wmable
to demonstrate either natural isoagglutinins or pethologioal reactions

to red cell infusions. The reactions to non-autologous plasma
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transfusions again appear to be the result of a release of endogenous
histamine, It was shown in Chapter IV thet & sharp inorease in gastriec
acid seoretion often follows non-autologous transfusion, In the present
exporiments the urticarial reactions were completely inhibited and the
expansion of the plesma volume was significantly improved by pre-treat-
ment with an entihistamine. Similarly, Baker end Remington (1988) have
found that the facial edema and fatal ciroculatory collepse which occur
af ter non-autologous transfusions in adrenalectomized dogs can be pre-
vented by the previous edministration of the sntihistamine diphenhy-
dremine (Benadryl)., The failure of mepyramine in our experiments to
prevent completely the plesme extravasation while preventing the
urticaria may mean that part of the reaction to nm=-autologous plasma
transfusion is mediated by some mechenism other than histemine releease,
It is just as reasonable, however, to attribute this failure to the
known resistance to the entihistemines of the cardiovascular effects

of the histemine liberators (Peton, 1957).

It is obviocus from the whealing reection that some of the plasma
loss from the circulation following non-autologous transfusion occurs
into the skin. However, this is probably not the only site of plasma
extravasation. Skin lesions and blueing no longer sppear after treatment
with mepyramine, yet some plasma loss still ocours. Although the present
experiments do not show where this extre loss happens, the results of
Deavers, Huggins and Smith (1957) suggest that it is not restricted to
e particular tissue or organ. They found & generel ized increass in the
amount of ttrapped! (i.e. stagnent or only slowly circulating) plasma
in the ebdominal orgens, lungs, and skeletal muscle, as well as in the

skin, following massive transfusions of homologous blood in the doge



90

Donor plasma was tested in the skin before transfusion to deter=
mine whether one could predict the outeome of transfusion of that plasma.
The results of skin-testing were only of limited value in this respect.
Although dogs which showed marked skin sensitivity to donor plasma also
had severe reactions to subsequent transfusion, dogs with weak skin
responses had reactions of variable, unpredictable severity. This laock
of good correlation is not surprising. In addition to the difficulty
of objective assessment of both skin responses and transfusion reactions,
it is probable that the skin sensitivity to donor plasme is only one of
geveral fectors which determine the severity of the reaction to trensfused
plasma. Another factor, for example, may be the initial rate at which
nom=-autologous protein reaches the extrawascular space and the tissue |
mast cells,

Although few of our transfusions were pérformed under anaesthesia,
we gained the impression that whealing was less prominent than in con-
scious snimals, Similerly, Baker and Bemington (1958) have reported that
facial edema is less severe under anaesthesimefter transfusion in adrenal-
ectomized dogs, and in their most recent experiments (Remington snd Bsker,
1959) heve found that the frequency of hypotensive episodes after transe-
fusion is reduced by anaesthesia. The faot that many investigators have
not reported serious transfusion reactions in dogs may be due to this
effect of enaesthesia and to the wheals being less obvious when dye is
not present in the plasma.

The physiologiocal significemce of these experiments is discussed

in Chapter VII.
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CHAPTER VI

EXPERIMENTS WITH OTHER SPECIES

Although aly & few species have been examined for a plasme
specificity similar to that of the dog, the results are interesting

enough to warrent some description.

METHODS

Homologous plesma was tested in the skin of cats, rebbits,
guinea-pigs, snd man, .

Light=coloured cats, rabbits and guinea-pigs of both sexes were
closely clipped to remove the fur; in gulnea-pigs, clipping was followed
by the use of a depilator (Miles and Miles, 1952). Blood was obtained
by cardiac puncture under light ether emsesthesia, and the enimals were
blued by intraperitoneel injeotion of Pontemine Sky Blue (G. Te Gurr),

70 mg./k:g. Skin-testing was performed an hour later, after complets
recovery from the ansesthetic. The techniques of handling end injecting
the plasma were as described for the doge

The human subjects were healthy young adult males, All apparatus
was sterilized by dry heat. Blood was obtained by venipuncture, The
subjects were blued by intravenous injection of 50 mg. of T=1824 (Warner-
Chilcott), e dose whish produwed moderate staining of the plasma but left
the skin colour normal during the experiment so long es capillery permea=-
bility was not inoreasede (A day or two after the dye injection, the skin
of some subjeots developed a faint grayish hue which persisted for about
6 weok)e Plasma was prepared end tested in the skin of the back in the

game way as it was in the doge Histeminre, llug./ml. (ealoulated as the
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ba_.se) in isotonic saline, was also injected in O.l1 ml, volumes in soms
subjects for purposes of comparison. Cutaneocus responses were dlways
assessed by an independent observer wmeware of the kinds of fluid
injected at particular sitess Erythrocyte types were determined by

slide tests using standard typing sera (Hartz).

RESULTS

Ooly in men were the results of more than routine interest.

In rabbits (six donor-recipient pairs) no reaction was obtained to
autologous or non-autologous plasma. In cats, no selective response
could be demonstrated in six domor-recipient pairs, as the majority

of recipisnts showed pronounced reactions both to autologous and to
non-autologous plasma., In guinea=pigs there was a slight indication
of & selective response, for two out of eight donor—recipient pairs
showed moderate reactions to non-autologous plasma, while no recipients
reacted to autologous plasme.

In human subjects, intraoutaneous non-autologous plasme pro=
duced on the average larger reactions than autologous plasma, although
the results were less wniform than in the doge Typical responses are
shown in Figures IX end Xe In 16 donor-recipient pairs (eight donors
tested in five recipients) the diameter of the blued area produced by
non=-autologous plasme averaged 8.0 mme., with a mean intensity of 22,
These lesions were all typioal triple responses with well-marked fiams,
and they developed within five minutes of injection. Autologous plasma
generally produced no more blueing than could be accownted for by the

needle marke It may be seen from Table XVI that of the 16 donor-

recipient pairs, ll showed clearly positive reaftions to non=-autologous
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FIGURE IX - Responses of Humen Skin to Autologous and Non=
Autologous Plasma.

The left member of each horizontal pair of blebs represents
the injection site of autologous plasma., At the uppermost
sites, directly beneath the letters 'A' end 'NA', the plasmas
were injected undiluted. At the other sites, the plasmas were
first diluted with isotonic saline; the reciprocals of the
dilutions are indicated.

The photograph was teken about one hour after T-1824 injection,
and 30 minutes after the intracutaneous injections,

(Photograph by Dre S. Freedman.)



FIGURE X - HBesponses of Human Skin to Autologous and Non-

Autologous Plasma.
This photograph is a close-up of the upper two pairs of

responses shown in Figure IX. The reddish discoloration
in the lower right was caused by shadow.

(Photograph by Dre S. Freedman.)
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TABLE XVI - Responses of Human Skin to Autologous end Non-Autologous Plasma and Histaminee*

Autologous Non=autologous Histemine
plasma plasma 1 )zg./ml.
Blood " Diameter Diamster Diameter
type of of of
ABC ®h blued area blued aree  Intensity blued area  Intensity
Rocipient Noe 1 eseececeee B d n.m.*' 940 mm, 3
Donor Noe 1 eescecesee A D . Te8 mm, 2
Donor NOoe 2 eceecccccece C D 12,3 4
Donor NOe 3 eececcccce (4] D Se3 2
Donor Noe 4 eeesvocees & D 10,8 3
Dcipient NOe 2 eeesccaces A D NeBe
Donor Noe 2 cescecesss O D 15.2 4
Donor Noe 5 eeveccccsee 0 D 13.0 3
Donor Noe 6 esssececes 4 D 13.5 3
Donor Noe 7 ecceccccee 0 D 13.3 4
Becipient Noe 3 eeeeeecees A D n.me 11.5 3%
Donor Noe 2 eesecceecs O D 7.8 2% -
Donor Noe 3 eeceoscses 0 D 1.0 -
Donor Hoe 6 esocesccces A D 346
Donor Noe 8 seesccvees 4 D 4.9 1
Ecipient No. 4 [ ER RN NN NE N A D 4.7 hi1:0: 79 11.0 4
DONor Noe 1 ececccenss 4 D 4.0 1l
Donor Noe 6 eesvescecee A D 1,0
Dinient Hoe 5 eevenceses O D Nele 10456 4
Donor Hoe 2 eecesscese O D 6.8 1
DOnor NO. 7 eevesvnsee 0 D 10.6 2

* Bach value represents the mean from duplicate injections of 0.1 mls
¥ nems : needle mark < 2,0 mm. in diameter.

£6
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plasma and five gave doubtful reactions or none at alle. The one
recipient (No. 4) who reacted as strongly to his own as to donors!
plasma had mild dermatographia, and his positive responses may have
been due to trawme alone.

No correlation was found between ABO and Eh blood group
incompatibil ity and reactivity to non-autologous plasma,.

One subject (No. 6) was injected intracutansously at two sites
with Oe5 mls of a 0.,02% solution of compound 48/80. in isctonic saline
42 hours before blueing and testing, The responses to two different
samples of non=autologous plasma were reduced from diametersof 106 mm.
and 6.8 mme in untreated areas to nothing more then needle marks in
treated areas.

The testing in man of serial saline dilutions of pla.snia pro=
duced ourious resultse Dilutions of the order of 1/9 or higher often
caused rapid bluwe ing, but no flare, at the injeotion site. Since this
effect occurred both with diluted autologous and with diluted non-autolo-
gous plasma, no further attempt was made in man to determine the titre
of non=autologous activity by the testing of serial dilutions. It was
found, however, that addition of soya bean trypsin inhibitor (Worthington),
Oel mge/mle of diluent, effectively prevented the blueing response to
diluted asutologous plasma. This response was also reduced when parti-
cular care was taken to inject samples immediately after their dilution

(a= was dons in the experiment represented by Figures IX and X).

DISCUSSION
These results suggest that individual specificity of plasma

may not be a phenomenon restricted to the doge Although the few experi=-
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ments with oats, rabbits and guinea-pigs were unsuccessful in demon=-
strating any appreciable difference between the effects of autologous
snd non-aubologous‘plasma, the experiments with human subjeots showed
that the cutaneous response to non-sutologous plasma resembles that of
dog skin, but is obtained with less regularity. Barlier workers (Chant
and Gay, 19273 Levine and State, 1942; Mawnsell, 1944), though they did
not have the advantage of the blueing technique, have also reported
cutansous reactions to non-autologous plasme in men, as discussed in
Chapter Te

Using the teckhniques described here, Dre. S, Freedman has con-
tinusd the experiments on humen subjects at the Montreasl General Hospital,
His results are in complete agreement with thoee reported here: in 38
recipients, the cutaneous responses to non-autologous plasma were olearly
more pronounced than those to auto logous plasma; in the remaining 9
recipisnts tested, both kinds of plasma produced either equal responses
or no responses; in no recipient was the response to autologous plasma
greater than that to non-autologous plasma. Every donor-recipient
peir had the same major blood typese.

It is diffiocult to decide how closely the phenomenon in men
parallels that in the doge The degree of speoificity does not appear
to metoh that of dog plasma, but the greater variability of the responses
in men may be due in part to the fact that dogs were given much more dye
before testing than were human subjectss In addition, it may be that
the skin is not the ideal site in man for demonstrating the specifioity‘
of plasma, Whether human non-autologous plasma produces its effects by

releasing histamine also remains undecided, although the effect of
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pretreatment with 48/80 in the one experiment in which it was tried
suggests that this may be the case. Even more suggestive is the simple
observation that the response to non-autologous plasme is a triple
response, for in men only histemine or histemine-releasing substances
areo known to produce triple responses on intraoutaneous injection
(Paton, 1957).

The observation that diluted autologous plasma is able to pro-
duce blueing on intracutaneous injection in men was relevent to the
present study only to the extent that it showed the danger in using
serial dilutions for assessing non-sutologous activity without care=
ful controlse. The observation did have considersble significence in
andther respect, however, for it suggested that simple dilution
activates a permeability factor in human plasma in the same way as it
dos s in guinea~pig serum (Miles and Wilhelm, 1955). This idea was oon-
firmed in a series of experiments reported elsewhere (Stewart and Bliss,
1957) .

The significence of the demonstration of human plasma specificity

is discussed in Chapter VIIe
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CHAPTER VII
A GENERAL DISCUSSION
In the preceding four chapters, the validity of the experimental

results and of the oonclusions drawn from them has been discussed., In this

chapter the wider signifiocance of the results is considered.

A. The General Significance

The two mos+t striking features of the individual specificity of
dog plasme are first, the immediacy with which it ms.nifests. itself on
injection, and second, its unusual degree of specificity. In adult
snimals, only rarely was it difficult to distinguish between non-
autologous and autologous plasms within five minutes of their injeotion
into the skin, end within 30 minutes one could always make the distinction.
Thie was true whether the animals were mongrel or olosely inbred pure-
bred dogse Concerning the degree of specifioity, all that cen be said
is that the plasmas of the most closely related animels available for
study were as easily identified with their donors as were plasmas from
mongrel dogs. The most closely related animals we tested (Basenjis U
and V, and Springers 0-U, Figure III) were sufficiently inbred to be
heterozygous for an average of only 10 per cent® of the loci at whieh
heterozygosity existed in the original gure-breé population. The
originel population, moreover, since it was pure-bred, was considerably
more genetically homogenous then the population of mongrel dogse This

is partioularly true of the Basenjis, which represent an ancient breed

*Calculation by Dre J. L. Fuller, Bar Harbor, Maine,
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of dog. We ocan conclude, then, that the degree of specificity is
extreme, although we cannot say how extreme until we find a tocompatible!
pair of dogs either by chence or by continued inbreeding.

Although these two aspects, the immediacy and the specificity,
make the phenomenon in'bsresting, they make its interpretation diffioult.
On the one hand, the immediate release of histamine makes it tempting to
postulate an immunological mechenism, but to do so requires some explana-
tion of the absence of a latent period during which antibodies cen form.
On the other hand, the individual specificity suggests a genetic basis ,
but any genetic interpretation involves the assumption that suffioient
inbreeding would attemuste the phenomenon, an assumption for which there
is no experimentael support. In other words, any interpretation must for
the present be highly speculative. It may be wor'ﬁhwhile to 80 speculate,
however, if only to show that whatever mechanism underlies the specificity
of plasma must be an interesting one,

It is appropriate to refer first to the i.mmediate effeots of
heterologous serum, which resemble, superficially at least, some of the
effects of non-autologous plasme in the dog (Chapter I), and to the
histamine~releasing ability in some species of such foreign proteins as
egg white.(Chapter II), A glib interpretation of the individual speci-
ficity of dog plasma is to make it emelogous ‘to one or both of the above
phenomena, with the dissimilarity between sutologous and non=autologous
dog plasma being merely lesser in degree, but resting on e similar
chemiocal basise The possibility that the phenomene are related cannot
be rejected, although it is diffioult to reconcile it with the absence

of attenuation of the response to nom-autologous plasma in olosely
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related dogs. Another difficulty is that Feldberg snd Schachter (1952),
and Sehachter and Talesnik (1952), were umeble to demonstrate histamine
release by horse serum or egg white in non-sensitized dogs; it is
entirely possible, however, thet their method was not semsitive enough
to detect the release of small smounts of histeamine; moreover, since
perfused skin flaps were used in their experiments, it may be that in
the dog insufficient emounts of the foreign protein reached the tissue
cellss In our own experiments we deteocted only rather small amounts of
histemine released by non-autologous plesma, even though the plasma was
injeoted directly into the skin to ensure free access to the tissue cells.
The most serious diffioulty, however, is in gaining much useful infor-
mation by ocomparing the effects of non-autologous plasma in the dog with
the initial effects of heterologous sera and protein, for no one has
provided an explanation based on experimental evidence for the latter
phenomenet.e

In the discussion which follows, possible mechanisms to account
for the individuel specificity of dog plasma are postulated; any one of
these mechanisms might apply just as well to the actions of heterologous
sere and protein,

Immumological interpretations, One immmological interpretation of the

individual specificity of dog plasme is to attribute it to the presence
of soluble entigen-sntibody oomplexes in the plasma. It waé pointed out
in Chapter II that it has recently been fowmd that under suiteble con-
ditions such complexes can produce the menifestations of en antigen=
entibody wnion within the body, with histamine release. It is conceivable

that each dog has unique immunological expe riences during his lifetime,
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and that these experiences provide him with circulating sntigen-sntibody
complexes specific to himself. Presunably an enimal would in some way
become tolesrant to his own complexes, When exposed to another animal's
complexes, however, an immediate reaction, with histamine release, might
be expeoteds This idea will be easier to evaluate when more is kmown
about soluble complexss. It gains some support from the faot that the
plasme of yowng puppies does not produce the typical response in adult
recipients. Not only have young animals had short immunological lives,
but it is well known that their ability to prodwe entibodies is poor
(Brambell, Hemmings, end Henderson, 1951).

Another immumologicel possibility is that the individual speci-
fioity of dog plasma represents en orthodox antigen-antibody system with
the somewhat umorthodox qualification that all the antibodies are of the
naturally-oceuriing type. On this basis the phenomenon would resemble
in some respects the ABO system in man, but would require a larger number
of antigen and entibody species. One cen, in fact, draw a rather close
parallel with the ABO system if one assumes that the antigen-like member
of the system res.’_tdea in the skin ocells and the antibody=-like member in
the plasma, Coombs, Bedford snd Rouillard (1956) have recently demon=-
strated the A and B agglutinogens in human epidermal cells. In addition,
it is well known that the anti-A and anti-B agglutinins appear only
slowly in the sera of the newborn (Race and Senger, 1958a), a situation
resembling the delayed appeerance of activity in puppy plasma.

The real difficulty with this hypothesis lies, of course, in our
ignorance of the origin of natural entibodies. Even the origin of the

anti~A and anti-B agglutinins is still disputed (Wiemer, 1951): one view
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is that their occurrence is geneticelly determined; the other view that
their formation is induced by exposurs to A end B substances from the
environment. As Race and Sangsr (1958b) point out 'there are but few
facts to spoil the debatets If the latter view is the correct one,
and the natural antibodies of the ABO system do require antigenio
exposure for their development, the analogy with the dog plasma
phenomenon breeks down, for it is difficult to conceive of sufficient
specific environmental factors which could indues the formation of the
large number of antibody-like substances required by the hypothesis,
(This is in distinotion to the antigen-antibody-complex hypothesis,
where antigen is entirely of exogenous origin, and antibody forms in
the usual way.) I, however, the former view is the correct one, and
natural entibodies are genetically determined, it is necessary only %o
inorease the genetis complexity of the system to account for the
specif iocity of dog plasmae. That is, dogs would have genetically deter—
mined antigen pattems, and genetically determined antibody patterns,
both of a nature such that particuler entibodiss of one animal are
directed against partioular antigens of another just as they are in
the ABO systeme A modification of this idea is presented laters
Another possibility, perhaps less plausible but more intrigu-
ing, is that the non=-autologous plasma effect in dogs is a manifeste-
tion of the unknown mechesnism whereby an animal is able to recognize
antigenic material, including homologous tissues, as being tforsignt.
Every theory of antibody formation implies, tacitly or otherwise, the
existence of such & recognition mechenism. Thtil more is known ebout

the mechenism of entibody formation, there is little worth in speculating
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about the possible relation of plasma specifioity to it. However, it
is interesting to note how conveniently the plasma specificity can be
interprétad ‘in the terms of the old theory of antibody formation, first
put forth by Ehrlich (as discussed by Landsteiner, 1936), and repeatedly
revived and modified since then (Cushing end Campbell, 1957). This
theory, in its emmended form, holds that an snimal possesses sufficient
diversity in its protein molecules to be fore-armed with antibody or
sntibody~like material before antigenic exposure. BExposure, by removal
of antibody or by the action of antigen-antibody complexes or by some
other feedback mechanism, accelerates the production of antibodye. The
theory is not now in vogue, both because of the inability to demonstrate
many instances of natural entibodies and of the difficulty in eonceiving
of the required diversity in netive proteins, The first drawback is not
& serious one, however, for minute amounts of antibody, not necessarily
even present in the serum,‘ satisfy the theory. The second drawback is
the one usually cited against the theory, but the recent calculation by
Heurowitz (1957) that an enimal may be able to form only 10° to 104
distinct entibody species suggests that the diversity in protein
structure required by the theory is not so formidable as previously
guspeoctede The real virtue of the theory lies in the fact that it does
not require an animal to have the ability to manufacture & 'new! molecule
of a composition or configuration dictated by the antigen.

To put the plasma specificity phenomenon in the terms of this
theory, we cen think of an animel's possessing some large molecules, for
example the homograft antigens, which are not shared by meny other members

of the populetion, wnd which are at the same time complementary to one or
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more of the antibody species present in the rest of the populations

If these large molecules were present in the plasma, (Oudin, 1956a,b,
and Dray and Young, 1958, Chapter I, have demonstrated substances in
rabbit serum sntigenic to other members of the species), then, accord-
ing to the theory, initial exposure of en enimal to non-autologous
plasma would lead to an entigen-entibody union and its consequences
(in dogs, histamine release), The same rosult oould ocour if these
large molecules were present in the tissues; one would then be trans-
ferring the antibody species with non-autologous plasmae This same
reasoning requires that all substances whioch are antigenic in a given
enimal should produce an entigen-entibody union on initial exposure.
The possibility that this is so is suggested by the immediate effects
of heterologous sers and some other foreign proteins. Instances where
immediate reactions to emtigen are absent may represent only our ine-
bility to detect such resctions with present methodse

This hypothesis is presented only as a remote but interesting
possibility. No serious attempt has been made to give all the support-
ing end refuting arguments, for these would requirs chapters.

Before oonoluding the discussion of possible immunologioal
interpretations of the plasma specificity, it is necessary to comment
on the observation (Chapter III) that mature offspring are not immuno=
logioally tolerant to matermal non-autologous factor despite their
exposure to it in the early post-natal period. This result might be
construed as evidenoce against either of the last two hypotheses. It
is entirely possible, however, that the transfused maternal factor
represents the antibody-like member of the system, and that entigenio

exposure does not ocour. It is also possible, as pointed out in
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Chapter III. that the maternel factor is transferred not across the
placenta, but through the colostrum; if this is indeed the ocase, then
exposure of the offspring may be too late to induce tolerance, for
Billingham, Brent and Medewar (1956b) have shown that exposure later
then the first few post-natal hours is often unsuccessfule.

A genetic interpretabion. The previous suggestions emphasized the

immunologiocal aspects of the plasma specificity phenomenon, although

the possibility of a gemetic basis was suggested. Under the present

heading is considered & hypothesis which attributes the phenomenon to
& gonetic system without introducing eny immmological mechanisms,

If one accepts the concept that the isoagglutining of the ABO
system are under the same genetio oontrol as the agglutinogens, one
has a system whereby e.. partiouler person always possesses, by virtue
of his genes, sntibody-like substances capable of specific chemical
wnion with whatever antigen=like substances of the system that person
leckse The possibility that the plasma specif'icity phenomenon may
reémble this system at a higher level of oomplexity has al ready been
mentionede However, since we have no very good evidence that the
plasma specifiocity represents an immumological system, we may redrew
the analogy with the ABO system, this time without extending the
analogy so fars We would now conceive of the plasma specificity
phenonenon (a) as resting on the same type of genetic basis as the
ABO system, (b) as having the same specificity for chemiocal union as
the ABO agglutinogens and agglutinins, end (o) as differing fram the
ABO system in that exposure of an animal to agglutinogen-like factors
he lacks doe s not induce increased formation of his agglutinin-like

fasctora.
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The detailed mechanisms neoessary to complete this hypothesis
are matters for even greater conjecture, but continuing the modified
analogy with the ABO system, we might think of tissue cells, particu=-
larly the mast cells, as having on their cell membrenes the agglutinogen-
like substances, and of plasme as containing the agglutinin=like sub-
stances. Exposure of tissue cells to non-autologous plasma might then
result in union of membreane factors with plasma factors, followed by
lysis of the membrane end, in the case of mast cells, by histemine
release,

Both this hypothesis, snd the earlier hypothesis from which it
was modified, receive some support from the recent demonstration by
Smithies and others that at least some serum proteins are under
rigorous genetic control, a&s discussed in Chapter I. It might be
argued that a genetic system would require far greater complexity than
thet exhibited either by the ABO system or by the serum protein systems
to acoount for the degree of specificity of dog plesma. This is partly
true, but it should be remembered that the individual specificity exhib-
ited both by the homogreft re jection phenomenon and by the overall
pattern of the erythrooyte antigens is due to genetic systems. It should
be remembered too that & large number of phenotypes cen result from a
rather simple genetic systeme For example, if the specificity of dog
plasmse were governed by only four alleles at each of four loci, and if
the same assumptions were made to caloulate the probability of finding
a competible pair as were made in Chapter I with reference to the homo-

4
graf't phenomenon, this probability value would be (_1_) » that is, less

4C2
than 0,00l. This rather fanciful oaloulation is presented simply to
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show that it is not necessary to postulate en inordinately complex
genetic systenm to account for the high degree of specifiocity exhibited

by dog plasma.

In summary, it has been postulated that the individusl speoci-
ficity of dog plasma may be a manifestation of (i) the presence of
soluble antigen-entibody complexes in the plasma (ii) a genmetically
oontrolled entigen system with naturally-occurring antibodies (iii)
the unknown mechanism whereby an entigen is recognized as being foreign,
end (iv) a genetically controlled system of plasma factors capable of
specific wion with genetically controlled tissue factors. The experi-
mental evidence presented in this thesis does not lend partioular
support to any one of these hypotheses. Many of the experiments were
not designed to do so. Those that were, particularly the experiments
with inbred dogs, produced results which, instead of simplifying the
problem, made it more perplexing (smnd, fortunately, more interesting).

Two obvious experiments present themselves for further analysis
of the problem. If the immumological interpretetion (aside from the
soluble antigen-antibody=-complex theory) is correct, then it should be
possible to enhance the response to non-autologous plasma by appropriate
entigenio stimulation. Experiments along these lines are now in pro-
gress, If the genetic interpretation is the correct one, the response
to non=-autologous plasme should be absent emong identicel twins. These
are not aveailable in dogs, but experiments with humen identiocal twins
are being started., If the response is absent, the results will require
statistiocal enelysis, for the response is not uniformly present among

wmrelated human subjects.s If it is present, however, the evidence
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‘against a genetic basis in man will be conclusive. To say how useful
results obtained in men will be in interpreting the phenomenon in dogs

will require mare work with both speciss,

Be The Physiological Significance

Although most of the experiments described in this thesis are
interesting from a physiological point of view, the results of the
transfusion experiments have particular significance in this respect.

The demonstration in the dog that non-autologous plasma is a
relatively inefficient plasma volume expander, and that it sometimes
produces serious trensfusion reactions, permits control, or at least
appreciation, of an unexpected variable in experiments involving
transfusione The importance of this point lies in the frequenoy with
which transfusion is used; whether as é support for a failing animal or
as en integral pert of an experiments To quote Rushmer and Smith (1959),
tthis experimental procoedure is cne of the most common in cardiac
physiologyte

The demonstration elso opens to reevaluation some previous
experiments on the circulation in whish transfusions of non-autologous
blood or reservoirs stocked with non-autologous blood have been used.
This is particularly the ocase with experiments in which blood volume
changes have been important. It has been observed repeatedly, for
example, that large transfusions of blood or plasma into normal dogs
cause a rapid loss of plasma from the intravasoular space (Mstecalf,
1944; Seavers and Price, 1949; Guyton, Batson and Smith, 1951;
Potvin, 19513 Huggins, Smith and Seibert, 1956; Huggins, Deavers smd

Smith, 1958)s This observation has led to the opinion that a regulatory
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mechenism exists for rapidly readjusting to normal ean inoreesed blood
volume (Huggins, Deavers and Smith, 1958; Guyton, 1956)s The results
described in Chapter V show, however, that at least part of the plasma
loss observed by earlier workers was undoubtedly due to the resction
to non-autologous plasma, and not to a homeostatic mechanism.

Indeed, the finding (Teble XII) that the plasma volume expansion
produwed by autologous plasma trensfusion was still complete at least
an hour after transfusion shows that the oorreoction of hypervolemia
is surprisingly slow. Although the reclpients of autologous plasma
were slightly hypovolemic at the time of transfusion, the size of the
transfusion was sufficient to make them hypervolemioc: both the plasma
volume and the total plasma protein were reduced by the plasmapheresis
required to obtain the plasma, but they had returned sufficiently toward
normel by the time of transfusion that, assuming ideal expansion, the
volume of the transfusion produced an increase of 31% and the protein
of the trensfusion an inorease of 25% over the normal veluss for plasma
volume and total plasma protein determined before the bleeding proocedursse
The actual measurements showed that 45 minutes after tremsfusion the
plasma volume was 33% above normal and the total plasmaprotein 35%
ebove narmal (cell volumes had not changed)e Although this observation
sheds little light on the largely unkmosnmechanism of blood volume
regulation, it does show that en inoreased blood volume returms to
normal much more slowly than previously thought. . It suggests, moreover,
that the correction of hypervolemia is considerably slower than the

correction (Huggins, Smith, Deavers end Overton, 1957) of hypovolemis.*

*A teleologist would not find this surprisinge



Another result from the transfusion experiments whioh may have
some physiological significence was the unexpected observation of en
apparent inorease in total plasme protein after autologous trensfusion
26% greater than could be acocowmted for by the emount of protein adminise
tered (Teble XII). This divergence from the predicted increase in total
protein, although statistically significant (p<£0.06) is sufficiently
small reletive to the total protein velue to be the result of a syste-
matic error in experimental method. If it is real, however, it
represents a ocurious effect. One explanation might be an acoeleration
of the normsl lymph circulation such that, for & short period af'ter the
transfusion, normal protein-riech lymph enters the intravascular épace
while & filtrate unusually poor in protein leaves the capillaries, A
more interesting possibility involves the concept of textrat! plasmae. It
is reasonebly well established that the total bedy hematoorit is con=
siderably smaller than the large vessel hematoorit, particularly in
splenectomized dogs (Reeve, Gregersen, Allen and Sear, 1953), suggesting
that some of the plasma in small vessels is cell-free or cell-poor. It
is not known whether all of this extra plasma is c¢irculating or whether
s portion of it is trapped (Deavers, Huggins and Smith, 1957)e. If the
latter is the case, then it is possible that as the intravascular space
expends to accommodate a transfusion some of the sequestered plasma
become s free and mixes with the circulating plasma. This would increase
both the circulating plasma volume and the total circulating plasma
protein., If at the sams time the blood volume expansion were causing
an increased rate of capillary filtration of protein-poor fluid, the

net effect of transfusion could easily be an increase in total plasma
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protein greater than the amount transfused without en equivalent
increase in plasmea volume. This was the situation encountered after
the autologous plasma transfusions, although there is no way of knowing
whether it was, in fact, due to the sbove mechanism. However, since the
concept qf trapped plasma is important but wmsettled, it should be
profitable to reexamine the question experimentally following the lead

provided by the transfusion experimentse

Ce The Clinical Significance

The observations on humen suvbjects reported here may have ocon-
siderable practical as well as theoreticael interest: if the systemiec
response to non-autologous plasma parallels the outaneous response, as
it does in the dog, it is possible that a plasma incompatibility is
responsible for some wnexplained (and, more important, unrecognized)
reactions to blood transfusion in man. The commonest (Weil, 1959)
wmtoward resction %o blood transfusion now seen in c¢linical practioce
is the so-called allergic reaction, characterized by erythema, urti-
oaria, and, rarely, by frank smapliylactoid manifestations. Although
the allergio reaction is usually regarded as bothersome but harmless,
its significance deserves reassessment in terms of associated ohanges
in blood volume. If in man non-autolcgous plasma ean produce not just
urticaria, but, as in the dog, an inefficient expansion of the blood
volume, then the situation becomes e serious cne, for often the purpose
of a transfusion is not to supply cells, but to increase the blood
volume,

Transfusion experiments on normel humen volunteers have recently

been started by Drs. Burgen, Freedman and Hutchison, at the Montreal
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General Hospital. The experimental design and procedure are rether
similar to those of Group I of Chapter V. Of more importance is the
fact that the results are also rather similar. It is not appropriate
to describe these experiments in detail here; but it is interesting to
note from the preliminary results that six aubtologous plasma transfusions
have all produced efficient volume expansion and no wmtoward reactions,
while seven of twelve non-eutologous transfusions (obtained from donors
of the same msjor blood groups) have resulted in urticaria (Figures XI
and XII), and poor volume expension.

On the basis of these results, it is tempting to spsculate that
the individuel speocifieity of plasma, although more interesting in the
dog from a theoretical standpoint, may have some oclinical importance as

well,



FIGUHE XI = Urticarial Reaction to Non=Autologous Plasma

Transfusion.

The photograph was taken immediately after the transfusion
of 490 ml, of citrated non-autologous plasma. The subject
had received 50 mg. of T-1824 intravenously one hour earlier,
at the start of the transfusion. The areas coloured blue
represent giant confluent wheals,.

This subject had no wtoward reaction to transfusion of the
same volume of his own plasma two weeks earlier,

(Photograph by Dr. S. Freedman,)

L=



FIGURE XII = Urticarial Reaction to Non=Autologous Plasma

Transfusion.

This subject received 440 ml. of non-autologous plasma. The
experimental procedure was the same as that described for
FPigure XI. The blue areas again represent gisnt wheals.

The redness of the chest and neck is true erythema, not
photographic artefacts Thé subject had no wntoward reaction
to transfusion of his own plasma.

(Photograph by Dr. S. Freedman,)

15
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1. Dog plasme has been shown to have an extreme degree of
individual specificitye
Among edult mox'1gre1 dogs, intracutaneous injection into one
dog of plasma taken from another (non-autologous plasma) always
caused a local inorease in caplllary permeebility and & distinct
wheal, while similar injeotion of the dog's own plasma (autologous
plasme) never had this effects
Dogs of stendard pure breeds, including inbred dogs oclosely
related genetioally,showed the same phenomenon without exception.
2e Plasma teken from puppies during the second, third, end fourth
post-natal weeks often failed to produce typical cuteneous responses
in adult recipients. Activity rapidly inoreased to the adult level
after the fourth week, .
Plesma taken from puppies during the first post-natal day
produced typical responses in an unreleted adult recipient, but no

response in the mother, suggesting a transfer of activity from the

. %‘ ) mothere This transfer is ineffective in meking offspring tolerant
\:»”"N;i) ‘“‘“:} & to meternal plesma, fox; mature 6ffspring showed normal whealing
"“*"I?g'{/ h responses to maternal plasma,

3 The individual specificity of dog plasma also revealed itself

on intrevenous injeotion.
Trensfusions of non-autologous plasma, 20 ml./kg., nearly
always produced minor to moderate urticarial reactioms, end

occasionally major reactions of en emaphylactoid typee. The
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increments in plasma volume and total plasms protein were equel
on the average to only about half the amoumts transfused.

Transfusions of autologous plasma under identical conditions
never produced wntoward reactions, The increments in plasms
volume end total plasms protein were more then dobble those pro-
duoced by non-autologous plasma transfusions,

No evidence was obtained to comneot the reactions to non=
autologous plasma with erythrocyte isoagglutinins,

In the dog, most if not all of the effects peculiar to non-
autologous plasma were shown to be due to a release of endogenous
histamine,

The whealing response to intracutaneously injected non-autologous
plasme was inhibited by the emtihis temine mepyramine and was reduced
in areas of skin previously exposed to a histamine libersator. MNore
free histamine was recovered from skin injeoted with non=-autologous
plesme than from skin injected with autologous plasmes Marked
inereases in gastric acid secretion often followed non=-eutologous
plesma trensfusions. Mepyramine abolished the urticarial reactions
to such transfusions, end improved the efficiency of non-autologous
plesma as a plasma volume and protein expander,

Skin=-testing of human subjects suggested that the specificity
of dog plesme mey be paralleled by a similar phenomenon in man,

Some mechanisms are postulated which might account for the

individual specificity of plasmae



Te The genersal, physiological, and clinical signif icence of the

results is discussed.

Note: The above summary outlines the original work contained in this

thesise

e
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APPENDIX

PRELIMINARY EXPERIMENTS WITH SERUM FRACTIONS

No evidence has been presented so far concerning the physico-
chemical neture of the factor(s) in dog plasma responsible for its
individual specificity, although it was often impliedin the thesis
that this factor probably represents a large molecule. Some experi-
ments have been performed in an attempt to determine what serum fraction
contains the non-autologous sctivitye Most of the results are too
preliminary to warrant their inclusion in the main body of the thesis;
but it may be worthwhile to describe briefly soms of these experiments,
if only to show that this aspect of the problem is being cénsidered.

All the experiments had the same general plan, Serum was used
instead of plasma, since it is easier to handle during long experiments.
Serun obtained from a donor dog was subjected to the particuler experi-
mental treatment (e.g. dialysis), after which it or its fractions were
tested in the skin both of the donor dog and of a recipient doge The
importance of testing in the donor dog cemnnot be overemphasized, for
physical or chemical menipulation of the serum frequently activeted non~-
specific factors able to cause blueing on intraocutaneous injection, The
effeot of a particular treatment on non-autologous aotivity was assessed
in the usual way by ocomparing the responses to serial dilutions of
untreated and treated serum,

Using this procedure, it was relatively easy to show that the
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factor responsible for non-autologous activity is () non=-dialysable,
(b) stable et 60%C., end (¢) partially precipitated by 19% Ney80,.
Serum dislysed at 4°C. egainst isotonic saline across cellophane for as
long as three days always retained its full titre of non-autologous
activity. Full activity was alsc retained by serum held in a water
bath at 60°C. for ome hours Addition of 26,6% NayS0, to a final con-
centration of 19%, followed by incubation at 37°C. for one hour snd
then by ocentrifugation at 20,000 g for 30 minutes produced a precipi=~
tate which usually contained from 50 to 80% of the non-autologous
aotivity present in the originel aliquot of serums These percentages
were obtained by the skin-testing of a dialysed solution prepared by
dissolving the precipitate in isotonic saline adjusted to pH 7.4 with
phosphate bufferes Higher ylelds of non-atbologous activity could not
be obtained by increasing the final concentration of NapSO,.

None of these procedures was complicated by the appearance of
interfering permeability factorse However, more drastic treatment of
the serum - for example ether extraction or trichloroacetic acid pre-
cipitation - always activated non-specific factors which caused merked
outeneous blueing whether the skin tests were performed on the donor
or on the recipient dog. These interfering fectors severely limited
further exploration of the problemes However, the information at hend
supported the working hypothesis that the serum fraction responsible
for non~autologous activity is almost certainly of large molecular size,
is probably e protein, and is possibly associated with the beta- or
gamme~globulins,

An ettempt was made to examine this hypothesis by the testing of
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serum protein fractions obtained by Porath'!s method of preparative
electrophoresis in a vertical cellulose column (Poiath, 1956)s Electro-
phoresis in phosphate buffer, pH 7«4, p = 0,05, produced four fractions
which by paper electrophoresis had the characteristics of albumin +
alphal-globulin, alpha,-globulin, beta-globulin, and gamma~globulin,
Skin-testing of these fraotions gave rather disappointing resultse.
Although the albumin end elpha-globulins had no activity of any kind,

an interfering non=-specific factor was present in both the bete= and

'gamma.-globulin fractionse This factor produced so much blueing on

I

intracutensous injection that ey evidence of non-autologous activity
was completely obsourede A search was then made for means either to
inhibit the effect of this factor or to prevent its.Pormation., This
effort finally met with some success: addition of small amounts of
soya bean trypsin inhibitor (Worthington) to the fractions before
tosting inhibited much of the non=specifioc activity, but did not
affeoct non-autologous activity; and electrophoresis in veronal buffer
at pH 8.6 partially irhibited the eppearance of non~specific activitye

Only a few further experiments have so far been performed with
the improvements afforded by this observation, Electrophoresis in
veronal buffer, pH 8.6, R= 0.05, produced good sepsaration of six
fractions which by paper electrophoresis had the characteristics of
albumin, alphal-globulin, alpha,=globulin, fast beta-globulin, slow
beta=globulin, and gamma=~globulin. Non=autologous ectivity appeared
only in the latter two fractions; it was stronger in the slow beta
than in the gamma fractions Howsver, the interpretation of these

results was still complicated by the presence of some non-specifio
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activity, end by some technicel difficulties. Definite conclusions

must await further experiments,
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