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ABSTRACT 

Neonatal rabbits injected intraperitoneally within 24 hours of 

birth with soluble bovine serum albumin (BSA) appeared to be immunologi

cally unresponsive to that antigen throughout a period of 91 days when 

their sera were assayed by the Farr antigen-binding capacity technique 

or for heterologous PCA activity. However, greater than 901 of these 

rabbits produced basophil-bound anti-BSA IgE antibody (by leukocyte-

dependent histamine release--LDHR) and about 30% also had detectable 

free serum anti-BSA IgE (as measured by homologous PCA activity). Phys-

icochemical characteristics of the serum IgE were similar to those de

scribed by other investigators for rabbit IgE. 

Neonatal rabbits similarly immunized with BSA plus either of two 

adjuvants--aluminum hydroxide gel of heat-killed Corynebacterium 

parvum--also synthesized anti-BSA antibody only of the IgE class approx

imately the same incidences as those given above. At 91 days of age, 

50% of the adjuvant-treated rabbits exhibited systemic anaphylactic re

actions when intravenously challenged with BSA (compared to 15% of the 

rabbits neonatally given soluble BSA alone). Thus, IgE alone, i.e., 

without participation of other classes of antibody, was capable of in

ducing systemic anaphylaxis in the rabbit. Neither the preferential 

IgE antibody response nor the initiation of development of anaphylactic 

sensitivity was unique to BSA as antigen, since similar results were 

obtained using horseradish peroxidase. 

ix 
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Chi square analysis indicated a strong statistical association 

existed between the incidence of rabbits producing serum anti-BSA anti

body and that of rabbits exhibiting systemic anaphylactic reactions (p 

< 0.0005). However, no correlation was observed between the titer of 

serum anti-BSA IgE and either the incidence or the severity of systemic 

anaphylaxis. It was concluded that development of systemic anaphylactic 

sensitivity was dependent on factors other than those governing serum 

levels of IgE antibody. 

The in vivo activity of basophil-bound IgE antibody was studied 

by monitoring several intravascular parameters following antigen chal

lenge. Significant decreases were found to occur in blood basophils, 

platelets, total leukocytes and total blood (cell) histamine in the BSA-

sensitized rabbits as compared to nonimmune control rabbits similarly 

challenged. Decreases in basophils preceded the others. Thus, the same 

blood elements involved in the ui vitro LDHR reaction were also affected 

by in vivo exposure to antigen. Both ANA POS and ANA NEG rabbits demon

strated these blood changes to the same extent. Thus, the intravascular 

alterations induced by IgE could not be considered to be solely respon

sible for the systemic anaphylactic reaction. 

Basophil-bound IgE was found to either induce or increase the 

rate of whole blood clotting time in plastic at 25°C following exposure 

of the blood to antigen in both ANA POS and ANA NEG rabbits. Shortened 

whole blood clotting was also observed in blood samples taken 30 seconds 

after intravenous challenge with antigen. It is suggested that the ef

fect of antigen on the clotting time is mediated by platelet activating 

factor (PAF), a substance released from rabbit basophils in the LDHR 
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reaction following which induces release of mediators from and aggrega

tion of platelets. 

In ANA POS rabbits, whole blood clotting times were prolonged at 

60 minutes after antigen challenge. Partial thromboplastin times (PTTs) 

were also prolonged in these rabbits at 15 minutes post-challenge indi

cating a plasma clotting defect. Because the PTT in many rabbits had 

returned to normal by 60 minutes after challenge, the prolongation in 

whole blood clotting was considered due to a different or additional de

fect, most likely a defect in platelet activity. Possibly the low blood 

pressure of anaphylactic shock combined with aggregation and/or seque

stration of platelets resulted in more severe alterations of the plate

lets of the ANA POS than those of the ANA NEG rabbits. 



CHAPTER 1 

INTRODUCTION 

IgE is one of the five known immunoglobulin classes of antibody 

synthesized by humans in response to antigen exposure. It is an anti

body which binds to the surface of mast cells and blood basophils. Its 

interaction with antigen at the surface of these cells results in the 

release of pharmacologic substances which are thought to mediate acute 

allergic reactions through processes not as yet fully elucidated. Many 

experimental animals have been shown to synthesize a class of antibody 

analogous to human IgE. Thus, they can serve both as a source of IgE 

and as in vivo "test tubes" for studying the activities of this immuno

globulin class. The experiments reported in the following chapters con

stitute a study of the rabbit analog of this immunoglobulin class: 

namely, the in vivo synthesis and the biologic activity of rabbit IgE 

with particular attention to its participation in initiating systemic 

anaphylaxis. The uniqueness of this particular study is inherent in the 

fact that rabbits can be made to synthesize only this class of antibody 

in response to the administration of antigen. The topics--iji vivo syn

thesis, activity of IgE, and the role of IgE in systemic anaphylaxis--

are introduced in this chapter in the reverse order in keeping with 

historical precedent. Acute allergic reactions which include systemic 

anaphylaxis were recognized even before 1900, but it was not until 1966 

that this immunoglobulin class was identified and implicated as 

1 



participating in these reactions in humans. Studies of the in vivo syn

thesis and activity of IgE will ultimately yield a complete understand

ing of the biologic function of this class of immunoglobulin; i.e., is 

its role only detrimental to the host, as in acute allergic reactions, 

or does it have a protective role as well. 

Systemic Anaphylaxis: 
An Acute Allergic Reaction 

Acute allergic reactions are immunologic responses induced in 

humans and experimental animals by the interaction of antigen with a 

specific class of antibody and mediated by released or generated vaso

active substances present within the organism. These reactions involve 

pathologic alterations and vary in manifestations from local (as in hay 

fever, urticaria) to systemic (as in anaphylactic shock), all of which 

are at least in part detrimental and some of which are potentially fatal 

to the host. 

Immunologic Basis for the Reaction 

Acute allergic reactions were shown to be immunologic in nature 

(i.e., specific for an antigen to which the subject has been previously 

exposed) as early as 1902 by Richet and Portier who demonstrated the 

development of allergic sensitivity in the form of systemic anaphylaxis 

in dogs following repeated injections of actinocongestin, an extract of 

sea anemones. Upon reinjection of a nontoxic dose of this antigen into 

dogs given a similar dose several days previously, symptoms of vomiting, 

dyspnea and paraplegia occurred within a few seconds. Many investiga

tors followed up these original observations. Although a variety of 
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multiccanponent antigens (.i.e., materials containing several distinct 

molecular species, such as horse serum) and a variety of recipient spe

cies were used, the gross visible signs of systemic anaphylaxis were 

found to be sufficiently similar to those observed by Richet and Por-

tier (1902) to group them as the same phenomenon. 

Species Variation in the 
Pathophysiology of Anaphylaxis 

The apparent principal motivation behind the early studies of 

systemic anaphylaxis in animals was to develop a suitable experimental 

model for human anaphylactic reactions which occurred following repeated 

administration of drugs or horse serum. (Serum from immunized horses 

was the source of antitoxins to various infectious agents.) The physi

cal signs associated with human systemic anaphylaxis were recently sum

marized by the American Academy of Pediatrics Committee on Drugs (1973) 

as including (some or all of) the following: "generalized flush, urti

caria ̂ paroxysmal coughing, severe anxiety, dyspnea, wheezing, orthop

nea, vomiting, cyanosis and shock" (p. 136). The onset of symptoms 

generally occurs within seconds to a few minutes of antigen administra

tion. The primary physiologic basis for these signs and symptoms is not 

fully elucidated and may prove to be variable. In many cases of human 

systemic anaphylaxis, postmortem findings indicated that laryngeal edema 

led to asphyxia (James and Austen, 1961); however, in others, the heart 

was the main organ affected (GrUnbaum, 1915); and in still others fatal 

circulatory collapse occurred without evidence of definite pathology 

(James and Austen, 1964; Delage and Irey, 1972). 
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As investigators began extensive physiologic studies in experi

mental animals to determine the cause of anaphylaxis, significant dif

ferences in physiologic disturbances were found from one species to the 

next. Immediately following intravenous challenge of the sensitized 

dog, the liver and splanchnic circulation were found to become engorged 

with blood; and circulatory collapse was reported to occur as a result 

of a sudden extreme drop in blood pressure (Pearce and Eisenbrey, 1910; 

Weil, 1917; Simonds, 1919). In the guinea pig, the major visible signs 

that were observed were piloerection of the neck hair, pruritis of the 

nose, extreme dyspnea with intense inspiratory effort, and paraplegia 

(Rosenau and Anderson, 1908; Auer and Lewis, 1909; Feigen and Prager, 

1969). Intense bronchial spasm was shown to be the cause of the asphyx

ia which was often fatal. A rapid decrease in systemic blood pressure 

was reported but was thought to be a result of the bronchospasm, as 

similar drops were seen in asphyxia induced mechanically (Auer and 

Lewis, 1909). In the case of the rabbit, the major symptoms were found 

to include pallor of the ears, dyspnea, stupor and paraplegia (Scott, 

1910; McKinnon et al., 1957; Pinckard, Halonen and Meng, 1972). Asso

ciated physiological studies demonstrated a fall in arterial blood pres

sure, slowing of the heart beat and marked distension of the right side 

of the heart. Since the rabbit lung showed an increase in resistance 

to the flow of perfusion fluid following antigen administration (with no 

embolism or thrombosis found at autopsy), spasm of the pulmonary ar

teries and/or arterioles was considered by Airila (1914) to be the pri

mary event of the anaphylactic syndrome. This hypothesis was supported 

by Coca (1919) and Drinker and Bronfenbrenner (1924) by measurements of 
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increased pulmonary artery pressure following antigen challenge. Direct 

microscopic demonstration of pulmonary arteriolar constriction occurring 

during the anaphylactic reaction was reported by Burrage and Irwin 

(1953). Other investigators, although they agreed that constriction oc

curred in the pulmonary vasculature, have reported that emboli and/or 

thrombosis could be observed in these vessels of rabbits undergoing sys

temic anaphylaxis (Irwin, Weille and Burrage, 1955; Walter, Frank and 

Irwin, 1961; Walter and Frank, 1961; Movat et al., 1968). They con

cluded that capillary obstruction contributed significantly to the shock 

syndrome in the rabbit. This will be discussed further at a later 

point. 

Many studies have been performed to determine the cause of the 

species variation in systemic anaphylactic reactions. Experiments were 

designed to determine whether the anaphylactic reaction was due to a 

unique series of events in each species or whether a single mechanism 

was operative leading to different manifestations. Based on histologic 

examination, Simonds (1919) postulated that the latter was the case and 

that the different manifestations were due to inherent anatomical dif

ferences among the various species. He found that the hepatic vein of 

the dog had a more highly developed muscular wall than had the other 

species examined and, thus, if constricted, could cause the splanchnic 

engorgement. He also found that the bronchi of the guinea pig and the 

pulmonary artery wall of the rabbit were also highly developed muscular 

tissues. Thus, he deduced that these tissues were more susceptible to 

the substance(s) mediating anaphylaxis. Grove (1932b) supported this 

hypothesis with direct measurement of contractility of muscle strips of 
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the bronchi and pulmonary arteries of the guinea pig and rabbit. She 

demonstrated that although bronchial strips from a sensitized guinea pig 

contracted when exposed to antigen, similar strips from a sensitized 

rabbit did not. Pulmonary artery strips from both the sensitized guinea 

pig and rabbit contracted upon exposure to antigen. However, Rocha e 

Silva (1942) discarded Simonds' hypothesis as "primitive," stating that 

the quantitative anatomical differences observed by Simonds were not 

sufficient to bring about the differences in anaphylactic reactions. He 

cited Vallery-Radot (1937) and Abell and Schenck (1938) as indicating 

that a general arterial constriction was induced throughout each organ

ism and such constriction was not a localized phenomenon at the "key 

point" in each species. Also, Melli et al. (1963) disputed Simonds' 

hypothesis by demonstrating that it was not actually the hepatic vein in 

the dog which constricted to cause the splanchnic engorgement, since the 

pressure in the hepatic vein did not change during anaphylaxis. Melli 

and coworkers found instead an increased hepatic capillary pressure and 

concluded that constriction occurred within the microcirculation of the 

liver. This controversy is discussed further in Chapter 6. 

Pharmacologic Mediators of Anaphylaxis 

Even though systemic anaphylaxis has been studied in a variety 

of experimental animals for more than 70 years, the mechanism leading to 

the observed pathophysiology is not fully elucidated even today. This 

is probably due in part to confusion as a result of the species varia

tion described. This confusion was heightened as investigators searched 

to identify the substance(s) mediating the reaction. 
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Early controversies existed as to whether a toxic substance was 

produced by some biologic reaction altering the sensitizing material 

(antigen) itself or through some induced perturbation of normal sub

stances or processes in the body (reviewed by Wells, 1921). The latter 

was shown to be the case by a series of experiments utilizing various 

isolated perfused tissues of the sensitized animal. In 1913, Dale de

monstrated contraction of the isolated uterus of a sensitized guinea pig 

as a result of direct exposure to antigen. Dale and Laidlaw (1910) had 

previously studied histamine shock induced in normal (nonimmunized) gui

nea pigs by intravenous administration of histamine and had also shown 

this substance induced contraction of the guinea pig uterus as well. 

But it was not until several years later that histamine was found to be 

a normal component of animal tissues (Abel and Kubola, 1919; Best et 

al., 1927). Dragstedt and Gebauer-Fuelnegg (1932a and b) identified 

histamine as being released into the lymph and blood of dogs undergoing 

systemic anaphylaxis reactions to horse serum. (The normal concentra

tion of histamine in dog lymph or blood is almost negligible; see 

Schild, 1939). Bartosch, Feldberg and Nagel (1932) reported the release 

of histamine from isolated perfused lungs of a sensitized guinea pig 

following exposure to antigen. Schild (1939) demonstrated the release 

of histamine from many of the isolated tissues of the sensitized guinea 

pig upon exposure to antigen. 

The histamine theory of anaphylaxis developed from these and 

other experiments of many investigators (reviewed by Dale, 1920; Rocha e 

Silva, 1942) in which four generalizations were substantiated: (1) his

tamine reproduces anaphylactic symptoms in almost every animal species; 
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(2) histamine is present in almost all mammalian tissues in sufficient 

quantity to produce the effects; (3) histamine is liberated from tissues 

upon intravenous challenge in sensitized animals; and (4) sensitivity to 

histamine, in general, parallels sensitivity to anaphylaxis in different 

species. 

Further studies, however, showed some specific discrepancies 

between histamine shock and anaphylaxis. The increase in resistance to 

flow through the pulmonary circulation induced by histamine in the rab

bit was much less than that induced by antigen in a sensitized rabbit; 

so much less in fact that Grove (1932a) concluded histamine shock in the 

rabbit did not result primarily from pulmonary arterial constriction. 

A fall in carotid artery pressure followed antigen challenge of a sensi

tized rabbit, whereas histamine induced a rise in pressure (Rocha e 

Silva, 1942); and histamine relaxed the isolated rat uterus, whereas an

tigen contracted it. Finally, in addition to histamine, other vasoac

tive substances were subsequently shown to be released during 

anaphylaxis. Kellaway and Trethewie (1940) demonstrated the release of 

a slow reacting substance (SRS-A) during guinea pig anaphylaxis in vitro 

(using perfused guinea pig lungs). This substance was shown to induce 

a delayed but prolonged contraction of the guinea pig ileum and guinea 

pig and human bronchi (reviewed by Orange and Austen, 1969). SRS-A has 

been demonstrated to be released from sensitized lung tissue of man, 

monkey and rabbit (Brocklehurst, 1960) as well as from rat peritoneal 

cells (Uvnas and Thon, 1959). Bradykinin, a powerful vasodilator which 

also increases capillary permeability, was reported L Brocklehurst and 

Lahiri (1962) to be generated in the blood of the rabbit, rat and guinea 
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pig during anaphylaxis. Waalkes and Coburn (1959) reported that sero

tonin was released from rabbit and human platelets following exposure to 

antigen. Prostaglandins have also been reported to be released during 

anaphylaxis in the guinea pig (Piper and Vane, 1969). 

Many difficulties have hampered attempts to sort out the rela

tive contribution of these and probably other mediators to the anaphy

lactic reaction. The demonstration of the generation or release of a 

mediator during the reaction is far from proof that it functions signif

icantly in the reaction. Also, mediators vary in their activity from 

one species to another. Further, one cannot assume that the intravenous 

injection of such a mediator will necessarily mimic the effects of that 

mediator generated or released locally within the organism (Schild, 

1939). To summarize, then, it has become clear that although histamine 

is an important mediator of systemic anaphylaxis, it may act in conjunc

tion with different mediators in each animal species. Such differences 

could account for at least part of the variability in the pathophysiol

ogy from one species to another. 

Early Studies of Antigen-Antibody-
Cellular Interaction in Anaphylaxis 

Anaphylactic Antibody 

One of the criteria established for anaphylactic reactions as 

summarized by Wells (1921) showed the requirement for a serum component: 

"It should be possible to demonstrate passive sensitization with the 

serum of sensitized animals" (p. 45). However, several observations de

termined that simply the presence of the sensitized donor serum in the 
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recipient's circulation was not sufficient for sensitization: (1) a 

latent period existed from the time of transfer until the animal was 

sensitive to anaphylaxis; (2) isolated muscle strips from actively sen

sitized animals (washed free of blood) contracted in the presence of 

antigen; and (3) muscle strips taken during the latent period from pas

sively sensitized animals did not contract; but if they were removed 

after the latent period, contraction occurred upon exposure to antigen 

(Weil, 1913). These observations demonstrated the necessity for the 

responsible serum component to bind to cells of the sensitized animal 

in addition to being free in the serum. 

In addition to systemic passive sensitization, a local passive 

sensitization technique was discovered and then developed in order to 

detect the presence of the sensitizing antibody in serum. This test was 

first reported by Prausnitz and Kustner (1921) using human serum trans

ferred to a nonallergic human recipient in humans it is termed the P-K 

test. The same test in guinea pigs was described by Ovary (1964). In 

this passive cutaneous anaphylactic (PCA) reaction, donor serum is in

jected locally into the skin of the recipient. If antigen is adminis

tered intravenously or at the same site at a time after the 

sensitization period (which differs with different species), a wheal and 

flare reaction develops. This reaction is a result of a local increase 

in capillary permeability due to release of vasoactive mediators at the 

injection site. It can be more markedly demonstrated in experimental 

animals by the intravenous administration of Evans blue with the antigen 

to give cutaneous bluing at the site of the mediator-induced capillary 

permeability. 
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Whether the transferred serum component which bound to cells 

and was responsible for anaphylactic sensitivity was identical to the 

"precipitating" antibodies detectable in the serum after the antigen 

injections was a matter of controversy for many years. Von Pirquet and 

Schick (cited in von Pirquet, 1911) found no relationship between the 

appearance of precipitins to horse serum and the occurrence of serum 

sickness (a systemic reaction in humans which occurs'7-12 days after a 

serum injection) nor between precipitins and "immediate reactivity" in 

rabbits. However, Doerr and Russ (1909) argued that the precipitins in 

rabbit serum corresponded quantitatively to the ability of that serum 

to sensitize guinea pigs for anaphylaxis. These conflicting data were 

not resolved until experiments concerning the nature of the PCA reaction 

demonstrated that all of the experiments described above were valid in 

themselves. Many of the original animal experiments in both passive 

systemic and passive cutaneous anaphylaxis were performed across spe

cies, using various species as serum donors and primarily using the gui

nea pig as the recipient. However, a comparison of the PCA reactions in 

the homologous and heterologous species induced by various antibody 

classes led to the discovery that rabbit antibodies which were capable 

of inducing the PCA reaction in the guinea pig were identical with the 

precipitating (presumably IgG) antibodies of the rabbit. However, they 

were not the same rabbit antibodies which induced the homologous PCA 

reaction in the skin of the rabbit (reviewed by Bloch, 1967). Ovary, 

Benacerraf and Bloch (1964) reported that 7S (later named IgG) anti

bodies from rabbit, monkey, dog and man could elicit the PCA reaction 

in the skin of the guinea pig (heterologous PCA). The type of antibody 
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which elicited homologous PCA in the skin of an animal of its own spe

cies was regarded as the reaginic or anaphylactic antibody (reviewed by 

Bloch, 1967). 

Cells Involved in Anaphylaxis 

Mast cells in the liver were first linked to anaphylaxis when 

they were reported to be the source of the heparin released into the 

blood of the dog during anaphylaxis (Jacques and Waters, 1941). Tissue 

mast cells were implicated as the storage sites of histamine through 

two kinds of studies by Riley and West (1953). The histamine content 

of various tissues was found to correlate with the relative numbers of 

mast cells; and loss of histamine from sheep liver capsule and rat omen

tum, mesentery, and subcutaneous tissues following treatment with hista

mine liberators correlated with the loss in identifiable mast cells. 

Stuart (1952) reported a correlation between anaphylaxis and the de-

granulation of mast cells in various species. Nfota and da Silva (1960) 

demonstrated disruption of rat peritoneal mast cells and Uvnas and Thon 

(1959) found histamine was released from these cells when they were ob

tained from sensitized rats and exposed to antigen. However, direct 

demonstration of antibody bound to mast cells awaited the identification 

and isolation of the antibody involved (as will be described later in 

this chapter). 

The Blood as a Sensitized Organ 

Although tissues washed free of blood were found to respond di

rectly to antigen exposure (with contraction and/or mediator release), 

this did not exclude the blood as a site for antigen interaction with 
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cell-bound antibody as well. In 1937, Code found that the major portion 

of blood histamine in rabbits was confined within the cells which form 

the buffy coat layer of centrifuged blood: very little histamine was 

present in the red cells or the plasma. Blood is a relatively rich 

source of histamine in rabbits. Normal values given in the literature 

range from 1-5 pg/ml for rabbit blood as compared to 0.02-0.08 yg/ml for 

human blood and 0.06-0.8 yg/ml for guinea pig blood (reviewed by Code, 

1952). In 1940, Katz demonstrated that if blood from a sensitized rab

bit was exposed to antigen, the histamine was released into the plasma. 

In 1941, Katz and Cohen reported that a similar phenomenon occurred in 

human blood from allergic patients upon addition of antigen. The re

action was shown to be independent of serum components as it occurred 

with blood cells washed several times with Tyrode's solution (Middleton 

and Sherman, 1960). 

Even though the various experiments so far described regarding 

sensitization and anaphylaxis in experimental animals had not elucidated 

complete mechanisms, it was found that many of the procedures could be 

used as techniques to qualitatively identify sensitized anaimals. Thus, 

the serum of the sensitized animal could be tested for its ability to 

sensitize the skin, isolated muscle strips or a whole animal of the same 

species. Similarly, cell-bound antibody of the actively sensitized ani

mal could be demonstrated by injecting the antigen into the skin of that 

animal to obtain local capillary permeability at the site, by exposing 

an isolated muscle strip to the antigen and monitoring the contraction, 

by identifying histamine released from blood cells, and/or by injecting 

the antigen intravenously to induce systemic anaphylaxis. 
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Identification of the Anaphylactic Antibody 
and Demonstration of its Activity 

Many of the studies which followed the original observations of 

Richet and Portier (1902) took a backward step with respect to antibody 

function studies in that investigators used crude multicomponent anti

gens like horse serum and egg white to sensitize the experimental ani

mals. Such antigens were used in order to mimic serum sickness and 

systemic reactions to food and drugs which occurred following multiple 

exposures. However, the use of these antigens made the experimental re

sults very difficult to interpret in terms of the nature of the antibody 

response, particularly in light of the more recent experimental evidence 

(for example, Yagi et al., 1963a and b) indicating that several classes 

of antibody in various proportions comprise the antibody response to 

each antigenic entity. Since each class differs with respect to biolog

ic function(s), and since the nature of the antibody response with re

spect to class varies with the species, the route of injection, the 

nature of the antigen, and probably other factors, each immunized animal 

acquires a unique spectrum of potential in vivo inmunologic activities 

upon re-encountering the antigen. The use, then, of multicomponent an

tigens which induce several simultaneous immune responses within each 

animal compounded the problem of elucidating the nature of the antibody 

response in sensitized animals. 

IgE in Man 

It was not until 1966 that the antibodies responsible for acute 

allergic reactions in humans were shown to comprise a unique class of 

immunoglobulins which was designated IgE (K. Ishizaka and Ishizaka, 



1966a and b; K. Ishizaka, Ishizaka and Hornbrook, 1966; K. Ishizaka, 

Ishizaka and Lee, 1966). To establish the existence of a new distinct 

immunoglobulin class one must demonstrate (1) the presence of a unique 

heavy chain, (2) light chain identity with j)ther classes, and (3) anti

body activity. This was accomplished in the case of IgE in a series of 

experiments, some of which were performed even before the immunoglobulin 

was isolated in pure form. Rabbit antibodies directed against the 

(heavy chains of) four known classes of antibodies did not remove skin-

sensitizing (P-K) activity of the serum from patients sensitive to rag

weed; whereas rabbit antibodies to human light chains did precipitate 

this activity from serum (K. Ishizaka and Ishizaka, 1966a; K. Ishizaka, 

Ishizaka and Hornbrook, 1966; K. Ishizaka, Ishizaka and Lee, 1966). The 

discovery by Johannson and Bennich (1967) of an IgE myeloma patient pro

vided a source of purified IgE antibody. Anti-human IgE was obtained 

from injecting into animals either myeloma IgE or IgE fractions purified 

by separation techniques from human serum. Anti-human IgE was used in 

demonstrating IgE antibody activity by the technique of radioimmunoelec-

trophoresis (RIEP) by K. Ishizaka, Ishizaka and Hornbrook (1966). This 

procedure was required because of its sensitivity: IgE is present in 

serum in such small amounts that direct combination with antigen to form 

an antigen-antibody precipitate does not result in a visible band in 

agar as is the case for the other classes of antibody. Using this tech

nique, the IgE antibodies from ragweed-sensitive patients were first 

separated by electrophoresis on agar coated slides and then allowed to 

form a precipitin band with rabbit anti-human IgE antibody. Radioactive 

allergen was then added. It bound to the IgE molecules directed toward 
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the specific allergen and thus provided a means of detection of the IgE-

anti-IgE precipitin band and a demonstration of specific activity of 

IgE. 

Physicochemical properties of human IgE have been reported to 

include (1) a loss of P-K activity when serum is heated at 56°C for 2-4 

hours (K. Ishizaka, Ishizaka and Menzel, 1967) or when it is reduced 

and alkylated (K. Ishizaka and Ishizaka, 1969}; (2) a sedimentation co

efficient of approximately 8 S (K. Ishizaka, Ishizaka and Lee, 1966); 

(3) a molecular weight of approximately 190,000 (Johannson and Bennich, 

1967); (4) electrophoretic migration as a fast gairana globulin (K. Ishi

zaka, Ishizaka and Hornbrook, 1966); and (5) elution from DEAE with 0.02 

M phosphate, pH 8.0 (K. Ishizaka and Ishizaka, 1966a). 

IgE in Experimental Animals 

Similar characteristics have been found for this class of anti

body among many animal species including the rabbit (Zvaifler and 

Becker, 1966; Lindqvist, 1968; Zvaifler and Robinson, 1969; K. Ishizaka, 

Ishizaka and Hornbrook, 1970); the dog(Patterson, Pruzansky and Chang, 

1963; Rockey and Schwartzman, 1967; Schwartzman, Rockey and Halliwell, 

1972); the monkey (Wirszer, Patterson and Pruzansky, 1968; K. Ishizaka, 

Ishizaka and Tada, 1969); the horse (Eyre, 1972); the cow (Wells and 

Eyre, 1972); the guinea pig (Dobson, Morseth and Soulsky, 1971; Levine, 

Chang and Vaz, 1971); the rat (Binaghi and Benacerraf, 1964; Binaghi, 

Oettgen and Benacerraf, 1966; Stechschulte, Orange and Austen, ±970); 

and the mouse (Mota and Peixota, 1966). The latter three species and 

possibly others have a second homocytotropic antibody with 
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characteristics of a subclass of IgG. This second type of homocytotrop-

ic antibody has a much weaker affinity for cells; it is easily distin

guishable from IgE antibody; and it will not be discussed at length here 

(see Bloch, 1967 for review). 

Activity of IgE in Humans and Rabbits 

Since IgE has been identified as a unique class of antibody, 

many investigators have reported experiments to show that this class of 

antibody is responsible for the various phenomena of skin, tissue, and 

blood cell sensitization to antigen described earlier, both in humans 

and experimental animals. Skin sensitization in humans has already been 

described as it was an integral part of the identification of the IgE 

class of antibody. Myeloma. IgE has been used in these studies as a pure 

source of human IgE antibody. It has the advantage of being obtained in 

relatively large amounts and the disadvantage that the identity of the 

antigen to which it is directed is not known. This disadvantage has 

been overcome by preparing anti-human IgE for use as the "antigen" to 

induce release of mediators from tissues passively sensitized with mye

loma IgE (K. Ishizaka and Ishizaka, 1968a). Avery useful experimental 

tool came into being when it was found that human IgE was capable of 

sensitizing monkey skin and lung tissue (but not tissues of other spe

cies) and that both histamine and SRS-A were released upon exposure of 

the tissue to antigen (T. Ishizaka et al., 1970) or, in the case of mye

loma IgE, to anti-human IgE (T. Ishizaka, Ishizaka and Tomioka, 1972). 

Serum with a high titer of human IgE was used to sensitize monkey skin 

and lung fragments and was compared to the same serum adsorbed with 
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anti-human IgE. The adsorbed serum released no mediators from either 

monkey or noimal human lung fragments when exposed to the antigen to 

which the serim donor was sensitive. The myeloma IgE molecule was frag

mented and the Fc portion (the C-terminal portion of the 2 heavy chains J 

was found to be responsible for cell-binding (K. IshizaKa, Ishizaka and 

Lee, 1970). The direct demonstration of IgE bound to mast cells (and 

only mast cellsj was reported by Tomioka and Ishizaka (1971) and T. 

Ishizaka, Ishizaka and Tomioka (1972) using radiolabeled anti-human IgE 

and a cell suspension from monkey lung passively sensitized with myeloma 

IgE. Halliwell (1973) demonstrated IgE bound to mast cells and only mast 

cells in dog skin using an immunofluorescent technique. 

In Vitro Activity: Leukocyte-Dependent Histamine Release. The 

leukocyte-dependent histamine release reaction has been examined in 

great detail in both rabbit and human blood, and the two systems paral

lel each other quite closely. As mentioned previously, the release of 

histamine from rabbit blood cells was reported by Katz (1940) and from 

human blood cells by Katz and Cohen the following year (1941). Levy 

and Osier (1966) reported the release of histamine from the leukocytes 

of human blood passively sensitized in vitro with serum from an allergic 

donor. Difficulties of cell separation without inducing release in 

these fragile cells handicapped progress in the identification of the 

specific cells responsible for the release reaction. In 1955, Graham et 

al. showed that in humans about half of the histamine in the blood was 

found to be present in basophils and half in neutrophils and eosino

phils. Although basophils still have not been obtained completely pure, 



several investigators have presented evidence which disagreed quantita

tively with the distribution of histamine reported by Graham et al. and 

concluded that the basophil contained all or at least almost all of the 

blood histamine in man (Sampson and Archer, 1967; Pruzansky and Patter

son, 1970; Kunske, Pruzansky and Patterson, 1971; and T. Ishizaka, De-

Bernardo, Tokioka, Lichtenstein, and Ishizaka, 1972). In other 

experiments, leukocytes were mixed with radiolabeled anti-IgE (under 

conditions preventing the release reaction) and then examined both for 

radiolabel and morphologic identification of the cells. The results 

demonstrated that basophils were the only blood cells to which IgE was 

bound (K. Ishizaka, Tomioka and Ishizaka, 1970). Also, Sullivan, Grim-

ley and Metzger (1971) used an elaborate hybrid antibody technique to 

demonstrate by electron microscopy that only IgE was bound to the sur

face of basophils and that no other blood cells bound this immunoglobu

lin. Using phase microscopy of living cells, Hastie (1971) reported 

the degranulation of basophils from allergic patients upon exposure to 

antigen. T. Ishizaka, Tomioka and Ishizaka (1971) demonstrated both 

degranulation of human basophils and histamine release under identical 

conditions using anti-human IgE as "antigen." 

The leukocyte-dependent histamine release (LDHR) reaction has 

also been studied in considerable detail using the formed elements of 

rabbit blood. That basophils from sensitized rabbits released histamine 

upon exposure to antigen was demonstrated by Greaves and Mongar (1968) 

and Siraganian and Osier (1971). It was also found that another blood 

element participated in the histamine release reaction in rabbit blood: 

the addition of antigen to washed leukocytes and platelets from a 
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sensitized rabbit induced the release of histamine and serotonin from the 

platelets (Barbaro and Zvaifler, 1966). The leukocytes required to 

achieve the platelet histamine release in this (plasma-free) system were 

found to be the basophils (Siraganian and Osier, 1971; Henson and Benve-

niste, 1971) and the sensitizing antibody was found to be of the IgE 

class (Benveniste, Henson and Cochrane, 1972). Upon interaction of an

tigen with the basophil-bound IgE, a platelet activating factor (PAF) was 

released from the basophil (Henson, 1970). The PAF induced the platelets 

to release vasoactive amines and to aggregate (Henson, 1970; Henson and 

Benveniste, 1971). Further study demonstrated that this basophil-

platelet interaction was not restricted to rabbits. In spite of the 

difference in the mediators present in human and rabbit platelets, a 

similar platelet release reaction was demonstrated with human blood cells 

and was shown to be mediated by PAF from basophils (Benveniste and Papo-

ian, 1972). 

Establishment of In Vivo Activity of IgE: Goal of this Study. 

The IgE-induced mediator release reaction has been dissected in vitro to 

the extent described above. Many investigators have been and are ex

ploring the various sensitized tissues with regard to the mechanism by 

which the IgE class of antibodies induces the release and/or generation 

of vasoactive substances and the mechanisms by which these mediators 

carry out their actions on effector cells. However, these in vitro ex

periments do not constitute evidence that these same mechanisms are 

operative in vivo or that IgE alone is capable of initiating systemic 

anaphylaxis. 
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One major goal of the study described herein was to study ana

phylactic reaction within the whole animal in order to determine whether 

the iji vivo activity of IgE antibody within the circulation was the same 

or similar to that established by in vitro techniques. Another was to 

deduce whether any observed IgE-induced intravascular changes correlated 

with systemic anaphylaxis in order to determine whether or not systemic 

anaphylaxis was dependent on the concentration and/or relative activity 

of IgE in the blood (as opposed to extravascular IgE in the tissues). 

To carry out such a study of IgE activity one must be able to 

rule out the participation of classes of antibody other than IgE. This 

is particularly true in studying rabbit anaphylaxis because of the con

troversy as to the existence and significance of embolism or thrombus 

formation initiating capillary obstruction in the lung during the reac

tion. Many experiments have implicated IgG antibodies as contributing 

significantly to the anaphylactic syndrome by forming complexes with the 

antigen in vivo and thus initiating the formation of emboli or thrombi 

(Jackson, 1935; Dixon, 1953; Movat et al., 1968). The implication that 

these antigen-antibody complexes were essential for systemic anaphylaxis 

to occur in the rabbit was countered by experiments in this laboratory 

(Pinckard et al., 1972). These experiments demonstrated that IgE alone 

was indeed capable of inducing systemic anaphylactic reactions in rab

bits which were synthesizing only IgE antibody in response to antigen. 

Studies which serve as introductory background for the development of 

the model system in which IgE is the only class of antibody synthesized 

in response to an antigen are summarized in the final section of this 

introduction. 
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Exclusive Synthesis of IgE Antibody 
in the Neonatally Immunized Rabbit 

The administration of protein antigens to neonatal animals of 

many species has been shown to lead to tolerance, i.e., immunological 

unresponsiveness to that antigen (reviewed by Smith, 1961 and Weigle, 

1973). These findings were based on the results of precipitin and pas

sive hemagglutination assays of serum antibodies. Pinckard, Weir and 

McBride (1967) also demonstrated that no antibody was detectable by the 

Farr antigen-binding technique when 100 mg bovine serum albumin (BSA) 

was administrered to neonatal rabbits. Smith and coworkers (reviewed 

in Smith, 1961) characterized this tolerant state in rabbits to BSA 

demonstrating that 1 mg BSA given to the neonate induced a state of tol

erance lasting approximately 70-90 days, that larger quantities induced 

a longer-lasting tolerance, and that tolerance was specific for the par

ticular antigen. (See also Cinader and Dubert, 1955.) Their experi

ments also showed that the tolerant state could be maintained 

indefinitely with additional periodic injections of antigen. 

A variety of materials referred to as adjuvants can be adminis

tered with the antigen to enhance the antibody response to that particu

lar antigen in adult animals. However, attempts to use various 

adjuvants in order to break neonatal tolerance to protein antigens in 

the rabbit have not met with success: for example, Pinckard et al. 

(1967) using Corynebacterum parvum; Martin (1966) using aluminum hydrox

ide gel; Smith using endotoxin (1961) and Thorbecke and Benacerraf ad

ministering BSA to neonatal rabbits infected with BCG (cited in Smith, 

1961). 



The state of tolerance induced in the neonatal rabbit must be 

considered to include only IgG, IgM and IgA antibodies, however, since 

none of the assays used in the experiments described would detect the 

presence of serum IgE antibody due to its extermely low concentration. 

Indeed, there are a few reports of IgE antibodies produced in response 

to antigen in very young animals. Binaghi, Oettgen and Benacerraf 

(1966) were able to induce homologous-PCA-type antibody in rats given 

DNP-BGG and Bordetella pertussis as adjuvant at 12 days of age, whereas 

no antibody could be detected in precipitin tests at least during the 

7-11 day time period examined. Prouvost-Danon and Binaghi (1970) elic

ited IgE antibody in mice given alum-precipitated egg albumin at 9 days 

of age, but no tests were performed for other classes of antibody. In 

this laboratory, Pinckard et al. (1972) demonstrated that IgE was the 

sole class of antibody produced in neonatal rabbits in response to alum-

precipitated BSA or to BSA administered with C. parvum. Pinckard and 

Halonen (1971) reported that a normal three-month-old rabbit given BSA 

together with one of these same adjuvants responded with anti-BSA anti

body of at least four classes detectable in the serum: IgG, IgA, IgM, 

and IgE. A normal three-month-old rabbit given soluble BSA (without 

adjuvant) responded with classes of antibody other than IgE (unpublished 

observations, 1972). A neonatal rabbit given soluble BSA was considered 

unresponsive: no class of antibody was detectable in the serum (Pinc

kard et al., 1972). 

The exclusive production of IgE by means of this method of neo

natal immunization has many potential uses in studies of both the 

physico-chemical characteristics and the biologic activities of this 
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immunoglobulin class and was thus deserving of a detailed characteriza

tion. Experiments described herein were designed to characterize this 

neonatally induced immune response and were directed toward answering 

such questions as--

1. Is the exclusive IgE response to neonatally administered anti

gen a general phenomenon or is it unique to BSA? 

2. What is the relationship between cell-bound IgE and free serum 

IgE: i.e., are those rabbits which have been given soluble BSA 

totally unresponsive to BSA even with respect ot cell-bound IgE? 

In addition, the fact that rabbits at different stages of development 

differed significantly in the nature of their immune response to an an

tigen offered a good opportunity for studying the processes by which an 

immune response occurs. Martin (1966) reported that the neonatal re

sponse to alum-precipitated BSA was restored to that of the adult by 

the administration of macrophages from adult nonimmune rabbits. Some of 

the experiments reported here extend his study: neonatal rabbits were 

given soluble BSA and live peritoneal exudate cells from adult rabbits 

(without adjuvant) to determine if in this case also the neonatal rabbit 

responded as did the adult. 



CHAPTER 2 

MATERIALS AND METHODS 

Animals 

Randomly bred, California rabbits of both sexes were employed 

throughout this study. Immunizations of newborn rabbits within 24 hours 

of birth were performed at the Powell Rabbitry, Tucson, Arizona. The 

rabbits were fed Arizona Feed AID #1 Albers Lab Mix (.Arizona Feeds, 

Tucson, Arizona) which contains no beef or milk products. They were 

maintained at the rabbitry until 77 days of age, after which they were 

kept in the Division of Animal Resources, College of Medicine, Univer

sity of Arizona. 

Randomly bred, Hartley guinea pigs of both sexes were purchased 

from the colony in the Division of Animal Resources and used when they 

attained a weight range of 200-400 g for the heterologous PCA assay and 

for the histamine bioassay. 

Materials Used in Neonatal Immunizations 

Preparation of Antigens 

Bovine Serum Albumin (BSA). A 100 mg/ml stock solution of BSA 

(crystallized, Pentex, Miles Laboratory, Kankakee, 111.) was prepared in 

pyrogen-free 0.85% NaCl using dry heat sterilized glassware to avoid 

endotoxin contamination. Stock BSA was sterilized by passing it through 

25 
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0.45 y Millipore filteration, and, after aliquoting into sterile plastic 

tubes, it was stored at -20°C. The stock BSA was thawed only once and 

was diluted with either pyrogen-free 0.85% NaCl for soluble BSA injec

tions or with Tissue Culture Medium 199 (Grand Island Biological Co., 

Grand Island, New York) for the peritoneal exudate cell study. A sample 

from each stock preparation of BSA was assayed for endotoxin content in 

the laboratory of Dr. J. J. Corrigan (Department of Pediatrics, Univer

sity of Arizona Medical Center). The samples were assayed by the Limu-

lus method (Levin and Bang, 1968) and found to contain less than 0.01 

yg/ml endotoxin. 

Alum-Precipitated BSA (ABSA). The BSA stock solution prepared 

as above was mixed with Alhydrogel (1.3% A^O^, Superfos Export Co., 

Copenhagen, Denmark) in a proportion of 50 mg BSA to 6 ml Alhydrogel. 

This suspension was diluted in pyrogen-free 0.851 NaCl to the concentra

tion desired for immunization. This suspension was always freshly pre

pared within two hours of use. 

Horseradish Peroxidase (HRP). A 10 mg/ml stock solution of 

HRP (Type II, Sigma Chemical Co., St. Louis, Mo.) was prepared, steri

lized and stored as for BSA above. This stock solution was found to 

contain less than 0.01 yg/ml endotoxin. 

Alum-Precipitated HRP (AHRP). The AHRP suspension was prepared 

from the stock HRP solution exactly as for ABSA above. 
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Preparation of Heat-Killed 
Corynebacterum parvum 

Media. The growth media for C. parvum was prepared in the labo

ratory from rabbit tissues because commercial media contain beef prod

ucts and thus would contaminate the adjuvant preparation with antigen. 

The preparation is basically that of Pinckard (1967). Six rabbits were 

killed and skinned. The leg and back muscles (3890 g) were ground in a 

meat grinder with the liver (418 g) and heart (42 g), placed in eight 

liters double distilled water containing 40 g NaCl and left overnight at 

4°C. The suspension was filtered through six layers of gauze and then 

boiled for 15 minutes. After cooling and filtering (Whatman #1 filter 

paper), the solution was autoclaved at 17 lb pressure for 30 minutes. 

Because the solution precipitated upon cooling, it was refiltered. The 

pH was adjusted to 7.4 and the solution was poured into three 2000 ml 

and two 250 ml screwcapped Erlenmeyer flasks. If further precipitation 

occurred after reautoclaving, the filtering pH adjustment, and autoclav-

ing were repeated. 

Inoculation and Growth. Corynebacterium parvum Strain 11829 

was obtained from the American Type Culture Collection, Rockville, Md. 

This strain is identical to Strain 10387 of the National Collection of 

Type Cultures, Colindale, London. Lyophilized discs containing the bac

teria were inoculated into brain-liver-heart semisolid media (Difco 

Laboratories, Detroit, Michigan) and allowed to grow anaerobically for 

48 hours at 37°C. These cultures were streaked on blood plates and in

cubated anaerobically. Isolated colonies (small, white, convex, 



glistening) were used to inoculate starter cultures, which were incu-

bated for 48 hours and gram stained (pleomorphic gram positive rods in 

small clusters). These cultures were used to inoculate the large flasks 

as prepared above: the flasks were heated to boiling, cooled immediate

ly before inoculation; then 200 ml 1% sterile glucose and 2-3 ml of the 

starter culture were added to each. After inoculation, the flasks were 

incubated 3-4 days at 37°C. The cultures were centrifuged in sterile 

bottles at 1400 x g for 30 minutes, decanted, and washed in sterile sa

line. This centrifugation and wash procedure was repeated 6 times. The 

final resuspension was in a 30 ml volume and was heated at 70°C for 60 

minutes to heat-kill the organism. A sample was streaked on a blood 

plate and found to be negative for viable organisms. The preparation 

was aliquoted into sterile ampules, sealed and stored at -20°C. Three 

1 ml portions were retained and used for dry weight determinations in 

triplicate, in which 1 ml aliquots (as well as 1 ml saline aliquots) 

were dried first at 80°C to apparent dryness and then at 105°C over

night. The saline dry weight was subtracted from the total to give 10 

mg/ml (10.5, 10.0 and 9.5 mg/ml) dry weight for the C. parvum prepara

tion. 

Preparation of Peritoneal Exudate Cells 

TYrenty milliliters of sterile, light, white paraffin oil 

(Matheson, Coleman and Bell, Los Angeles, Calif.) were injected intra-

peritoneally into 3-month-old rabbits. Four to 6 days later, the peri

toneal exudates were harvested aseptically after the intraperitoneal 

injection of 100 ml sterile Hanks' balanced salt solution (Grand Island 
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Biological Co., Grand Island, N. Y.) containing 0.035% NaHCO^, 10 units 

per ml heparin, and 5% fresh normal rabbit serum. The peritoneal exu

date cells (PEC) were sedimented at 100 x g for 10 minutes and were re-

suspended in Medium 199 containing 0.0351 NaHCO^, 10 units per ml 

heparin, and 10% fresh normal rabbit serum. Quantitation of viable 

peritoneal macrophages was performed in an improved Neubauer hemocyto-

meter with 0.002% neutral red; all mononucleated cells which incorpo

rated the dye were counted as macrophages. Confirmation of viabilities 

was made by additional counts of cells in 0.07% trypan blue. Using the 

7 8 above procedures, approximately 10 to 10 PEC containing greater than 

80% viable macrophages were obtained from each rabbit. One-half of this 

cell suspension was subjected to thermal killing by four freeze-thaw 

cycles in a dry ice-acetone bath. The live and dead cell suspensions 

5 7 
were diluted to 10 to 10 cells/ml and were incubated with 2 mg/ml 

soluble BSA for 1 hour before injection. Sterility of these suspensions 

was monitored before and after injection on blood agar culture plates. 

Immunization and Bleeding Procedures 

Immunization Schedules 

Within 24 hours of birth, rabbits were injected intraperitone-

ally with any one of the following antigen preparations in 0.5 ml vol

umes, depending on the nature of the experiment that is-described in 

Chapter 3: 1 mg soluble BSA; 20 mg soluble BSA; 1 mg ABSA; 1 mg heat-

killed C. parvum with 1 mg soluble BSA; 1 mg soluble BSA together with 

10^-10® viable or killed PEC; and 1 mg soluble HRP. Each litter was 

divided into the number of experimental groups of the particular study. 
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The newborn rabbits of each group were identified by using ear tattoos, 

marking the left ear, right ear, or both ears for the respective experi

mental groups. At the time of first bleeding, each rabbit was tattooed 

with a number so that individual rabbits could be followed throughout the 

length of the experiment with respect to all parameters studied. 

After the initial immunization, follow-up injections of the 

initial antigen were administered according to the schedule given in 

Table 1. The immunization schedule is an empirical one, and the devia

tions which can be permitted without altering the desired results of 

preferential IgE production have not been thoroughly studied. The peri

odic administration of soluble antigen was included to maintain a state 

of unresponsiveness with respect to IgG, IgA, and IgM classes of anti

body. The alum-precipitated antigen injections at 21 and 77 days were 

included to serve as a test both in the young and adult rabbit to deter

mine if unresponsiveness to the antigen had indeed been established with 

respect to the classes of antibody mentioned above. 

Bleeding Procedures 

For blood and/or serum samples required from rabbits 14-28 days 

old, blood was obtained by cardiac puncture using 22 gauge needles and 

plastic syringes. For leukocyte-dependent histamine release assay sam

ples, syringes containing 0.3-0.4 ml saline were used; the saline was 

flushed back through the needle once in the heart to remove any possible 

tissue plugs (a potential source of tissue thromboplastin) in the bore 

of the needle before drawing the blood. 
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Table 1. Immunization schedule following the initial injection of 
antigen. 

Age of Rabbit BSA HRP 

7 days 1 mg soluble BSA, i. P-a 1 mg soluble HRP, i. P-

14 days 5 mg soluble BSA, i. P- 1 mg soluble HRP, i. P-

21 days 5 mg ABSA, i. p. 1 mg AHRP, i. p. 

35 days 5 mg soluble BSA, i. P- 1 mg soluble HRP, i. P-

49 days 5 mg soluble BSA, i. P- 1 mg soluble HRP, i. P-

77 days 10 mg ABSA, s. c.*5 1 mg AHRP, s. c. or 
1 mg soluble HRP, i. P-

91 days 50 mg soluble BSA, i. v.c 1-5 mg soluble HRP, i. v. 

a. i. p. = intraperitoneally. 
b. s. c. = subcutaneously. 
c. i. v. = intravenously. 
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Ninety-one-day old rabbits were bled before and up to ?. minute 

after intravenous antigen challenge from the ear artery using 19 gauge 

disposable needles without any syringe: the needle was inserted into 

the ear artery which was dilated by applying xylene to the ear tip, and 

the blood was allowed to flow through the needle hub into an appropriate 

collecting tube. The blood flowed at an even rate through this time 

period; but shortly after 1 minute this method could no longer be used 

in the experimental anaphylaxis studies as the blood flow ceased entire

ly in the rabbits undergoing systemic anaphylaxis. Thus, to maintain 

consistency between control and experimental rabbits, 15, 30, and 60 

minute post-challenge bleeds were obtained by separate left ventricular 

cardiac punctures using a two-syringe technique in which the first sam

ple was discarded or used only as a serum sample as it likely contained 

tissue contaminants within the needle from passing through the chest 

wall. Blood samples taken to monitor temporal changes through the first 

3-5 minutes following intravenous antigen challenge were obtained by 

maintaining 20 gauge needles in the left and right ventricles of the 

heart, filling and changing 3-ml plastic syringes containing 0.3 ml ci

trate at timed intervals. An initial sample drawn immediately after en

tering the heart was not used for blood cell or coagulation studies; a 

pre-challenge sample was drawn from each ventricle followed by adminis

tration of the antigen into the peripheral ear vein and then the timed 

samples were drawn as described. 
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Serum Antibody Determinations 

Serum Antigen-Binding Capacity 

The serum antigen-binding capacity (ABC) as determined by the 

ammonium sulfate method of Farr (1958) is a quantitative measure of the 

primary interaction of BSA and anti-BSA antibody. 

125 125 
Preparation of I -BSA. I -BSA was prepared using the Chlo-

ramine T method (Hunter and Greenwood, 1962): 5 mg BSA, 1 mg Chloramine 

125 
T (Matheson, Coleman and Bell, Norwood, Ohio) and 5 mCi I (sodium io-

125 
dide , New England Nuclear, Boston, Mass.) were mixed for 2-3 minutes 

125 125 
to allow the Chloramine T to oxidize the sodium iodide to iodine 

which reacts with water to form I^OI* and I . The I then binds to a 

tyrosine residue of the BSA molecule. The reaction was stopped by dilu

tion in borate buffer (0.1 M boric acid, 0.025 M sodium tetraborate and 

0.075 M NaCl, pH 8.3-8.5). The reaction mixture was dialyzed against 

the borate buffer to which a few crystals of KI were added; dialysis was 

continued until the radioactivity of the dialysate became constant, 

which generally occurred after 4-5 days. The protein solution was then 

analyzed as described below for protein nitrogen content, aliquoted and 

stored at -20°C. It was diluted to the appropriate concentrations for 

125 
the ABC assay as given below. Approximately 95? of the I -BSA prepa-

125 
ration was precipitable in 20% TCA indicating almost all the I was 

covalently linked to the BSA. 

125 
Determination of the BSA Concentration in the I -BSA. The 

125 protein concentration of the I -BSA preparation was determined in 
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triplicate by the Micro-Kjeldahl method as described by Kabat and Mayer 

(1961), using a Labconco digestion rack and a Kirk 7496 distilling 

apparatus (Arthur H. Thomas Co., Philadelphia, Pa.). Three 0.5 ml ali-

125 
quots of the I -BSA preparation were placed in digestion flasks. A 

fourth flask contained 0.5 ml of a standard containing 140 yg ammonium 

sulfate, and two additional flasks containing 0.5 ml water to serve as 

blanks. Approximately 50 mg of a catalyst mixture (80 g 20 g 

CuSO^, and 0.10 g selenium) was added to each flask to increase the boil

ing point, followed by 0.8 ml concentrated sulfuric acid. The flasks 

were heated in the digestion rack to 350-400°C for 2.5 hours, during 

which time the protein was converted to CC^, and ammonium sulfate. 

After cooling, the contents were quantitatively transferred to the 

still, 5.0 ml 40% NaOH were added to convert the ammonium sulfate to 

ammonia, and 20 ml of the distillate were collected in a vial containing 

3 ml 2% boric acid to trap the ammonia as ammonium borate. Four drops 

of titration indicator (1.5 ml 1% methylene blue in distilled water and 

12.5 ml saturated solution of methyl red in 95% ethyl alcohol) were 

added to each vial. Each sample was titrated with 0.01 N sulfuric acid 

until a purple color was retained for 30 seconds. Controls were aver

aged and subtracted from the mean of the three experimental titrations 

and from the standard. The values obtained were converted to yg N/ml: 

ml sulfuric acid x 140 x 2 = ng N/ml. To estimate the yg protein, yg 

N/ml was multiplied by 6.25. 

125 
Use of I -BSA to Determine the Antigen-Binding Capacity of 

Serum. Duplicate 0.5 ml aliquots of 1:10 serum dilutions were incubated 
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17S 
at 4°C for 18-24 hours with 0.5 ml of 0.02 yg N I -BSA/ml. Gamma 

globulins were precipitated by the addition of 1 ml saturated ammonium 

125 
sulfate. The I -BSA bound to anti-BSA antibodies was precipitated 

125 
with the gamma globulins, but unbound I -BSA remained in solution. 

The latter was removed by decanting the supernatant after centrifugation 

at ]000 x g for 30 minutes. The precipitate was washed in 50% saturated 

aranonium sulfate, centrifuged and the supernatant discarded. The pre

cipitate was counted in a Nuclear Chicago gamma radiospectrometer 

125 (Chicago, 111.). Nonspecific binding of 1 -BSA is proportional to the 
1 or i or 

concentration of the I J-BSA in the supernatant. The percent I -BSA 

bound to antibody was calculated using TCA-precipitable counts per min

ute (CPM) as 100% bound and correcting for nonspecific binding using the 

following formula: 

I bound = Exp - SCF " Exp) 

where: 

SCF (supernatant correction factor) = fCA^-^NRS 

Exp = cpm in precipitate of serum dilution being tested. 

TCA = cpm precipitated in presence of 101 TCA (final). 

NRS = cpm precipitated in 1/10 dilution of normal rabbit serum. 

A serum was considered positive for ABC when a 1/10 serum dilution bound 

125 
greater than 101 of 0.1 yg N I -BSA. 
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Serum Heterologous Passive Cutaneous 
Anaphylaxis (PCA) Activity 

Heterologous PCA determinations were performed by the method of 

Ovary (1964). Undiluted sera in 0.1 and 0.2 ml quantities were injected 

intracutaneously into the shaved backs of 200-400 g Hartley guinea pigs. 

After a sensitization period of 3 hours, the guinea pigs were injected 

intravenously with 0.25 ml of 2% Evans Blue (C.I. 23860, Matheson, Cole

man and Bell, Los Angeles, Calif.) in 0.85% pyrogen-free NaCl. Intra

venous injections were performed primarily using the vein on the dorsal 

side of the foot just above the "V" formed by the two outermost toes on 

either hind foot. Thirty minutes later, the guinea pigs were challenged 

intravenously with 2 mg BSA or 1 mg HRP in 0.85% pyrogen-free NaCl or 

with 0.2 ml sterile calf serum. After 30 minutes, the guinea pigs were 

killed and the average diameter of bluing was determined on the internal 

side of the skin. Each serum was tested in the skin of at least two 

guinea pigs; a positive control serum known to contain IgG antibody 

against the antigen being employed was injected into every guinea pig. 

A serum was considered positive when cutaneous bluing of greater than 

5 mm in diameter was observed. A normal rabbit serum control site was 

negative in every case. 

Serum Homologous PCA Activity 

Sera or serum dilutions in 0.2 ml volumes were injected intra

cutaneously into the shaved backs of 3-month-old rabbits. After a sen

sitization period of 72 hours, the rabbits were challenged with an 

intravenous injection of 2 ml 2% Evans Blue and 0.5 ml containing 50 mg 

BSA or 5 mg HRP. Thirty minutes later, the rabbits were killed and the 
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average diameter of bluing was determined on the internal side of the 

skin. Each serum or serum dilution was tested in the skin of at least 

two rabbits. Each rabbit received no more than 30 intradermal injec

tions, one of which was a control injection of normal rabbit serum and 

three of which were 1/20, 1/40 and 1/80 dilutions of a standard serum 

pool known to contain anti-BSA IgE antibody. A serum or serum dilution 

was considered positive if the diameter of bluing was greater than 5 mm 

at two test sites. The normal rabbit serum sites were negative in every 

case. Most rabbits responded to the standard serum dilutions with a 

very faint positive spot at 1/80. If a rabbit gave a negative response 

to the 1/20 dilution of the standard, the data from that rabbit were 

considered invalid and the determinations were repeated. 

Characterization of Homologous PCA Antibody 

The following physicochemical characteristics were studied to 

compare with the results obtained by other investigators for rabbit IgE 

antibody (Lindqvist, 1968; Zvaifler and Robinson, 1969; K. Ishizaka, 

Ishizaka and Hornbrook, 1970). 

Heat Lability of Serum Homologous 
PCA Activity 

Sera or DEAE-cellulose fractions of sera (see below) were incu

bated in a 56°C water bath for 4 hours and then were tested for homolo

gous PCA activity. Unheated aliquots of the same sera or DEAE-cellulose 

fractions of sera were treated simultaneously for comparison. 
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Sensitivity of Serum Homologous PCA 
Activity to Mercaptoethanol 

Sera in 0.4 ml quantities were incubated with 0.4 ml of 0.20 M 

2-mercaptoethanol at room temperature for 1 hour. Each sample was dia-

lyzed for 4 hours at 4°C against a solution consisting of 0.01 M iodo-

acetate, 0.05 M phosphate and 0.15 M NaCl, pH 8.0. The sera were then 

dialyzed against 0.05 M phosphate in 0.15 M NaCl, pH 7.2, at 4°C for 6 

hours and then tested for homologous PCA activity. Aliquots of the same 

sera were used as controls by performing the above procedures but elimi

nating the addition of 2-mercaptoethanol. 

Elution of Homologous PCA Activity 
fran DEAE-Cellulose 

Column Preparation. Ten g diethylaminoethyl-cellulose (DEAE-

cellulose; Whatman DE 22, Reeve Angel, Clifton, New Jersey) was treated 

with 150 ml 0.5 N HCl for 30 minutes and then washed in a Buchner funnel 

with distilled water until the pH of the effluent was 4. It was then 

treated with 150 ml 0.5 N NaOH for 30 minutes and then washed with dis

tilled water until the pH was 7. The DEAE-cellulose was then washed 

several times with 0.01 M phosphate, pH 8.0 until the pH and conductiv

ity of the effluent matched the buffer. A 1.5 x 35 cm column was filled 

with the starting buffer. The "fines" were removed from the settled 

slurry, and then the slurry in 150 ml was added to the column via a 

large funnel attached to the top of the column. The column was packed 

at a flow rate of about 2 ml per minute. 



Elution of Sample. A 2-4 ml serum sample was dialyzed against 

the starting buffer for 48 hours at 4°C. The buffer above the resin was 

removed, the sample was applied carefully with a pipette without dis

turbing the resin surface, and then 50 ml of the starting buffer was 

passed through the column at a rate of 30 ml/hour to elute the first 

peak. The first buffer was then followed in steps by 50 ml of each of 

the following buffers, all of which were at pH 8.0: 

Peak 2: 0.015 M NaCl in 0.01 M phosphate 

Peak 3: 0.04 M NaCl in 0.01 M phosphate 

Peak 4: 0.09 M NaCl in 0.01 M phosphate 

Peak 5: 0.19 M NaCl in 0.01 M phosphate 

Peak 6: 0.29 M NaCl in 0.01 M phosphate 

Five ml fractions were collected using an ISCO fraction collector (.ISCO 

Corp., Lincoln, Nebraska). The absorbance at 280 nm C^ggJ> conduc

tance, antigen binding capacity (ABC), and homologous PCA activity of 

each fraction were measured. The fractions from each peak were pooled 

and concentrated back to the original sample volume by negative pressure 

dialysis. These pools were also assayed for ABC and homologous PCA 

activity. 

Molecular Weight Determination by 
Gel Filtration 

An estimation of the molecular weight of rabbit anti-BSA IgE 

antibody was determined by the gel filtration method of Andrews (1964). 

Column Preparation. Fifteen g of G-200 Sephadex (Pharmacia Fine 

Chemicals, Piscataway, N. J.) were allowed to swell for 48 hours at 4°C 
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in 0.05 M phosphate buffer containing 0.10 M NaCl, pH 8.0. A small 

amount of this buffer (about 10 ml) was poured into a 2.5 x 100 cm col

umn. Then the gel slurry (600 ml) was added via a large funnel attached 

to the top of the column. The slurry was allowed to settle for about 20 

minutes and then the buffer was passed through at a gradually increasing 

rate from 5 ml/hour to 20 ml/hour over a 24-hour period. Flow was main

tained at the final rate for 24 hours before sample application. 

Column Standardization. The column was standardized using a 

sample containing four marker proteins: 50 mg human serum albumin (Pen-

tex, Inc., Kankakee, 111.), 30 mg human gamma globulin (Pentex), 0.2 mg 

(25 units) bovine heart lactic dehydrogenase (Worthington Biochemical 

Corp., Freehold, N. J.), and 0.2 mg (9 units) bovine liver glutamic de

hydrogenase (Boehringer Mannheim Corp., San Francisco, Calif.). Respec

tive molecular weights of these proteins are as follows: HSA, 70,000; 

HGG, 160,000; LDG, 140,000; and GDH, 250,000. The void volume (Vo) of 

the column was determined as the volume of buffer required to elute 2-3 

ml Blue Dextran 2000 (Pharmacia Fine Chemicals, Piscataway, N. J.). 

The flow rate was 20 ml/hour and 5 ml fractions were collected. The 

elution volumes (Ve) of HSA and HGG were determined by measuring A2gQ of 

each fraction. The Ve for LDH and GDH were determined by standard spec-

trophotometric enzymatic analysis. 

The LDH assay was performed according to the method described by 

Bergmeyer, Bernt and Hess (1965) and is based on the change in A.^ as 

reduced nicotinamide adenine dinucleotide (NADH) is oxidized during the 

conversion of pyruvate to lactate by LDH. The following reagents were 



pipetted successively into a cuvette: 2.85 ml of 3.1 x 10 M pyruvate 

in 0.05 M phosphate buffer, pH 7.5; 0.05 ml of 8 x 10 ' M NADH; and 0.10 

ml of the column fraction. Immediately upon mixing, the decrease in 

with time was recorded using a Beckman recorder and DB spectropho

tometer (Beckman Instruments, Inc., Fullerton, Calif.). The change in 

with time was calculated for each fraction to establish the posi

tion of the peak concentration of the enzyme (VeJ. The enzyme assay for 

GDH was performed according to the method of Schmidt (1965). It is also 

based on the change in due to NADH oxidation in this case during 

the conversion of a-ketoglutarate and NH +̂ to glutamate. The following 

reagents were pipetted successively into a cuvette: 1.34 ml 0.05 M tri-

ethanolamine, pH 8.0; 0.03 ml 0.01 M NADH; 0.07 ml 3 M ammonium acetate; 

and 0.50 ml of the column fraction. The reaction was initiated by the 

addition of 0.04 ml 0.4 M sodium a-ketoglutarate. Recordings and calcu

lations were the same as for the LDH assay above. 

Once the Ve/Vo ratios were obtained by absorbance and enzymatic 

analysis, these ratios were plotted against the log^g of their respec

tive molecular weights. The marker enzymes were added to each sample 

before application to the calibrated column. The HSA and HGG pre-

calibrated positions were used to identify the rabbit serum albumin and 

rabbit gamma globulin peaks in the sample runs which followed. 

Elution of Sample. A 4-6 ml serum sample was dialyzed against 

the eluting buffer for 24 hours prior to application. Two ml Blue Dex-

tran 2000 were applied to the column using a pipette and applying the 

solution slowly and evenly to the gel surface below a 10 cm head of 
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eluting buffer. Five ml fractions were collected and the same flow rate 

as for standardization was maintained (20 ml/hour). One hour after ad

dition of Blue Dextran, the sample was applied in the same manner. (A 

few sucrose crystals were first dissolved in the sample to increase the 

density so it could be layered onto the gel surface without removing the 

head of eluting buffer.) Also 9 and 25 units of GDH and LDH, respec

tively, were added to the sample immediately before application. The 

fractions were analyzed as above for A£gQ and enzyme activity; in addi

tion they were assayed for homologous PCA activity. The Ve/Vo ratio for 

the peak of the homologous PCA activity was determined and the corres

ponding molecular weight was approximated from the line obtained by 

plotting Ve/Vo vs. log^ molecular weight for GDH, LDH, rabbit serum 

albumin and rabbit gamma globulin. 

Assays Involving Blood Cells 
of Sensitized Rabbits 

In Vitro Leukocyte-Dependent Histamine 
Release (LDHR) 

The LDHR screening assay was performed according to the method 

of Henson (1970) for sample preparation and that of Vugman and Rocha e 

Silva (1966) for the histamine bioassay. 

Reagent Preparation. Four modified Tyrode's solutions were pre

pared as follows: 
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Solution I Solution II Solution III Solution IV 

NaCl 1.4 x 10"1 M 1.4 x 10"1 M 1.4 x 10"1 M 1.4 x 10"1 M 

KC1 2.6 x 10"3 M 2.6 x 10"3 M 2.6 x 10"3 M 2.6 x 10~3 M 

MgCl2 1.0 x 10"3 M 1.0 x 10~3 M 1.0 x 10"3 M 1.0 x 10"3 M 

NaHCOj 1.2 x 10"2 M 1.0 x 10"2 M 1.2 x 10"2 M 1.2 x 10"2 M 

CaCl2 - - 1.3 x 10"3 M 1.8 x 10"3 M 

NaH2P04 - - - 4.2 x 10"4 M 

EGTA 2.0 x 10"4 M - - -

gelatin 25 g/1 25 g/1 25 g/1 -

dextrose 1 g/1 1 g/1 1 g/1 1 g/1 

atropine - - - 1 x 10~4 g/1 

PH 6.5 6.5 7.4 7.7 

For solutions I, II and II above, stock solutions of the first five 

salts were made up 20X concentrated. The NaHCO^ stock solution was made 

up fresh every two weeks. For solution IV, the NaCl, KC1, MgC^, and 

CaCl2 were made up 20X concentrated in a single solution as stock A. 

The NaHCOj and Nat^PO^ were made up 20X concentrated in a separate solu

tion as stock B. To prepare two liters of solution IV, 100 ml of stock 

A was diluted to 1000 ml before the addition of 100 ml of stock B to 

prevent a salt precipitate from forming. 

Preparation of Samples. Blood samples were collected in Falcon 

plastic tubes, prevented from coagulating by the addition of EDTA to a 

final concentration of .01 M and centrifuged at 1400 x g for 20 minutes 

at 10°C. The plasma was removed taking care not to disturb the buffy 

coat and was used in other assays. Solution I was added to the packed 
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cells and very gently mixed by tilting the tubes until the cells were 

resuspended. These cell suspensions were centrifuged at 1400 x g for 20 

minutes at 10°C and the supernatant was discarded. This same procedure 

was repeated using Solution II. After removal of the supernatant fol

lowing centrifugation, Solution III was used to restore the blood ele

ments to the original blood volume. One ml aliquots of washed cells 

from each blood sample were pipetted into 2 test tubes, one containing 

1 ml Solution III and one containing 100 ug BSA (antigen) in 1 ml Solu

tion III. The 2 tubes were incubated at 37°C for 30 minutes, mixing 

gently every 10 minutes. The cell suspensions were then centrifuged 

at 1400 x g for 20 minutes at 10°C. The control and antigen-treated 

supernatant fluids were saved and assayed for histamine as described 

below. The remaining packed cells were returned to a volume of 2 ml by 

adding Solution III. The cell suspensions were vigorously mixed and 

placed in a boiling water bath for 5 minutes. After cooling, the tubes 

were mixed and centrifuged as above. The supernatant fluids of the 

boiled cells were assayed for total remaining histamine for both the 

control and antigen-treated samples according to the procedure for his

tamine bioassay as given below. 

Histamine Bioassay. The four histamine solutions for each blood 

sample (obtained as described above) were assayed for histamine concen

tration using the guinea pig ileum as described by Vugman and Rocha e 

Silva (1966). A guinea pig was killed by decapitation and a 15-20 cm 

piece of the distal end of the ileum was removed and washed with Solu

tion IV by inserting the tip of a 5 ml serologic pipette into the 
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proximal end of the piece of ileum. A 3-4 cm piece was cut from the 

terminal end of this piece, cutting each end diagonally so the ends 

could be tied off and the lumen was still partially open to the bath 

solution. The unused portion of the ileum could be used up to 24 hours 

later if it was placed in Solution IV and refrigerated. The distal end 

of the 3-4 cm piece was secured to the bottom of the reaction vessel and 

the proximal end was tied to the lever arm of a Harvard Heart/Smooth 

Muscle Transducer (Harvard Apparatus, Millis, Mass.). The piece of 

ileum was kept constantly bathed in Solution IV at 37°C. A constant 

stream of 95% oxygen-5% carbon dioxide was bubbled through the vessel. 

Standard histamine solutions containing from 10 to 100 ng his

tamine base in 0.1 ml were made up in Solution IV and added to the ves

sel in 0.1 ml volumes. The deflections obtained from the corresponding 

muscle contractions were recorded using a Harvard Recorder. Following 

each muscle contraction, the vessel was emptied and refilled with fresh 

Solution IV (maintained at 37°C in a reservoir). Samples were assayed 

at 0.6 minute intervals for optimal sensitivity and stability. Stan

dardization was checked after every four samples; if the standards did 

not give the same deflections, samples were repeated. The histamine 

content of the experimental supernatant fluids was calculated from a 

standard line obtained by plotting the log^ of the histamine concentra

tion of the standard solutions vs. the height of the corresponding peaks 

in mm. Values for the histamine released into the supernatant in the 

control sample (CS) and the histamine left in the cells of the control 

sample (CC) were added to obtain the total blood histamine value (per 

0.2 ml of the assayed preparation). The histamine values for the 
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antigen-treated supernatant (AS) and cell (AC) samples, and the percent 

histamine release was calculated for both the control and antigen-

treated samples: 

CS control % histamine release = CS + CC 

AS antigen-treated % histamine release = + p£ 

Any samples with control release values greater than 20% were considered 

indicative of damage to the cells due to the procedure and were dis

carded. A sample was considered positive if antigen induced 20% or 

greater release of histamine provided the value was at least 10% greater 

than the individual control value. 

The antigen concentration of 100 yg BSA (added in 1 ml to 1 ml 

of washed blood cells) was selected arbitrarily from a range of 10-1000 

yg BSA. Concentrations throughout this range gave the same value of 

histamine release when tested simultaneously on blood cells obtained 

from a single rabbit. The LDHR procedure was used in an identical man

ner for blood samples from HRP-sensitized rabbits, except that the anti

gen concentration was set at 10 ug/ml HRP (1 ml of which was added to 1 

ml of washed cells). 

Total Blood Histamine Determination 

Total blood histamine values were obtained either by summing CS 

and CC of the LDHR assay as described above (and converting to yg 

histamine/ml of the original blood sample) or by assaying the boiled 

supernatant of a washed sample of blood washed in Solution I and II of 
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LDHR assay and diluted 1/2 in Solution III. The latter has the same di

lution factor as the former but eliminates the 30-minute incubation step 

and only a single sample need be assayed. The conversion formula is the 

following: ng histamine/0.2 ml x 5/1000 x 3 = yg histamine per ml of 

blood. Since the plasma is removed from the sample, this measure of 

total blood histamine measures only blood cell and platelet histamine. 

Normal values for plasma histamine in rabbits are negligible (Code, 

1952). 

Blood Platelet Counts 

The number of platelets in a 1/100 dilution of fresh venous 

blood or arterial blood (containing 1 part 3.8% sodium citrate to 9 

parts blood) was determined with the aid of Unopette diluters (Becton-

Dickerson Co., Rutherford, N. J.), the diluent of which contains 1% 

3 
ammonium oxalate to lyse erythrocytes. Volumes of 0.06 mm were counted 

in a hemocytometer using a Zeiss phase microscope and 40X objective. 

The counts were converted to number of platelets/mm whole blood by mul

tiplying by 100 x 1/0.06 for fresh blood and by 100 x 1/0.06 x 10/9 for 

citrated blood. 

Blood Basophil Counts 

Basophils were counted by the toluidine blue staining method of 

Boseila (1959) as modified by Meng, Pinckard and Halonen (1973). 

Staining Procedure. The stain was prepared from four stock 

solutions: (1) Sorensen's glycine buffer I which consists of 0.1 M gly

cine in 0.1 M NaCl and brought to pH 2.0 with 0.1 N HC1; (2) 1% 



toluidine blue 0 (Matheson, Coleman and Bell, Los Angeles, Calif.) in 

60% ethyl alcohol; (3) aqueous solution of 1.2% ammonium oxalate, 0.8% 

potassium oxalate, and 0.4% formaldehyde (v/v); and (4 J 2.8% saponin 

(Matheson, Coleman and Bell) in 501 ethyl alcohol. The staining solu

tion consisted of 20 ml glycine buffer, 0.50 ml toluidine blue solution, 

1.5 ml 100% ethyl alcohol, 0.75 ml of the oxalate solution, and 0.50 ml 

of the saponin solution. The staining solution was mixed and filtered 

prior to use. 

Basophil Counts. A 1/5 dilution of fresh venous blood or ci-

trated arterial blood in the above staining solution was held at room 

temperature for 1-2 hours to ensure optimal staining of the basophils. 

Neubauer hemocytometers were filled and the cells allowed to settle for 

10-15 minutes. Using the 40X objective, the number of cells staining 

3 
metachromatically in 1.8 mm was determined. This number was multiplied 

by 5/1.8 if fresh whole blood had been used, and 5/1.8 x 10/9 for ci-

3 
trated blood to obtain the number of basophils/mm whole blood. 

Blood Leukocyte Counts 

Leukocytes were counted in the same dilutions prepared with the 

Unopette diluters for platelet determinations as described above. The 

3 leukocytes were counted at 10X in 0.9 mm of the hemocytometer. These 

counts were multiplied by 100 x 10/9 if the sample was whole blood, and 

by 100 x 10/9 x 10/9 if the sample was citrated blood in order to deter-

3 
mine the number of leukocytes/mm whole blood. The number of each type 

of leukocyte (neutrophil, eosinophil, etc.) was obtained by multiplying 
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the percent of each type (obtained in the leukocyte differential de

scribed below) by the total leukocyte count. 

Blood Leukocyte Differential 

Blood smears were made on cleaned 1x3 inch glass slides and 

stained with Wright's stain. The stain was prepared by grinding 3 g 

Wright's stain powder (Matheson, Coleman and Bell) into 30 ml glycerin 

and then diluting to 1 liter with acetone-free methanol. The stain was 

allowed to stand at room temperature for about 1 month before using. 

The blood smears were covered with the stain for 5 minutes. Then they 

were placed in 0.05 M phosphate buffer, pH 7.0 for 20 minutes. The 

slides were washed in distilled water and air dried. Using the 100X 

objective with an oil immersion lens, the slide was scanned across the 

width at the feather edge of the smear. One hundred cells were counted 

and separated into neutrophils, large or small lymphocytes, monocytes, 

basophils, eosinophils, immature leukocytes or immature nucleated 

erythrocytes. The percentages of each were determined by calculation if 

more than 100 cells were counted. 

Blood Coagulation Techniques 

Whole Blood Clotting Time in Plastic 

Whole blood clotting times of ear artery and left ventricular 

blood were measured in plastic tubes by the method of Lee and White as 

described by Wintrobe (.1961). Blood from the ear artery was allowed to 

flow directly into each of three plastic Falcon tubes. For cardiac 

punctures, only blood from a second syringe was used in order to avoid 
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any possible tissue contaminants from the puncture. All tubes were 

maintained at 25°C. The first tube was tilted every 10 minutes until 

a clot fonned, i.e., until the blood did not flow when the tube was in

verted and tapped gently. When the first tube was clotted, the second 

tube was tilted and observed every 10 minutes. The third tube was 

treated similarly. The time required for the third tube to clot was 

taken as the whole blood clotting time. In some experiments, clotting 

tims were measured in the presence of antigen or saline: 0.01 ml of 10 

mg/ml BSA or 1 mg/ml HRP or 0.01 ml sterile 0.85% NaCl was placed in the 

tubes before the addition of the blood. 

Plasma Fibrinogen Determinations 

Plasma fibrinogen concentrations were measured by the method of 

Ratnoff and Menzie (1951). 

Standardization of the Method. Tyrosine standards were prepared 

from a stock solution of 0.2 mg/ml tyrosine in 0.1 N HC1 by pipetting 

different amounts over the range of 0.02-0.4 mg tyrosine into a series 

of tubes and diluting each to a total of 7 ml with distilled water. To 

the contents of each tube were added 1 mg 101 NaOH, 3 ml 20% Na^CD^ and 

1 ml phenol reagent (Folin-Ciocalteau 2 N Soluiton, Fisher Scientific 

Co., Fair Lawn, N. J.). The contents of each tube were mixed well and 

after standing 10 minutes at room temperature, 1 ml from each was di

luted with 3 ml distilled water. A tube treated similarly but contain

ing no tyrosine was used as a blank. The Â Q was determined for each 

standard solution using a Beckman DB spectrophotometer. A standard 



51 

curve was obtained by plotting the amount of tyrosine vs. Â Q. The 

curve was linear to 0.35 mg tyrosine. 

Experimental Procedure. Blood was collected in 3.8% sodium ci

trate (1 volume to 9 volumes of blood) and centrifuged at 1400 x g. The 

plasma was removed and, if not assayed immediately, stored at -20°C. 

Into 40 ml glass centrifuge tubes were placed the following: 0.5 ml 

glass beads (0.2 mm homogenizing beads, Scientific Products, Santa Ana, 

Calif.); 0.10 ml 0.15 M NaCl; and 0.05 ml 1000 units/ml thrombin (topi

cal Bovine, Parke-Davis and Co., Los Angeles, Calif.). Either 0.25- or 

0.5-ml aliquots of plasma were added, and the tubes were gently inverted 

until fibrin strands formed. Each plasma sample was assayed in dupli

cate, and a blank (with no plasma) was included in each set of assays. 

After 10 minutes, the tubes were centrifuged at 1000 x g for 5 minutes. 

Supernatant fluids were carefully decanted, and the clot was pressed 

against the beads with a glass rod. The clot was washed twice in 10 ml 

saline, centrifuged and the supernatant discarded. One ml of 10% NaOH 

was added to each tube. The tubes were placed in a boiling water bath 

for 10 minutes. After cooling, 7 ml distilled water, 3 ml 20% ̂ 2^^ 

and 1 ml phenol reagent was added to each. The resultant blue color 

reached maximum intensity in 10 minutes. One ml of each sample was di

luted with 3 ml of distilled water, and the Â Q of each sample vs. the 

blank was measured. The amount of fibrin was calculated by first 

obtaining the tyrosine content of the sample from the standard curve as 

described above. Conversion of tyrosine to mg% fibrinogen in the origi

nal plasma sample was calculated using the following formula: 
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mg tyrosine x ̂ 5 x x H-? = mg% fibrinogen for 0.25 ml plasma; and 

mg tyrosine x x x H-? = fibrinogen if 0.5 ml plasma was 

used. The conversion factor of 11.7 was obtained by Ratnoff and Menzie 

(1951) from simultaneous tyrosine and nitrogen content determinations of 

the same fibrin samples. 

Activated Partial Thromboplastin Time (PTT) 

The activated PTT was determined by the method of Abildgaard et 

al. (1962) and was performed using a Bioquest Fibro-System Fibrometer 

(Beeton, Dickerson and Co., Cockeysville, Md.). 

Reagent Preparation. A veronal buffer of pH 7.35 was prepared 

consisting of 5.87 g sodium diethylbarbiturate, 7.34 g NaCl and 210 ml 

0.1 N HCl diluted to a volume of 1 liter with distilled water. A 

Celite-Inosithin suspension was prepared by adding 3.5 ml 2% Celite 

(Johns-Manville, New York, N. Y.) in 0.853 NaCl to 3.4 ml of the Veronal 

buffer and 0.1 ml 3.8% inosithin in 0.85% NaCl. 

Procedure. Blood was collected into 3.81 sodium citrate (9 

parts blood to 1 part citrate) and centrifuged at 1400 x g for 20 min

utes. The plasma was removed and assayed for PTl' immediately. A 0.025 

M solution of CaC^ was warmed to 37°C. One-tenth ml of the celite-

inosithin solution was pipetted into a fibrocup. Then 0.1 ml of the 

test plasma was added to the cup, mixed by swirling and tapping, and the 

cup placed under the 0.3 ml probe in the well. When exactly 4 minutes 

had elapsed, 0.1 ml 0.025 M CaC^ was added and the timer started. The 
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fibrometer recorded the time required from this addition to the time of 

clot formation. 

Prothrombin Time (Protime) 

The protime was determined by the method of Quick (.1957) and 

was performed using the Bioquest Fibrometer with the U.3 ml probe. One-

tenth ml of the plasma to be tested was pipetted into the fibrocup fol

lowed by 0.2 ml Ortho Brain Thromboplastin (Ortho Diagi^pstics, Raritan, 

N. J.; this reagent contains an unspecified amount of CaC^) • The timer 

was begun at the addition of the thromboplastin and recorded the time 

required from this addition to the time of clot formation. 

Statistical Methods 

Chi Square Analysis 

This test was used to determine if the incidence of a certain 

parameter among a group of rabbits given one treatment was significantly 

different from that of another group of rabbits given a different treat

ment. For example, in Chapter 3, rabbits given an initial injection of 

antigen and adjuvant were compared to a group of rabbits given antigen 

but no adjuvant as to incidence of serum homologous PCA (Table 2, p. 59). 

This analysis was performed using Yates correction factor for continuity 

as described by Richmond (1964). A 2 x 2 contingency table was set up 

as follows: 

a b a + b 

• c d c + d 

a + c b + d n 
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where 

a = ff of rabbits given treatment 1 and positive for parameter 
studied 

b = # of rabbits given treatment 1 and negative for parameter 
studied 

c = ff of rabbits given treatment 2 and positive for parameter 
studied 

d = ff of rabbits given treatment 2 and negative for parameter 
studied 

n = a + b + c + d  

The chi square value was obtained using the following formula: 

y2 (ad - be - n/2)^n 
(a + c) (b + d) (a + bj (c + d) 

A two-way contingency table is considered to have one degree of freedom. 

The p value associated with a particular chi square value and one degree 

of freedom was read from the chi square distribution table in Documenta 

Geigy (1962). 

Student's t Test for the Significance 
Between Two Sample Means 

Student's t was used in Chapter 5 to determine if the quantita

tive changes in certain blood parameters measured in anaphylactic posi

tive rabbits were significantly different from changes in the same 

parameters in anaphylactic negative rabbits (for example Table 9, p. 

90). These two groups were also compared similarly to nonimmunized 

rabbits challenged for anaphylaxis. The data were analyzed in two ways: 

first, the groups were compared with respect to the means of individual 

pre-challenge levels of the various parameters measured; and second, 
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they were compared with respect to the means of individual difference 

values (pre-challenge minus post-challenge) or percent change values. 

Before comparing the sets of data using the t test, they were first com

pared using the F test: 

s 2 
2 2 F = -^5- if s is greater than s 

72 x 5 y 
y 

or 

S 2 2 F = -Ej if sy2 is greater than s^ 

sx 

where 
? 

s = the variance about the mean of the first group 
X 

2 Sy = the variance about the mean of the second group. 

If the p value associated with the F value (obtained from a table in 

Steel and Torrie, 1960) was greater than 0.05 for a two-tailed distribu

tion, then the t test could be performed. The degrees of freedom for 

each group was one less than the number of rabbits in that group. 

To perform the t test, the Programma 101 (Olivetti Underwood, 

New York, N. Y.) was programmed to receive the data from the two groups 

in the manner specified in the Olivetti manual for Statistical Analysis 

(1969). The t value is computed using the following formula: 
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where 

the numerator = the absolute value of the difference between the two 
means 

the denominator = estimated standard error of the difference between 
the two means 

The p value associated with the calculated t was obtained from Documenta 

Geigy (.1962). Degrees of freedom = number of rabbits in the first group 

plus the number of rabbits in the second group minus 2. If the p value 

was less than 0.05, the two groups were considered significantly differ

ent with respect to the parameter measured. The output of the program 

gave the number of observations (n), arithmetic mean (X), standard de

viation of the sample (s), the estimated standard deviation of the popu

lation (oj and the estimated standard error of the mean (a^-) for each 

sample, as well as the t value. The 95% confidence interval about the 

mean was determined for each sample from the following formula: 

confidence interval = X ± ta^-

Correlation Coefficient (Pearson's) 

The statistic r was obtained using the Olivetti Underwood Pro-

gramma 101 and the outlined program designed to calculate r by the 

following formula: 

r - JMl2 
r 2 2 

Ex Ey 

Paired data were obtained by analyzing changes in two different parame

ters in the blood of each rabbit. These data and the resultant r value 

were used to determine the degree of interdependence between the two 



parameters. A p value associated with the calculated r was obtained 

frail an r distribution table in Documenta Geigy (1962) and was consid

ered significant if it was less than 0.05. 



CHAPTER 3 

ONTOGENY OF IgE ANTIBODY SYNTHESIS 
IN NEONATALLY IMMUNIZED RABBITS 

The experiments reported herein center around IgE antibody in 

the rabbit and are divided into Chapters 3, 4 and 5. This chapter con

cerns the exclusive synthesis of specific IgE antibody in the rabbit; 

Chapter 4 reports studies on the physicochemical and biologic properties 

of IgE; and Chapter 5 concerns the in vivo role of IgE during IgE-

induced systemic anaphylaxis in the rabbit. 

Temporal Development of Anti-BSA IgE Antibody 

Three groups of rabbits were immunized with BSA according to the 

schedule given in Chapter 2: the first group initially received soluble 

BSA, the second group received alum-precipitated BSA, and the third 

group was given heat-killed C. parvum together with soluble BSA. These 

rabbits were bled on days 14, 21, 28 and 91. Basophil-bound IgE was 

measured by the leukocyte-dependent histamine release (LDHR) screening 

assay. Specific IgE free in the serum was also measured by its activ

ity, using the homologous passive cutaneous anaphylaxis (PCA) assay. 

The number of rabbits which produced anti-BSA IgE and the levels of both 

free and basophil-bound IgE detected in the blood are traced temporally 

in Table 2. The total number of rabbits whose blood was tested on each 

day differ for several reasons: not all rabbits were bled each time, 

some fatalities occurred during the three-month experiment, and any LDHR 
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Table 2. Time course and incidence of IgE response to BSA in neonatally immunized rabbits. 

DAY 14 MY 21 DAY 28 DAY 91 
GROUP GROUP GROUP GROUP 

Assay ia 2b 3C 1 2 3 1 2 3 1 2 3 
Homologous PCA Titer 

Negative 14 15 10 10 10 9 17 10 6 15 11 4 

1 0 0 0 2 2 0 0 2 1 0 0 0 
2 0 1 0 2 1 0 2 4 0 2 0 0 
4 0 0 0 0 1 0 1 3 1 0 0 2 
8 0 0 0 0 1 0 3 1 1 2 0 0 
16 0 0 0 0 0 0 0 3 0 0 3 3 
32 0 0 0 0 0 0 0 0 0 1 1 0 
64 0 0 0 0 0 0 0 1 0 0 6 0 

Incidence6 0/14 1/16 0/10 4/14 5/15 0/9 6/23 14/24 3/9 5/20 10/21 5/9 

LDHR (% Release) 

Negative 6 13 9 5 10 4 4 5 1 2 1 1 

21-40% 1 1 0 2 2 0 3 2 0 2 1 0 
41-60% 0 0 0 0 1 3 8 8 3 10 4 1 
61-80% 0 0 0 1 1 1 3 3 3 6 13 4 
81-100% 0 0 0 0 0 0 0 0 0 0 0 0 

Incidence 1/7 1/14 0/9 3/8 4/14 4/8 14/18 13/18 6/7 18/20 18/19 5/6 

a. Group 1 was given 1 mg soluble BSA within 24 hours of birth. 
b. Group 2 was given 1 mg alum-precipitated BSA within 24 hours of birth. 
c. Group 3 was given 1 mg heat-killed C. parvum with 1 mg soluble BSA within 24 hours of birth. 
d. Number of rabbits whose sera or blood sample gave the indicated value on the indicated day. 
e. Incidence represents the number of rabbits whose sera or blood was positive for the indicated 

assay compared to the number of rabbits in the group. 
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preparation in which the buffy coat appeared visibly uneven or clumped 

was discarded. The results show that almost no anti-BSA IgE antibody 

could be detected in the blood of these rabbits for at least the first 

two weeks of life. By day 21, detectable levels of both basophil-bound 

and free anti-BSA IgE were present in about one-third of the rabbits. 

By day 28, the incidence of rabbits with detectable basophil-bound IgE 

had surpassed that of rabbits with detectable free serum IgE, and the 

former continued to increase until at day 91 almost every rabbit demon

strated significant basophil-bound anti-BSA IgE by the LDHR technique. 

In contrast, the incidence of rabbits with free serum IgE (as detected 

by homologous PCA activity) did not greatly increase after day 28, al

though the titers of the sera positive on day 28 were greater on day 91. 

These rabbits were compared as to the relative times of initial 

detection of free versus bound anti-BSA IgE (data not shown). Of 26 

rabbits in which simultaneous data were obtained for each assay per

formed at weekly intervals, 19 showed demonstrable basophil-bound IgE 

by LDHR before detectable levels of free serum IgE could be demonstrated 

by serum homologous PCA activity (7 of which remained homologous PCA 

negative throughout the experiment). Five of the 26 became positive for 

both during the same week; and 2 were positive for free serum IgE ear

lier than for basophil-bound IgE. None of the 4 rabbits that remained 

negative for basophil-bound anti-BSA IgE throughout the study ever 

showed demonstrable free serum IgE. 

From the data in Table 2, it can be seen that 28-day sera from 

rabbits initially injected with ABSA appeared to have a somewhat higher 

incidence of homologous PCA activity than had those from rabbits given 
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soluble BSA; and by day 91, both adjuvants had induced a somewhat higher 

incidence of serum PCA activity as compared to the soluble BSA group 

(Group 1). However, these differences cannot be considered statistical

ly significant: the p value was greater than 0.05 for the chi square 

comparison of adjuvant-treated rabbits vs. rabbits given no adjuvant 

on both days 28 and 91. 

Determinations of Antibodies of Other Classes 

Anti-BSA Antibodies Other Than IgE 

Two techniques were compared as to sensitivity for detecting 

the presence of anti-BSA antibody other than IgE: the antigen binding 

capacity (ABC) technique of Farr (1958) and the heterologous PCA tech

nique in the guinea pig. The former is a technique to quantitate the 

125 amount of antibody capable of binding I -BSA, regardless of ijnmuno-

globulin class. It does not give a positive result in the case of serum 

from rabbits producing only IgE because levels of anti-BSA IgE were be

low the sensitivity of this test. In the heterologous PCA technique, 

rabbit serum containing IgG antibody is injected intradermally into the 

guinea pig; when antigen is given 4 hours later, an increase in capil

lary permeability occurs at the local site. Ovary (1964) reported that 

as little as 20 ng of specific IgG antibody can be detected by the 

heterologous PCA technique. In comparing the sensitivity of these two 

assays in our laboratory the Farr technique proved to be somewhat more 

125 
sensitive: sera that were found to bind 10 to 40% of 0.01 yg N of I 

BSA in the Farr technique did not consistently give positive heterolo

gous PCA reactions. 
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Since the Farr technique was more sensitive, it was used rou

tinely to screen the sera of the rabbits of this study. Of the fifty 

91-day-old rabbits included in Table 2, sera from 41 had no detectable 

antigen binding capacity; 3 others had between 10-151 binding. These 

results indicated almost all of the rabbits were producing antibody of 

the IgE class only. 

Assays for Antibodies to Possible 
Contaminants of the Antigen Preparation 

To determine if the rabbits of this study had synthesized anti

bodies to possible contaminants of the BSA preparation, pools were pre

pared from 91-day sera which previously had been determined to have 

undetectable ABC and heterologous PCA activities but positive homologous 

PCA activity toward the crystalline BSA preparation used for antigen in

jections. These pools were injected into the skin of the guinea pig. 

The antigen used for intravenous challenge was 2 mg Pentex Cohn Fraction 

V BSA in some guinea pigs and 0.2 ml sterile calf serum in others. 

Neither of these antigens induced positive cutaneous bluing at the in

jected sites, indicating that the serum samples tested did not contain 

antibodies to likely contaminants of the BSA preparation used for immu

nization. 

Effect of a High Dose of Antigen 
in the Initial Immunization 

Only 4 of 45 rabbits in Table 2 were shown to be completely un

responsive to BSA even with respect to basophil-bound IgE antibody. To 

determine if complete tolerance could be induced in newborn rabbits with 

a high dose of antigen, 10 rabbits within 24 hours of birth were 



injected with 20 mg soluble BSA instead of the usual 1 mg. Then they 

were maintained on the same immunization schedule as the others (as 

given in Table 1). All ten rabbits were negative for free serum anti-

BSA IgE antibody as well as other classes of anti-BSA antibody since no 

homologous PCA and ABC activity could be detected on day 28. Of the 6 

tested for basophil-bound IgE, all were negative. Six of the 7 rabbits 

which survived until 91 days had no detectable anti-BSA IgE in their 

sera. Three of the 7 were negative for basophil-bound IgE and for other 

classes of anti-BSA antibody as measured by the ABC technique and thus 

could be considered totally unresponsive to BSA. The 4 which had become 

LDHR positive by day 91 also had positive anti-BSA antigen-binding ca

pacities, indicating all classes of antibody were being produced in re

sponse to BSA. 

Influence of Adult Peritoneal Exudate 
Cells on the Synthesis of IgE 

Differences in antibody response to BSA between rabbits immu

nized as neonates and those immunized as adults were discussed in 

Chapter 1. Such differences are most likely due to functional immaturi

ty of one or more of the components of the immune system. To determine 

if the macrophage was the immature component in the neonatal rabbit, the 

following experiments were done. Twenty litters of rabbits were divided 

into 3 groups, the first of which was subdivided into 3 parts and given 
r «7 

10 , 10 or 10 normal adult rabbit peritoneal exudate cells (PEC) in

cubated with 1 mg BSA for 1 hour before injection. The second group re

ceived 105, 106 or 107 dead PEC with 1 mg BSA, and the third group 

received 1 mg soluble BSA alone. The results of homologous PCA and ABC 
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assays on 28- and 91-day sera from these rabbits can be seen in Table 3. 

The results obtained from these rabbits at 14 days of age were consis

tent with the groups illustrated in Table 2 in that no free serum anti-

BSA IgE could be detected at that time. On days 28 and 91, even though 

there appeared to be a higher incidence of free serum IgE in the sera of 

rabbits given live PEC than in either of the other two groups, this 

difference is not statistically significant. (.However, there was a 

marked difference in the degree of anaphylactic sensitivity as reported 

in Chapter 5 to follow.) Also, no significant difference in incidence 

of free serum IgE was observed over a 100-fold difference in the dose of 

PEC. 

The data summarized in Table 3 showed that the rabbits were un

responsive with respect to anti-BSA antibody of classes other than IgE: 

on day 28, only 2 of 65 sera from the rabbits of Group 1 (given live 

PEC and BSA), 2 of 61 sera from Group 2 (given dead PEC and BSA) and 1 

of 26 sera from Group 3 (given only soluble BSA) demonstrated signifi

cant antigen binding by the Farr ABC technique. Almost no change in 

this incidence occurred by day 91. Blood samples from 24 rabbits ran

domly selected from those summarized in Table 3 were assayed for 

basophil-bound anti-BSA IgE antibody by the LDHR technique. All 24 of 

the 91-day samples were positive for basophil-bound anti-BSA IgE. 

The Use of Horseradish 
Peroxidase as Antigen 

To determine if our model system for exclusive IgE production in 

response to antigen was applicable to antigens other than BSA, 31 rab

bits were injected intraperitoneally with 1 mg soluble horseradish 
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Table 3. Incidence of anti-BSA antibody in rabbits neonatally given 
BSA and adult peritoneal exudate cells. 

MY 14 DAY 28 DAY 91 

Group Treatment PCA ABC PCA ABC PCA ABC 

1 BSA + 107 live PECa 0/12^ 0/12C 4/11 0/11 5/9 0/9 

BSA + 106 live PEC 1/45 1/45 23/41 2/41 19/35 3/35 

BSA + 105 live PEC 0/15 0/15 2/13 0/13 6/8 0/8 

Total: BSA + live PEC 1/72 1/72 29/65 2/65 30/52 3/52 

2 BSA + 107 dead PECd 0/9 0/9 5/9 0/9 2/6 0/6 

BSA + 106 dead PEC 0/42 0/42 11/40 2/40 13/31 1/31 

BSA + 105 dead PEC 0/12 0/12 2/12 0/12 5/9 0/9 

Total: BSA + dead PEC 0/63 0/63 18/61 2/61 20/46 1/46 

Group 1 vs. Group 2 p > 0.1e p > 0.2 

£ 
3. Soluble BSA alone 0/28 0/28 7/26 1/26 10/22 1/22 

Group 1 vs. Group 3 p > 0.1 p > 0.2 

a. One mg BSA and 10 to 10 live adult peritoneal cells (PEC) adminis
tered intraperitoneally (i. p.) to rabbits less than 24 hours old. 

b. Number of rabbits whose sera had homologous PCA antibody. 
c. Number of rabbits whose sera was positive for anti-BSA antibody as 

detected by the antigen-binding capacity (ABC) technique. 
d. One mg BSA and 10$ to 10? adult peritoneal cells (PEC) killed by 4 

freeze-thaw cycles and administered i. p. to rabbits less than 24 
hours old. 

e. p Value indicating significance associated with chi square value 
derived from comparison of responses in group 1 vs. group 2 and 
group 1 vs. group 3. Yates correction factor was used in calcula
tion of chi square. 

f. One mg BSA administered i. p. to rabbits less than 24 hours old. 
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peroxidase (HRP) within 24 hours of birth and then maintained according 

to the immunization schedule given in Table 1. Seventeen of these rab

bits were given alum-precipitated HRP on day 77, whereas 14 rabbits re

ceived only soluble HRP on that day. The results of anti-HRP antibody 

assays on 91-day sera in these two groups are given in Table 4. Also 

given in Table 4 are results from 13 rabbits injected with alum-

precipitated HRP on both day 0 and day 77. The results show that most 

of the rabbits immunized neonatally with soluble HRP responded with only 

IgE and not other classes of antibody: this was found to be the case 

in 22 of 26 rabbits positive for homologous PCA activity (13 from Group 

1A and 9 from Group IB). If the HRP was given initially in conjunction 

with aluminum hydroxide gel on day 0, the incidence of other classes of 

antibody detected in the serum in addition to IgE was high; i.e., sera 

from 9 of 13 rabbits were positive for heterologous PCA activity. Thus, 

HRP was also capable of inducing a selective IgE response; the incidence 

of rabbits responding in such a way was higher than that with BSA, and 

the addition of adjuvant broke the selective tolerance to other classes 

of antibody when HRP was the antigen. 



Table 4. Incidences of anti-HRP antibody in rabbits neonatally given 
HRP. 

Treatment 

Group Day 0 Day 77 Homologous PCA Heterologous PCA 

1A Soluble HRPa AHRP 17/17b 4/17c 

IB Soluble HRP Soluble HRP 9/14 0/14 

2 AHRPd AHRP 13/13 9/13 

a. One mg soluble HRP administered intraperitoneally (i. p.) to rab
bits less than 24 hours old. All injections between day 0 and day 
77 were given as indicated in Table 1. 

b. Number of rabbits whose sera were positive for homologous PCA 
activity/number of rabbits in group. 

c. Number of rabbits whose sera were positive for heterologous PCA 
activity in the skin of the guinea pig/number of rabbits in group. 

d. One mg alum-precipitated HRP (AHRP) administered i. p. to rabbits 
less than 24 hours old. All injections between day 0 and day 77 
were given as indicated in Table 1. 



CHAPTER 4 

STUDIES CHARACTERIZING IgE ANTIBODY 

Physicochemical Characteristics 

Several physicochemical characteristics of the homologous PCA 

antibody induced by the various immunization techniques described in 

Chapter 3 were examined in order to determine whether the anti-BSA anti

body met previously described criteria for rabbit IgE (Lindqvist, 1968; 

Zvaifler and Robinson, 1969; K. Ishizaka, Ishizaka and Hornbrook, 1970; 

Pinckard and Halonen, 1971). 

Serum pools from the various 28- and 91-day bleeds were frac

tionated using stepwise elution from DEAE-cellulose columns. The frac

tions were assayed for A2gQ, conductance and homologous PCA activity. 

The homologous PCA activity was always and only found in a single peak 

(peak 4, Figure 1) which was eluted with a buffer consisting of 0.01 M 

phosphate and 0.09 M NaCl, pH 8.0. 

The molecular weight of the homologous PCA antibody was esti

mated as follows. Serum pools to which two marker enzymes were added 

were passed through a calibrated G-200 Sephadex column. Fractions were 

assayed for relative protein concentration by A2gQ, for enzyme activity 

of the marker enzymes and for homologous PCA activity. The log^Q of the 

molecular weight of the marker proteins was plotted against their re

spective Ve/Vo (elution volume/void volume) ratios. The average 

68 
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Figure 1. DEAE-cellulose column chromatography of rabbit serum contain
ing anti-BSA IgE antibody. 

The exclusion peak was eluted with 0.01 M phosphate buffer, pH 8.0; 
peaks 2 to 7 were eluted with the same buffer containing 0.015, 0.040, 
0.090, 0.19, 0.29 and 0.49 M NaCl, respectively. The fractions contain
ing homologous passive cutaneous anaphylactic (PCA) activity are indi
cated. 
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molecular weight for the homologous PCA antibody obtained from 4 sepa

rate elutions of serum samples was 240,000 daltons (Figure 2). 

Heat lability of the homologous PCA activity was examined by in

cubating various serum samples at 56°C for 4 hours and then comparing 

the titers of heated and unheated portions of the same samples. Heat 

lability was variable with different sera, some losing PCA activity en

tirely and others being reduced in titer 2 or 3 log,, dilutions. Re

ducing the sera with mercaptoethanol (0.2 M) for 1 hour at room 

temperature and then alkylating with iodoacetate destroyed the homolo

gous PCA activity entirely. The results of the various treatments as 

described indicated that the homologous PCA activity observed in the 

•rabbits of this study was due to rabbit IgE antibody. 

Studies Concerning Mast-Cell-Binding 
Characteristics of Rabbit IgE 

The homologous PCA reaction in rabbits has been reported to op

timally require a 72-hour sensitization period between antibody injec

tions and antigen challenge (Zvaifler and Becker, 1966; Revoltella and 

Ovary, 1969). To determine if this 72-hour period was the optimal 

sensitization time for the anti-BSA IgE in serum containing no other 

classes of antibody to that same antigen, the following experiment was 

performed. The backs of four 3-month-old normal rabbits were shaved and 

each was injected with 0.1 ml aliquots of serial log2 dilutions of a 

serum pool containing anti-BSA IgE antibody (72 hours prior to antigen 

challenge). Twenty-four hours later, the same series of dilutions (pre

pared from frozen serum pool aliquots thawed and diluted iimiediately be

fore injection) were injected in another row on the back of each of the 
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Figure 2. Molecular weight estimation of rabbit anti-BSA IgE antibody 
by descending, G-200 column chromatography. 

The column was calibrated with human and rabbit serum albumin (HSA and 
RSA), human and rabbit y globulin (HGG and RGG), lactic dehydrogenase 
(LDH) and glutamic dehydrogenase (GDH). Ve/Vo values for IgE antibody 
from 4 separate experiments are indicated: 1.27, 1.26, 1.21 and 1.20 
corresponding to molecular weights of 220,000, 230,000, 250,000 and 
260,000. 
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rabbits (48 hours prior to challenge). The inj ections were repeated at 

36 hours (36 hours before challenge), 48 hours (24 hours before chal

lenge), 60 hours (12 hours before challenge), 66 hours (6 hours before 

challenge), 70 hours (2 hours before challenge), 71 hours (1 hour before 

challenge) and 71 hours 55 minutes (0 hours before challenge). At 72 

hours, the rabbits were given 2 ml 21 Evans Blue and 50 mg BSA intra

venously. Thirty minutes later the blue spots were measured on the 

backs of the live rabbits. These results are given in Figure 3A and 

show that sites injected with antibody 1 hour or less prior to antigen 

challenge exhibited bluing reactions of significant diameter at all in

jection sites; however, 0.1 ml saline injected at this time was also 

positive, indicating that the bluing in the 0 and 1 hour sites was non

specific and probably due to the physical trauma of injection (dotted 

line in Figure 3A). The bluing at both serum and saline sites developed 

as faint reactions with almost undefined borders and of uniform size at 

every dilution. Saline injections in all rabbits at the 6- to .72-hour 

sensitization sites were negative. Serum injections at sites with sen

sitization periods of 6-12 hours were negative in all rabbits. The max

imum titer of the serum pool in all 4 rabbits was reached in those 

injection sites with a 48-hour sensitization period. In two rabbits, 

this titer dropped off by on serial dilution at the 72-hour sensitiza

tion sites; in the other 2 rabbits, the titer was the same at those 

sites allowed a sensitization period of 48 or 72 hours. Variability in 

maximum titer among the 4 rabbits was on the order of 2 log2 dilutions. 

These 4 rabbits were observed at 24, 48 and 72 hours after anti

gen challenge to determine if those sites which were negative at the 
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Figure 3. Variation in homologous PCA titer of a single serum with sen
sitization time. 

A. Homologous PCA titers obtained by injecting dilutions of a standard 
serum pool at varying times before intravenous challenge. Reactions 
were read 30 minutes after challenge. B. Homologous PCA titers ob
tained in 3 of the 4 rabbits of Part A following a second challenge with 
antigen 72 hours after that in Part A. 
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time of challenge would convert to positive at a time corresponding to 

the optimal sensitization period for a particular injection. No bluing 

developed at any sites which were not positive at thirty minutes follow

ing antigen challenge. At 72 hours after the first antigen challenge, 3 

of the rabbits were rechallenged with 50 mg BSA and Evans Blue as be

fore. Bluing at the sites which responded to the first challenge was 

indistinguishable at this time. The results measured at 30 minutes af

ter the second antigen challenge are given in Figure 3B. Blue spots 

developed at the sites with 0-6 hour sensitization periods for the first 

challenge (and thus 72-80 hour sensitization periods for the second 

challenge). The titer was not reduced more than 1 log^ dilution from 

that obtained at the 72-hour sites following the first challenge. No 

bluing occurred at any site which had demonstrated a positive spot fol

lowing the first injection. 

The half-life of BSA in the rabbit's circulation is between 4 

and 5 days (see text to follow). With this in mind, the fourth rabbit 

was given a second challenge of 5 mg BSA rather than 50 mg as in the 

first challenge, an amount that was less than the theoretical amount of 

BSA remaining in the rabbit from the first injection. Even this dose of 

antigen resulted in bluing at the 0-6 hour sites (corresponding to 72-

80 hour sensitization periods for the second challenge). The titer ob

tained was 2, a 2 log2 reduction in titer from the first challenge in 

the same rabbit. 

The results of these experiments suggested the possibility that 

the BSA in the circulation at 48 and 72 hours after challenge was no 

longer capable of eliciting the PCA reaction. It was possible that the 



biologic "filters" such as the liver and spleen had removed some sub-

population of molecules which were more antigenic than the remainder. 

125 
To test this possibility, 1 g BSA (trace-labeled with I to allow 

measurement of serum BSA concentration) was injected into a normal rab

bit and allowed to circulate for 24 hours. The rabbit was bled and the 

serum was found to contain 2.3 mg/ml BSA. Five ml of this serum was 

then used as antigen on one of two PCA rabbits which had been injected 

72 hours before with doubling dilutions of the anti-BSA IgE serum pool. 

The results indicated that the circulating BSA was capable of acting as 

antigen in the homologous PCA reaction since the rabbit given the BSA-

containing serum as antigen responded with a positive reaction (titer 

of 2) to the serum pool. The rabbit given soluble BSA responded with 

a titer of 8. Though the titer was lower in the rabbit challenged with 

the BSA-containing serum, the difference appeared to be due to animal 

variability: repeating the antigen challenge with 15 mg BSA at 30 

minutes in this rabbit did not increase the titer. 

Antigen-Binding Characteristics of Free Serum IgE 

When antigen is injected into an animal previously immunized 

with that antigen and actively synthesizing antibody (of all classes) 

against that antigen, the phenomenon of immune elimination occurs in 

which the antigen is lost from the circulation much faster than in a 

nonimmune animal, and a reduction in concentration of antibody can be 

measured (Dixon, 1953). Thus, it was surprising to find that homolo

gous titers of serum samples from a BSA-sensitized rabbit taken imme

diately before and 1 hour after intravenous challenge with BSA were 



76 

identical. Several possibilities could account for this lack of change 

in titer: (1) Each anti-BSA IgE molecule immediately binds 2 BSA mole

cules upon intravenous administration of the latter. This possibility 

assumes that such 3-molecule complexes are not removed from the circu

lation and that antigen bound to IgE does not interfere in the homolo

gous PCA reaction. (2) Each anti-BSA IgE molecule was already complexed 

to 2 BSA molecules (preceding the intravenous challenge) as a result of 

the immunization schedule. The same assumptions hold for this possibil

ity. (3) The IgE molecule is univalent; i.e., each molecule can only 

bind 1 molecule of antigen. (4) Free serum IgE does not bind antigen; 

it must first bind to a basophil or mast cell to induce some conforma

tional change in order that antigen binding may occur. To test among 

these possibilities, several experiments were done. 

Experiment 1: Half-Life of BSA in Circulation of Rabbits With 

and Without Serum Anti-BSA IgE. Eight rabbits which had been neonatally 

immunized with BSA were intravenously injected with 50 mg BSA trace-

125 labeled with I . Four of the rabbits had no detectable serum levels 

of anti-BSA IgE (or any other class of anti-BSA antibody) and 4 were 

positive for anti-BSA IgE (with homologous PCA titers from 4-64) but 

were negative for other classes of anti-BSA antibody. Each rabbit was 

bled at 1, 6 and 24 hours post injection and then daily for 20 days. 

One of the homologous-PCA-positive rabbits died from a cardiac puncture 

on the eighth day. Counts per minute were determined on duplicate 0.5 

ml aliquots of whole blood and the percent antigen remaining was calcu

lated for each bleed. The time post injection was plotted vs. the log 
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of the percent antigen remaining in the blood for each rabbit. A least 

squares line was obtained from the data points of the linear portion of 

the curve; linearity generally began at 4 days post injection. The 

half-life of BSA was the time (x) corresponding to 1/2 of the extrapo

lated Y intercept of the least squares line. The mean half life for 

the homologous PCA negative group was 5.0 (range 4.6-5.3). The mean 

half life of the rabbits positive for homologous PCA anti-BSA antibody 

was 4.7 days (range 4.5-5.0). Thus, the presence of serum anti-BSA IgE 

did not affect the rate of antigen elimination iji vivo. 

Experiment 2: In Vitro Attempt to Co-precipitate Anti-BSA IgE 

with BSA and Anti-BSA IgG. To determine whether anti-BSA IgE could be 

removed from serum by co-precipitation with BSA and anti-BSA IgG, a 

variation of the quantitative precipitin test was used. Two serum pools 

were used, one containing anti-BSA of the IgE class only and one con

taining anti-BSA antibody detectable by the ABC technique. The latter 

pool was prepared from rabbits immunized as adults with soluble BSA in

travenously, a procedure by which little or no anti-BSA IgE is induced. 

One ml of the latter pool was found to maximally precipitate 600 pg BSA 

by the quantitative precipitin test; and 0.1 ml had a homologous PCA 

titier of 2. This pool will be referred to as the IgG pool. Aliquots 

1 ? $  
of 0.9 ml of the IgE pool were mixed with 500 ug I -BSA in 0.1 ml and 

allowed to incubate 30 minutes at 37°C. Differing amounts of the IgG 

pool adjusted to 1 ml volumes in normal rabbit serum were added to each 

tube, mixed and incubated at 37°C for 30 minutes and then at 4°C for 2 

hours. The mixtures were then centrifuged at 1400 x g for 30 minutes at 



4°C. Supernatant fluids were decanted; and both precipitates and super

natant fluids were assayed for radioactivity to determine the percent 

antigen precipitated. The percent antigen precipitated was calculated 

on the basis of TCA precipitable counts being 100%. The supernatants 

were assayed for free IgE by homologous PCA activity. The results are 

shown in Table 5. No decrease in IgE titer occurred in the supernatant 

fluids even in those mixtures in which 85% of the antigen had precipi

tated. The first two controls in Table 5 demonstrate that the IgE serum 

pool had the same titer in the presence or absence of BSA. The third 

control given in Table 5 was included to danonstrate the homologous PCA 

titer of the IgG pool alone. The results of this experiment showed that 

anti-BSA IgE did not co-precipitate with BSA and anti-BSA IgG antibody. 

Experiment 3 : In Vivo Attempt to Remove Anti-BSA IgE with BSA 

and Anti-BSA IgG. Rabbits neonatally immunized with BSA and producing 

125 
anti-BSA antibody only of the IgE class were given 5 mg I -BSA intra

venously. At 1, 2 and 3 hours post injection, they were given 2 ml 

doses of the IgG pool intravenously. The rabbits were bled immediately 

prior to injection of antigen and prior to each injection of the IgG 

125 
pool. The whole blood samples were assayed for I -BSA counts per 

minute and teh serum for anti-BSA homologous PCA activity. Other rab

bits, similarly producing anti-BSA IgE antibody, were also given 5 mg 

12^ I -BSA intravenously but were not given the IgG pool injections. 

Typical results from one experimental and one control rabbit (no IgG 

pool) are shown in Table 6. These results demonstrated that the injec

tions of anti-BSA IgG induced a sharp decrease in the concentration of 



Table 5. In vitro attempt to co-precipitate anti-BSA IgE antibody with BSA and anti-BSA IgG. 

Tube 
I125-BSA 
(in .05 ml) 

IgE Pool 
(na) 

IgG Pool 
(ml) 

NRS 
(ml) 

TCA 
(ml) 

Counts per min 
Supern3 Pptb 

% BSA 
Precipitated 

Homologous 
PCA Titer 
of Supern 

1 500 yg 0.95 0.20 0.80 - 64995 3734 3.7 1/40 

2 500 yg 0.95 0.50 0.50 - 44025 25140 36.8 1/40 

3 500 yg 0.95 0.80 0.20 - 11715 58066 85.6 1/50 

Controls 

No IgG Pool 500 yg 0.95 - 1.0 - 69731 1363 2.0 1/40 

IgE Only - 0.95 - 1.05 - - - - 1/50 

No IgE Pool 500 500 yg - 0.80 1.15 - - - - 1/2 

TCA 500 yg - - 0.95 1.0 3979 64453 94.2 -

a. Supern = supernatant fluid 
b. Ppt = precipitate 

c. Cg; fa x - 21. = correction for TCA precipitability. 2% = amount of radio-
cpm m supern. 94 94 r r 

activity left in ppt by adhering to tube walls. 



Table 6. In vivo attempt to remove anti-BSA IgE from the circulation by adding BSA and anti-BSA IgG. 

Treatment Counts/Min % Counts/Min Homologous 
(immed. following bleed) 0.5 ml plasma of 1 hr Bleeda PCA Titers 

Time of Blood Sample 
Rabbit 
Ab 

Rabbit 
B 

Rabbit 
A 

Rabbit 
B 

Rabbit 
A 

Rabbit 
B 

Rabbit 
A 

Rabbit 
B 

Before Antigen I125-BSA 
5 mg 

I125-BSA 
5 mg 

- - - - 1/60 1/50 

1 hr. after Antigen IgG Pool 
2 ml i.v. 

- 51622 65827 100 100 1/60 1/40 

2 hr. after Antigen IgG Pool 
2 ml i.v. 

- 29468 56335 57 86 1/60 1/50 

3 hr. after Antigen IgG Pool 
2 ml i.v. 

- 9271 50376 18 77 1/60 1/40 

4 hr. after Antigen - - 4930 44481 9 68 1/70 1/50 

a. These calculations include a correction for decay of radioactivity with time. 
b. Rabbits A and B had been neonatally immunized at birth and had detectable levels of anti-BSA 

antibody only of the IgE class at the time of the experiment. 



I"^-BSA in the blood; but the homologous PCA titers of the blood sam

ples remained unaffected. Thus, anti-BSA IgE antibody was not removed 

from the circulation with the BSA-anti-BSA IgG complexes. 



CHAPTER 5 

INTRAVASCULAR ROLE OF IgE IN SYSTB1IC ANAPHYLAXIS 

Experiments in our laboratory (Pinckard et al., 1972) in 

which it was first shown that rabbits could be made to synthesize only 

IgE antibody to a specific antigen also demonstrated that the inter

action of antigen with specific IgE alone could induce systemic anaphy

laxis in the rabbit. Using rabbits whose antibody responses are 

described in Chapter 3, solutions to two general questions concerning 

the role of IgE in inducing systemic anaphylaxis were pursued: (1) Does 

IgE have the same activities in vivo as in vitro experiments have demon

strated? and (2) Is anaphylactic sensitivity related to activities of 

specific IgE present in the circulation? 

Criteria for Systemic Anaphylaxis 

Each of the surviving rabbits sensitized to BSA or HRP and whose 

antibody responses are given in Chapter 3 were challenged with either 50 

mg soluble BSA or 1-5 mg soluble HRP intravenously at 91 days and ob

served by two independent observers for visible signs of systemic ana

phylaxis. 

Rabbits Positive for Anaphylaxis (ANA POS) 

A rabbit was judged positive for systemic anaphylaxis if it ex

hibited the development of the physical manifestations listed below as 

either mild or severe reactions. 

82 
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Mild Anaphylaxis. This category was characterized by the physi

cal signs of pallor of the ears followed by a transient decrease in rate 

of respiration and the development of ataxia with an apparent paresis of 

the hind limbs sufficient to impair locomotion. Physical signs general

ly became apparent within 1-2 minutes following antigen challenge. No 

blood flow could be obtained from either the central ear artery or the 

peripheral ear vein once the reaction commenced. The physical signs in 

mild reactions disappeared in less than 15 minutes. 

Severe Anaphylaxis. Severe reactions were characterized by all 

of the physical signs given in the preceding category and included in 

addition extension of the paresis to the forelimbs, tachypnea, stupor 

and, in some cases, convulsions and death. If death did not ensue, 

physical signs disappeared between 15 and 60 minutes following chal

lenge. 

Rabbits Negative for Anaphylaxis 
(ANA NEG) 

All neonatally immunized rabbits that did not show any of the 

visible signs of systemic anaphylaxis as specified above were judged 

anaphylaxis negative. 

Relationship of Systemic Anaphylaxis 
to the Nature of the Initial Immunization 

The incidence of systemic anaphylaxis varied with the antigen 

and the adjuvant used in the initial injection on the first day of life. 

See Table 7 for the incidences of anaphylaxis in the various experimen

tal groups treated as described in Chapter 3. Newborn rabbits given 
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Table 7. Variation in incidence of systemic anaphylaxis with nature of 
initial immunization. 

Treatment in Incidence of 
Initial Injection Systemic Anaphylaxis 

20 mg soluble BSA 0/7 (0%) 

1 mg soluble BSA 7/41 U7%) 

1 mg ABSAb 10/20 (.50%) 

1 mg C. parvum and 
1 mg soluble BSA 

5/9 (.56%) 

107 dead PEC^ and 1 mg BSA 0/6 (0%) 

106 dead PEC and 1 mg BSA 5/30 (17%) 

105 dead PEC and 1 mg BSA 1/8 (13%) 

Total: dead PEC and 1 mg BSA 6/46 (13%) 

107 live PEC and 1 mg BSA 4/9 (44%) 

106 live PEC and 1 mg BSA 19/35 (54%) 

10s live PEC and 1 mg BSA 4/8 (50%) 

Total: live PEC and 1 mg BSA 27/52 (50%) 

1 mg soluble HRP 29/29 (100%) 

a. Initial injection given intraperitoneally in 0.5 ml volume within 
24 hours of birth. 

b. ABSA = alum-precipitated BSA. 
c. C. parvum = heat-killed suspension of Corynebacterium parvum. 
d. PEC = peritoneal exudate cells obtained from adult rabbits. 
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soluble BSA alone or soluble BSA with killed peritoneal exudate cells 

(PEC) had a very low incidence of anaphylaxis when challenged with BSA 

at three months of age. BSA mixed with aluminum hydroxide gel, heat-

killed C. parvum or live PEC resulted in an incidence of anaphylaxis of 

approximately 50%. No difference in incidence was observed in rabbits 

given doses of live PEC which varied over a 100-fold range. 

Horseradish peroxidase had a greater capacity for inducing sys

temic anaphylactic sensitivity than did BSA. When HRP was used as the 

antigen, adjuvant was not required in the initial injection in order to 

obtain a high incidence of systemic anaphylaxis: severe, almost always 

fatal, systemic anaphylaxis occurred in 100% of the rabbits immunized 

with soluble HRP if 5 mg was used as the challenging dose. Challenging 

doses of 1 mg HRP or less yielded the same 100% incidence of anaphylaxis 

but the reactions were less severe. 

Ten rabbits neonatally immunized with soluble HRP were chal

lenged intravenously with 200 pg HRP for systemic anaphylaxis at 28 days 

of age. None of these rabbits showed any visible signs of systemic 

anaphylaxis; whereas, when they were rechallenged at 91 days of age, 

all underwent fatal anaphylactic reactions in less than 5 minutes fol

lowing antigen administration. 

The incidences of anaphylaxis as given above were an essential 

part of the design of the experiments to follow. Because the incidence 

of anaphylaxis among the rabbits sensitized to BSA was significantly 

less than 100%, the rabbits could be grouped as ANA POS and ANA NEG, 

monitored for potential (in vitro) and actual (in vivo) anti-BSA IgE 

activity following interaction with antigen, and then compared for 
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quantitative differences between the two groups in the parameters mea

sured. These two groups could then be compared to control (nonimmu-

nized) rabbits challenged with BSA in order to characterize the in vivo 

activity of anti-BSA IgE irrespective of systemic anaphylaxis. The re

sults of these comparisons are given in the following section. 

Relationship Between Activity of Intravascular 
IgE and Systemic Anaphylaxis 

Because the anaphylactic reaction is a systemic one, assessing 

the activity of IgE in the blood seemed a logical starting point for 

attaining the goal of characterizing the mechanism by which IgE induces 

systemic anaphylaxis in the rabbit. 

Free Serum IgE 

One relationship examined was that between the incidence of sys

temic anaphylaxis and free serum anti-BSA IgE as measured by homologous 

PCA activity. Chi square analysis of the incidence of these two para

meters for the rabbits included in Table 1 showed a strong association: 

= 11.2, p<0.0005. Similarly for the rabbits in Table 3, = 13.7, 

p<0.0005. Nevertheless, some discrepancies exist in the association be

tween serum IgE and systemic anaphylaxis as illustrated in Table 8 in 

which 91-day data for the rabbits given live or dead PEC on day 0 are 

distributed both with respect to the homologous PCA titer and the clas

sification of the anaphylactic reactions observed. Of the 52 rabbits 

in the group given live PEC, 27 were ANA POS including 11 with severe 

reactions with one fatality. Although most of the positive homologous 

PCA sera from rabbits in this group had titers of 1:8 or greater, the 
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Table 8. Influence of neonatally administered adult peritoneal 
exudate cells on serum levels of anti-BSA IgE antibody and 
development of systemic anaphylactic sensitivity in the 
rabbit. 

Group la Group 2^ Group 3° 

Homologous ANA POS ANA POS ANA POS 
PCA Titer PCA MILD SEV PCA MILD SEV PCA MILD SEV 

Negative 22d 3e 2 26 2 0 10 0 0 

1 3 1 1 2 0 0 1 0 1 

2 2 0 1 2 0 0 1 0 0 

4 2 1 0 3 0 0 3 1 1 

8 9 5 2 5 0 0 1 0 0 

16 11 5 4 4 1 1 3 0 0 

32 _3 1 1 _4 1 1 0 0 

Incidence"^ 30/52 27/52 20/46 6/56 10/22 3/22 

p>0.2g p<0.0005 p>0.2 p<0.0005 

a. Group 1 received live peritoneal exudate cells (.PEC) with 1 mg BSA 
on day 0. 

b. Group 2 received dead PEC with 1 mg BSA on day 0. 
c. Group 3 received soluble BSA on day 0. 
d. Number of rabbits in group with indicated serum homologous PCA 

titer. 
e. Number of rabbits positive (mild or severe) for systemic anaphy

laxis among those rabbits with indicated homologous PCA titer. 
f. Number of sera positive for homologous PCA activity or number of 

rabbits positive for systemic anaphylaxis/number of sera or rabbits 
in group. 

g. p Values from chi square comparison of the group indicated vs. Group 
1. 
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occurrence and severity of systemic anaphylaxis were distributed over 

the entire range of PCA titers with approximately the same frequency of 

mild or severe reactions at any given PCA titer. Also, the frequency of 

systemic anaphylaxis was significantly less in both of the control 

groups (those which initially recieved either dead PEC or soluble BSA 

alone) as compared to the group given live PEC (p < 0.0005) although no 

significant difference was observed in incidence of rabbits with detect

able free serum IgE (p > 0.2). Even the range and distribution of PCA 

titers in the control groups were similar to those in the live PEC 

group. This table further shows that systemic anaphylaxis occurred in 

rabbits whose sera did not contain detectable levels of free serum anti-

BSA IgE. 

Basophil-Bound IgE: Effects on Basophils, 
Total Leukocytes, Platelets and Blood 
Histamine 

In order to characterize the association of basophil-bound anti-

BSA IgE antibody with systemic anaphylaxis, blood samples from 24 rab

bits randomly selected from among those in groups 1 and 2 of Table 3 

were examined both for in vitro antigen-induced histamine release and 

for in vivo antigen-induced decrease in total blood histamine 1 hour 

after intravenous challenge with 50 mg BSA on day 91. The rabbits were 

grouped according to whether they were positive or negative for anaphy

laxis, regardless of their initial immunization: 9 were ANA POS, of 

which 8 had received live PEC and 15 were ANA NEG, of which 7 had re

ceived live PEC. The rabbits were bled by cardiac puncture both imme

diately before and 1 hour after anaphylactic challenge. In vitro 



histamine release induced by the interaction of BSA and basophil-bound 

anti-BSA IgE was measured by LDHR using the pre-challenge blood sample 

from each rabbit. The amount of decrease in blood histamine levels in 

vivo following antigen challenge was obtained by subtracting the total 

histamine/ml of blood obtained in the LDHR reaction of the post-

challenge sample from that of the pre-challenge sample. Pre- and post-

challenge blood samples from the peripheral ear vein of each rabbit were 

also analyzed for numbers of basophils and platelets. Pre- to post-

challenge difference values were obtained for each rabbit and the means 

of these difference values were calculated for both groups. Mean per

cent changes were also calculated. The group means of the pre-challenge 

values and the group means of the difference and percent change values 

were compared for statistical difference between ANA POS and ANA NEG 

rabbits by Student's t test. 

The LDHR assays performed on the pre-challenge bleeds and give 

in Table 9 demonstrated that all 24 rabbits had significant anti-BSA IgE 

bound to blood basophils. However, there was no significant difference 

in the mean percent histamine released between the ANA POS and ANA NEG 

rabbits. Thus, the potential for histamine release did not differ be

tween the two groups. One hour after anaphylactic challenge, the LDHR 

reaction was negative in every case. Thus, the means of the pre- to 

post-challenge difference values for LDHR in Table 9 are equal to the 

means of the pre-challenge values. 

Although all of the 24 rabbits were positive for basophil-bound 

anti-BSA IgE as measured by LDHR, this was not true for free serum IgE 

as detected by homologous PCA: in the ANA POS group, sera from 7 of 9 



Table 9. IgE-induced intravascular changes in 24 rabbits after anaphylactic challenge on day 91. 

Distribution of Individual Responses teans of fmmt 

Before Challenge After Challenge and % Reductiona 

ANA ANA ANA. ANA ANA ANA . 
Assay POS NEG POS NEG POS NEG tD 

LDHR (I) (60 ± 10%) (49 ± 101) 1.80 (p > 0.05)C 

<20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

Total Histamine 
(.pg/ml blood) 

0.0-0.5 
0.6-1.0 
1.1-1.5 
1 .6 -2 .0  
2.1-2.5 
>2.6 

3 
Basophils/mm Blood 

<100 
101-200 

0 
0 

0 
1 
1 
4 
2 
1 

0 
4 

0 
3 
1 
2 
6 
2 
1 

0 
2 
7 
5 
1 
0 

0 
3 

9 
0 
0 
0 
0 
0 
0 

2 
5 
2 
0 
0 
0 

9 
0 

15 
0 
0 
0 
0 
0 
0 

4 
9 
2 
0 
0 
0 

15 
0 

1.15 ± 0.37 
(62 ± 8%) 

222 ± 34 
(96 ± 5%) 

0.82 ± 0.17 
(54 ± 9%) 

279 ± 46 
(98 ± 21) 

1.87 (p > 0.05) 
1.45 (p>0.1) 

1.91 (p > 0.05) 
0.99 (p > 0.3) 



Table 9; continued. 

Distribution of Individual Responses Means of Moxmt 

Before Challenge After Challenge and % Reduction3 

ANA. ANA ANA ANA. ANA ANA . 
Assay POS NEG POS NEG POS NEG tD 

201-300 4 6 
301-400 1 5 
>400 0 1 

Platelets/mm^ Blood 

201-300,000 0 1 
301-400,000 3 2 
401-500,000 2 8 
501-600,000 3 3 
>600,000 1 1 

0 
0 
0 

2 
5 
0 
2 
0 

0 
0 
0 

4 
7 
3 
1 
0 

115,000 ± 
46,000 
(22 ± 7%) 

97,000 ± 
29,000 
(21 ± 

0.75 (p > 0.4) 

0.32 (p > 0.7) 

a. Absolute values for pre- and post-challenge samples were subtracted to give amount of reduction; 
amount of reduction/pre-challenge value = % reduction. Arithmetic means for amount and % reduc
tion (values in parentheses) are given with associated 95% confidence interval for population 
mean. 

b. Student's t-value derived from difference between means of ANA POS and ANA NEG groups. 
c. p Values indicating significance associated with the calculated Student's t. Values greater than 

0.05 indicate the groups are not significantly different. 
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rabbits were homologous PCA positive (with titers from 1 to 16); and in 

the ANA NEG group, 3 of 15 were positive for homologous PCA (with titers 

from 1 to 8). A correlation coefficient was calculated for the paired 

data of homologous PCA titer and percent antigen-induced histamine re

lease: the value of 0.39 obtained demonstrated no interdependence was 

evident between these two parameters. 

Large decreases in total blood histamine from 30 to 80% were 

detected at 1 hour post-challenge in every one of the 24 rabbits. How

ever, in concert with the in vitro IgE activity demonstrated by the LDHR 

data above, no statistical differences were noted between the ANA POS 

and ANA NEG groups with respect to the in vivo mean decrease or mean 

percent decrease in total blood histamine (Table 9). To determine 

whether the relative levels of serum anti-BSA IgE antibody correlated 

with the in vivo decrease in blood histamine, the paired data of homol

ogous PCA titers and yg histamine decreased/ml of blood were analyzed 

for statistical evidence of correlation. A correlation coefficient of 

0.06 was obtained demonstrating no interdependence. 

Blood basophil counts before and after anaphylactic challenge 

revealed marked reductions in all 24 rabbits. In every case there was a 

decrease of 80 to 100% with no significant difference between the means 

of the two groups for either the percent or absolute decrease in baso

phil counts (Table 9). The method of staining the basophils (see Chap

ter 2) is dependent upon intact granules within these cells; thus, it 

cannot differentiate between degranulation and actual removal of these 

cells from the circulation. 
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The number of circulating platelets also was decreased after 

antigen challenge; the percent reduction ranged from 4-40% of pre-

challenge values. Statistically similar decreases occurred in the ANA 

POS and ANA NEG groups both with respect to percent and absolute numbers 

(Table 9). To determine if the decrease in platelets was related to the 

decrease in total blood histamine, the paired data from the individual 

rabbits were analyzed for statistical correlation. The calculated cor

relation coefficient of 0.59 (p < 0.02) indicated interdependence of the 

two events. 

The above post-challenge data was obtained from blood samples 

taken at 1 hour after antigen administration. This was selected as an 

appropriate time for bleeding because at earlier times rabbits that had 

undergone anaphylactic reactions had almost no blood flow in the ear 

vein, from which the basophil and platelet samples were obtained. The 

data indicated that even though ANA POS and ANA NEG rabbits could not 

be distinguished statistically with regard to the monitored parameters, 

nevertheless several definitive IgE-induced changes were observed in 

these rabbits as a result of antigen administration. However, the data 

taken at 1 hour after the administration of antigen did not give any 

information as to when these circulatory changes first became apparent 

and may have masked more severe earlier changes or possible group dif

ferences. Thus, these experiments were repeated in another group of 

rabbits synthesizing only IgE to BSA, this time taking a pre-bleed and 

1-minute post-challenge bleed from a single insertion of a 19 gauge 

needle (no syringe) in the ear artery and then bleeding by cardiac punc

ture at 15, 30 and 60 minutes. In these experiments, every assay 
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performed at a particular time post-challenge was done on the same blood 

sample. However, values from ear artery bleeds at 0 and 1 minute were 

compared temporally to values from cardiac bleeds at the later times. 

This was deemed acceptable as it was found that counts for basophils and 

platelets from ear and cardiac bleeds in normal rabbits were the same 

from either source. Six nonimmune rabbits were used as controls in 

these experiments; they were given the same antigen challenge and bled 

in the same way as the experimental animals. Seven rabbits were in the 

ANA POS group and 7 in the ANA NEG group. The changes measured in baso

phils, platelets, total blood histamine, and leukocytes at the various 

times monitored are summarized in Table 10. There are relatively large 

confidence limits associated with many of these values, more so with the 

experimental groups than with the controls, indicating that the observed 

changes occurred in somewhat different time patterns and to somewhat 

different degrees from one rabbit to the next. Even so the group means 

showed significant differences between control and experiment rabbits 

at various points as described below. 

ANA POS rabbits lost all identifiable basophils within 1 minute 

following antigen administration (Table 10). ANA NEG rabbits also 

showed an extremely rapid loss of identifiable blood basophils following 

antigen challenge, with approximately 10% remaining at 1 minute and 0% 

remaining at 15 minutes. Basophils in control rabbits also decreased 

with time after antigen (approximately 50% remaining at 1 minute and 35% 

at 15 minutes), but the decrease was significantly different from the 

ANA POS and ANA NEG rabbits in that it was not nearly so rapid and baso

phils never disappeared entirely. In fact, the percent decrease in 



Table 10. Mean percent changes in blood elements and blood histamine following challenge with antigen 
on day 91. 

Assays 
Pre-Challenge 

Bleeds 

Post-Challenge Bleeds (.! of Pre-) 

Assays 
Pre-Challenge 

Bleeds 1 Min 15 Min 30 Min 60 Min 

Basophils (.#/mm^ blood) 

Ana Posa 274 ± 124 , 1 ± 1 0 0 0 

h }p>0.1d 

Ana Neg 184 ± 81 10 ± 10 2 + 5 0 0 
}p>0.6 }p<0.005 }p<0.005 

Control 210 ± 117 50 ± 50 33 + 19 25 + 17 14 + 17 

Platelets (xlO^/mm^ blood) 

Ana Pos 513 ± 59 72 ± 27 29 + 14 ND 74 + 15 
}p>0.05 }p>0.1 }p>0.05 }p>0.2 

Ana Neg 423 ± 101 81 ± 17 51 + 20 63 ± 26 60 + 22 
}p>U.6 }p>0.1 }p<0.01 }p>0.3 }p>0.3 

Control 464 ± 181 79 ± 20 86 + 14 75 + 14 71 + 8 

Total Blood 
Histamine (ug/ml blood) 

Ana Pos 1.94 ± 0.44 ND 32 + 12 ND 66 ± 13 
}p>0.6 }p>0.05 }p>0.8 

Ana Neg 2.06 ± 0.56 ND 48 + 20 ND 64 + 12 Ana Neg 
}p<0.02 }p<0.001 }p<0.025 

Control 1.28 ± 0.36 ND 96 + 12 ND 82 + 10 



Table 10; continued. 

Post-Challenge Bleeds (I of Pre-) 

Assays Bleeds 1 Min 15 Min 30 Min 60 Min 

Leukocytes (#/mm^ blood) 

Ana Pos 7500 ± 800 62 + 40 46 + 19 ND 71 ± 28 
}p>0.4 }p>0.8 }p>0.6 }p>0.1 

Ana Neg 8250 ± 1800 66 + 20 42 + 11 60 ± 29 51 ± 18 Ana Neg 
}p<0.02 }p>0.9 }p<0.01 }p>0.5 }p>0.7 

Control 6100 ± 1050 68 + 27 68 + 17 67 ± 7 48 ± 9 

Neutrophils (#/mm^ blood) 

Ana Pos 3350 ± 750 60 + 47 20 + 19 ND 

+1 t̂-

41 
}p>0.5 }p>0.6 

Ana Neg 4600 ± 2400 73 + 40 24 + 13 69 ± 51 28 ± 14 Ana Neg 
}p>0.8 }p<0.005 }p>0.3 }p>0.7 

Control 2300 ± 950 67 + 40 61 + 23 47 ± 20 31 ± 17 

a. Rabbits neonatally sensitized to BSA positive for systemic anaphylaxis when challenged with 50 mg 
BSA on day 91. 

b. Rabbits neonatally sensitized to BSA negative for systemic anaphylaxis when challenged with 50 mg 
BSA on day 91. 

c. Nonimmunized rabbits similarly challenged with 50 mg BSA at 3 months of age. 
d. p Value associated with student's t value for difference between two group means. 

ON 
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basophils in control rabbits was very similar to that of the neutrophils 

in these rabbits. The percent remaining neutrophil data for the ANA POS 

and ANA NEG rabbits have extremely wide confidence intervals for the 

mean values indicating that large fluctuations occurred from one rabbit 

to another at the times of the bleeds. However, changes in the neutro

phil counts in these rabbits were considered different from the basophil 

counts in the same rabbits as the neutrophils did not disappear entirely 

at any time much less remain undetectable for 1 hour post-challenge. 

The total leukocyte changes were similar in ANA POS and ANA NEG 

rabbits throughout, with both showing the greatest loss (approximately 

55%) at 15 minutes post-challenge (Table 10). Leukocyte counts in con

trol rabbits dropped at 1 minute by approximately 30% but then leveled 

off, resulting in a significant difference from both ANA POS and ANA 

NEG rabbits at 15 minutes (p < 0.01). 

The mean blood histamine content for ANA POS rabbits showed a 

significant decrease leaving only 32 ± 121 remaining at 15 minutes 

(Table 10). The ANA NEG rabbits were not significantly different from 

the ANA POS at this time (48 ± 201 remaining). These groups, however, 

were both significantly different from the control group in which the 

blood histamine remained at 96% of its original concentration at 15 

minutes. By 60 minutes, the blood histamine content had risen to 65% 

of its original histamine value in both ANA POS and ANA NEG rabbits. 

Blood histamine assays were not performed at 1 or 30 minutes post-

challenge. 

As shown in Table 10, platelet counts decreased in both ANA POS 

and ANA NEG rabbits by about 20% at 1 minute, but it was at the 15 
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minute bleed that these 2 groups showed the largest reductions (greater 

than 50%). By 60 minutes, platelets returned to within 70% of the pre-

challenge values. The mean percent platelets remaining for the ANA POS 

group was not statistically different from that of the ANA NEG group 

at any of the times monitored. However, these 2 groups were different 

from the control group at 15 minutes (p < 0.01). Thus, in rabbits posi

tive for basophil-bound anti-BSA IgE, a significant drop in platelets oc

curred by 15 minutes following challenge irrespective of anaphylactic 

sensitivity. The percent changes in blood histamine measured at 15 and 

60 minutes post-challenge corresponded with the percent changes in 

platelets at those same times. 

To examine the temporal relationship between platelet and hista

mine decreases, simultaneous measurements were made on blood samples 

taken at short intervals following antigen challenge of 2 HRP-sensitized 

rabbits. These blood samples were obtained from 20 gauge needle cathe

ters placed directly into the left ventricle of the restrained rabbit 

and maintained there for several minutes. The results obtained are 

shown in Figure 4; also given are the results from a control rabbit 

which was challenged with the same dose of HRP and treated similarly to 

determine if the catheterization of the left ventricle was inducing the 

changes observed. These data did not show a significant temporal sep

aration of the losses in histamine and platelets but histamine decrease 

was greater than the decrease in platelets. Seven other HRP-sensitized 

rabbits which were catheterized similarly (for other experiments not 

reported here) were bled for platelets and histamine at 5 and 15 minutes 

post-challenge. These rabbits had 36 ± 15% histamine remaining at 5 
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MINUTES AFTER ANTIGEN 

Figure 4. IgE-induced changes in platelets and histamine with time af
ter antigen challenge. 

Upper and Middle: Rabbits 1 and 2 were actively synthesizing anti-HRP 
IgE antibody at the time of intravenous challenge (0 minutes) with 1 mg 
HRP. Assays were performed on bleeds taken from cardiac catheter. 
Lower: Control (nonimmune) rabbit challenged with 1 mg HRP and bled as 
above. 
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minutes and 51 ± 15% at 15 minutes. Correspondingly, 36 ± 12% platelets 

remained at 5 minutes and 52 ± 25% at 15 minutes. These data indicate 

that at 5 and 15 minutes, platelet and histamine values showed markedly 

similar percent decreases with the largest decreases apparent at 5 min

utes (at least for HRP-sensitized rabbits) and that any early discrep

ancy between platelet and histamine losses (as in the 2 rabbits 

described above) was not apparent at 5 minutes post-challenge. 

IgE-Induced Changes in Blood Coagulation 

Blood samples taken prior to and 1 hour after anaphylactic 

challenge from 38 rabbits sensitized to BSA were assayed for whole blood 

clotting times in plastic tubes at 25°C. Of 21 ANA POS rabbits, 17 had 

significantly prolonged clotting times after challenge (> 150% of pre-

challenge values). Among 19 ANA NEG rabbits, 5 had prolonged clotting 

? 
times. Analysis by X indicated that these 2 groups were significantly 

different (X^ = 9.92; p < 0.005 ). None of 6 control rabbits challenged 

with BSA showed a prolonged whole blood clotting time (Table 11). Thus, 

prolonged clotting time in plastic was associated with systemic anaphy

laxis, although it occurred in sane rabbits that had no visible anaphy

lactic reaction and did not accompany anaphylaxis in every instance. 

Three possibilities were considered as possible causes of the 

prolonged clotting: presence of an anticoagulant, an abnormality in the 

activity of plasma clotting factors (either a decrease in concentration 

or the presence of an inhibitor), and/or impaired platelet function. If 

an anticoagulant was present in the rabbits with prolonged whole blood 



Table 11. IgE-induced changes in blood clotting following in vitro and in vivo antigen challenge. 

Pre-Challenge Post-Challenge 

% Clotting Time: % Clotting Time: 60 Min Post: 
Clotting Time with BSAft 30 sec post Incidence of 
(Minutes) with saline pre Prolongation 

ANA P0Sd 117 ± 26 71 ± 9 76 ± 28 17/21 

}p<0.02S }p>U.05 }p>0.4 }p<0.005" 
ANA NEC 142 ± 21 66 ± 14 67 ± 16 5/19 

f }p>0.05 }p<0.001 }p<0.02 
CONTROL1 175 ± 22 98 ± 9 102 ± 27 0/6 

a. Whole blood clotting time in plastic at 25°C. See Chapter 2 for details of the technique. 
b. 10 g BSA (0.01 ml) or 0.1 ml saline was placed in clotting tubes before the 1 ml of blood. 
c. Number of rabbits with prolonged clotting times at 60 minutes post-challenge (greater than 

1501 of pre-challenge value) number of rabbits in group. 
d. Rabbits neonatally sensitized to BSA and positive for systemic anaphylaxis on day 91. 
e. Rabbits neonatally sensitized to BSA and negative for systemic anaphylaxis on day 91. 
f. Nonimmunized rabbits similarly challenged with 50 mg BSA at 3 months of age. 
g. p Value associated with Student's t test for the difference between two means. 
h. p Value associated with Chi Square value calculated from data given. 
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clotting times, then mixing blood from these rabbits with an equal vol

ume of blood having a normal clotting time would not prevent the pro

longation. If the prolongation was due to some functional abnormality 

among the clotting factors, the addition of normal blood would correct 

the prolongation. The latter proved to be the case with these rabbits. 

Activated partial thromboplastin times (PTTs) were performed on 

plasma samples taken at 15, 30 and 60 minutes following antigen chal

lenge from the same rabbits tested for cell fluctuations as summarized 

in Table 11. Means of pre-challenge PTT values showed no differences 

between groups: ANA POS = 17.4 ± 0.9 seconds, ANA NEG = 18.6 ± 1.3 sec

onds and control rabbits = 18.6 ± 1.3 seconds. The mean percent at 15 

minutes post-challenge was found to be prolonged among the ANA POS rab

bits, even more so than among the ANA NEG rabbits (p < 0.02). From Figure 

5 it can be seen that in addition, both groups had significantly pro

longed PTTs as compared to controls at the 15-minute bleeds. Of 10 rab

bits with prolonged whole blood clotting times at 60 minutes 

post-challenge that were also assayed for PTT at 15 and 60 minutes, all 

10 were found to have prolonged PTTs at 15 minutes (> 150% of pre-

challenge value) but only 6 of 10 remained prolonged in PTT at 6 minutes. 

Experiments with regard to platelet function were performed by 

Dr. Peter Henson (1973) while visiting our laboratory and are summarized 

in Chapter 6. They indicated that changes in platelet function occurred 

following antigen challenge, although the platelet's role specifically 

in clotting was not assessed. 

Since blood samples taken at 30 and 60 minutes post-challenge 

demonstrated a hypocoagulable state in the blood of ANA POS rabbits, 
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Figure 5. IgE-induced changes in PTT with time after antigen challenge. 

o = Mean values for ANA POS rabbits. A = Mean values for ANA NEG rab
bits. = Mean values for nonimmune rabbits. 



earlier bleeds were examined to determine whether a transient hyperco-

agulable state could be detected immediately after antigen administra

tion. Blood samples from BSA-sensitized and control rabbits were 

examined for whole blood clotting time 30 seconds following challenge. 

Both the 30-second bleed and the pre-challenge bleed were taken from 

the ear artery. The clotting times were significantly shortened in 

both ANA POS and ANA NEG rabbits but not in control rabbits (Table 11). 

Fibrinogen levels were examined in both pre- and 60 minutes 

post-challenge plasma samples. Five ANA POS rabbits and 5 ANA NEG rab

bits demonstrated similar though small decreases in fibrinogen levels 

following antigen challenge (Table 12). One other ANA POS rabbit was 

bled at 9, 30 and 80 minutes after antigen. Fibrinogen levels on these 

bleeds indicated that no initial sharp drop occurred but the level grad

ually decreased with time: 83% remained at 9 minutes, 72% at 30 minutes 

and 601 at 80 minutes. 

To determine if the effect(s) on clotting in the sensitized rab

bit occurred as a direct result of the interaction of antigen with 

blood, 1 ml blood samples from BSA-sensitized rabbits prior to challenge 

were measured for clotting time in the presence of 10 yg BSA (in 0.01 

ml) and compared with 1 ml samples added to 0.01 ml saline. Blood in 

both ANA POS and ANA NEG rabbits clotted faster in tubes containing BSA 

than in those with saline, with no statistical difference between the 

2 groups. See Table 11. Blood from control rabbits did not clot faster 

in the presence of BSA. A correlation coefficient calculated from the 

paired data of percent in vitro histamine release in the LDHR reaction 



Table : 

Rabbit 

ANA PO: 
1 
2 
3 
4 
5 

ANA NB 
1 
2 
3 
4 
5 

105 

Determination of plasma fibrinogen concentration before and 
after antigen challenge. 

Fibrinogen Concentration (mg/100 ml plasma) 

60 minutes % 
Before Challenge Post-Challenge Post/Pre 

302 270 89% 
336 276 82% 
239 208 87% 
198 166 84% 
146 125 86% 

347 306 80% 
222 173 78% 
226 177 78% 
252 224 89% 
271 229 85% 
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and the in vitro percent BSA/saline clotting times is 0.74 (p<0.01) 

indicating that these 2 parameters vary interdependently. It was also 

found that blood from a normal rabbit clotted faster in the presence of 

10A goat anti-rabbit IgE serum but clotted at the normal rate when nor

mal goat serum was added. Normal rabbit blood also clotted faster (40% 

of normal time) when 100X of a preparation of platelet activating factor 

(PAF) was added as compared to a saline control. To determine if the 

effect of antigen on in vitro clotting required blood cells or only 

plasma constituents, plasma recalcification times were run on pre-

challenge samples in the presence and absence of BSA and were found to 

be the same with or without antigen. 

In order to determine if the intravascular changes in cells, 

histamine, and the clotting mechanism that were observed correlated with 

one another, the values for these changes in 22 BSA-sensitized rabbits 

were analyzed for statistical evidence of correlation: percent histamine 

remaining at 15 minutes post-challenge was compared to percent basophils 

remaining at 1 minute (since all values were 0 at 15 minutes), percent 

platelets remaining at 15 minutes, percent PTT at 15 minutes and percent 

post/pre-challenge clotting time at 60 minutes. The values for these as

says for each individual rabbit are given in Table 13; the rabbits are 

ranked according to the value for percent histamine remaining at 15 min

utes, regardless of the initial immunization. The rabbits include those 

used for ANA POS and ANA NEG comparisons of Table 9 as well as those 

given 20 mg BSA at birth. Rabbits with different initial immunizations 

were included in order to determine if a correlation existed regardless 

of initial immunization. Two in vitro assays were also compared to 



Table 13. Individual percent changes for IgE-induced in vivo and in vitro blood alterations in 
BSA-sensitized rabbits. 

CD (2) (.3) (4) CS) (6) (7) (S) 
% % % % % Clotting \ Clotting % Clotting 

Treatment Histamine Basophils Platelets PTT Time lime with BSA 
Day 0 ANAa 15'/preb 1'/pre 15'/pre 15'/pre 30"/pre 60'/pre with saline LDHR 

1. BSA-20C 11 0 17 202 29 >600 ND 63 
2. BSA-ld + 20 0 14 209 30 >6U0 50 59 
3. BSA-1 - 21 0 21 171 33 >6U0 67 64 
4. ABSA-le + 21 0 16 162 56 200 75 61 
5. ABSA-1 + 22 2 30 205 57 130 72 72 
6. BSA-1 + 26 0 10 218 77 >600 77 53 
7. ABSA-1 - 26 5 60 116 38 ND 62 51 
8. BSA-20 - 30 ND 54 191 44 160 71 69 
9. BSA-20 - 32 7 28 183 50 330 ND 59 
10. ABSA-1 + 37 3 34 126 100 240 71 55 
11. BSA-1 - 39 5 36 121 77 160 69 61 
12. BSA-1 + 40 ND 51 136 115 50 69 59 
13. BSA-1 - 50 0 65 140 62 150 62 51 
14. ABSA-1 + 55 2 47 120 100 50 81 38 
15. BSA-1 - 56 23 83 103 78 80 78 56 
16. BSA-20 - 64 91 56 104 105 60 ND 7 
17. BSA-20 - 69 55 85 ND 127 100 100 29 
18. ABSA-1 - 73 40 59 9b 59 50 47 62 
19. ABSA-1 - 74 14 54 125 88 ND 35 79 
20. BSA-20 - 80 45 78 103 133 ND 100 . 9 
21. BSA-1 - 84 14 123 98 100 ND 82 14 
22. BSA-20 - 93 88 84 101 79 60 86 7 

Correlation r=0.70f r=0.87 r=0.86 r=0.66 r=0.20 r=0.67 
with Column (1) p<0.01 p<0.01 p<0.01 p<0.01 p>0.05 p<0.01 



Table 13; continued. 

a. ANA. = systemic anaphylaxis (judged as positive or negative). 
b. The rabbits of this table are ranked according to their individual values from lowest to highest 

in this column (.1 histamine remaining at 15 min post-challenge J. 
c. BSA-20 = rabbits which received 20 mg soluble BSA on day 0. All other injections as in Table 1. 
d. BSA-1 = rabbits which received 1 mg soluble BSA on day 0. All other injections as in Table 1. 
e. ABSA-1 = a rabbit which recieved 1 mg alum-precipitated BSA on day 0. All other injections as in 

Table 1. 
f. r = Pearson's correlation coefficient. 
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percent histamine remaining at 15 minutes: the LDHR values and the per

cent clotting time with BSA/clotting time with saline. 

The in vivo parameters of percent basophils remaining, percent 

platelets remaining and percent changes in PIT and in clotting time all 

showed significant correlation with percent histamine remaining as il

lustrated in Table 13. The LDHR values also correlated with percent 

histamine remaining hi vivo, which indicated that in vitro and in vivo 

activities of anti-BSA IgE were similar in degree (although 2 of the 22 

rabbits—rabbits 18 and 19 in Table 13--strongly violated this correla

tion: pre-challenge blood samples yielded high IgE-induced histamine 

release in vitro by LDHR but only 25% of the blood histamine was lost 

at 15 minutes following challenge). Percent histamine remaining did not 

correlate with the in vitro assay of percent change in clotting time 

upon addition of BSA (r = 0.20, p> .05). However, in vitro LDHR values 

did correlate with this iji vitro clotting alteration (r = 0.74; p < 

0.01). Thus some discrepancy exists between in vivo and iji vitro activ

ities of specific IgE antibody. 



CHAPTER 6 

DISCUSSION 

This section, is designed to interweave the data from Chapters 

3, 4 and 5 with pertinent literature so as to present a synopsis of the 

synthesis and the in vivo activity of rabbit IgE antibody and the rela

tionship of both to IgE-induced systemic anaphylaxis in the rabbit. 

Exclusive Production of IgE Antibody and 
the Development of Anaphylactic Sensitivity 

The results of the experiments described in Chapter 3 demon

strated that if rabbits were injected with 1 mg soluble BSA within 24 

hours of birth and then maintained on intermittent doses of BSA, they 

did not produce detectable IgG, IgM or IgA antibody to BSA at any time 

throughout the test period of 3 months (in approximately 90% of the 

cases). Smith and Bridges (1958) obtained similar results with BSA in 

experiments in which they examined serum antibody detectable by the 

precipitin technique. They concluded that such neonatal administration 

of antigen induced immunological unresponsiveness (tolerance) to that 

antigen in the rabbit. However, the rabbits of Chapter 3 and possibly 

those of Smith and Bridges cannot be considered totally unresponsive to 

BSA because in approximately 30% of the rabbits, free serum anti-BSA IgE 

could be detected and, in greater than 90% of the rabbits, it was possi

ble to detect basophil-bound anti-BSA IgE by the LUHR technique (Group 

1, Table 1). Thus, such a conclusion of total unresponsiveness when 

110 



Ill 

drawn from serum precipitin measurements is incorrect. Instead, the 

experiments in Chapter 3 demonstrated that administration of antigen to 

the newborn rabbit elicited IgE antibody production while it induced 

selective unresponsiveness with respect to IgG, IgA and IgM antibodies. 

One explanation for this selective response with respect to 

antibody class in the neonatally immunized rabbit is the possibility 

that different cells regulate the production of the various classes of 

antibody and each type of regulator cell differs with respect to its 

stage of maturity in the newborn animal. The possibility of different 

regulator cells for different antibody classes is not without experimen

tal support. Through in vitro studies of antibody production from lymph 

node cells taken from immunized rabbits, K. Ishizaka and Kishimoto (1972) 

found that the length of time that immunological memory was operative 

differed for IgG and IgE antibody production. In addition, anti-y chain 

antibody inhibited both IgG and IgM production in vitro following expo

sure to antigen but had no effect on IgE production in the same lymph 

node cultures. These workers suggested that immunologic memory for 

different classes of antibody may reside in different cells. Also, 

Taniguchi and Tada (1971), while studying the in vivo regulation of rat 

IgE antibody, found that several inrnuno-suppressive agents could either 

enhance or suppress the specific IgE response to antigen depending on 

the temporal relationship of the treatment to the initial immunization. 

However, the enhancing or suppressing effect of the treatment on serum 

levels of specific IgE did not correlate with the effect on serum con

centrations of either IgM or IgG. Thus, from these experiments also it 
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appeared that the mechanism of regulation of IgE production differed 

from that of the other classes of antibody. 

The development of experimental models to mimic the long-teim 

synthesis of IgE antibody associated with immediate hypersensitivity 

states in humans have been reported only in a few instances. In many 

experiments with adult animals of various species, synthesis of IgE was 

observed only as a transient primary response (for example, Mota, 1964; 

Zvaifler and Becker, 1966; Tada and Okumura, 1971). It is usually de

tectable very soon after antigen administration and was found by Revol-

tella and Ovary (1969) to be present in rabbits even before the 

detection of other classes. Secondary IgE responses which have been 

reported include one study in mice (Levine and Vaz, 1970) in which small 

amounts of alum-precipitated BPO-BGG (benzylpenicillinoyl-bovine gamma 

globulin) was used as antigen, and several in rabbits: Pinckard and 

Halonen (1971) with BSA given in conjunction with C. parvum; Spitzer et 

al. (1973) using ragweed antigen E and horseradish peroxidase (both 

alum-precipitated); and very recently, Kravis and Zvaifler (1974) who 

obtained relatively high titers of IgE with very small intermittent 

doses of alum-precipitated ovalbumin or bovine gamma globulin. However, 

none of these experiments in adult animals match the ease with which IgE 

was elicited even without the use of adjuvant in 301 of the rabbits 

(Tables 1 and 3); and no adult animals have been made to synthesize 

only IgE antibody to an antigen. If the neonatally immunized rabbits 

were treated with adjuvant in the initial BSA immunization, a somewhat 

greater incidence (approximately 50%) of rabbits producing detectable 

levels of anti-BSA IgE was found and greater than 90% of the rabbits had 
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basophil-bound IgE. Synthesis of anti-BSA IgE was long term (.see Table 

1) and unresponsiveness with respect to other classes of antibody was 

maintained. 

The possibility was examined that instead of preferential IgE 

production to BSA in these rabbits, antibodies of all classes were being 

made to a minor contaminant of the BSA and only the IgE was being de

tected. This possibility had to be examined because antibodies to such 

a contaminant would go undetected in the Farr technique, since 3-5% non

specific binding of antigen is inherent in the method and the contami

nant would only be present in the antigen preparation as 1% or less. 

However, since a large excess of antigen is used in the homologous PCA 

technique, the IgE antibody to such a contaminant could give a positive 

result. The possibility of such antibodies to a contaminant being pres

ent was ruled out with two experiments. No positive homologous PCA re

actions could be obtained using 20 mg bovine gamma globulin as antigen 

(one likely contaminant of BSA). These results indicated that no IgE 

was produced to BGG. Also, to check on the presence of antibodies other 

than IgE directed to a contaminant, pools of 91-day anti-BSA IgE sera 

were assayed for heterologous PCA activity and found to be incapable of 

inducing cutaneous bluing in the skin of the guinea pig when either Cohn 

Fraction V BSA (less pure than the source of the immunizing antigen) or 

sterile calf serum (another source of likely contaminants of BSA) was 

used as the challenging antigen. 

It can be noted that although the general nature of the immune 

response obtained in these rabbits was the same as that obtained in a 

previous study in our laboratory (Pinckard et al., 1972), the incidences 
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of rabbits with free serun anti-BSA IgE differed somewhat in the 2 

studies. In the previous publication, the incidence of homologous PCA 

positive sera among rabbits receiving soluble BSA was somewhat lower 

(1/10) on day 28 than that of the present study (6/23), although similar 

values for 91-day sera were obtained (3/9 in the former and 5/20 in the 

present study). Among adjuvant-treated rabbits, the incidences of PCA-

positive sera previously reported were 16/18 on day 28 and 17/18 on day 

91, which are considerably higher than those of this study (17/33 and 

15/30 respectively). These differences between the 2 studies emphasize 

the problem of controlling variables in such complex responses; and they 

point out the need for establishing that the experimental conditions 

were identical before attempting to compare results from 2 studies. In 

each study, one must divide each litter into control and experimental 

animals to minimize genetic variations; use the same stocks of antigen 

and adjuvant for all animals of the same experiment; use a large sample 

size; and include within the same experiment litters born over a rela

tively wide time interval so as to neutralize seasonal variation from 

one experiment to the next. All of these controls were maintained in

ternally in both the studies described herein and the previously re

ported study (Pinckard et al., 1972). However, crystalline BSA was 

used in this study as opposed to Cohn Fraction V BSA in the previous 

one, and different lots of alum and different preparations of C. parvum 

were used. The other possible difference is that only 5 litters were 

used in the previous study, whereas the present one included 13. 

In previous experiments performed in this laboratory (Pinckard 

et al., 1972), it was found that rabbits injected with soluble BSA at 7 
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days of age had an inmune response similar to the rabbits treated with 

BSA and adjuvant (either aluminum hydroxide gel or C. parvum) on day 0, 

i.e., the rabbits produced only IgE upon subsequent exposure to BSA. 

If at 7 days of age the rabbits were given BSA and either of those same 

adjuvants, they responded to BSA with all classes of antibody as did the 

adult immunized rabbit. Thus, it appeared that IgE was the most easily 

induced class of antibody in the neonate and that some maturation pro

cess occurred between the first and seventh day of life to allow the 

initiation of an immune response which eventually included all classes 

of antibody. However, the nature of the immune response varied with the 

antigen: horseradish peroxidase administered with aluminum hydroxide 

gel to the neonatal rabbit initiated the subsequent production of all 

classes of antibody in 9 of 13 rabbits (see Table 4). Perhaps the "pro

cessing" of BSA required to initiate the immune response differs from 

that for HRP. Nevertheless the two antigens administered in soluble 

form induced similar responses: when soluble HRP was administered to the 

neonatal rabbit, a process was initiated by which only IgE was produced 

in response to HRP in 22 of 27 rabbits (Table 4). 

In studies regarding the neonatal administration of BSA, Martin 

(1966) implicated the macrophage as the immature factor of the neonatal 

immune response by demonstrating that "precipitating antibody," pre

sumably IgG, could be obtained in neonatal rabbits if one administered 

both alum-precipitated BSA and live adult peritoneal exudate cells. 

However, if this experiment was performed with soluble BSA (without ad

juvant), the peritoneal exudate cells (which were 85-90% macrophages) 

did not restore the immune response to that of the adult (Table 3). In 
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fact, the administration of live PEC with soluble BSA only slightly in

creased the incidence of serum IgE activity. Unresponsiveness with re

spect to other classes was maintained. 

Even though the administration of adjuvant or live PEC did not 

demonstrate dramatic effects upon the antibody response to BSA, they had 

a marked effect on the development of systemic anaphylactic sensitivity 

(Table 7). Those rabbits given live PEC, aluminum hydroxide gel or 

C. parvum in conjunction with BSA on the first day of life had a signif

icantly higher incidence of systemic anaphylaxis (approximately 50%) 

when challenged intravenously with antigen on day 91 than did the groups 

given soluble BSA alone or dead PEC with BSA (approximately 15% inci

dence of anaphylaxis). Since all immunizations after the initial one 

were the same for all rabbits in these experiments, both the induction 

of specific IgE and the subsequent development of systemic anaphylactic 

sensitivity were established within the first 7 days of life. 

In adult animals, if a protein antigen is administered in suf

ficiently high doses, a state of immunological unresponsiveness (toler

ance) to that antigen can be obtained (reviewed by Smith, 1961 and 

Weigle, 1973). Whether such a state of high dose tolerance (which would 

include tolerance to IgE antibody) could be obtained in neonatal rabbits 

was tested by giving 7 rabbits 20 mg BSA on the first day of life. The 

results showed that high dose tolerance was obtained in 3 of the 7 rab

bits throughout the 91-day experiment even with respect to basophil-

bound BSA IgE as detected by LDHR, indicating that it was possible to 

obtain total tolerance to BSA in the neonatally immunized rabbit which 

encompassed the IgE class. The other 4 rabbits did not demonstrate 
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total tolerance nor respond like low-dose immunized rabbits. Instead, 

they maintained a state of tolerance through day 28 even with respect to 

LDHR. By day 91 they were producing an "adult" type of response includ

ing all classes of antibody to BSA. None of the 7 underwent systemic 

anaphylactic reactions when challenged at day 91. It seems, in the lat

ter 4 rabbits, tolerance was broken between 28 and 91 days, at which 

time they responded to antigen as would an adult rabbit exposed to the 

antigen for the first time. These results point out a need for a more 

complete dose response study in the neonatally immunized rabbit to de

termine the spectrum of effects of antigen dose on classes of antibody 

elicited. Perhaps either a greater initial dose or more frequent booster 

immunization of the 4 high-dose rabbits which broke tolerance would have 

maintained the unresponsive state throughout the 91-day experiment. 

The exclusive production of IgE antibody in response to antigen 

in the neonatally immunized rabbit was not restricted to BSA as the an

tigen. If soluble horseradish peroxidase (without adjuvant) was substi

tuted for BSA in these experiments and the same booster schedule 

maintained as for BSA, 1001 of the rabbits responded with detectable 

free serum anti-HRP IgE, 77% of which had no other classes of detectable 

anti-HRP antibody present in the serum (Table 4). Every rabbit was pos

itive for systemic anaphylaxis when challenged on day 91 (Table 7). The 

reasons for either the stronger inmunogenicity of HRP or its greater 

capacity to induce systemic anaphylactic sensitivity are not known. 

Intraperitoneal injection of ragweed antigen E also led to exclusive 

synthesis of IgE and to the development of anaphylactic sensitivity in 

experiments performed in the laboratory of Cusanovich (1972). 
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Anaphylactic sensitivity demonstrated an ontological develop

ment in these studies. Rabbits preferentially synthesizing IgE antibody 

to HRP did not exhibit systemic anaphylactic reactions if challenged 

with antigen at 28 days of age, although the same rabbits were positive 

for systemic anaphylaxis at the 91-day challenge. Similar results had 

previously been obtained with BSA-sensitized rabbits (cited in Meng et 

al., 1973) in this laboratory. Hargis and Malkiel (.1970) injected neo

natal mice with horse serum and 6 weeks later provoked anaphylaxis upon 

intravenous challenge with horse serum. However, they could not provoke 

anaphylactic reactions in very young mice. Nor could Jones and Ogilvie 

(.1967) induce passive systemic anaphylaxis in rats less than 4 weeks 

old. These data are in agreement with experiments performed by Meng et 

al. (1973) in which it was shown that rabbits exhibited an ontological 

development with respect to their capacity to respond to the mediators 

released in homologous PCA. reactions. In these experiments, homologous 

PCA reactions were not obtained in 14-day-old rabbits, and titers of 

serum IgE did not match those of the adult before the sixth week of 

life. It should be mentioned that Coates and O'Donoghue (1967) observed 

systemic reactions apparently of an anaphylactic nature among germ-free 

rabbit as early as 1 week of age. The reactions were reported to be 

associated with degranulation of "mast leukocytes," presumably blood 

basophils. These rabbits were fed sterile cows' milk from birth, and 

the authors attributed the fatal systemic reactions to a response to 

antigenic materials in the milk. No antibody assays were performed, 

however. Similar reactions did not occur among the conventionally 

reared controls which were also fed the same milk. 
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Activity of Free Serum IgE 

IgE antibody is known to be present in the circulation in 2 

forms: free in the plasma and bound to the surface of blood basophils. 

The total concentration of free serum IgE is very small (30 ng/ml in 

human serum according to Johansson, 1968) and, primarily for this rea

son, was only recently identified as being a unique class of antibody 

(K. Ishizaka, Ishizaka and Hornbrook, 1966). Free serum IgE antibody, 

although it is potentially capable of binding to tissue mast cells and 

blood basophils, has no known function in the free form. In fact, the 

studies in Chapter 4 indicated that anti-BSA antibody of the IgE class 

may not even bind BSA when it exists in the free form in the serum: 

(1) serum homologous PCA titers for anti-BSA antibody were the same in 

samples taken immediately before and 1 hour after intravenous challenge 

with 50 mg BSA; (2) antigen elimination occurred at the same rate in 

rabbits which had anti-BSA IgE in their sera as in rabbits with no serum 

antibody directed toward BSA; (3) homologous PCA titers of supernatant 

125 
fluids did not change following the addition (in vitro) of I -BSA and 

anti-BSA IgG to IgE-containing serum even though the IgG precipitated 

121; 
the I -BSA to a significant degree (Table 5); and (4) homologous PCA 

titers did not change in serum samples obtained at intervals from a rab

bit actively synthesizing anti-BSA IgE following the intravenous injec

tion of I^^-BSA and anti-BSA IgG (Table 6). 

The experimental evidence indicates that IgE as a free molecule 

does not bind antigen, but when injected into the skin and first bound 

to mast cells it then will bind antigen. Two possible explanations are 

suggested. Perhaps free IgE molecules have a conformation which 
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sterically hinders antigen binding and which changes as a result of 

binding to the mast cell. One other possibility is that the IgE is 

bound to some small haptenic group derived from an in vivo fragmentation 

of the BSA molecule. Both T. Ishizaka, Campbell and Ishizaka (1960) and 

Webb and Lapresle (1961) have reported antibodies directed against frag

ments of HSA and BSA molecules in rabbits immunized with these antigens. 

Both of these possibilities might seem contradictory to reports of in 

vitro techniques for measuring the ability of serum IgE to bind antigen 

(K. Ishizaka, Ishizaka and Hornbrook, 1966; Wide, Bennich and Johannson, 

1967; Zeiss et al., 1973 ). However, all the techniques cited involve 

binding of the Fc portion of the molecule with anti-IgE. Thus the bind

ing of anti-IgE to the IgE molecule could conceivably alter the IgE 

molecule in such a way as to facilitate the subsequent binding of anti

gen. Such an alteration could involve either inducing a conformational 

change in the molecule to make the binding site accessible to the anti

gen or inducing the release of a bound fragment of the antigen molecule. 

The two possible explanations of the data described would also be con

tradictory to the report by K. Ishizaka and Ishizaka (1968b) in which 

antigen-IgE complexes were formed in vitro using human IgE. However, in 

the latter experiments, extensive purification procedures were performed 

in order to obtain a pure IgE preparation (including an ammonium sulfate 

precipitation step) which could have altered the IgE molecule in one of 

the ways suggested above. 

For lack of any data to the contrary, free IgE is considered to 

be a "spill-over" of IgE which is synthesized in the tissues and has not 

become bound to blood basophils or mast cells. The data from 
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simultaneous assays of bound and free anti-BSA IgE activity in the blood 

which determined the temporal appearance of these two forms in the cir

culation of the perinatal rabbit agreed with that view: 91% of the rab

bits became positive for basophil-bound IgE (measured by LDHR) either 

prior to or within the same week as they were found to have free serum 

anti-BSA IgE (measured by homologous PCA). 

Conversion of Free IgE to Bound IgE 

When free serum IgE is injected into the skin of a normal rab

bit, it binds to mast cells and upon later interaction with antigen it 

induces the release from the mast cells of mediators capable of inducing 

an increase in capillary permeability. The demonstration of the in

creased capillary permeability is the basis of the homologous PCA assay. 

To optimally measure anti-BSA IgE in rabbits of this study, a sensitiza

tion period of 48 hours between the time of antibody and antigen injec

tions was required (Figure 3). This time interval was somewhat shorter 

than 70-84 hour sensitization period reported by Zvaifler and Becker 

(1966) but it was the same as that reported by Revoltella and Ovary 

(1969). The reason for this long sensitization period (48 hoursj is not 

known. It is difficult to imagine that such a length of time is re

quired for IgE to encounter and bind to the mast cell. It is not time 

needed for induction of synthesis of some substance(s) required in the 

release reaction, because mast cells normally carry IgE of other speci

ficities on their surfaces and are capable of responding immediately to 

a local injection of anti-IgE (K. Ishizaka, Ishizaka and Hornbrook, 

1970). It is not a time required for competing anti-BSA antibodies of 
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other classes to diffuse out of the area, as no such antibodies are 

present in the sera of these rabbits. The time may be necessary to es

tablish an optimal distribution of IgE on the surface of the cell. (The 

release reaction is thought to be initiated by one molecule of antigen 

bridging two molecules of cell-bound IgE; see Levine and Fellner, 1965; 

Levine and Redmond, 1968.) Alternatively, perhaps sane process is in

duced by the initial binding of antibody to the mast cell that is needed 

to stabilize the cell-antibody bond in order to allow the release reac

tion to occur upon exposure to antigen. Basophils also seem to require 

a similar period for iji vivo passive sensitization with IgE antibody 

(Benveniste et al., 1972; Meng et al., 1973). 

Further experiments were performed in pursuing the nature of the 

homologous PCA reaction with regard to the sensitization period. If an

tigen was injected within 24 hours after the intradermal injection of 

antibody, no bluing occurred (Figure 3A). Neither did bluing occur 

spontaneously later at a time corresponding to the optimal sensitiza

tion time, even though an amount of antigen sufficient to initiate the 

reaction still remained in the circulation at that time. (As previously 

described in Chapter 4, the half-life of BSA in a nonimmune rabbit is 

approximately 4-5 days.) A second intravenous injection of antigen 

given at the optimal sensitization time did elicit the bluing reaction. 

The explanation for this phenomenon was not elucidated. The possibility 

that the antigen which remained in the circulation had been altered in 

some way and was not capable of inducing the reaction was ruled out: 

if BSA-containing serum was used as antigen in another homologous PCA 

rabbit, increased capillary permeability was induced at the local site. 
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Perhaps antigen, though it is present in the circulation is rapidly re

moved or degraded in the extravascular fluid of the skin; but another 

intravenous dose which could get to the local skin site at a greater 

rate during its initial equilibration phase could overcome the pre

existing equilibrium of diffusion and breakdown or removal. If this 

could occur even for a very short time interval, it could be sufficient 

to induce the release of mediators. Whatever the mechanism, such a phe

nomenon is likely responsible for the fact that mast cells in the BSA-

sensitized rabbits were not in a continually degranulated state but were 

ready to undergo release upon intravenous challenge with antigen even 

though antigen was likely present within the rabbit as a result of the 

many intraperitoneal injections during the course of the immunization 

schedule. 

Relationship of Free Serum IgE 
to Systemic Anaphylaxis 

By utilizing chi square analysis on the data in Table 8, it 

can be demonstrated that the presence of free serum anti-BSA IgE anti

body as detected by homologous PCA was associated with the development 

of systemic anaphylaxis (p < 0.0005). Similarly, the rabbits of Table 

1 whose sera were positive for anti-BSA homologous PCA activity were 

most often the same rabbits who developed systemic anaphylactic sensi

tivity (p < 0.0005). However, closer analysis of the data confirms and 

extends the observation of Pinckard et ajL (1972) that the titer of 

serum anti-BSA IgE does not vary directly with either the incidence or 

the severity of systemic anaphylaxis. The data given in Table 8 serves 

as a good example. First, in Group 1 which received live PEC and BSA, 
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ANA POS rabbits (both mild and severe) were distributed over the entire 

range of homologous PCA titers with approximately the same frequency of 

anaphylaxis at any given PCA titer. Second, although the range and dis

tribution of homologous PCA titers were the same for all three groups, 

the incidence of systemic anaphylaxis was markedly decreased in Group 2 

(which received dead PEC) and Group 3 (which received soluble BSA 

alone). Third, no minimal homologous PCA titer was associated with the 

occurrence of systemic anaphylaxis. Seven of the 36 rabbits that de

veloped systemic anaphylaxis did not have detectable anti-BSA homologous 

PCA activity in their sera immediately before anaphylactic challenge. 

(As has been discussed, the lack of detectable serum homologous PCA 

activity does not indicate that these rabbits were not producing anti-

BSA IgE antibody.) Thus, although the statistical association is strong 

between the presence of serum IgE and the development of systemic ana

phylaxis, the presence of one is not necessarily required for the pres

ence of the other. Indeed, the previously discussed finding that the 

serum IgE titer did not change during the course of the anaphylactic 

reaction suggested that serum IgE played little part in the reaction. 

The association may indicate that the induction of IgE synthesis and 

the development of anaphylactic sensitivity were initiated by the same 

factor(s). However, the discrepancies as given above indicate that spe

cific serum IgE levels and anaphylactic sensitivity are each indepen

dently controlled. 

Correlation of serum IgE levels with allergic manifestations in 

humans is of a similar nature. Although Johansson (1967) and Hogarth-

Scott et al. (1971) have reported that total serum IgE levels are 
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statistically higher among asthmatic vs. normal humans, neither P-K 

titers against the antigen to which the individual is allergic nor the 

minimum effective dose of anti-IgE needed to induce a P-K reaction in 

the allergic individual correlate with allergic manifestations (Newcomb 

and Ishizaka, 1969). 

Intravascular Histamine Release 
Induced by Basophil-Bound IgE 

The anti-BSA IgE antibody bound to blood basophils in the neo-

natally immunized rabbits described herein was demonstrated to have the 

major activity established by in vitro studies for this class of rabbit 

antibodies, i.e., the release of histamine from the basophil and the 

platelet in the LDHR reaction. It is in its cell-bound form that IgE is 

considered to be deleterious to the host by inducing the in vivo release 

of histamine, serotonin, SRS-A, and probably other substances resulting 

in a variety of reactions from local hay fever or skin urticaria to sys

temic anaphylaxis. As reviewed in Chapter 1, there is evidence that 

these substances are released from tissues actively or passively sensi

tized with IgE following exposure to antigen in vitro. However, it has 

not been possible in previous experimental systems to clearly differen

tiate the ill vivo activities of IgE antibody from those of the other 

classes of antibody which are directed against the same antigen and are 

inevitably present. Thus, it is only in a system in which IgE is the 

only antibody class produced to an antigen that physiological differ

ences which occur following antigen-IgE interaction in vivo can be 

attributed to this class of antibody. 
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The experiments documenting the iii vitro activity of basophil-

bound IgE in rabbits are reviewed in Chapter 1. To summarize the find

ings, the interaction of antigen with IgE bound to blood basophils 

induces the release of histamine from and the degranulation of the baso

phils. Simultaneously, platelet-activating factor (PAF) is released 

which in turn induces the release of histamine and serotonin from and 

the aggregation of the platelets. The studies described in Chapter 5 

showed that these activities attributed to rabbit IgE definitely had 

in vivo counterparts, although the mechanisms may not be exactly the 

same. In rabbits that were actively synthesizing anti-BSA IgE antibody, 

blood basophils disappeared from the circulation within one minute of an 

intravenous challenge of 50 mg BSA (Table 10). Because the toluidine 

blue staining technique used to count blood basophils is dependent upon 

intact granules in these cells, it is not known if the cells degranu-

lated or were removed from the systemic circulation or both. In any 

case, the loss was specific for the basophils, for neither the total 

leukocytes nor the neutrophils considered alone demonstrated decreases 

at the same rate, to a similar degree or for the same length of time. 

And the decrease was specific for IgE-coated basophils, as the loss of 

basophils in nonimmune rabbits similarly challenged and bled was signif

icantly smaller and was in the same proportion as the loss of neutro

phils. Rorsman (1962) reported a similar disappearance of basophils 

from the blood of guinea pigs sensitized to BSA following systemic ana

phylaxis using BSA as antigen. He also noted a decrease in neutrophils 

during systemic anaphylaxis but to a lesser extent than the decrease in 

basophils. 
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A 30% decrease was observed in total leukocyte counts following 

intravenous challenge with BSA among the control rabbits. However, ANA 

FOS and ANA. NEG rabbits demonstrated approximately 60% depletions of 

circulating leukocytes, a decrease significantly greater than the con

trols , by 15 minutes after antigen challenge. The observed decrease 

among the control rabbits was similar to a nonspecific decrease in leu

kocytes of 15-30% reported by Kaplan (1962) in rabbits held in an ex

cited (restrained) state. 

Decreased total blood histamine values in BSA-sensitized rabbits 

were observed at 5, 15 and 60 minutes after antigen challenge. Among 

BSA-sensitized rabbits, decreases at 15 minutes were larger than at 60 

minutes; and for the HRP-sensitized rabbits, decreases were greater at 5 

than at 15 minutes (Table 10 and text Chapter 5). Since 80% of the 

blood histamine of the rabbit is in the platelets (Greaves and Mongar, 

1968), counts of blood platelets were also determined following antigen 

challenge. The percent losses in platelets that were observed were 

similar to the percent losses observed for blood histamine values in all 

3 groups of rabbits (Table 10). The experiments did not distinguish be

tween a loss of histamine due to release from the cells (the assay mea

sured blood cell not plasma histamine) and a loss due to removal of 

platelets from the central circulation. Other investigators have re

ported that rabbit blood cells and platelets released histamine into the 

plasma during systemic anaphylaxis (for example, Katz, 1940). And still 

others have reported decreases in numbers of platelets in the circula

tion during systemic anaphylaxis (Eagle, Johnston and Radvin, 1937; 

Kopeloff and Kopeloff, 1941). Thus, an attempt was made to determine if 
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the loss in histamine occurred in conjunction with or sooner than the 

loss in platelets. The latter would indicate that histamine release had 

occurred before platelet disappearance. Analyses of blood samples taken 

at one-half to 1 minute intervals demonstrated that both events occurred 

very rapidly (within 1-2 minutes) following antigen challenge. Even 

though no significant temporal difference was distinguishable, the per

cent histamine drop was greater than the percent decrease in platelets 

(Figure 5) indicating that histamine may have been released just prior 

to platelet disappearance. But by 5, 15 and 60 minutes post-challenge, 

the values for the mean percent histamine remaining and the mean percent 

platelets remaining were comparable for each group of rabbits, indicat

ing that the platelets present at these times had their normal complement 

of histamine. That these described changes in basophils, histamine and 

platelets which occurred after antigen challenge were dependent upon 

basophil-bound, specific IgE was supported not only by the statistical 

differences observed between sensitized and nonsensitized rabbits but 

also by the fact that all LDHR reactions performed on 60-minute post-

challenge bleeds from sensitized rabbits were negative. This blood con

tained platelets and histamine but no granulated basophils. 

It was concluded that the platelets which returned to the circu

lation were most probably the same platelets that disappeared, that they 

had been acted upon by PAF, and that the returning platelets had im

paired function. Evidence for this conclusion comes from the results of 

those experiments done in collaboration with Dr. Peter Henson during his 

visit to our laboratory. Platelets were obtained from the blood of nor-

51 
mal rabbits, labeled with Cr and injected into HRP-sensitized rabbits. 
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It was found that following anaphylactic challenge, the labeled plate

lets demonstrated the same values for percent remaining platelets as the 

values determined by phase microscopy. In other words, the radioactive 

platelets showed an initial decrease followed by a gradual increase. If 

new platelets were replacing the ones which were removed, the radioac

tivity would remain at the lowest measured value. In another experi

ment, the platelets obtained at 60 minutes post-challenge were found to 

be refractory to PAF-induced release of mediators, but would still re

lease these mediators upon ADP stimulation. Because platelets which 

have undergone the release reaction induced by PAF will not respond a 

second time to PAF in vitro (Henson, 1973), these experiments indicated 

that the 60-minute post-challenge platelets had been exposed to PAF in 

vivo. 

The intravascular changes observed following the intravenous 

challenge with antigen were attributed to basophil-bound IgE. However, 

systemic anaphylaxis was not attributed to those intravascular changes 

observed. No quantitative differences were found between the rabbits 

positive for systemic anaphylaxis and those that were not (Tables 9 and 

11). Thus, systemic anaphylaxis was not dependent upon the capacity of 

basophil-bound IgE to induce the release of histamine (and other media

tors simulataneously released such as serotonin; see Henson, 1970) with

in the circulation. 

IgE-Induced Changes in Blood Clotting 

If blood from a BSA-sensitized rabbit was mixed with BSA, the 

whole blood clotting time in plastic was significantly shortened (Table 
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11). This reaction was demonstrated to be dependent upon blood cells 

since adding antigen to citrated plasma did not shorten the plasma re-

calcification time. Evidence that this phenomenon of interaction with 

antigen was mediated through basophil-bound IgE was obtained by demon

strating that goat anti-rabbit IgE also induced a shortened whole blood 

clotting when added to blood from a normal (nonimmunized) rabbit. In 

addition it was found that a purified preparation of PAF from basophils 

also significantly shortened the whole blood clotting time of a nor

mal rabbit. PAF is known to be released from basophils as a result of 

antigen-IgE interaction at the cell surface (reviewed in Chapter 1). 

Thus, it was concluded that the antigen-IgE interaction at the surface 

of the basophil induced or increased in rate the whole blood clotting 

mechanism in vitro, presumably through the mediation of PAF. 

The coagulation experiments of this study indicated not only 

that IgE-antigen interaction in vitro resulted in a shortened clotting 

time but also that the same interaction in vivo induced (within 30 sec

onds of antigen administration) a shortened clotting time among all rab

bits synthesizing anti-BSA IgE and a later prolonged whole blood 

clotting time among the anaphylactic positive rabbits. It is plausible 

that the shortened clotting times occurred as a result of platelet ag

gregation (in this case induced by PAF). Mustard et al. (1964) reported 

an acceleration in clotting time in human blood upon addition of ADP and 

attributed it to ADP-induced platelet aggregation. A definite parallel

ism between platelet aggregation (induced by ADP) and availability of 

platelet factor 3 was demonstrated by Hardisty and Hutton (1966). A 

number of clotting factors (fibrinogen, factor V, factor VIII and 
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phospholipid) were found to be associated with the platelet membrane 

(Marcus and Zucker, 1965); thus, these in vitro experiments suggest 

platelet aggregates could well serve as local foci for inducing intra

vascular coagulation. 

Mustard et al. (1966) demonstrated that the in vivo administra

tion of ADP into pigs initiated an immediate shortening of the whole 

blood clotting time. In addition, these animals showed an extremely 

rapid drop in platelet count and, a drop in femoral artery pressure; in 

some animals, apnea developed requiring artificial respiration. The 

platelets, which returned to normal values within 10 minutes (as did the 

arterial pressure) were the same as those which had disappeared, a con

clusion which was drawn from studies of radiolabeled platelets. Histo

logic examination of lung sections taken at autopsies of pigs killed 

imnediately following infusion of ADP demonstrated accumulation of 

platelet aggregates. However, these aggregates had disappeared if the 

animal was examined at 20 minutes post infusion. Although the platelets 

of these animals returned to the systemic circulation much more quickly 

than did those of the rabbits which were producing anti-BSA IgE and 

challenged with antigen, strong similarities hold between these two sys

tems and implicate platelet aggregation as mediating the accelerated 

clotting changes observed. Mustard and coworkers (1966) found no pro

longation in clotting times or PTTs at 20 minutes post infusion (which 

was the last bleed reported), findings which would correspond to those 

of the rabbits of this study which were producing anti-BSA IgE but were 

negative for systemic anaphylaxis. 
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The prolongations in clotting and PTT associated with the ANA. 

POS rabbits of this study require additional explanation. One possible 

explanation involves the fact that, with the prolonged decrease in sys

temic blood pressure observed in systemic anaphylaxis (see text to fol

low) , the peripheral blood flow was greatly reduced. The occurrence of 

small clots and/or thrombi initiated at local (capillary) sites would 

be favored to continue rather than be forced onward and diluted out in 

the normal rate of blood flow. Further, lactic acid would build up in 

the circulation in local areas due to decreased flow, a situation which 

has been shown to favor intravascular coagulation (Hardaway, 1969). 

Thus, initiation of clotting in the peripheral circulation could result 

in decreases in available clotting factors in the systemic circulation, 

an increase in inhibitors of various factors, and/or an increase in the 

components of the fibrinolytic system, any of which could cause a pro

longation in PTT. 

The experiments described herein indicated that basophil-bound 

IgE was capable of activating (at least some parts of) the coagulation 

mechanism in vivo. The initial effect resulting in a shortened whole 

blood clotting time was not a secondary effect of anaphylactic shock 

because a similar effect was observed in vitro by the addition of anti

gen to a sample of blood and because it occurred in both ANA POS and ANA 

NEG rabbits. Recently experiments have been performed in our laboratory 

which have defined in more detail the clotting changes induced by the 

interaction of antigen with IgE (Pinckard, Halonen and Tanigawa, 1974). 

In rabbits sensitized to BSA and challenged with antigen, factors X, XI, 

XII. and fibrinogen were significantly decreased (based on functional 
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assays) in plasma samples taken at 15 minutes following antigen chal

lenge. Neither nonimmune control rabbits nor rabbits synthesizing anti-

BSA IgG and IgM (but no IgE) showed similar changes following antigen 

challenge. Decreases in these same factors were also detectable at 60 

minutes post-challenge; therefore they could not be responsible for the 

prolongation in PTT (which in more than half of the rabbits was back to 

normal by 60 minutes). In addition to a significant decrease in plasma 

clotting factors, a substance which was at first thought to be a throm

bin inhibitor was detected at 5 and 15 minutes post-challenge but not 

at 60 minutes. Further studies demonstrated that the substance did not 

directly inhibit thrombin but interfered in some manner with polymeriza

tion of fibrin. Since its presence temporally corresponded to the pro

longation in PTT, it is likely to be responsible for that prolongation. 

The inhibitor was found to be an euglobulin; it was found to be distinct 

from heparin. 

Concurrent Pathophysiologic Studies 
of IgE-Induced Systemic Anaphylaxis 

Pathophysiologic studies of the anaphylactic reaction in the 

conscious rabbit have been and are being carried out in this laboratory 

using HRP-sensitized rabbits (Pinckard, Palmer, Halonen, Butler and 0'-

Rourke, 1974). Since this antigen resulted in 100% incidence of ana

phylaxis it was not necessary to assess visible signs which allowed 

restraining of the rabbits for these studies. Approximately one minute 

after antigen challenge, the sensitized rabbit exhibited an abrupt in

crease in right ventricular pressure which was followed immediately by a 

decline in left ventricular systolic pressure. Almost all of the 
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rabbits died within 3-5 minutes. Histologic examination of the lungs of 

the rabbits indicated a marked constriction of the pulmonary arteries 

(100-800 microns in diameter). However, no evidence of thrombus forma

tion, embolism, fibrin deposition or cellular aggregation could be 

found in the lung microcirculation either by light or electron micro

scopic examination. These results pointed to constriction of the pul

monary arteries as the primary event leading to shock. However, what 

induces the pulmonary arterial constriction is not known. Because of 

the studies described herein, it cannot be attributed to histamine re

leased into the circulation since ANA NEG rabbits had similar decreases 

in total blood cell histamine following challenge with antigen. 

It is plausible that ANA POS rabbits had greater stores of mast-

cell-bound specific IgE and thus histamine was potentially available for 

release in the local area of the pulmonary arterioles. Experiments of 

other investigators have indicated that increased numbers of IgE-coated 

mast cells in the vicinity of the shock organ may be the cause of the 

anaphylactic syndrome. It was shown by Riley and West (1953) that the 

liver parenchymal cells of the dog had a much higher histamine content 

and many more mast cells than any of several other species examined. As 

described in Chapter 1, anaphylaxis in the dog was found to be accom

panied by massive release of histamine and heparin from the liver into 

the blood and lymph. Melli et al. (1963) refuted the old dogma that 

anaphylaxis in the dog occurred as a result of constriction of the 

hepatic vein; by direct measurement of pressures, they found that the 

microcirculation of the liver was the "shock tissue." Thus, the shock 

tissue was in close proximity to a high concentration of mast cells 
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cells known to release mediators capable of inducing increased capillary 

permeability and constriction of small venules, i.e., mediators capable 

of obstructing the microcirculation, thus causing the splanchnic en

gorgement characteristic of the shock syndrome in the dog. In the guin

ea pig, the lung was found to have an extremely high concentration of 

mast cells; and histamine and SRS-A were released upon exposure to anti

gen. In this species, anaphylactic shock was shown to result from severe 

bronchial constriction which histamine and SRS-A are capable of induc

ing. With these studies in mind, the distribution of mast cells and the 

local release of mediators in the vicinity of the pulmonary arteries of 

the rabbit should be examined. 

Another possibility for the induction of pulmonary arterial 

constriction in the ANA POS rabbits is that those rabbits developed an 

increased sensitivity to the effects of the mediators released by IgE. 

Thus, although rabbits initially given adjuvant in conjunction with BSA 

did not produce significantly greater levels of IgE antibody, yet ana

phylactic sensitivity was markedly enhanced over rabbits which received 

soluble BSA alone. Other investigators have found that Bordetella 

pertussis given as an adjuvant increased sensitivity of the mouse to 

histamine and to anaphylaxis (.for example, Fishel, Szentivanyi and Tal-

mage, 1964; Pieroni et al., 1971); they attributed this response to a 

block of the 3 receptors of the adrenergic system. C. parvum has also 

been reported to increase the sensitivity of the mouse to histamine 

(Adlam, 1973). Richerson (1974) found that the (intravenous) adminis

tration of peritoneal exudate cells into rabbits led to arteritis in the 

lungs of those rabbits examined 48 hours after administration; chronic 
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effects were not determined. It is conceivable that such an effect 

could enhance the sensitivity of arteries so afflicted to the effects of 

the released and/or generated mediators of systemic anaphylaxis in the 

rabbit. Thus, the administration of adjuvant or live PEC in conjunction 

with antigen to the newborn rabbit may have served to initiate a physi

cal process by which sensitivity to mediators was enhanced. The initial 

action could have been potentiated by the administration of aluminum 

hydroxide gel given all rabbits on day 21 and day 77. 

Significance of the Model System 
with Respect to Human Acute Allergic Reactions 

The model of exclusive IgE synthesis and systemic anaphylactic 

sensitivity showed many similarities to human acute allergic reactions. 

The nature of the IgE antibody produced in rabbits and man is similar 

both in terms of physicochemical characteristics and ±n vitro biologic 

activity. Long-term synthesis of antibody occurs in each situation. 

The syndrome of IgE-induced systemic anaphylaxis, although not as yet 

very well characterized in humans, appears grossly similar to that de

scribed herein for the rabbit with respect to drop in systemic blood 

pressure; apparent dizziness leading to loss of motor control; and 

limited respiratory involvement, at least in many cases, but associated 

with some difficulty in breathing. In many cases of human systemic 

anaphylaxis, no pathology could be detected at autopsy. In the rabbit, 

pulmonary arterial constriction was observed in the rabbit at autopsy 

immediately following death, but this constriction was demonstrated to 

be partially reversible with papaverine and was not apparent two or more 

hours after death (Pinckard, Palmer, Halonen, Butler and O'Rourke, 
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1974). Thus, the rabbit appears to be a useful experimental model for 

systemic anaphylaxis in humans. 

From the results described herein, it is suggested that there is 

something unique about exposure to antigen during the neonatal period 

with regard to both relative ease of inducing IgE antibody synthesis 

and subsequent development of systemic anaphylactic sensitivity. If 

this holds true, the effects of administering adjuvant-type materials 

(particularly such material as pertussis vaccine) to very young infants 

should be examined. Evidence is accumulating that human infants, pos

sibly even before birth, synthesize IgE antibody in response to antigens 

(Levine et al., 1973; Stevenson et al., 1971). It is also feasible that 

such problems as crib death may be an IgE-induced hypersensitivity re

action to some food product. Allergy to cows' milk is a problem among 

infants and young children; the milk has been shown to possess at least 

5 potentially allergenic proteins, one of which is BSA (reviewed by 

Freier and Kletter, 1970). Also, a study by Johnstone and Dutton (1966) 

indicated that infants from allergic families which were fed cows' milk 

had a higher incidence of allergic rhinitis and asthma than did children 

fed "nonallergenic" soy protein. Thus, further characterization of this 

acute allergic disease model may produce sane direct practical applica

tions as well as a more complete understanding of the in vivo activity 

of this class of immunoglobulin. 
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