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ABSTRACT 

Cell-bound IgE antibody activity in the rabbit as a 

function of age was investigated mainly by homologous 

passive cutaneous anaphylaxis (hoPCA) and leukocyte-

dependent histamine release (LDHR). Passive sensitizations 

were performed with antisera containing specific antibodies 

only of the IgE class. 

The incidence of positve hoPCA was 7% in the 14-day-

old, a group lacking increased vascular permeability to 

intracutaneously injected histamine (0.1-10 yg) or compound 

48/80 (1-10 yg) but having 74% incidence of responsiveness 

to bradykinin (1 yg). The incidence of hoPCA was maximum 

(97%) in,28-day-olds, and was higher (p < 0.005) than re

sponsiveness to histamine (47%) or 48/80 (31%). By 42 days 

of age, incidences of response to hoPCA (94%), histamine 

(88%), and 48/80 (93%) no longer differed (p >> 0.05); 

however, hoPCA titers were lower than in 3-month-olds 

(adults). 

Lack of hoPCA reactivity in 14-day-olds could not 

be ascribed to inability of the skin mastocytes to bind IgE, 

since intracutaneously injected newborn rabbits remained 

sensitized for 86 days. To elucidate this apparent un

responsiveness, skin histamine levels at hoPCA sites in 14-

and 28-day-old rabbits were measured as a function of time 
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after systemic antigen challenge and compared with sites 

injected with normal rabbit serum; biphasic decreases in 

histamine occurred in both groups. Eleven-day-old rabbits 

intracutaneously sensitized with anti-bovine serum albumin 

(BSA), anti-horseradish peroxidase (HRP), and with both 

antisera (equivalent hoPCA titers) were challenged systemic-

ally at 14 days of age with either BSA or HRP, and at 28 

days with both antigens injected sequentially. All sites 

sensitized with only one antiserum and challenged on Day 14 

were hoPCA-negative on Day 28; however, 8/8 sites left un

challenged on Day 14 were hoPCA-positive, as were 6/8 sites 

simultaneously sensitized on Day 11 with both antisera. 

Thus, the skin mastocytes of the 14-day-old can bind 

homologous IgE, degranulate and release histamine, and be

come specifically desensitized. 

Newborn and 11-day-old rabbits were successfully 

sensitized intraperitoneally for positive in vitro LDHR 

reactions; yet, about 50% of the LDHR tests (72 hours 

sensitization) were negative in either group. Positive LDHR 

in newborns very likely involved release of platelet-

activating factor (PAF), since maximally 15% of the total 

histamine was in cells other than the platelets (presumably 

basophils) and 15% histamine was released in 75% of the 

positive tests. However, for a given percentage of hista-

3 mine released, less H-serotonin was released from the 

platelets of the newborn versus the 14-day-old. Reasons for 



XV 

negative LDHR reactions were sought in 14-day-old rabbits. 

Incorporation of 25-50% deuterium oxide in the LDHR test 

enhanced histamine release by 10% in only 1/6 cases 

(versus 6/7 in adults). The washed platelets aggregated and 

3 released H-serotonin as well as those from adults when 

exposed to PAF in vitro. Systemic antigen challenge induced 

significant decreases in the number of circulating stainable 

basophils: -90 + 10% (mean ± S.E.) in LDHR-negative versus 

-93 ± 2% in LDHR-positive cases, by 15 minutes post-antigen. 

The high incidence of negative LDHR reactions in young 

rabbits may be due to unavailability of sufficient PAF for 

release or an impaired release process. 

As a whole, the data indicate that age is a signifi

cant factor in the release of mediators and/or reactivity 

to mediators of IgE-induced reactions in the rabbit. 



CHAPTER 1 

INTRODUCTION 

The common thread that links the experiments reported 

in this study is the developmental biology, in the rabbit, 

of cell-bound IgE antibody activity. The pursuit of this 

subject was prompted by the observation that IgE-mediated 

systemic anaphylaxis in the rabbit appeared to be modulated 

by the state of development of the animal eliciting an IgE 

antibody response (R. N. Pinckard, 1971, 1972) . Thus, the 

influence of age was investigated in regard to the manifesta

tions of two reactions involving the interaction of antigen 

with cell-bound IgE antibodies: homologous passive cutaneous 

anaphylaxis, and the leukocyte-dependent histamine release 

reaction. The pertinent components of these two model 

systems—IgE antibody, its target cells, and chemical media

tors—shall be introduced in this chapter. 

Two very significant and relatively recent advances 

in immunology are of particular relevance to the subject of 

the biological activity of IgE antibody. One of these is 

the concept that different classes and subclasses of immuno

globulins have unique, as well as similar, biological 

properties. This idea increasingly gained acceptance as 

newly developed methods were applied to the detection, 

1 



2 

isolation, and structural analyses of closely related 

proteins, such as the immunoglobulins. The second advance 

of key relevance to this study is the recognition of human 

IgE as a distinct class of antibody molecules. This dis

covery took place hardly over one decade ago; consequently, 

at least half a century stands between it and the first 

systematic descriptions of in vivo and in vitro phenomena 

that, in retrospect, can be attributed either entirely or in 

part to cell-bound IgE antibody activity. 

History unfolded such that several systemic and 

local manifestations of the interaction of antigen with 

antibodies had been recognized by the second decade of this 

century; the intermediate events giving rise to these mani

festations were then explored extensively; while the charac

terization of immunoglobulin classes and subclasses was 

achieved much later. In light of the sequence of these 

developments it is understandable that antigen-antibody 

reactions resulting in similar signs and symptoms, or in 

vitro events, were initially assigned one and the same name 

irrespective of the specific mechanisms initiating the 

phenomena. On the other hand, before the specific mecha

nisms were elucidated at least to some extent, different 

terms were used to describe what now is known to be one and 

the same process, but which has diverse manifestations de

pending on the animal species and tissues under considera

tion. Such is very much the case for reactions that, at 
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one time or another, were designated by the names of "hyper

sensitivity, " "anaphylaxis," and "allergy," especially in 

the context of experimental animals. Without delving into 

the originally intended and the current meanings of these 

terms, it needs to be mentioned that various classes of 

immunoglobulins can be involved in these apparently untoward 

reactions. The role played by cell-bound IgE antibody can 

only be inferred in the light of more recent experiments 

carried out once human IgE was characterized, IgE myelomas 

were discovered, antisera specific for this class of immuno

globulins were prepared, and antibodies similar to human IgE 

were recognized in other mammalian species. In the present 

context, anaphylactic and allergic reactions, which are 

manifestations of hypersensitivity, shall be considered only 

as they relate to cell-bound IgE antibody activity. 

The sequence of events thought to take place once an 

IgE antibody response is elicited shall be used as framework 

for this introductory chapter, namely, the binding of IgE to 

its target cells, and the subsequent interaction of antigen 

with cell-bound IgE antibodies, an event that "activates" 

the target cells and induces the release and generation of 

pharmacologically active substances. Prior to taking up 

these points, however, some observations relevant to the 

nature of human and rabbit IgE antibodies shall be reviewed. 

Human IgE is included because its properties served, and 
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still serve, as models for the characterization of IgE in 

experimental animals. 

Human and Rabbit IgE Antibodies 

The discovery of human IgE was a culmination of in

vestigations designed to identify the antibodies that for 

decades had been called "atopic reagins," or simply "reagins" 

(reviewed by Stanworth, 1963). This term was applied to 

antibodies spontaneously present in the sera of allergic 

individuals, which could confer a localized sensitivity 

toward subsequent challenge with the specific allergen 

(antigen[s]) when injected into the skin of non-allergic 

persons (Coca and Grove, 1925). The prototype of this 

process of homologous (i.e., the recipient is of the same 

species as the serum donor) passive cutaneous sensitization, 

leading to a reaction of erythema and edema, had been de

scribed in 1921 by C. Prausnitz and H. Kiistner (original 

work translated by Prausnitz in Clinical Aspects of Im

munology, 1968). In their honor, this phenomenon was called 

the "P-K" reaction. In 1925, Coca and Grove reported that 

reagins remained at the sites of injection for long periods 

of time, four or more weeks. This and similar observations 

suggested that some type of fixation of reagins to elements 

of the tissues occurred. Coca and Grove (1925) also noted 

that reagins did not form precipitates when incubated with 

the appropriate allergen, and heating reagin-containing 
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serum at 56°C for 30 minutes greatly weakened its capacity 

to induce the P-K reaction. This latter observation was 

further explored by Loveless (1940), who heated the sera of 

patients sensitive to ragweed pollen to 56°C for 2 to 5 

hours in order to destroy skin-sensitizing antibody activity 

while retaining the activity of other ragweed-specific anti

bodies, the "blocking" antibodies described by Cooke et al. 

(1935), which were stable to this treatment (for a compari

son of reagins versus blocking antibodies see Kabat and 

Mayer, 1961, p. 297). 

The injection of serum from one human into another 

soon was recognized to carry with it the risk of transferring 

infectious hepatitis, as well as inducing potentially 

hazardous systemic reactions. Thus, it became desirable to 

use laboratory animals to investigate the presence and bio

logical activities of reagins. As early as 1930, Ramsdell 

reported that the presence of reagins (by P-K test) was not 

associated with the ability of sera from allergic patients 

to transfer skin reactivity to the guinea pig. Similar 

experiments in other animal species provided conflicting 

results, which were complicated by the fact that many in

vestigators used injections consisting of a mixture of 

allergic serum and the corresponding allergen in attempts 

to "neutralize" reagins. On the whole, these early 

heterologous serum-transfer experiments were not very fruit

ful in elucidating the biological activity of reagins 
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(Stanworth, 1963). In vitro experiments carried out with 

tissues from allergic individuals also were devised. Katz 

and Cohen (1941), for example, observed that the blood from 

ragweed-sensitive patients, but not that from non-allergic 

donors, released histamine upon incubation with ragweed 

antigen(s). Noah and Brand's (1954, 1955) experiments 

implicated the leukocytes in this in vitro reaction, and 

Middleton and Sherman (19 60) showed that the leukocytes 

retained the ability to release histamine even when the 

cells were washed repeatedly and resuspended, prior to the 

addition of antigen, in buffer to which serum had not been 

added. The latter investigators also noted that the leuko

cytes released histamine just as well when resuspended in 

autologous plasma devoid of hemolytic complement activity. 

These observations suggested that the serum complement 

system was not directly involved in the in vitro histamine 

release reaction; however, the participation of cell-bound 

complement proteins could not be excluded. Other experi

ments suggested that reagins bound to elements of a variety 

of homologous tissues other than skin and blood: lungs and 

bronchi (Schild et al., 1951), conjunctiva and nasal mucosa 

(Walzer, Sherman, and Feldman, 19 35; Sherman, Kaplan, and 

Walzer, 1937; Loveless, 1941), and stomach and intestinal 

mucosa (Gray, Harten, and Walzer, 1940; Walzer, 1941) . 

Isolation of the immunoglobulin bearing reagin 

activity was hindered by its generally very low concentration 



in serum (Johansson, 1967). In the face of this obstacle, 

K. Ishizaka, T. Ishizaka, and their collaborators succeeded 

by a combination of chemical and immunological methods in 

preparing reagin-specific antiserum. With this tool in hand 

they demonstrated that reagin activity, which migrated in an 

electric field as a gammas-globulin, was neither associated 

with the IgD nor IgM classes nor with any of the known sub

classes of IgA or IgG (K. Ishizaka and T. Ishizaka, 1966a, 

1966b; K. Ishizaka, T. Ishizaka, and Lee, 1966; K. Ishizaka, 

T. Ishizaka, and Hornbrook, 1966a, 1966b). In order to 

establish that reagins represented a new class of immuno

globulins, designated IgE, it was shown that these antibodie 

possess unique antigenic determinants (associated with the 

heavy chains), light chain determinants in common with the 

other classes of human immunoglobulins, and lack the deter

minants that characterize the other classes and subclasses 

(K. Ishizaka, T. Ishizaka, and Terry, 1967). Also, reagin 

activity correlated only with IgE antibody concentration in 

serum and not with the concentrations of IgA, IgG, or IgM 

antibodies; thus, IgE was considered to contribut at least 

the major portion of the reagin activity in the sera of 

allergic humans (K. Ishizaka and T. Ishizaka, 1967; K. 

Ishizaka, T. Ishizaka, and Hornbrook, 1967). One of the 

properties of reagins, their inactivation by heating at 56°C 

for 2 to 4 hours, was reinvestigated using serum fractions 

containing IgA, IgE, and/or IgG anti-ragweed (Antigen E) 
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antibodies (K. Ishizaka, T. Ishizaka, and Menzel, 1967) . 

After heating, IgA and IgG antibodies retained their ability 

to form precipitates in radioimmunodiffusion against labelled 

antigen mixed with antiserum specific for one of the immuno

globulins; however, IgE totally lost this ability, as well 

as that of inducing the P-K reaction. That antigen-binding 

activity had not been removed by heating was demonstrated by 

precipitation of the labelled antigen-IgE complexes with 

anti-F^* While IgE lost its ability to induce the P-K 

reaction, it demonstrated "blocking" antibody activity. 

This observation placed a new light on the classical assay 

for non-reagin (blocking) antibodies mentioned earlier 

(Loveless, 1940). More importantly, these experiments sug

gested that either the same or closely related structural 

components of IgE were involved in class specificity and 

skin-binding activity. 

The most important biological property of human IgE 

is its ability to sensitize homologous tissues for long 

periods of time. The word "sensitize" contains in this 

context two distinct concepts: that IgE binds to some 

cellular element(s) of the tissues, and that this binding 

is such that subsequent contact with antigen results in a 

detectable in vivo or in vitro reaction; for example, the 

erythema and edema associated with the P-K reaction, or 

histamine release from the leukocytes of allergic persons. 

In experimental animals, the equivalent of the P-K test has 
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been called homologous "passive cutaneous anaphylaxis" 

(hoPCA) in recognition of similarities with systemic ana

phylactic reactions (see reviews by Ovary, 1952, 1958). 

Antibodies able to transfer hoPCA in rabbits were first 

reported by Zvaifler and Becker (1966) at the time that the 

characterization of human IgE was taking place. Rabbit 

hoPCA antibodies migrated in an electric field as beta-

globulins (or fast gamma-globulins), and sedimented close to 

the 7S region of a continuous sucrose density gradient; 

heating to 56°C for 2-4 hours significantly decreased or 

destroyed serum hoPCA activity, depending on the serum's 

initial titer. Reduction and alkylation destroyed hoPCA 

activity, and hemolytic complement could not be detected 

after in vitro antigen-IgE antibody interaction (by passive 

hemolysis). Homologous PCA antibodies remained at skin 

sensitization sites for at least 17 days; and induction of 

the hoPCA reaction required a latent period of sensitiza

tion of 36-48 hours, with maximal reactions at 60 to 80 

hours. By chromatographic and gel filtration analyses, the 

hoPCA activity could be dissociated from passive hemagglu

tination activity, known to be mainly due to IgM (but also 

IgG) antibodies, and guinea pig skin-sensitizing activity. 

Further characterization of rabbit hoPCA antibodies was 

carried out by Lindqvist (1968). Earlier experiments by 

Onoue, Yagi, and Pressman (1966) had indicated that rabbit 

IgA possessed hoPCA activity. In this regard, Lindqvist 



showed that serum hoPCA activity was neither removed by 

anti-IgA serum nor coprecipitated with IgA-anti-IgA com

plexes; also, neither milk (or colostral) IgA globulin nor 

serum IgA antibody sensitized rabbit skin (65-72 hour sensi

tization) . Anti-light chain serum totally removed hoPCA 

activity but anti-IgM and anti-IgG sera had little effect. 

Chromatographic fractions rich in either IgG or IgA anti

bodies did not induce the hoPCA reaction, while IgG (but 

not IgA) antibodies sensitized guinea pig skin for heter

ologous PCA (5-6 hour sensitization). The average molecular 

weight of hoPCA antibodies was estimated by gel filtration 

to be 207,000 daltons. In contrast to the results obtained 

by Zvaifler and Becker (1966), Lindqvist (1968) found that 

hoPCA antibodies were quite resistant to heating at 56°C 

(determined by changes in the size of skin reactions) , 

either in whole serum or in chromatographic fractions, even 

when the sera were obtained early during the primary immune 

response. The variability in heat-lability reported for 

hoPCA antibodies suggested that either more than one class 

of immunoglobulins was involved, or that the same class 

changed in this property during the course of repeated 

immunizations. In regard to this first possibility, Henson 

and Cochrane (1969) elicited in rabbits two types of hoPCA 

antibodies, one similar to that described earlier, and one 

having physicochemical and biological properties similar to 

those of IgGl This IgG-like homocytotrophic antibody, 



unlike the other hoPCA antibody, was unable to elicit skin 

reactions in rabbits depleted of complement by treatment 

with cobra venom factor, or depleted of neutrophils and 

platelets by treatment with antisera directed against these 

cell types. The complement-dependent hoPCA antibody was 

heat stable at 56°C for 2 hours (measured by changes in the 

size of skin reactions), persisted in rabbit skin for about 

one week, but did not require the latent period of sensi

tization so characteristic of hoPCA antibodies described by 

Zvaifler and Becker (1966) and Lindqvist (1968). Zvaifler 

and Robinson (1969) investigated the properties of anti-

ovalbumin hoPCA antibodies as a function of immunization 

mode and schedule. On the question of heat-lability, these 

investigators noted that the divergent reports might be due 

partly to differences in the initial hoPCA titers of the 

antisera subjected to heating, and partly to whether changes 

in titer or changes in the size of the skin reactions was 

used as the criterion for significant differences. Zvaifler 

and Robinson confirmed Lindqvist's observations that hoPCA 

activity was neither associated with the IgG nor IgA classes 

Only an electrophoretically fast gamma-globulin with 

average molecular weight of 220,000 (gel filtration) induced 

hoPCA reactions when a 72-hour sensitization period was used 

The physicochemical characteristics of the antibody did not 

vary greatly depending on whether immune sera were obtained 

early or late during the course of immunization; however, 



the hoPCA antibodies of sera obtained after multiple im

munizations showed greater heterogeneity on DEAE-cellulose 

chromatography, and earlier fractions (0.05 M NaCl) were 

more heat labile than later fractions (0.10 M NaCl) . IC. 

Ishizaka, T. Ishizaka, and Hornbrook (1970) demonstrated 

more directly the antibody nature of the globulin carrying 

hoPCA activity by showing that it bound radiolabelled 

antigen and antibodies specific for light chains of rabbit 

immunoglobulins. The hoPCA antibody had a sedimentation 

coefficient of 8S and, contrary to data reported by Zvaifler 

and Robinson (1969), antiserum specific for the Fc region of 

human IgE did not show any interaction with these rabbit 

antibodies either in vitro or in vivo. 

While the rabbit immunoglobulin carrying hoPCA 

activity could not be isolated from immune sera (surely due 

to its low concentration) , the experiments of Zvaifler and 

his colleagues, Lindqvist, and Ishizaka and his collabora

tors, provided the bases for assigning these rabbit hoPCA 

antibodies to the IgE class. The properties of rabbit IgE 

and, for comparison, those of human IgE are summarized in 

Table 1. 

Target Cells for IgE Antibody 

Human and Rabbit Blood Basophils 

The experiments of Noah and Brand (1954, 1955) and 

Middleton and Sherman (1960) established that the blood 



Table 1. Properties of human and rabbit IgE antibodies. 

Human IgE Rabbit IgE 

Electrophoretic 
mobility 

Sedimentation 
coefficient 

Molecular weight 

Elution from DEAE-
cellulose* 

Heating at 56°C for 
4 hr 

Latent period for P-K 
or homologous PCA 

Optimal time for P-K 
or homologous PCA 

Persistence in 
homologous skin 

Direct activation 
of classical comple
ment pathway 

Serum concentration 
(ng/ml) 

aK. Ishizaka and T. Ishizaka (1970). 

^Zvaifler and Becker (1966). 
CK. Ishizaka, T. Ishizaka, and Hornbrook (1970). 

^Lindgvist (1968) . 
eZvaifler and Robinson (1969). 

^Molarity of eluting phosphate buffer pH 8.0 (in 
reference "e": NaCl added to 0.01 M phosphate buffer). 

^Loyeless (1940) . 

^Coca and Grove (1925). 

•^Stanworth and Kuhns (1965) . 

gamma-i (or 
beta?)"3 

beta (or gammas) ** f 

8.2 Sc 8 S' 

200,000 

0.02 Ma 

207,000-220,000 

0.05-0.10C'd,e 

d, e 

loss P-K 
activity^ 

practically 
none*1' i 

30-60 hr" 

significant drop, 
homol. PCA titer ' 

at least 18 hr b, d 

60-84 hr b, d 

fx ci 4 weeks or more 6 weeks or more 

no jrk no 

100-700 



Table 1.—Continued 
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•^Middleton and Sherman (1960) . 

^T. i-shizaka and K. Ishizaka (1972) . 

^Johansson (1967). 
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leukocytes of allergic persons release histamine upon 

contact with the specific antigen. Middleton (1960), 

VanArsdel and Sells (1963), and Levy and Osier (1966) 

succeeded in sensitizing in vitro the leukocytes of normal 

donors with sera containing reaginic antibodies. In the 

light of these observations, investigators sought to deter

mine which cells were directly involved in antigen-reagin 

interactions leading to histamine release. By the time that 

reagins were characterized as IgE antibodies, two main lines 

of evidence pointed to the involvement of basophils: Graham 

and her colleagues (1955) had determined that at least 50% 

of the total histamine in human blood is associated with 

basophils (29% with eosinophils and 14% with neutrophils), 

and Shelley and Juhlin (1961, 1962) had demonstrated that 

the basophils of allergic persons degranulate specifically 

when exposed to antigen in vitro. 

Direct evidence of basophil involvement in IgE-

induced histamine release was provided by K and T. Ishizaka 

and their collaborators. T. Ishizaka et al. (196 9) demon

strated the release by anti-IgE serum of histamine from the 

leukocytes of both normal and allergic individuals; antisera 

specific for IgA, IgD, and IgM did not release histamine, 

while 200-1000 times more anti-IgG than anti-IgE was re

quired to cause comparable reactions. The passive sensiti

zation of leukocytes was later accomplished with the Fc 

fragments of an IgE myeloma protein digested with papain; 
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the data indicated that affinity for homologous tissues 

resided on the Fc portion of IgE (K. Ishizaka, T. Ishizaka, 

and Lee, 19 70). Subsequently, it was found by means of 

radioautography that IgE myeloma preferentially bound to 

12 5 blood basophils; also, when I-anti-IgE was incubated with 

leukocytes from either normal or allergic individuals, in 

such a manner as to avoid cell degranulation, the radio

activity associated with basophils greatly exceeded that 

associated with other types of leukocytes (K. Ishizaka, 

Tomioka, and T. Ishizaka, 1970) . Sullivan, Grimley, and 

Metzger (19 71) demonstrated conclusively the presence of 

IgE molecules on the surface of human blood basophils by 

electron microscopy. Further evidence was obtained to 

support the concept that the interaction of antigen with 

basophil-bound IgE antibody induces the release of histamine 

from these leukocytes. Histamine release by anti-IgE was 

shown to be associated with basophil degranulation: as the 

release of histamine increased, so did the proportion of 

degranulated basophils labelled with anti-IgE, although a 

strict quantitative correspondence could not be established 

(T. Ishizaka, Tomioka, and K. Ishizaka, 1971). Later on, 

basophil-rich cell preparations, devoid of eosinophils and 

neutrophils and depleted of lymphocytes, were shown to have 

the same dose-response curves of histamine release induced 

by either anti-IgE or antigen as preparations containing 

all the leukocytes (T. Ishizaka et al., 1972). 
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Antigen-induced histamine release from the washed 

blood cells of rabbits producing hoPCA antibodies (IgE?) was 

first reported by Barbaro and Zvaifler (1966). When prepara

tions designated as "washed platelets" were exposed to anti

gen in vitro, histamine was released into the supernatant 

fluid. On the basis of this observation, Barbaro and 

Zvaifler suggested that hoPCA antibodies may have sensitized 

the platelets in vivo. That histamine (greater than 20% of 

the total blood histamine) was released from the platelets 

was consistent with the knowledge that the major portion of 

the histamine in adult rabbit blood is in the platelets 

(Code, 1952; Humphrey and Jaques, 1954); however, Barbaro 

and Zvaifler failed to take into consideration the possible 

role of the leukocytes present in their platelet prepara

tions. Subsequently, Schoenbechler and Sadun (1968) re

ported being unable to obtain in vitro histamine release 

from the platelets of rabbits synthesizing hoPCA antibodies 

unless the leukocytes were present; they also noted that 

whenever serum hoPCA antibodies were detectable then the 

washed blood cells from these animals released histamine 

upon exposure to antigen, but the converse was not the case. 

Greaves and Mongar (19 6 8) obtained ovalbumin-induced 

histamine release from purified preparations of leukocytes 

from rabbits immunized with ovalbumin; these investigators 

showed a significant positive correlation between the 

histamine content of the leukocytes and the number of 
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basophils. The strong association between the presence of 

serum hoPCA antibodies and antigen-induced histamine release 

from leukocyte preparations was emphasized by Siraganian and 

Osier (1970). They also noted the similarities between 

histamine release from sensitized rabbit leukocytes and that 

from IgE-sensitized human basophils. However, it became 

apparent that the rabbit system, named by Henson (1970) the 

"leukocyte-dependent histamine release" (LDHR) reaction, 

entailed two different mechanisms: the first involved the 

leukocytes, as in the human system, while the second con

sisted of interaction (direct or indirect) between "acti

vated" leukocytes and platelets. Subsequent experiments 

sought to elucidate a mechanism interrelating rabbit IgE 

antibodies, basophils, and platelets. 

Attempts to sensitize normal rabbit leukocytes in 

vitro with sera containing IgE antibodies were reported to 

be unsuccessful (Siraganian and Osier, 1970; Colwell et al., 

1971). However, IgE was convincingly implicated in the LDHR 

reaction when Colwell and his colleagues (19 71) demonstrated 

the passive in vivo sensitization of normal rabbit leuko

cytes. The time course of sensitization was shown to be 

closely associated with the decrease in hoPCA titer detected 

in the recipient rabbit's serum; also, the sensitizing 

capacity of the transferred serum was a function of its 

initial hoPCA titer, and could be greatly decreased or 

abolished either by heating at 56°C for 4 hours or by 
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absorption with anti-rabbit IgE serum. Involvement of the 

basophils in the LDHR reaction was strongly suggested by the 

experiments of Siraganian and Osier (1971a, 1971b). Their 

leukocyte cell-fractionation data indicated that only those 

cells that contained histamine and released it in the 

presence of antigen (shown by Greaves and Mongar [196 8] to 

be the basophils) were able to participate in the subsequent 

release of histamine from platelets. This latter effect was 

mediated by a soluble factor released by the sensitized 

cells. Benveniste, Henson, and Cochrane (1972) further 

clarified the relationship between rabbit IgE antibodies, 

basophils, and platelets. They showed that the antibodies 

able to passively sensitize normal leukocytes for the LDHR 

reaction had the same physicochemical characteristics as 

hoPCA antibodies. Incubation of sensitized leukocytes with 

anti-IgE antiserum completely abolished their subsequent 

ability to interact with normal platelets in the LDHR 

reaction; this effect was not obtained with anti-IgG anti

serum. Also, when anti-IgE was added to sensitized leuko

cytes mixed with normal platelets, platelet histamine 

release and aggregation occurred as if antigen had been 

added. The soluble factor (platelet-activating factor, PAF) 

mediating platelet aggregation and histamine release could 

be obtained by either incubating the sensitized leukocytes 

with antigen or anti-IgE. By electron microscopy, 

Benveniste et al. (1972) demonstrated that the basophils in 



such reaction mixtures appeared degranulated and were sur

rounded by platelets that had lost their granules and were 

morphologically abnormal. These observations provided 

evidence for the following mechanism operating in the rabbit 

LDHR reaction: the interaction of antigen with basophil-

bound IgE antibodies results in basophil degranulation and 

in the concomitant release of PAF, which induces platelets 

to aggregate and release their pharmacologically active 

substances. 

Mast Cells 

The connective tissue mast cells were strongly sus

pected of binging antibodies onto their surface long before 

this was demonstrated directly. Mast cells were known to 

have a high content of histamine and heparin, and a strong 

positive correlation was shown to exist between the amount 

of heparin and histamine in the tissues (other than stomach) 

of many mammalian species and the number of mast cells 

(reviewed by Riley and West, 1966). Tissues from immunized 

and from passively sensitized animals released histamine in 

vitro upon contact with antigen, and this phenomenon was 

associated with mast cell degranulation; however, sensitiza

tion seemed to bear no relation to the amount of precipi

tating antibodies produced by the immunized animal (reviewed 

by Mota, 1963, 1966). 
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By the beginning of the present decade, considerable 

evidence had accumulated indicating that antigen-initiated 

histamine release from sensitized tissues involved the 

interaction of antigen with mastocyte-bound antibodies. Rat 

and mouse peritoneal mast cells were studied most exten

sively because they were easily obtained as constituents of 

a mixed cell population that could be further purified. 

"Practically" pure (Uvnas and Thon, 1959) and 90-98% pure 

(Mota and Dias da Silva, 1960b) mast cells from immunized 

rats degranulated and released histamine when exposed to 

antigen. Austen et al. (1965), using a mixed population of 

normal rat peritoneal cells, showed that mast cells exposed 

in vitro to rat antiserum containing long-sensitization 

(16-24 hour) homologous PCA antibodies, and washed re

peatedly, released histamine in the presence of antigen. 

Neither type of sensitizing activity was diminished by 

absorption of the antiserum with anti-rat IgA, and 

fractionation of the antiserum by electrophoresis indicated 

that the sensitizing antibody was not associated with the 

peak concentrations of IgA, IgG, and IgM. Earlier experi

ments already suggested that a unique class of heat-labile 

(56°C, 30 minutes) antibodies was involved both in long-

sensitization homologous PCA and the degranulation of and 

histamine release from rat peritoneal mast cells (Mota, 

1964; Binaghi and Benacerraf, 1964; Binaghi et al., 1964). 

When rat IgE was subsequently characterized (Stechschulte, 
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Orange, and Austen, 1970; Orange, Stechschulte, and Austen, 

1970), it became apparent that antibodies of this class 

could exert the above-mentioned biological activities by 

virtue of their firm binding to homologous mast cells (Bach, 

Bloch, and Austen, 1971a, 1971b). Prouvost-Danon and her 

collaborators demonstrated similar biological properties for 

mouse IgE antibodies (Prouvost-Danon et al., 1972; Prouvost-

Danon, Peixoto, and Queiroz Javierre, 1967, 1968; Prouvost-

Danon and Binaghi, 1970). Recently, T. Ishizaka (1976) 

obtained' pure populations of rat mast cells by long-term in 

vitro culture of thymocytes. Sensitization of these mast 

cells with rat IgE antibody resulted in antigen-initiated 

degranulation and release of histamine. 

The erythema and edema characteristic of the 

Prausnitz-Kvistner reaction, attributable in part to the 

release of histamine, suggested the involvement of skin mast 

cells in this IgE-mediated phenomenon. Tomioka and K. 

Ishizaka (1971) used the observation that human IgE myeloma 

sensitized the skin of Macaca monkeys in order to investi

gate the sites of binding of IgE in cutaneous and systemic 

sensitization. Radiolabelled anti-human IgE was found 

associated with the mast cells and blood basophils of IgE-

sensitized and normal monkeys, while antiserum specific for 

the region of IgE myeloma only labelled the mast cells 

and blood basophils in the sensitized animals. On the other 

hand, anti-human IgG (but not anti-IgE) labelled blood 
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neutrophils and monocytes and peritoneal macrophages. Sub

sequently, Halliwell (1973) showed by immunofluorescence 

that IgE in canine skin was exclusively associated with the 

mast cells. The interaction between skin mast cells and IgE 

antibody in the adult rabbit was investigated by Bauer, 

Zvaifler, and Robinson (1972). They showed that sensitiza

tion of rabbit skin with rabbit antiserum containing IgE 

antibodies (or IgE-rich chromatographic fractions), followed 

by systemic antigen challenge, resulted in a significant 

decrease in the number of granulated mast cells at the PCA 

sites. Sites sensitized with the IgG fraction of the same 

antiserum did not exhibit significant mast cell alterations. 

The foregoing presentation focused on data sup

porting the presence of receptors for IgE on mast cells; 

however, the activity of non-IgE homocytotropic antibodies 

in regard to mast cells needs to be mentioned. In the 

species studied most extensively, two distinct types of 

immunoglobulins have been shown to have affinity for the 

mast cells of homologous tissues: certain antibodies of 

the IgG class, designated IgGl in the guinea pig and mouse 

and IgGa in the rabbit and rat, as well as IgE antibodies 

(Bloch and Ohman, 19 71; Bloch, 1973; Parish, 1973; Stux and 

Ovary, 1975) . While the sensitization of rat (or mouse) 

mast cells with IgGa (or IgGl) antibody was readily reversed 

by washing the cells only once (Bach et al., 1971a; Vaz and 

Ovary, 1968; Prouvost-Danon, 1973), their sensitization 
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with IgE antibody was demonstrated to involve strong inter-

9 -1 actions (K = 10 M ; Conrad et al., 1975; T. Ishizaka, eq 

1976). The strength of binding of IgE to homologous mast 

cells is reflected in its ability to sensitize homologous 

skin for much longer periods of time than IgG homocytotropic 

antibodies (for an exception see Reid, 1970). The latter 

property has been recognized to be an important criterion 

for assessing whether or not a particular phenomenon is 

mediated by IgE antibody. 

Mediators Released or Activated in 
IgE-Induced Reactions 

The search for mediators released or activated in 

the course of IgE-induced reactions currently proceeds under 

the assumption that blood basophils and tissue mast cells 

behave similarly in this respect (see Lichtenstein, 1976). 

Yet, with the notable exception of histamine (and heparin), 

most mediators have been implicated in only a limited number 

of systems involving IgE antibody, basophils, and/or 

mastocytes. Of all the primary mediators recognized at the 

present time, only histamine and platelet-activating factor 

shall be discussed in some detail; these two are the most 

pertinent ones to the rabbit systems investigated in the 

present study. The reader is referred to articles by Orange 

and Austen (1971); Soter and Austen (1976)j Austen, 

Wasserman, and Goetzl (1976); and Lichtenstein (1976) for 
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discussions concerning other "potential" mediators of IgE-

induced reactions. 

The primary mediators have been classified as either 

"preformed"—present as such in normal tissues—or "un-

stored," that is, present in a precursor form that requires 

activation (Austen et al., 19 76). The former category in

cludes: histamine, heparin, serotonin, eosinophil chemo-

tactic factor(s) of anaphylaxis (ECF-A), and, possibly, 

neutrophil chemotactic factor(s) (NCF). The release of NCF 

has not been demonstrated in antigen-IgE antibody reactions. 

The unstored primary mediators comprise slow-reacting sub

stance (s) of anaphylaxis (SRS-A) and platelet-activating 

factor(s) (PAF). These potential mediators and some of 

their properties are listed in Table 2, which includes a 

kallikrein-like enzyme recently reported to be released from 

the leukocytes of allergic humans following in vitro ex

posure to either antigen or anti-IgE, and presumed to derive 

from the basophils (Newball, Talamo, and Lichtenstein, 

1975). Serotonin, present in the mast cells of the mouse 

and rat (Benditt et al., 1955; Prouvost-Danon, Peixoto, and 

Queiroz Javierre, 1966), and a most potent inducer of in

creased vasopermeability in these species (Alksne, 1959; 

Majno and Palade, 19 61), can also be considered a secondary 

mediator when released from platelets under the action of 

PAF. The contribution of serotonin to allergic reactions 

in other species is either considered to be negligible (in 



Table 2. Primary potential mediators of IgE-induced acute allergic reactions. 

Physicochemical Some biological 
Mediator characteristics Cellular origin(s) activities 

Histamine 

Heparin 

Serotonin 

Eosinophil 
chemotactic 
factor Cs) of 
anaphylaxis 

Neutrophil 
chemotactic 
factor (s) 

Slow-reacting 
substance of 
anaphylaxis 

Platelet-
activating 
factor (s) 

4 (or 5)- (2-aminoethyl) Mast cell, basophil; 
imidazole secondary mediator: 
MW = 111 rabbit platelets 

Sulfated glycosamino-
glycans; MW ~ 1n 10' 

5-hydroxytryptamine 
MW = 176 

Hydrophobic acidic 
tetrapeptides 
CVal,Ala-Gly-Ser-Glu) 
MW = 360-390 

Protein of unknown 
structure 
MW > 160,000 

Hydrophilic acidic 
sulfate ester(s) of 
unknown structure 
MW * 400-700 

Mast cell and blood 
basophil 

Rat, mouse mast cell; 
secondary: human and 
rabbit platelets 

Rat mast cell, human 
leukemic basophil; 
hu. mast cell (IgE-
sensit. lung); other? 

Human leukemic baso
phil, rat peritoneal 
mast cell 

Mast cell(?) (IgE-
sensit. monkey & 
human lung, rat 
perit. cells) blood 
neutrophil? 

Smooth muscle con
traction; increase 
venular permeability; 
eosinophil migration 

Anticoagulant activity 

Increase venular per
meability (rat, mouse 
but not in the rabbit) 

Eosinophil chemotaxis 
(10~7 M), inhibition 
of same at 10-10 M; 
weaker neutrophil 
chemotaxis 

Preferential 
chemotaxis of blood 
neutrophils 

Contraction of some 
smooth muscles; in
crease vasopermea-
bility in guinea pig 

Phospholipid Cs) of 
unknown structure 
MW = 1100 (rabbit, hu.) mast cell 
MW * 300-500 (rat) 

Rabbit blood basophil, Aggregation and de-
human leukemic " granulation of rabbit 

(?) and human platelets 



Table 2.—Continued 

Mediator 
Physicochemical 
characteristics Cellular origin(s) 

Some biological 
activities 

Basophil Protein of unknown Human blood basophil Generation from 
kallikrein structure plasma of bradykinin-

like activity 
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reference to humans: Orange and Austen, 1971) or remains 

undefined, as in the case of the rabbit IgE-dependent 

reactions. 

Histamine 

Histamine was at one time considered to be the 

principal mediator of immediate-type hypersensitivity 

reactions in humans and most species of experimental animals 

(reviewed by Serafini, 1966; Roche e Silva, 1966b). This 

view was replaced by that of multiple mediators; nonethe

less, histamine's role in allergic reactions, and in inflam

mation in general, has remained of considerable interest 

(Lichtenstein, 1976). In mammals, histamine is found mainly 

in the granules of blood basophils and mast cells, where it 

is noncovalently bound to a heparin-protein complex (Uvnas, 

1974). Evidence for the release of this mediator in IgE-

induced reactions was presented in the preceding sections. 

Since half of the present study deals with IgE-

induced homologous passive cutaneous anaphylaxis, a 

localized form of allergic inflammation at least partly due 

to the release of histamine, the effects of histamine on 

the peripheral vasculature need to be mentioned. One 

characteristic feature of cutaneous anaphylaxis is an in

crease in vascular permeability at the reaction site. This 

feature can easily be demonstrated by injecting intra

venously (prior to induction of the reaction) a dye such as 



Evans blue, which binds to plasma proteins (Rawson, 1943), 

and subsequently assessing the extent of local accumulation 

of the dye-protein complexes. This method was first 

applied to cutaneous antigen-antibody reactions by Ramsdell 

in 1928. The participation of histamine in this type of 

skin reaction was not suggested at the time, even though 

Ramsdell used this method to demonstrate histamine wheals 

since it was known that histamine effected an increase in 

vascular permeability (Eppinger [1913] cited by Wilhelm, 

1962; Lewis, 1927). The mechanism(s) of this phenomenon 

was a subject of great controversy until the application of 

electron microscopy (reviewd by Rocha e Silva, 1966a) . In 

1959 Alksne showed that, under the influence of histamine 

applied to the mouse skin, intravenously injected HgS 

particles were incorporated into vesicles within endothelial 

cells and eventually became trapped by the basement membrane 

also, "fenestrations" observed in the endothelial cytoplasm 

were believed to aid in extravasation. However, the im

mediate effects of histamine were missed in these studies 

because HgS was always injected at least 5 minutes after 

histamine treatment. The detailed investigations of Majno 

and his colleagues, who used the rat's cremaster muscle 

because its thinness permitted rapid fixation in situ and 

subsequent transillumination, showed that histamine (as well 

as bradykinin and serotinin) induced the leakage of carbon 

or HgS particles mainly in the small veins of 20-30 micra 
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in diameter; the arterioles and capillaries proper (3-5 

micra diameter) were not involved. Extravasation was noted 

at sites showing "gaps" between endothelial cells, and this 

was associated with nuclear "pinches" that were interpreted 

to represent endothelial cell contraction (Majno and Palade, 

1961; Majno, Palade, and Schoefl, 1961; Majno, Shea, and 

Leventhal, 1969). Peterson and Good (1962) showed that 

these observations applied to increased vasopermeability in 

guinea pig heterologous PCA. 

While investigating the mechanisms of in vitro aller

gic histamine release from human blood basophils, Bourne, 

Melmon, and Lichtenstein (1971) discovered that exogenous 

histamine, when added very early in the reaction in concen-

-7 -5 trations of 10 -10 M, inhibited the release of endogenous 

histamine. Antihistamines such as mepyramine (pyrilamine, 

-6 -4 10 -10 M), considered to act at histamine Hl-receptors, did 

not inhibit this effect (Lichtenstein and Bourne, 1971). On 

the other hand, antihistamines known to act at H2-receptors 

(Black et al., 1972) reversed the inhibitory action of 

exogenous histamine (Lichtenstein and Gillespie, 1973, 1975). 

This type of modulation by histamine has not been shown to 

take place in vivo. Kravis and Zvaifler (1974) infused hista

mine (10pg/Kg/min for 10 minutes) into rabbits in order to 

assess its effect on the homologous PCA reaction. While 

these authors did not analyze their data, the effect of this 

dosage of histamine, judging from the given experimental values, 



31 

could hardly be considered significant. As pointed out by 

Lichtenstein (1976), however, the role of histamine as 

regulator of inflammatory responses is only beginning to be 

appreciated; such a role may prove to extend to the cellular 

phase of acute allergic reactions, for which there is now 

only in vitro evidence. 

Platelet-Activating Factor 

A platelet-activating factor (PAF) was first 

detected when normal platelets were exposed to the super

natant fluid obtained after in vitro interaction of specific 

antigen with washed blood leukocytes from appropriately 

immunized rabbits—the leukocyte-dependent histamine release 

(LDHR) reaction (Henson, 1969, 1970; Henson and Benveniste, 

1971; Siraganian and Osier, 1971a). IgE-sensitized baso

phils were implicated as the source of PAF (Siraganian and 

Osier, 1971b; Benveniste et al., 1972) and, subsequently, 

suggestive evidence was presented for the release of PAF 

from mast cells (Benveniste, Camussi, and Mencia-Huerta, 

1977; Benveniste, Camussi, Mencia-Huerta, and Polonsky, 

1977). PAF was originally identified on the bases of two 

properties: the aggregation of platelets, and noncytotoxic 

active release of platelet nucleotides, histamine, and 

serotonin (Henson, 1969, 1970). The aggregation of 

platelets by PAF was shown to be independent from the 

actions of thrombin, adenosine diphosphate, and arachidonic 
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acid (Cazenave, Benveniste, and Mustard, 1977). The 

presence of such platelet-aggregating agents in tissue ex

tracts requires distinguishing their activity from that of 

PAF. 

PAF-like activities also have been obtained by the 

following methods: in vitro antigen or anti-IgE challenge 

of leukocytes from allergic humans (Benveniste and Papoian, 

19 72) and of lung fragments from immunized rabbits (Kravis 

and Henson, 1975); antigen challenge of human lung fragments 

sensitized in vitro with serum from ragweed-sensitive humans 

(Bogart and Stechschulte, 1974); incubation of human 

leukemic basophils with the ionophore A23187 (Lewis et al., 

1975); antigen challenge of the rat peritoneal cavity 

passively sensitized with hyperimmune rat serum containing 

mainly IgGa antibodies (Kater, Goetzl, and Austen, 1976); 

in vitro incubation of tissues from various mammalian 

species with specific antigen, or anti-IgE, or agents known 

to act on mast cells—compound 4 8/80, C5a, neutrophil 

cationic proteins (Benveniste, Camussi, Mencia-Huerta, and 

Polonsky, 1977); and incubation of rabbit, human, and hog 

blood leukocytes in pH 9.5 buffer containing bovine serum 

albumin as PAF-carrier (Benveniste, 1974; Benveniste, 

Camussi, Mencia-Huerta, and Polonsky, 1977). The active 

principle obtained by calcium-dependent spontaneous release 

from hog leukocytes has been used most extensively for 

purposes of isolation and characterization, but the exact 
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structure of PAF remains unknown (Benveniste, 1975; 

Benveniste, Camussi, Mencia-Huerta, and Polonsky, 1977) . 

The purest preparations of PAF exhibited the characteristics 

of a phospholipid that migrated on silica gel chromatograms 

between sphingomyelin and lysophosphatidyl choline. PAF 

activity was destroyed by treatment with phospholipases A2, 

C, and D, while a phospholipase C specific for sphingomyelin 

and lipase Al (Rhizopus arrhizus) were ineffective in this 

respect. The treatment of phosphatidyl choline with lipase 

Al was reported to generate an uncharacterized product 

having PAF-like activity. 

Until recently, only indirect evidence existed for 

the in vivo release and action of PAF in hypersensitivity 

reactions involving IgE antibody. In this regard, positive 

in vitro LDHR reactions were found to be associated with the 

development of acute serum ;sickness in the rabbit (see 

review by Cochrane and Koffler, 19 73). Involvement of the 

IgE-basophil-PAF system in human pathology was suggested by 

the observation that patients suffering from atopic allergy 

and anaphylactic shock, who had few or no stainable blood 

basophils, released low or undetectable levels of PAF from 

their blood leukocytes (Benveniste, 1975). In the case of 

IgE-induced systemic anaphylaxis in the rabbit, several 

observations suggested that PAF was released in vivo and 

that it acted on the platelets; antigen challenge induced 

significant reductions in circulating platelets and even 



greater decreases in total blood histamine, the intra

vascular aggregation of platelets, and temporary sequestra

tion (mainly in the lungs and liver) of the platelets 

(Halonen, Pinckard, and Meng, 1973; Halonen and Pinckard, 

1975; Pinckard et al., 1977). More direct evidence for the 

involvement of PAF in these in vivo phenomena was provided 

51 by Henson and Pinckard (1977). By using Cr-labelled 

platelets, they showed that the platelets that returned to 

the circulation one hour after a sublethal dose of antigen 

were specifically unresponsive in vitro as measured by the 

secretion of serotonin induced by basophil-derived PAF. 

These observations provided strong evidence for the release 

and activity of PAF in vivo. 

Rationale and Aims of This Study 

The present study was undertaken to determine the 

influence of age on various manifestations of cell-bound 

IgE antibody activity. This subject became of interest as 

a direct consequence of experiments (carried out in the 

laboratory of Dr. R. N. Pinckard) concerning the synthesis 

of IgE antibody and the development of systemic anaphylaxis 

in the rabbit. The earliest experiments demonstrated that 

the first week of life was a critical period during which 

an appropriate initial exposure to a protein antigen could 

lead to the preferential synthesis of antibody of the IgE 

class, and to subsequent sensitivity to IgE-induced systemic 
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anaphylaxis (Pinckard, Halonen, and Meng, 1972). It was 

observed in the course of these studies that 4- to 6-week-

old subjects did not develop visible signs of systemic 

anaphylaxis; yet, these young rabbits had levels of serum 

IgE antibody that were similar to those of adults, who were 

susceptible to anaphylactic shock (Pinckard, 1971-1972). 

The numerous possibilities raised by this observation sug

gested an investigation of the in vivo biological activities 

of IgE antibody in very young rabbits by means of homologous 

passive sensitization experiments. 

Since the immunization of newborn rabbits made 

available sera containing antibody exclusively of the IgE 

class, this development greatly facilitated an investigation 

of IgE-receptors on mast cells and blood basophils in 

rabbits of various ages. The homologous passive cutaneous 

anaphylaxis (hoPCA) reaction, generally used for purposes of 

assessing the presence and relative concentration of serum 

IgE antibody (assayed in normal adult recipients), was chosen 

as the model for studying the sensitization of mast cells. 

The in vitro leukocyte-dependent histamine release (LDHR) 

reaction served to assay the in vivo sensitization of blood 

basophils. The first objective consisted of determining the 

incidences of hoPCA and increased vascular permeability to 

exogenous pharmacological agents as a function of age. The 

results of this core-experiment guided the subsequent 
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experiments, which were designed to answer such questions 

as the following: 

1. Do the mast cells and/or basophils of neonatal 

rabbits possess receptors for IgE antibody? 

2. If these target cells do bind IgE, then does the 

interaction of antigen with cell-bound IgE induce 

degranulation of the mast cells/basophils? 

3. Is histamine released from the mast cells of very 

young rabbits as a consequence of antigen-IgE anti

body interaction? And, if histamine is released, 

are there any age-related differences associated 

either with the release of histamine and/or the 

reactivity to histamine? 

4. Is the in vitro LDHR reaction a sensitive measure 

of in vivo sensitization of basophils by IgE 

antibody? 

In addition, a posteriori questions were posed on the basis 

of specific experimental results; but, since the formulation 

of such questions has little meaning out of context, these 

shall be deferred to Chapter 5, DISCUSSION. 



CHAPTER 2 

MATERIALS AND METHODS 

General Materials and Methods 

An ima1s 

Californian rabbits of either sex were used through

out this study. With rare exceptions, the rabbits were 

obtained from the Powell Rabbitry, Tucson, Arizona. The 

neonatal immunization schedules and the sensitization of 

rabbits less than ten weeks of age were carried out at the 

Powell Rabbitry; older rabbits were brought into the Divi

sion of Animal Resources, College of Medicine, University of 

Arizona. The term "adults" is used to denote 3-month-old 

rabbits. 

For heterologous PCA and for histamine bioassay 

tests, Hartley guinea pigs of either sex were obtained from 

a colony maintained by the Division of Animal Resources. 

Antigens 

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

tion of BSA (crystallized, Miles Laboratories) was prepared 

in non-pyrogenic 0.9% NaCl (either Cutter or McGraw Labora

tories); dry-heat sterilized (170°C, 4 hour) glassware was 

used in order to avoid contamination with endotoxin. The 

37 
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stock BSA was sterilized (0.45 ym pore size Millipore 

filter), distributed into sterile plastic test tubes, and 

stored at -20°C. A sample from each preparation of stock 

BSA was assayed for endotoxin content by the Limulus method 

(Levin and Bang, 19 6 8) by Mr. J. Kiernat in the laboratory 

of Dr. J. J. Corrigan (Department of Pediatrics, University 

of Arizona Medical Center). The endotoxin content of the 

stock BSA usually was less than 10 ng/ml. 

For injections requiring soluble BSA, the stock BSA 

was thawed only once, diluted with non-pyrogenic 0.9% NaCl, 

and filter-sterilized into sterile sealed injection vials. 

Aluminum Hydroxide-Adsorbed BSA. The stock BSA was 

diluted with non-pyrogenic 0.9% NaCl to a concentration that 

provided a suitable volume for injection after mixing with 

Alhydrogel (1.3% A^O^/ Superfos Export Co., Vedbaek, 

Denmark) in a proportion of 1.6 mg A^O^/mg BSA (Pinckard, 

1967). This suspension (ABSA) was prepared within 2 hours 

of its use. 

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

solution of HRP (Type II, Sigma Chemical Co.) was prepared 

as described for BSA. The endotoxin content of the stock 

HRP always was less than 1 ng/ml. 
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Aluminum Hydroxide-Adsorbed HRP. This suspension 

(AHRP) was prepared by mixing Alhvdrogel with AHRP in the 

proportion described for BSA. 

Neonatal Immunizations and 
Preparation of Antisera 

Rabbits were injected intra-abdominally (25G x 1 

inch needle), within 24 hours of birth, either with 1 mg 

ABSA or 1 mg soluble HRP; subsequent injections were done 

according to the immunization schedules for BSA (Pinckard 

et al., 1972) and for HRP (Halonen, 1974) shown in Table 3. 

Five to seven days after the last injection, about 40 ml of 

blood were obtained from each rabbit from the central artery 

of the ear (19G x 1 inch siliconized needle). The blood 

samples were collected directly into Pyrex test tubes and 

were allowed to clot and retract at 37°C for 15 to 30 

minutes and then at room temperature; the clots were dis

lodged from the walls of the test tubes with wooden appli

cator sticks, and the sera were decanted intermittently. 

The sera were centrifuged at about 900 xg for 15-20 minutes 

at 4°C, distributed into Polyvials (Electro-Sonic Components, 

Hawthorne, California), and stored at -20°C until serum 

antibody determinations were done as described in the sub

sequent section. In order to obtain sera that contained 

only IgE specific antibodies, several antisera in which 

antibody activity could be demonstrated only by homologous 

PCA and not by antigen-binding capacity and heterologous PCA 
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Table 3. Neonatal immunization schedules. 

Age of rabbit 
« 

BSAa HRPb 

0 days 1 mg ABSA,° i.p. 1 mg HRP, i.p.d 

7 days 1 mg BSA, i.p. 1 mg HRP, i.p. 

14 days 5 mg BSA, i.p. 1 mg HRP, i.p. 

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

35 days 5 mg BSA, i.p. 1 mg HRP, i.p. 

49 days 5 mg BSA, i.p. 1 mg HRP, i.p. 

63 days 5 mg BSA, i.p. 1 mg HRP, i.p. 

77 days 10 mg ABSA, s.c.^ 1 mg HRP, i.p. 

aBSA = bovine serum albumin. 

^HRP = horseradish peroxidase. 

£ ABSA = aluminum hydroxide-adsorbed BSA. 

i,p. = intra-abdominally. 

0 AHRP = aluminum hydroxide-adsorbed HRP. 

"^s.c. = subcutaneously. 
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were pooled, stored in 1-2 ml amounts at -20°C, and thawed 

once, immediately before use. The thawed antisera were 

filter-sterilized (0.22 ym pore size Millipore filter units) 

prior to injection into the rabbits. Only the serum dilu

tions used for intracutaneous injection were not subjected 

to this treatment. 

Characterization of the 
Antisera 

The Ammonium Sulfate Method for Measuring Antigen-

125 Binding Capacity. Trace-labelled I-BSA was prepared by a 

modification (Pinckard, Weir, and McBride, 1967) of the 

Chloramine T method of Hunter and Greenwood (19 62) . Through 

125 the rubber seal of an injection vial containing 5 mCi I 

125 (Na I, carrier-free, New England Nuclear) were added 

sequentially 0.2 ml of borate buffer (Minden and Farr, 

1967), 0.5 ml of 10 mg/ml BSA, and 0.3 ml of 0.5 mg/ml 

Chloramine-T (Matheson, Coleman, and Bell). The reagents 

were mixed for 1-2 minutes, then 5 ml of borate buffer were 

added to quench the reaction. The contents of the vial were 

transferred into a dialysis bag and were dialyzed at 4°C 

against borate buffer to which a few crystals of KI were 

added? the dialysis was carried out with numerous changes of 

buffer for 4-5 days, until the radioactivity of the dialy-

125 sate stabilized. The I-BSA was distributed into Poly-

vials, 0.5 ml/vial, and was stored at -20°C. The protein 

125 concentration of I-BSA was estimated by the 



Folin-Ciocalteu method of Lowry et al. (1951), and the 

protein nitrogen content was calculated as 16% of the 

125 protein concentration. The percentage of I covalently 

bound to BSA was assessed by precipitation of the protein 

(at the concentrations used in the test) in 10% trichloro

acetic acid (TCA). In some cases only 90-95% of the radio

activity was TCA-precipitable, and either a second period of 

dialysis or electrodialysis did not improve these results; 

however, such preparations were considered to be adequate 

for a qualitative application of the test. 

The primary interaction between BSA and anti-BSA 

antibodies was measured by the method of Farr (1958) , as 

125 described by Minden and Farr (1967) . Trace-labelled I-

BSA was diluted in 1/100 normal rabbit serum (NRS diluted 

1/100 in borate buffer) to a concentration of 0.2 and 0.02 

pg N/ml in order to ensure maximum sensitivity of the test 

(Pinckard, McBride, and Weir, 1967). Duplicate 0.5 ml 

amounts of the test sera, diluted 1/10 in borate buffer, 

were incubated at 4°C for 18-24 hours with 0.5 ml of each 

125 I-BSA dilution. The controls were done in triplicate. 

After incubation, either 1.0 ml of saturated ammonium 

sulphate or 1.0 ml of 20% trichloroacetic acid was added to 

the appropriate samples, which were incubated at 4°C for 

30 minutes. The precipitates were sedimented by centrifuga-

tion at 1500 x g, at 4°C for 30 minutes and the supernatant 

fluids were discarded. The precipitates were washed once 
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with lv:lv borate buffer:saturated ammonium sulphate, and 

125 their I content was measured in a Nuclear Chicago well-

125 
type gamma spectrometer. The percentage of I-BSA specif

ically bound to antibodies was calculated from the following 

equation: 

% bound = [|f - SCF <T^c-flEXP) 1 100 

where 

EXP = average counts per minute (cpm) in a given experi

mental precipitate; 

TCA = average cpm precipitated in 10% trichloroacetic 

acid; 

SCF = supernatant correction factor = ; 

NRS = average cpm precipitated in normal rabbit serum 

(NRS diluted 1/10 in borate buffer) by 50% saturated 

ammonium sulphate. 

The first term within the brackets of the equation estimated 

125 the proportion of antibody-bound plus unbound I-BSA pre

cipitated by 50% saturated ammonium sulphate, while the 

125 second term corrected for the I-BSA non-specificallv 

precipitated. Farr (1958) found the latter to be propor

tional to the amount of labelled BSA in the supernatant of 

a given sample after precipitation with 50% saturated 

ammonium sulphate. 

An anti-BSA serum was considered to be positive for 

antigen-binding capacity when a 1/10 dilution bound greater 
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125 than 10% of the 0.01 or 0.1 yg N I-BSA. The anti-HRP 

serum pool used in one set of experiments (Chapter 2, 

section: Procedures Concerning the Repeated Challenge of 

hoPCA Sites) was not characterized by this test, since 

12 5 I-HRP did not fulfill the criterion of solubility in the 

concentrations of ammonium sulphate required for adequate 

precipitation of soluble antigen-antibody complexes (Halonen, 

1973) . 

Heterologous Passive Cutaneous Anaphylaxis. The 

heterologous PCA activities of anti-BSA and anti-HRP sera 

were tested in 250-350 g guinea pigs by the method of Ovary 

(1964). Undiluted and 2-fold serially diluted 0.1 ml 

amounts, either in non-pyrogenic 0.9% NaCl or in normal 

rabbit serum, were injected intradermally into the shaved 

backs of at least two recipients. A serum with known 

heterologous PCA activity and normal rabbit serum served as 

controls. After a 3.5-4 hour sensitization period, the 

guinea pigs were injected intravenously (i.v.) with 0.5 ml 

of 2% Evans Blue (C.I. 23860, Matheson, Coleman, and Bell), 

and the test sites were observed for 30 minutes for non

specific blueing. Then, the animals were challenged i.v. 

with either 5 mg of BSA or 2 mg of HRP. Thirty minutes 

later, the guinea pigs were killed by intracardiac injection 

of a lethal dose of sodium pentobarbital (REPOSE, Diamond 

Labs, Inc.); the skins were removed and the diameters of 
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blueing were measured from the internal side. Reactions 

greater than 5 mm in diameter were considered to be positive, 

since the normal rabbit serum-injected sites were negative 

consistently. The reciprocal of the highest dilution that 

elicited a positive reaction was considered to be the 

heterologous PCA titer. 

Homologous Passive Cutaneous Anaphylaxis (hoPCA). 

The parameters of the hoPCA reaction that were changed from 

those to be described shall be presented in a subsequent 

section. Homologous PCA tests were performed essentially by 

the method of Zvaifler and Becker (1966) . One-tenth ml 

volumes of undiluted sera, serum dilutions in non-pyrogenic 

0.9% NaCl, and normal rabbit serum were injected intra-

dermally into the shaved backs of at least two 2- to 3-kg 

rabbits. After a sensitization period of 72 hours, the 

rabbits were challenged i.v., with either 20 mg BSA/kg or 

2 mg HRP/kg and 1 ml/kg of 2% Evans Blue. The cutaneous 

reactivity of the rabbits was tested immediately after 

challenge with antigen by injecting intracutaneouslv 0.1, 

1, and 10 yg of histamine, 1 and 10 yg of compound 48/80, 

1 yg of bradykinin, and 0.9% non-pyrogenic NaCl in 0.1 ml 

volumes. Thirty minutes later the rabbits were killed by 

means of an intracardiac injection of sodium pentobarbital; 

the skins were removed and stretched onto glass plates and 

the diameters of the blue spots were measured from the 
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internal side of the skin. Reactions greater than 5 mm in 

diameter were considered to be positive. The reciprocal of 

the highest dilution of antiserum that elicited a positive 

reaction was considered to be the hoPCA titer. Reactivity 

to histamine and to compound 4 8/80 was considered as posi

tive when a significant increase in vascular permeability 

was elicited by any one of the concentrations tested. Adult 

rabbits that responded to 1 yg histamine and to 10 yg of 

4 8/80 with cutaneous blueing £ 5 mm in diameter were con

sidered to be inadequate hoPCA test recipients and were 

excluded from the study. This criterion was based on the 

cutaneous reactions to the pharmacologic compounds of 

rabbits used for the preliminary screening of immune sera. 

As shown in Table 4, the lower limits of the 95% confidence 

intervals (assuming normal distributions) for the reactions 

to 1 yg histamine and 10 yg 4 8/80 were essentially the same 

as the generally accepted dividing line between negative and 

positive reactions. 

The Biological Assay of Histamine 

The assay for histamine in extracts prepared from 

rabbit skin and in the supernatant fluids obtained from 

blood cells was performed on the guinea pig ileum, prepared 

as discussed by Vugman and Rocha e Silva (1966). A 250-350 

g guinea pig was decapitated, and a 10-15 cm-long piece from 

the terminal part of the ileum was removed and washed with 



47 

Table 4. Increased vascular permeability following intra
cutaneous injection of pharmacologic compounds 
into 2- to 3-kg rabbits. 

a n _b 
V 

c 
s y-2sd 

Bradvkinin 1 pg 24 16.9 2 .04 13 

Histamine 10 yg 27 16 .9 1.82 13 

Histamine 1 ug 27 12.5 3.15 6 

48/80 10 pg 22 9.1 1.55 6 

an = number of rabbits tested. 

v = mean diameter (mm) of cutaneous blueing. 

s = standard deviation from the mean. 

y-2s = lower limit of the 95% confidence interval 
for items. 

modified Tyrode buffer pH 7.7 (Vugman and Rocha e Silva, 

1966), which contained 10 Si atropine base (atropine sulfate 

USP, Merck Chemical Division). A 3-cm piece with diagonal 

ends was cut from the portion of the ileum proximal to the 

ileo-cecal junction ("proximal" end) and a length of silk 

suture was tied at each end. The "proximal" end was tied to 

an arc at the bottom of the 10 ml capacity reaction vessel, 

and the other end was affixed to the lever arm of an iso

tonic transducer (Heart/Smooth Muscle Transducer, model 

386, Harvard Apparatus). The reaction vessel was filled 

with Tyrode buffer at 37°C, a continuous stream of 95% 
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C>2:5% CC>2 was bubbled through the bath, and the muscle was 

allowed to equilibrate. 

Histamine (histamine dihydrochloride, Sigma Chemical 

Co.) standards, which contained from 10 to 100 ng histamine 

base/100 yl, were tested on the muscle in 100 yl amounts, 

and the deflections induced by contraction of the muscle 

were recorded (Recorder, model 350, Harvard Apparatus) at a 

chart-speed of 0.60 cm/minute. After each muscle contrac

tion the bath was emptied and refilled with fresh buffer. 

Only those muscles were used that responded to the addition 

of 20 ng histamine and showed evidence of stability. 

Samples were added at 1-minute intervals and a 2 x 2 assay 

pattern was used; i.e., two dose levels of an unknown were 

compared with two dose levels of histamine standard. The 

specificity of the muscle's contractions was tested by 

-7 assaying the samples in the presence of 10 M chlorphen

iramine base (chlorpheniramine maleate USP, Amend Drug and 

Chemical Co., Inc.). Under these conditions, bradykinin was 

3 
used to standardize the muscle and 1 to 5 x 10 ng histamine 

needed to be added to the bath in order to obtain a minimal 

deflection. The presence of chlorpheniramine completely 

inhibited the contractions induced by the test samples; 

while this indicated that histamine was the major component 

that induced contraction of the ileum, a synergistic effect 

from a minor component could not be excluded entirely. The 

histamine concentration of the test samples was calculated 
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from standard lines obtained by plotting the log^Q dose of 

histamine added versus mm of deflection. 

Materials and Methods Pertinent to 
the hoPCA Reaction 

Preparation and Use of 
Pharmacologic Reagents 

Unless otherwise indicated, non-pyrogenic 0.9% NaCl 

was used as a diluent in all the preparations. 

Histamine. Histamine phosphate (Eli Lilly and Co.) 

-3 
was diluted to a concentration of 100 yg base/ml (10 M); 

this stock solution was stored at -20°C in Polyvials. 

Immediately prior to an experiment, the histamine stock 

solution was thawed and was used for the preparation of 10 

yg/ml and 1 yg/ml solutions. The three concentrations of 

histamine were injected intracutaneously in 0.1 ml amounts 

always immediately after an experimental animal was in

jected intravenously with antigen and Evans Blue. These 

doses of histamine were selected because 0.01 yg histamine 

either did not induce or only marginally induced an increase 

in vascular permeability in 3-month-old rabbits, while 20 

yg histamine regularly induced vasoconstriction at the 

center of the reaction site. 

Compound 48/80. Ten yg/ml and 100 yg/ml solutions 

of compound 48/80 (Burroughs-Wellcome and Co., lot No. 52900) 

were prepared shortly before intracutaneous injection, 0.1 
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ml/site, into rabbits challenged with antigen and Evans 

Blue. Lot No. 52900 was reported to consist principally of 

the trimeric condensation product of p-methoxyphenylethyl-

methvlamine with formaldehyde (MW of trimer base = 534 .6) . 

Selection of the doses of compound 48/80 was based on the 

observations that 0.1 yg failed to induce a significant in

crease in vascular permeability in 3-month-old rabbits, 

while amounts greater than 10 yg produced petichial lesions 

at the injection sites. 

Bradykinin. A stock solution of 10 yg/ml bradykinin 

(bradykinin triacetate, A grade, Calbiochem) was prepared 

and stored in Polyvials at -20°C; 0.1 ml of this stock solu

tion was injected intracutaneously into hoPCA test rabbits 

immediately after injection of the antigen and Evans Blue. 

Although other concentrations of bradykinin were tested, 

this dose was selected because it induced approximately the 

same diameter of blueing as 10 yg histamine when tested in 

3-month-old rabbits (Table 4). 

Antihistamines. Chlorpheniramine maleate (USP grade, 

Amend Drug and Chemical Co., Inc., lot No. C710391) was pre

pared at a concentration of 10 mg base/ml on the day of each 

experiment. This solution was filter-sensitized and a dose 

of 10 mg/kg was injected, over a time period of 2 minutes, 

into the marginal ear vein of each hoPCA test rabbit one 

hour prior to challenge with antigen. 
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Mepyramine maleate (J. T. Baker Chemical Co., lot 

No. 43594) was prepared at a concentration of 100 mg base/ml 

on the day of an experiment; this solution was diluted to 

-3 1 mg/ml and its pH was adjusted to 7 with 4 x 10 M (final 

concentration) sodium phosphate buffer. This solution was 

filter-sterilized and a dose of 0.5 mg/kg was injected, via 

the marginal ear vein, 30 minutes preceding challenge with 

antigen. 

Procedures Concerning the Duration of 
Skin-Fixation of IgE Antibody 

Within 24 hours from birth, 24 rabbits received a 

0.1 ml intracutaneous injection of an anti-BSA IgE serum 

pool having a hoPCA titer of 16 to 32 when tested in 3-month-

old rabbits. Twelve 3-month-old rabbits received similar 

injections. Individual rabbits were tested for hoPCA at 

various intervals of time after sensitization. Three days 

before hoPCA challenge each rabbit was injected, at a new 

skin site, with the same anti-BSA IgE serum pool. This 

second injection was done in order to evaluate whether a 

negative hoPCA reaction at the first injection site was due 

to the lack of retention of IgE antibody or whether it re

flected a general lack of reactivity in terms of an increase 

in vascular permeability. 
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Procedures Concerning the Changes in 
Skin Histamine at hoPCA Sites 

An initial experiment was performed in order to 

determine, in 14- and 28-day-old rabbits, the changes in 

skin histamine at hoPCA sites one hour after challenge with 

the specific antigen. Nine 11-day-old and six 25-day-old 

rabbits were injected intracutaneously, 0.1 ml/site, as 

follows: two sites with an anti-BSA IgE serum having adult 

hoPCA titers of 40 to 80; two sites with normal rabbit 

serum; and one site with non-pyrogenic 0.9% NaCl. Three 

days later the rabbits were challenged with BSA and dye as 

outlined previously. Sixty minutes after challenge with 

antigen each rabbit was decapitated and the skin over the 

pertinent area was removed. Full-skin-thickness biopsies, 

about 15 mm in diameter, were taken from the injected sites 

and from an untreated site. The biopsies were frozen in 

liquid N2/ weighed, pulverized in a stainless steel mortar 

and pestle cooled in methanol-dry ice, and the histamine was 

extracted with 0.4 N HClO^. The samples were centrifuged 

at 40,000 x g for 90 minutes. To each 1.0 ml of supernatant 

fluid were added 25 yl of 1 M sodium phosphate buffer pH 

7.3, 25 yl of 0.1% aqueous neutral red, and 0.4 N NaOH until 

the pH was between 6.8 and 7.3. The histamine content of 

the skin extracts was assayed on the guinea pig ileum as 

described previously. The histamine standard solutions were 
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prepared in 0.4 N NClO^ created in the same manner as the 

samples. 

A subsequent experiment was carried out in order to 

determine the changes ir. skin histamine at hoPCA sites as a 

function of time after challenge with antigen. Sixteen 11-

and 25-day-old rabbits were sensitized as described for the 

initial experiment, except: that the anti-BSA IgE serum had 

a titer of 16-32 in adult rabbits. The intracutaneous in

jections were placed at the centers of circles 12 mm in 

diameter and their sequer.ce followed a randomized design. 

Three days after sensitization the rabbits were challenged 

with BSA and Evans Blue; two rabbits were sacrificed for 

each time period, which vas 2, 5, 10, 15, 20, 30, and 60 

minutes after challenge -..-ith antigen. The skin biopsies 

were obtained and handle! as described above. 

Procedures Concerning the Repeated 
Challenge of hoPCA Sites 

Ten 11-day-old rabbits were injected intracutaneously 

at three separate sites, vith 0.05 ml of an anti-BSA IgE 

serum pool, 0.05 ml of ar. anti-HRP serum pool, and 0.1 ml 

of a 1:1 mixture of the two sera. The anti-BSA IgE serum 

pool had a hoPCA titer cf 32 in 3-month-old rabbits; the 

anti-HRP serum pool alsc had a hoPCA titer of 32 and was 

negative for heterologous PCA. Three days after sensitiza

tion, five rabbits were ir.jected intracardially with BSA 

(20 mg/kg) and 2% Evans Zlue (1 ml/kg) while the other five 
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were challenged with HRP (2 mg/kg) and dye. The hoPCA test 

sites were observed for one hour, then the reactions were 

recorded. One rabbit died 4 days later. When the surviving 

rabbits attained 2 5 days of age, 5 ml of blood were obtained 

from each either from the central ear artery or by cardiac 

puncture; the blood samples were used for serum antibody 

determinations by the hoPCA, heterologous PCA, and antigen-

binding capacity tests and for basophil-bound IgE antibody 

determinations by the leukocyte-dependent histamine release 

test. Subsequent to this bleeding procedure, the rabbits 

were skin-sensitized at three new sites just as on Day 11. 

Three days later, the rabbits were challenged first with the 

antigen to which a given animal had not been exposed on Day 

14; the hoPCA sites were observed for one hour after this 

initial challenge and the reactions were recorded. Then, 

the rabbits were challenged with the other antigen; 30 

minutes after this second challenge the rabbits were killed 

with an overdose of sodium pentobarbital, the skins were 

removed, and the hoPCA reactions were measured from the 

internal sides of the skins. One rabbit was excluded from 

this study because it was hoPCA-negative both at the old 

and new skin sites. 
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Materials and Methods Pertinent 
to Blood Cells 

Blood Cell Counts 

Platelets and Leukocytes. To prevent coagulation, 

blood was drawn either into ethyleneglycol-bis-(beta-amino-

ethyl ether) N,N'-tetraacetate (EGTA), 25 yl of 0.2 M EGTA 

pH 7.3 per ml of blood, or into acid citrate-dextrose (ACD) 

prepared as described by Aster and Jandl (1964), 150 yl of 

ACD per ml of blood. The blood was diluted 1/100 by means 

of the Unopette disposable pipetting system (Becton, 

Dickinson, and Co.), which contained 1% ammonium oxalate as 

diluent. Both sides of a Bright-Line Improved Neubauer 

hemacytometer (American Optical Corporation) were filled 

with a given blood sample. The hemacytometer was placed in 

a humidified chamber and the cells were allowed to settle 

for 10 to 15 minutes; for platelet counts, ten to fifteen 

3 0.004 mm volumes were scanned using the 40X objective of a 

phase contrast microscope. After the platelets were counted, 

3 both sides of the hemacytometer (2 x 0.9 mm ) were scanned 

for leukocytes. 

Basophils. In order to identify the basophils in 

whole anti-coagulated blood, a staining procedure was 

developed based on the method described by Boseila (1959) . 

Originally, all the leukocytes stained various degrees of 

blue and no single cell type could be recognized to stain 



56 

metachromatically. By changing the pH of the buffer and the 

concentration of toluidine blue, a staining solution was 

obtained that colored the basophils reddish-blue; the only 

other cell type that stained appeared morphologically to be 

the monocyte, which acquired a light blue color. 

The stock solutions were: S^rensen's glycine 

buffer I, pH 2.0 (0.1 M glycine in 0.1 M NaCl, diluted to 

pH 2.0 with 0.1 N HC1); 1% toluidine blue 0 (C.I. No. 52040, 

Matheson, Coleman, and Bell) in 60% ethyl alcohol; an 

aqueous solution of 1.2% ammonium oxalate ( (NH^) 2C2O4-I^O) , 

0.8% potassium oxalate ( (CC^K) ̂ "H2°) an<^ 0.4% formalin; 2.8% 

saponin (Matheson, Coleman, and Bell) in 50% ethyl alcohol. 

The staining solution consisted of 20 ml glycine buffer, 

0.50 ml toluidine blue, 1.5 ml 100% ethyl alcohol, 0.75 ml 

oxalate solution, and 0.50 ml saponin. This solution was 

mixed gently and filtered. Generally 100 yl of blood were 

diluted into 400 yl of staining solution, which provided a 

mixture with a final pH of'4.2. Five to eight hours after a 

blood sample was mixed with the toluidine blue staining 

solution, either both sides of an Improved Neubauer chamber 

3 3 (1.8 mm ) or one side of a Fuchs-Rosenthal (3.2 mm ) chamber 

(C. A. Hausser and Son) were filled with the sample; the 

hemacytometer was placed in a humidified chamber, and the 

cells were allowed to settle for 10 to 15 minutes prior to 

counting the basophils. 
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Leukocyte Differential Counts. Blood smears were 

made on clean 1x3 inch microscope slides; two slides were 

prepared for each blood sample. The blood was allowed to 

air-dry, then the slides were placed in a Hema-Tek slide 

stainer (model 4480, Ames Co. Division of Miles Labora

tories) which utilized Stain-Pak N3. 4481 in order to provide 

Wright's differential staining of the blood cells. The 

feathery edges of the blood smears were scanned using the 

oil-immersion objective of the microscope and 200 (sometimes 

more) leukocytes were counted and classified into neutrophils 

with segmented nuclei, neutrophils with banded nuclei, small 

lymphocytes, medium and large lymphocytes, monocytes, baso

phils, eosinophils, and atypical leukocytes. Also, the 

number of nucleated erythrocytes per 100 leukocytes was 

recorded. The percentage of each cell type was calcul-

lated 

The In Vitro Leukocyte-Dependent 
Histamine Release Test (LDHR) 

The following three modified Tyrode buffers were 

used throughout the procedures to be described in this 

section: 

NaCl 

IGI 

0.14 M 

TGI I 

0.14 M 

TGIII 

0.14 M 

MgCl2 

NaHC03 

KCl 2.6 x 10~3M 

1.0 x 10~3M 

1.2 x 10_2M 

2.6 x 10"3M 2.6 x 10"3M 

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

1.2 x 10~2M 1.2 x 10"2M 
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IGI TGII TGIII 

CaCl2 ~ — 1.3 x 10~3M 

Dextrose, anhy. 1 g/1 1 g/1 1 g/1 

Gelatin (Difco) 2.5 g/1 2.5 g/1 2.5 g/1 

EGTA 2 x 10~4M 

pH 6.5 6.5 7.3 

The first five reagents were prepared as 2 0-fold concen

trated stock solutions and, with the exception of the NaHCO^ 

solution which was prepared freshly every five days, these 

stocks were kept for weeks at 4°C. The gelatin was used as 

a 10% aqueous preparation, which was melted in a 56°C water-

bath prior to its incorporation into the buffers. The EGTA 

was kept at -20°C as a 0.2 M stock solution prepared from 

the free acid and adjusted to pH 7.3 with NaOH. 

The LDHR Screening Test with Uptake and Release of 

3 H-Serotonin. The leukocyte-dependent histamine release 

(LDHR) screening test, described by Henson (1970), was used 

3 with modifications for the uptake of H-serotonin by the 

platelets. Newborn, 14-day-old, and 25-day-old rabbits were 

bled by cardiac puncture, while 3-month-old rabbits were 

bled from the central ear artery. Three ml of blood were 

added to 75 yl of 0.2 M EGTA pH 7.3; after mixing the blood 

with the anticoagulant, each blood sample was poured into 

another test tube (Falcon 12 x 75 mm plastic test tubes) 
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3 3 containing 60 yl of 10 yCi/ml H-serotonin (5-hydroxy[G- H] 

tryptamine creatinine sulfate, 1 mCi/ml, 18 Ci/m mole, 

Amersham). The tubes were incubated at 37°C for 20 minutes 

and then at room temperature (24°C) for 10 minutes, and were 

tilted every 6 minutes to mix the contents. The tubes were 

centrifuged at 2230 x g (3,000 rpm in a Sorvall RC-3, with 

the HL-8 rotor and Omni-Carriers) at 15°C either for 15 

minutes, for the blood samples from young rabbits, or for 20 

minutes for those from adult rabbits. The original volumes 

were marked. The plasma was removed and saved for counting 

3 the H content and the cells were resuspended with TGI 

buffer. The tubes were centrifuged at 2230 x g for 15 

minutes at 15°C, the supernatant fluids were removed, and 

the cells were resuspended with TGII buffer. After a similar 

centrifugation, the cells were finally resuspended with TGIII 

buffer to the original volume. For each blood sample, 1.0 

ml of washed cells was added to a "control" test tube con

taining 1.0 ml of either TGIII buffer, or 100 yg HRP/ml 

TGIII in the case of cells from BSA-immunized or anti-BSA-

sensitized rabbits, or 1 mg BSA/ml TGIII in the case of HRP-

immunized rabbits; another 1.0 ml of washed cells was added 

to 1.0 ml of TGIII containing the specific antigen at twice 

the concentration desired for the final reaction mixture. 

The tubes were incubated at 37°C for 30 minutes and the 

contents were mixed every 6 minutes. The samples were 

centrifuged at 2230 x g for 20 minutes at 15°C; the volumes 



were marked, the supernatant ("S") fluids were removed and 

saved, and the cells were resuspended to the marked volume 

with TGIII buffer. The samples were boiled for 5 minutes 

and, during this time, they were mixed on a vibrating mixer 

every minute for about 5 seconds at a time. The tubes were 

centrifuged at 2870 x g (3400 rpm) for 20 minutes and the 

supernatant ("C") fluids were removed and saved. To 5 ml 

quantities of Aquasol (New England Nuclear) were added 100 

yl of plasma or 200 yl of the washes and supernatant fluids; 

3 the H disintegrations were counted for 20 minutes or 2% 

counting error in a Nuclear Chicago Mark I liquid scintil

lation spectrometer. Also, the samples were assayed for 

3 histamine content. The percentage of H or of histamine 

released was calculated from the expression: % released = 

("S"/"S"+"C")100. Generally, the control values were sub

tracted from the experimental values. A sample was con-

3 sidered positive for histamine or for H-serotonin release 

when the "% released" in the presence of the specific anti

gen was greater than that for the control by at least 10%. 

EGTA Compared with Citrate as an Anticoagulant, and 

Specificity of the LDHR Test. In order to decide upon a 

_3 suitable anticoagulant to be used in the LDHR test, 5 x 10 M 

EGTA (25 yl 0.2M EGTA pH 7.3 per ml of blood) was compared 

-2  
with 1.3 x 10 M tri-sodium citrate (9V blood:1V 3.8% Na^ 

citrate). The blood from 3-month-old rabbits neonatallv 
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immunized with ABSA, HHP, or both antigens was taken into 

EGTA and into citrate. The washed cells were exposed in 

separate test tubes to 50 ug BSA and to 5 pg HRP per ml of 

reaction mixture. The controls consisted of washed blood 

cells incubated in TGIII buffer alone. The supernatant 

3 
fluids were assayed for histamine and for H-serotonin. As 

shown in Tables 5 and 6, there were only small differences in 

3 the histamine and H-serotonin released by the cells from 

blood taken into EGTA versus citrate. However, the control 

values for EGTA were consistently lower than those for 

citrate; thus, EGTA was used as anticoagulant in the LDHR 

tests. This experiment also served to show the specificity 

of the LDHR test with respect to the antigens used: the 

blood cells from only those rabbits that were immunized with 

3 both BSA and HRP released histamine and H-serotonin when 

exposed to BSA and to HRP. 

The LDHR Test as a Function of Antigen Concentra

tion . Three-month-old rabbits neonatally immunized with 

ABSA were used in this experiment. These rabbits were 

chosen such that their sera were negative in the homologous 

PCA, heterologous PCA, and antigen-binding capacity tests, 

and a preliminary LDHR screening test was done in order to 

obtain animals with as wide a range of responses as possible. 

Subsequently, the washed blood cells were exposed to 0.5, 5, 

15, 50, 500, and 2500 yg BSA/ml. The supernatant fluids 



Table 5. The effects of anticoagulant and antigen on histamine release in the LDHR 
test. 

Immunizing 
antigen 

EGTAa Citrate*3 
Controls 
EGTA-CIT 

BSA 
EGTA-CIT 

HRP 
EGTA-CIT Rabbit No. 

Immunizing 
antigen BSA HRP BSA HRP 

Controls 
EGTA-CIT 

BSA 
EGTA-CIT 

HRP 
EGTA-CIT 

% Histamine released0 
Differences in % ! 

released 
histamine 

001 BSA 54 4 57 8 -1 -3 N.A.d 

002 HRP 1 64 0 57 -4 N.A. + 7 

NN2 HRP 0 61 3 50 -10 N.A. + 11 

NNl BSA, HRP 39 39 31 27 -13 48 + 12 

003 BSA,HRP 51 49 50 46 -1 + 1 + 3 

004 BSA,HRP 56 49 42 34 

Ave 

-7 

: -6 

+14 

+ 5 

+15 

+10 

a5 x 10~3 M EGTA. 

1.3 x 10 M tri-sodium citrate (CIT). 

CThe control values were subtracted from the experimental values. 

^N.A. = not applicable. 

CTl 
NJ 



3 Table 6. The effects of anticoagulant and antigen on H-serotomn release in the 
LDHR test. 

Immunizing 
antigen 

EGTA3 Citrate13 
Controls 
EGTA-CIT 

BSA 
EGTA-CIT 

HRP 
EGTA-CIT Rabbit No. 

Immunizing 
antigen BSA HRP BSA HRP 

Controls 
EGTA-CIT 

BSA 
EGTA-CIT 

HRP 
EGTA-CIT 

% H-serotonin 
released0 

3 Differences in % H-
released 

•serotonin 

001 BSA 37 1 38 10 -2 -1 N. A.d 

002 HRP 8 40 6 38 -1 N.A. +2 

NN2 HRP 0 44 9 35 -4 N.A. + 9 

NN1 BSA,HRP 23 23 23 22 -6 0 +1 

003 BSA,HRP 34 26 34 27 -1 0 -1 

004 BSA,HRP 44 44 36 33 

Ave. 

zl 

: -3 

+11 

+ 3 

+11 

+ 4 

a5 x 10~3 M EGTA. 

1.3 x 10 M tri-sodium citrate (CIT). 

cThe control values were subtracted from the experimental values. 

N.A. = not applicable. 
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3 were assayed for histamine and H-serotonin. Maximal 

release values were obtained consistently with 500 yg BSA, 

and only slight inhibition resulted with 2500 yg BSA (Table 

7) . Since 50 yg BSA induced almost maximal reactions, this 

concentration was used in the LDHR tests unless otherwise 

specified. 

The LDHR Test as a Function of pH. Routinely, the 

LDHR test was done in TGIII buffer adjusted to pH 7.3; how

ever, in several experiments the LDHR test was done in TGIII 

buffer containing, by volume, either 25% or 50% deuterium 

oxide (D2O). Since neither the per cent histamine nor the 

3 per cent H-serotonin released varied significantly when the 

LDHR test was carried out in TGIII buffer adjusted anywhere 

from pH 6.9 to pH 7.7 (Table 8), corrections for pD (Glasoe 

and Long, 1960) were not done when D2O was used. 

In Vivo Passive Sensitization of 
Leukocytes in Newborn Rabbits 

Within 24 hours from birth, 10 rabbits were injected 

intracardially (i.e.) and 7 were injected intra-abdominally 

(i.p.) with 0.2 ml and 0.5 ml, respectively, of a sterile 

anti-BSA IgE serum pool having a hoPCA titer of 16-32 in 3-

month-old rabbits. The rabbits in jected i .c. were divided into 

three groups: 3 rabbits were tested after 24 hours, another 

3 were tested after 54 hours, and 4 rabbits were tested 

after 72 hours for passive sensitization of the basophils as 



Table 7. Histamine and ^H-serotonin release in the LDHR test as a function of 
antigen concentration. 

BSA yg/ml reaction mixture 
Rabbit 
No. 0 0 .5 5 15 50 500 2500 

SA 64 6 (15) a 5 (11) 6 (11) N. D.b 7 (12) 6 (12) 3 (12) 

YY1 10 (11) 13 (12) 23 (13) N. D. 60 (52) 70 (63) 68 (62) 

Dl 11 (15) 14 (15) 27 (20) N. D. 52 (47) 72 (64) 70 (66) 

D2 11 (15) 16 (16) 33 (22) 56 (43) 73 (63) 77 (70) 77 (71) 

CI 14 (13) 20 (14) 50 (35) 73 (60) 76 (65) 78 (70) 77 (69) 

SA 26 12 (16) 33 (18) 71 (59) 78 (65) 82 (69) 82 (74) 81 (73) 

_ The % histamine released is indicated by the first number, while the 
% H-serotonin released is indicated within the parentheses; the control values 
were not subtracted from the experimental values. 

^N.D. = not determined. 

CTl 
cn 



Table 8. Histamine and 3 H-serotonin release in the LDHR test as a function of pH. 

Rabbita 
No. 

pH 6 .9 PH 7.1 PH 7.3 pH 7.5 pH 7 .7 
Rabbita 
No. Cb E-CC C E-C C E-C C E-C C E-C 

A2 15 H 
(13) 

44 
(36) 

13 
(12) 

46 
(41) 

15 
(13) 

48 
(41) 

15 
(14) 

45 
(37) 

16 
(15) 

43 
(35) 

N5 13 
(15) 

57 
(48) 

12 
(14) 

59 
(50) 

12 
(15) 

59 
(50) 

13 
(15) 

58 
(49) 

12 
(14) 

57 
(50) 

A3 10 
(14) 

64 
(53) 

9 
(14) 

73 
(57) 

10 
(14) 

68 
(56) 

11 
(14) 

67 
(55) 

13 
(14) 

60 
(56) 

aThree-month-old rabbits neonatally immunized with ABSA. 

= control, i.e., % histamine or "^H-serotonin released in the absence 
of antigen. 

c 3 E-C = % histamine or H-serotonin released with 50 yg BSA/ml, with 
control value subtracted. 

j 3 
The H-serotonin released is indicated within the parentheses. 
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determined by histamine release in the LDHR screening test. 

The blood samples from 2/3 rabbits tested at 24 hours de

veloped some clotting, thus they were discarded from the 

study. All the rabbits injected i.p. were tested 72 hours 

post-sensitization. Blood samples from 4 of these rabbits 

were centrifuged at 200 x g (900 rpm in a Sorvall RC-3 with 

HL-8 rotor and Omni-Carriers) for 11 minutes at 22°C. The 

platelet-rich plasma was removed and replaced with that 

8 3 (containing 4.07 x 10 platelets/cm ) from a normal 3-month-

old rabbit. The LDHR screening test was then performed as 

previously described. 

After this preliminary experiment, which was de

signed to investigate the feasibility of and a suitable time 

for passive sensitization of the basophils of newborn 

rabbits, a second group of 14 newborn rabbits was similarly 

sensitized. The LDHR test was performed, including the 

uptake and release of ^H-serotonin by the platelets, on the 

washed blood cells obtained 3 days after passive sensitiza

tion . 

The Distribution of Histamine in the 
Washed Blood Cells from 3-Day-Old Rabbits 

Three methods, presented schematically in Fig. 1, 

were used in order to estimate the proportion of the total 

histamine that is in the platelets. Four rabbits were used 

for each method and, except for two blood samples that were 

used individually (Method 2), the blood obtained from each 
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(A) Method 1. WBC = leukocytes; PLT = platelets? BASO 
basophils; LDHR = leukocyte-dependent histamine release 
test; WC = washed blood cells; PRS = platelet-rich super 
natant. Centrifugations in Sorvall RC-3 with HL-8 rotor 
and Omni-Carriers. 

Fig. 1. Preparation of washed blood cells from normal 3 
day-old rabbits for distribution of histamine. 
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(B) Method 2. WBC = leukocytes; PLT = platelets; BASO = 
basophils; LDHR = leukocyte-dependent histamine release 
test; WC = washed blood cells; PRP = platelet-rich plasma; 
TGIII = Tyrode buffer with 0.25% gelatin and containing 
calcium. Centrifugations in Sorvall RC-3 with HL-8 rotor 
and Omni-Carriers. 

Fig. 1.—Continued Preparation of washed blood cells from 
normal J-day-old rabbits for distribution of 
histamine. 
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WBC.PLT/cm3 ^ 

BASO/cm3 ^ 

At 22°C 
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I 
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X. 
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(C) Method 3. WBC = leukocytes; PLT = platelets; BASO = 
basophils; LDHR = leukocyte-dependent histamine release 
test; WC = washed blood cells; PRP = platelet-rich plasma; 
TGI = Tyrode buffer with 0.25% gelatin and EGTA (2 x 10 M) 
but no calcium. All centrifugations in Sorvall RC-3, HL-8 
rotor, Omni-Carriers. 

Fig. 1.—Continued Preparation of washed blood cells from 
normal 3-day-old rabbits for distribution of 
histamine. 
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of two rabbits was pooled. In Method 1 all the blood cells 

were washed together as for the LDHR test; the washed cells 

were divided into two samples: one for the preparation of 

platelets by differential centrifugation and the subsequent 

determination of platelet histamine, and the other for 

determination of the total histamine in the washed cells. 

In Methods 2 and 3 the platelets were handled entirely 

separately from the washed cells and were washed only once 

with 3 ml of buffer. Method 3 differed from Method 2 in the 

treatment of the platelet-rich plasma, and the platelets; 

also, in Method 3 the platelets were counted after they were 

washed, while in Method 2 the platelets were counted before 

they were washed. The percentage of histamine ("H") in the 

platelets was calculated by dividing the amount of histamine 

3 in the washed platelets from 1 cm of blood by the amount of 

3 histamine in the washed cells from 1 cm of blood and 

multiplying by 100: 

%"H" in PLT = [ ng "H
M in PLT ng "H" in WC 
3 from cm BLD from cm^ BLD 

] x 100 

where 

ng "H" in PLT 
3 from cm BLD 

ng "H" n° PLT 
nrt8 x 3 _ 10 PLT cm BLD 
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In Vitro and In Vivo Challenge of 
Leukocytes of Passively Sensitized 
14-Day-0ld Rabbits 

Three groups were used in this experiment. Six 11-

day-old rabbits were injected intra-abdominally with 1 ml of 

an anti-BSA serum pool diluted 1/512 with normal rabbit 

serum. This pool had a homologous PCA titer of 2, a guinea 

pig heterologous PCA titer of 512 (15 mm diameter of blueing), 

125 and 100% binding of I-BSA in the antigen-binding capacity 

test; this pool was designated "anti-BSA precipitating 

antibodies." Ten rabbits of the same age were similarly 

injected with 1 ml of an anti-BSA IgE serum pool with PCA 

titer of 16 to 32 in 3-month-old rabbits. Six uninjected 

rabbits served as normal (unsensitized) controls. 

Three days after the intra-abdominal injections, the 

rabbits were bled by cardiac puncture and a little over 2 ml 

of blood were taken from each. This blood sample (called 

"pre-BSA") was used for platelet, leukocyte, and basophil 

counts, for leukocyte differential counts, and for histamine 

3 and H-serotonin release in the LDHR test. The washed 

blood cells were exposed to 500 yg BSA/ml of reaction 

mixture in the LDHR test. After the pre-BSA blood samples 

were obtained, the rabbits were injected intracardially with 

3 mg of BSA and 15 minutes later 0.5-1 ml of blood was 

obtained from the heart. This second blood sample, called 

"post-BSA," was subjected to the same cell counts as those 

performed on the pre-BSA sample. The changes in blood cell 



counts (or blood cell differential counts) were expressed 

as percentages of the pre-BSA counts: 

% change = 4 = (Post ' Pre) 100 3 pre 

For purposes of statistical analyses, since certain trans

formations cannot handle negative numbers, the changes were 

expressed as (post/pre)100. 

The Preparation of Washed Platelets 
from 14-Day-0ld and Adult Rabbits 

All the centrifugation steps were done at 22°C in a 

Sorvall RC-3 centrifuge equipped with HL-8 rotor and Omni-

Carriers. The Tyrode-gelatin buffers (TG) were of the same 

composition as those described previously, except that they 

-3 
contained twice the amount of MgC^/ that is, 2 x 10 M. 

The TAI buffer was prepared like the TGI buffer, except 

that 0.35% bovine serum albumin replaced 0.25% gelatin and 

-3 the final MgC^ concentration was 2 x 10 M. 

Falcon plastic 12 x 75 mm test tubes were marked at 

the 4.6 ml level and 0.6 ml of acid citrate dextrose (ACD) 

buffer (Aster and Jandl, 1964) were added to each tube. 

Three-month-old rabbits were bled from the central ear 

artery with siliconized (Siliclad, Clay Adams) 19G-1A-TW 

needles (Monoject 200, Sherwood Medical Industries, Inc.); 

the blood was collected directly into ACD until the 4.6 ml 

mark was reached. The 14-day-old rabbits were bled from 

3 
the heart with 22G x 1 inch needles and 5 cm plastic 
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3 
syringes rinsed with ACD. When the uptake of H-serotonin 

by the platelets was needed, the blood samples were poured 

3 
into a second set of test tubes containing 100 yl of H-

serotonin 10 yCi/ml, and the tubes were incubated at 37°C 

for 2 0 minutes and then at room temperature for 10 minutes; 

the tubes were covered with Parafilm (American Can Co.) and 

were tilted to mix the contents every 6 minutes. The sub

sequent centrifugation steps are outlined in Table 9. The 

blood was centrifuged and the platelet-rich plasma (PRP) was 

transferred with a siliconized Pasteur pipet into a new test 

tube. The PHP was centrifuged, the plasma was removed, and 

the platelets were resuspended with 3 ml of TAI buffer 

(Wash 1) and allowed to rest for 10 minutes prior to centri-

fugation. This washing procedure was repeated once more 

(Wash 2); then the platelets were resuspended with 1.0 ml of 

either TGI, 2 x Mg++ (for platelet aggregation experiments) 

++ 3 
or TGII, 2 x Mg (for H-serotonin release experiments). 

A portion of the platelets was diluted and the cells were 

counted in a hemocytometer as described previously. The 

8 3 remaining platelets were diluted to 5 x 10 /cm with the 

same buffer with which they were resuspended. 

3 The P*elease of H-Serotonin from 
Platelets by Platelet-Activating 
Factor Adsorbed to BSA (PAF-BSA) 

Two lots of PAF-BSA, designated 21074 and 40676, 

were used in the experiments described in this and the 
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Table 9. Preparation of washed platelets from 14-day-old 
and adult rabbits. 

14' -Day Old Adult 

Blood3 250xg, 15 min (1000 .b rpm) 160xg, 15 min (800 rpm) 

PRPC lOOOxg, 7 min (2000 rpm) lOOOxg, 10 min (2000 rpm) 

Wash 1^ 
and 
Wash 2 

I400xg, 6 min (2400 rprn) 1400xg, 6 min (24 00 rpm) 

aFour ml blood + 0.6 ml ACD (Aster and Jandl, 1964) 
in 12 x 75 mm Falcon plastic test tubes 

u 
Sorvall RC-3, HL-8 rotor with Omni-Carriers 

CPRP = platelet-rich plasma 

cl | Tyrode-albumin (0.35%) no Ca buffer pH 6.5, with 
2 x 10 M EGTA 

subsequent section. The first lot of PAF-BSA was prepared 

from a PAF extract donated by Dr. J. Benveniste (INSERM U 

25, Clinique Nephrologique, Hopital Necker, Paris, France). 

The PAF extract had been prepared as follows: rabbit 

7 3 leukocytes, 10 /cm , were kept for 3 hours at 22°C in Tris 

(10 mM) - Tyrode - BSA (0.25%) pH 10.6 in order to induce 

the spontaneous release of PAF (Benveniste, 1974); to 50 ml 

of the supernatant fluid from this reaction mixture were 

added 200 ml of 100% ethyl alcohol in order to precipitate 

the BSA and liberate PAF, then the supernatnat fluid was 

desalted and evaporated to dryness. When this extract was 
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received it was reconstituted with 25 ml of Tris-Tyrode-BSA 

pH 7.4 (TT BSA); the PAF-BSA was passed through 0.45 ym 

pore size Millipore filter units, distributed in 0.6 ml 

amounts into Polyvials, and stored at -20°C. PAF-BSA 40676 

was prepared by adding TT BSA pH 7.4 to a PAF-enriched 

fraction after evaporation of the ethanol. This PAF-

enriched fraction derived from hog leukocytes, and was 

obtained after two sequential steps of column chromatography 

on silicic acid, as described by Benveniste and Polonsky 

(1976) . This second lot of PAF-BSA was standardized against 

PAF-BSA 21074 in order to have the same activity in terms of 

8 3 aggregation of 1 x 10 /cm washed platelets from 3-month-old 

rabbits (platelet aggregation was done as described in the 

next section). 

Six platelet preparations from 14-day-old rabbits 

and 6 from 3-month-old rabbits were used in this experiment. 

3 The release of H-serotonin from the platelets, prepared as 

described in the preceding section, was carried out in a 

final volume of 2.0 ml and with a final platelet concentra-

8 3 tion of 1 x 10 /cm . Various yl amounts of PAF-BSA were 

added to sufficient TGIII buffer in order to obtain a volume 

of 1.6 ml per test tube. The test tubes were incubated in 

a 37°C water bath in order to equilibrate the temperature 

of the reagents, then 400 pi of platelets at a concentration 

8 3 
of 5 x 10 /cm were added to each tube. The reaction was 

allowed to proceed at 37°C for 30 minutes, while the tubes 



77 

were tilted to mix the contents once evt ry 6 minutes. At the 

end of this incubation the tubes were placed in an ice-water 

bath. The platelets were sedimented at 1400 x g for 15 

minutes at 4°C; each supernatant fluid ("S") was rapidly 

poured into a marked test tube and the rim of the tube was 

blotted onto absorbent paper. The platelets were resus-

pended in 2.0 ml of TGIII buffer, boiled for 5 minutes, and 

sedimented at 2000 x g for 10 minutes. The supernatant 

fluid ("C") was poured into a marked test tube. For each 

sample a volume of 200 yl was mixed with 5 ml of Aquasol 

3 and the H content was determined as described. The per-

3 centage of H released was calculated from the expression: 

(,|S"/"S" + "C") 100. The per cent of "^H released in the 

absence of PAF-BSA was subtracted from the experimental 

values in order to obtain net release values. 

The Aggregation of Platelets 
by PAF-BSA 

Washed platelets were prepared from the blood samples 

from six 14-day-old and six 3-month-old rabbits, omitting 

3 the incubation of blood with H-serotonin, The aggregation 

reaction was performed at 37°C in siliconized glass cuvettes 

in a platelet aggregometer (Model 300, Chrono-Log Corp.). 

The final volume of the reaction mixture was 52 0 yl and the 

8 3 final platelet concentration was 1 x 10 /cm . The 100% 

level of light transmission was adjusted on the recorder 

(Beckman) with TGIII buffer in the cuvette. While 



78 

continuously recording, the zero per cent level of light 

transmission was obtained with 400 yl of TGIII buffer to 

which were added 100 yl of platelets at a concentration of 

8 3 
5 x 10 /cm of T.GI buffer. The platelets, stirred at 1100 

revolutions per minute, were allowed to equilibrate for 3 to 

4 minutes, then 20 yl of the test reagent were added and the 

consequent changes in light transmission were recorded at a 

chart speed of 60 mm/minute. The maximum per cent increase 

in light transmission (Y max) was calculated using the 

formula: 

Y max = (Y/Y total)100 

where 

Y = distance between the zero % level of light trans

mission (after platelet equilibration) and the level 

of maximum increase in light transmission; 

Y total = distance between the zero % and the 100% level 

of light transmission. 

The time required to attain this maximum increase in light 

transmission was calculated from the chart. 

Statistical Methods 

Analyses of Frequencies (Incidences) 

Significance Tests for Two-Way Classifications. 

When each of two attributes consisted of two mutually ex

clusive classes then a "2 x 2" contingency table was set up 
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in the following manner (Sokal and Rohlf, 1969, p. 585): 

Attribute #2 

Class 1 

Class 2 

Attribute #1 

Class 1 

A + C 

Class 2 

B 

D 

B + D 

A + B 

C + D 

N 

where 

A through D = n° of rabbits with the characteristics 

appropriate to each cell; 

N = total number of rabbits tested. 

In the case of a Model II experimental design, when the 

marginal totals for one of the two attributes were fixed, 

2 the x sample statistic with Yate's correction for con

tinuity was calculated from the equation: 

2 = ( I AD - BC| ~ N/2) N 
X (A+B) (C+D) (A+C) (B+D) 

This sample statistic was compared with critical values of 

the chi-square distribution with one degree of freedom 

(Rohlf and Sokal, 1969). For example, the incidence of 

positive homologous PCA reactions in 21-day-old rabbits was 

tested for significant difference from that in 14-dav-old 

(data in Table 12, p. 95). The incidences of positive skin 

reactions to histamine and to compound 4 8/80 were similarly 

analyzed. 
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A special case of Model I experimental design was 

encountered: in this case only the sample size (N) was 

fixed, and the two attributes to be compared were tested in 

the same subjects (simultaneous multiple testing). McNemar's 

test for the significance of changes was used, and the 

sample statistic was calculated as follows (Sokal and 

Rohlf, 1969, p. 611): 

2 = { IB - C| - l)2 
x (B + C) 

2 As in the Model II design, x was compared with critical 

values of the chi-square distribution with one degree of 

freedom, and the corresponding significance level was 

obtained from the table (Rohlf and Sokal, 1969). This test 

was used, for example, when a comparison was needed between 

the frequency of positive homologous PCA reactions in 28-

day-old rabbits and the frequency of positive responses to 

intracutaneous injections of histamine in the same group 

of rabbits (Table 12, p. 95) . 

Testing the Equality of Two Percentages. When con

tingency tables were inappropriate, the significance of the 

difference between two frequencies was determined by a test 

described by Sokal and Rohlf (1969, p. 607) in Biometry. 

The sample statistic was calculated from the expression 

, x1/2 . , %1/2 arc sin (p,) - arc sin (p-J 
ts = ± 

(820.8(1/^ + l/n2))1/2 
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where 

and P2 = proportions of the attributes of interest in 

the two samples; 

n^ and n2 = sample sizes. 

t was compared in a two-tailed test with the critical 

standard deviation units corresponding to the areas of the 

normal distribution. One application of this test was to 

determine whether the frequency of positive skin reactions 

differed for 14-day-old rabbits tested with bradykinin 

(20/27 = 0.74) in contrast to 42-day-old rabbits tested with 

histamine (15/17 = 0.88). In this case t = 0.13 and, since 

p >> 0.05, the difference was not significant. 

Tests for Homogeneity 
of Variance 

Prior to performing comparisons between two samples 

of data by means of a test that assumes equality of 

variances, the ratio of the variances was calculated and 

the value obtained was compared with critical values of the 

F-distribution with n^ - 1 and ri2 ~ 1 degrees of freedom. 

Whenever the variances differed significantly then either 

the variable was transformed so as to satisfy the require

ment for homogeneity of variances, or a test was used that 

does not assume homoscedasticity. 

In the case of "a" samples (a > 2) to be compared 

simultaneously, Bartlett's test for the homogeneity of 
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variances was used. As detailed in Box 13.1 of Biometry 

2 (Sokal and Rohlf, 1969), an average variance (s ) weighted 

by the samples' degrees of freedom was calculated: 

a 2 
2 E<ni " D si 
s = 

I(n. - 1) 

The sample statistic was then computed from the equation: 

2 a 2 a 2 
X = 2. 3026{ [Z(ni-1) ]log s - Hn^Dlog s^} 

where 

n^ = size of the ith sample, and 

2 s^ = variance of the ith sample. 

2 X was compared with critical values of the chi-square 

distribution with a - 1 degrees of freedom. 

Analysis of Variance 
(ANOVA) 

The data pertaining to the effect of acute anti

histamine treatment on the homologous PCA titer in several 

age-groups of rabbits (Chapter 3) was subjected to analysis 

of variance. Two questions were asked: First, will anti

histamine treatment decrease significantly the PCA titers? 

Second, will the various age-groups respond differently to 

antihistamine treatment? The data, expressed in the form 

of PCA titers (X), were coded and transformed such that Y = 

log(X+l). The arbitrary constant "1" was added because the 



variates to be transformed included zeros, corresponding to 

the rabbits that were PCA-negative even at the sites sensi

tized with undiluted antiserum. For the overall analysis, 

the transformed variates were arranged in the form of a two-

way ANOVA with replications. The computations were per

formed as discussed by Sokal and Rohlf (1969, pp. 301-320) 

in Biometry. As an example, the basic calculations carried 

out on the data for the chlorpheniramine-treated and control 

groups are illustrated in Table 10; the data from the 

experiment with mepyramine were similarly analyzed. For 

each of the six subgroups within an antihistamine experi

ment, the mean titers and their 95% confidence limits were 

calculated from the transformed counterparts by means of the 

following equations: 

Mean = X = (antilog Y) - 1 

Lower limit = = antilog (Y - tg g,. s//n) -1 

Upper limit = = antilog (Y + tg 05 (n-1) 

where 

Y = subgroup mean for transformed variates, 

s = subgroup standard deviation for transformed data, 

n = number of replicates (rabbits) per subgroup. 

The sample statistics, Fs values, were compared with 

critical values of the F-distribution with the appropriate 

degrees of freedom. Fg was marked with one star (*) for 



Table 10. Two-way ANOVA with replications for analyzing the effect of 
chlorpheniramine on the homologous PCA titer. 

Age of rabbits (C = 3) 

75-90 days 35 days 28 days 
Treatment 
(R = 2) n X Y=log(X+l) n X Y=log(X+l) n X Y=log(X+l) Sum rows 

Control 

Chlorph. 
10 mg/Kg, 
-1 hr 

6 
4 

80 
40 

1.9085 
1.6128 

Sum Y = 17. 9022 

2 40 
4 20 
4 10 

1.6128 
1.3222 
1.0414 

Sum Y = 12.6800 

2 40 
5 20 
1 10 
2 5 

1. 6128 
1.3222 
1.0414 
0.7782 

12. 4344 

4 • 10 
2 5 
2 1 
2 0 

1.0414 
0.7782 
0.3010 
0.0000 

6.3240 

2  2 0  
3 10 
4 5 
1 1 

1 10 
6 1 
3 0 

1.3222 
1.0414 
0.7782 
0.3010 

9.1824 

1.0414 
0.3010 
0 . 0 0 0 0  

2.8474 

39.5190 

21.8514 

Sum columns 
r c n 
I I I  Y  =  6 1 . 3 7 0  

30.5822 

1. 

2 ,  

3, 

4, 

r c n 
I I I  Y  =  8 1 . 6 5 2  

r c n -
I E(ZY) /n = 76.830 

5, 

6 ,  

7, 

18.7584 12.0298 61.3704 

SS total = quant. 2. - quant. 4. = 18.880 

SS subgr = quant. 3. - quant. 4. = 14.058 

SS error = quant. 5. - quant. 6. = 4.8 22 

C.T. = (quant. 1.) /rcn = 62.772 



Table 10.—Continued 

Preliminary ANOVA 

Source of Variation DF SS MS F s 

Y - Y Between Subgroups 6-1 = 5 14.058 2.812 2.812/0.0893 = 31.5** 

Y - Y Within i Subgroups (Error) 6(n-l) = 5± 4.822 0.0893 

Y - Y Total 59 18.880 (F0.001[5X40] 
= 5.13) 

8. 
r c n ~ 
E(E EY) /cn = 67. 975 

9. 
c r n „ 
E(E EY) /rn = 71. 593 

10. SS rows (treatment) = quant. 8. - quant. 4. = 5. 203 

11. SS columns (age) = quant. 9. - quant. 4. = 8.821 

12. SS interaction = quant. 6. - quant. 10. - quant. 11. = 0.035 

Completed ANOVA 

Source of Variation DF SS MS Fs 
R - Y Between Treatments 2 - 1 = 1 5.203 5.203 58.4*** 

C - Y Between Ages 3 - 1 = 2 8.821 4.411 49.5*** 

Treatment x Age Interaction 2 0.035 0.018 0.20ns 

Y - Y Error 54 4.822 0.089 

Y - Y Total 59 18.881 (F0.001[1,40] 

(F0.05[2,54] = 

= 12.6) 

: 3.15) 
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p < 0.05; two stars were assigned to p < 0.01, and three 

stars to p < 0.001. Analyses of variance also were carried 

out in conjunction with linear regression; this latter case 

shall be described in a subsequent section in this chapter. 

Significance Tests for Means 

The next three tests to be described were performed 

with the aid of a Hewlett-Packard HP-25 calculator programmed 

according to the instructions in Applications Programs 

(1975). 

One Sample. For a sample of n determinations (X^, 

X2'***Xn^ from a normal population with unknown mean and 

variance, the null hypothesis 

H :mean y = 0 

was tested using a t-statistic calculated from the expres

sion 

The sample statistic was compared with critical values of 

the t-distribution with n - 1 degrees of freedom. This 

test was applied, for example, to determine whether in a 

given age group of rabbits the per cent change in skin 

histamine content at homologous PCA versus normal rabbit 

serum-injected sites was significantly different from zero 

(see Table 20, p. 112). 

o 

t = x ~ Q , with X 
s s//H 

sample mean, and s 

standard deviation 
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Paired t-Test. Given a set of n paired determina

tions from two normal populations with unknown means and the 

same unknown variance, the null hypothesis (°r 

= 0) was tested using the sample statistic tg: 

t 
S SD 

where 

- 1 n D = — E(X. -Y.), and 
n l l 

^(X-Y.)2 - l/n(?(X.-Y.))2 1/2 1/2 

SD = 1 1 ' N 

The sample statistic was compared with critical values of 

the t-distribution with n - 1 degrees of freedom. For 

example, this test was used to evaluate whether in 14-day-

old (or 28-day-old) rabbits the histamine content of homolo

gous PCA sites differed significantly from that of skin 

sites injected with normal rabbit serum (Table 20, p. 112). 

Unpaired t-Test. In the case of two independent 

random samples of n^ and n2 determinations, respectively, 

from two normal populations with unknown means and the same 

unknown variance, the null hypothesis H0:Ui ~ V>2 = ® was 

tested by means of a t-statistic calculated as follows: 

t = X - Y - 0 
s (l/n1+l/n2)1/2(Ex?-n1X2+EY?-n2Y2/n1+n2-2)1/2 
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where 

X and Y = means of the two samples. 

t was compared with critical values of the t-distribution 

with n^ + ~ 2 degrees of freedom. One example of this 

test occurs in Chapter 3 (Table 14, p. 101): the log-

transformed homologous PCA titer of an anti-BSA IgE serum 

pool in normal (control) 3-month-old rabbits was compared 

against the titer in rabbits of the same age that were 

treated with an antihistaminic drug. 

Test of the Equality of Means with Heterogeneous 

Variances (TOTEM-HV). This test was used to analyze the 

data presented in Chapter 4, section entitled "IgE-Induced 

in vivo Changes in Blood Cells After Systemic Antigen 

Challenge and Their Relationship to the LDHR Test." A 

Control Data Corporation Model 6600 computer was used to 

carry out program CA3.9, described on pages 722-723 of 

Biometry (Sokal and Rohlf, 1969). The detailed computations 

of the TOTEM-HV, shown in Box 13.2 of Biometry, were used 

in order to check the correctness of the answers obtained 

from the computer program. In the case of the absolute 

counts of blood cells (platelets, leukocytes, and basophils) 

the untransformed pre-BSA (or post-BSA) values for the three 

groups of rabbits were used to test for significant dif

ferences between their means. The per cent changes in blood 

cell counts, which for purposes of this test were calculated 



as Y = 100(post/pre), were transformed prior to the test 

such that Yc = log(Y+l). The pre-BSA and post-BSA dif

ferential leukocyte counts were analyzed after carrying out 

1/2 the transformation Y = arc sin(Y/100) and Y = log(Y+l). 
c c 

Because the changes in leukocyte differential counts some

times exceeded 100%, as did the per cent changes in blood 

cell counts, the "arc sin" transformation could not be 

applied to these groups of data, thus, only the logarithmic 

transformation was used. 

Non-Parametric Tests 

The Kruskal-Wallis Test. Some of the data on blood 

cell counts and blood cell differential counts, in addition 

to being analyzed by the TOTEM-HV method, were also sub

jected to the Kruskal-Wallis analysis of ranks (Campbell, 

19 74). Such was the case for the pre-BSA values and for 

the changes. The latter were expressed as Y = 100(post-pre)/ 

pre. Each observation was replaced by its rank, which was 

determined after the samples had been pooled together. The 

sample statistic (H) was calculated from the equation: 

H - [M^TT * h - 3(N+1> 
where 

n = total number of observations; 

a = number of samples (groups); 
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= sum of the ranks of the ith group; and 

n^ = number of observations in the ith group. 

When ties in rank were encountered then a corrected sample 

statistic was obtained by dividing H by D (Sokal and Rohlf, 

1969, p. 389) : 
V T • 

n = i _ —- 3 
u 1 n(n+l)(n-1) 

where 

m = number of different ties; 

T . = t. (t. +1) (t. -1) ; and 
3 3 3 D 

tj = number of variates tied in the jth group of ties. 

The corrected H-value was compared with critical values of 

the chi-square distribution with a - 1 degrees of freedom. 

Wilcoxon's Signed Ranks Test. This test was applied 

to two samples of data, derived from experiments designed as 

paired comparisons, when the variances were unequal and/or a 

normal distribution was suspected to be absent. For example, 

the percentages of pre-BSA monocytes were compared against 

that of post-BSA monocytes in 14-day-old rabbits that had 

been injected with anti-BSA precipitating antibodies three 

days prior to in vivo BSA challenge. The mean percentage 

of monocytes pre- and post-BSA and the corresponding 

standard errors are shown in Table 35 (p. 145). The above-

mentioned example is shown in Table 11. The test statistic 

(T ) was compared to one-tailed critical values of the 

Wilcoxon rank sum (Rohlf and Sokal, 1969). 
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Table 11. An example of Wilcoxon's Signed Ranks Test. 

Rabbit Per cent Monocytes 
A 

Rank Signed 
N ° Pre-BSA Post-BSA Z_1 of | A | Rank 

2.1 4.0 7.3 + 3.3 5 + 5 

2.2 5.0 4.0 -1.0 3 -3 

2.3 2.5 5.5 + 3.0 4 +4 

2.4 2.0 6.5 +4.5 6 +6 

2.5 3.0 2.5 -0.5 2 -2 

2.6 4.9 4.5 -0.4 1 -1 

+ Ranks| = ; 15; E1 - Ranks 1 = 6; least E = T = 6; 
n = 6 ; p > 0.05. s 

Linear Regression 

Y = f (X) , X Measured without Error. It was of 

interest to determine the functional relationships between 

concentration of platelet-activating factor (PAF) and PAF-

3 induced release of H-serotonin on the one hand and on the 

other hand, PAF-induced aggregation of platelets. As a 

preliminary step, the linear, power-curve, exponential, and 

logarithmic "curve fitting" computer programs described in 

Applications Programs (1975) were tried. Based on the co-

2 efficients of determination (r ) that were obtained, the 

independent variable (the concentration of PAF) was trans

formed such that X = log[PAF]. The data were subsequently 

analyzed by Model I linear regression since in both of the 

experiments the dependent variable, that is the response (Y) 
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was measured with error, while the independent variable (X) 

could be treated as if measured without error. 

Solutions to the linear regression equations were 

obtained by using the pertinent computer program (Applica

tions Programs, 1975, p. 89); the intermediate calculations 

contained in the storage registers of the HP-25 calculator 

were used to carry out analyses of variance (summarized in 

Table 37, p. 150) according to the procedures detailed in 

Box 14.4 of Biometry (Sokal and Rohlf, 1969). The method 

shown in Box 14.8 of Biometry was then applied to determine 

whether the slopes of the regression lines were equal in the 

3 
case of PAF-induced release of H-serotonin. The 95% 

confidence limits for the estimated linear regression Y-
A 

values (Y^) were calculated from the corresponding standard 

errors (s~) as described in Steps 5 and 6 of Box 14.5 in 

Biometry. 

Y = f(X), Both Variables Measured with Error. It 

was of interest to obtain an equation that would describe 

3 how the release of H-serotonin (Y) varied as the release 

of histamine (X) varied in the leukocyte-dependent histamine 

release test employing the washed blood cells of adult 

rabbits neonatally immunized with ABSA (Figure 5, p. 129). 

The variables were transformed such that Y = arc sin c 

(Y/100)1/'2 and Xc = arc sin (X/100)^" 2̂. Bartlett's "three 

groups" method (Sokal and Rohlf, 1969, Box 14.12)/ designed 
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for Model II linear regression analysis, was used to obtain 

the slope and the Y-intercept of the straight line that was 

fitted to the data points. 

Correlation 

The association between the release of ^H-serotonin 

(Y) and the release of histamine (X) in the leukocyte-

dependent histamine release tests of adult rabbits was in

vestigated by correlation analysis. The "arc sin" trans

formation was applied to both of the variables. Pearson's 

product-moment correlation coefficient (r) was obtained 

with the aid of the computer program described in Applica

tions Programs (1975, p. 101). The following equations were 

used: 

^ n n 
—EX. EY.) =  covariance; 
n i l  

sx and sY = standard deviations for X and Y. 



CHAPTER 3 

DEVELOPMENTAL ASPECTS OF THE HOMOLOGOUS 
PCA REACTION 

The experiments reported in this chapter explore 

age-associated differences in response to the interaction 

of specific antigen with IgE antibody bound to skin masto-

cytes. The first two sections deal with differences in the 

incidence of hoPCA and the hoPCA titer as a function of age. 

The subsequent section explores in various age-groups a 

possible differential effect of antihistamines on the in

crease in vascular permeability at hoPCA test sites. The 

last three sections concern investigations on several 

possible causes for negative hoPCA reactions in very young 

rabbits. 

The Incidence of Homologous PCA and 
Skin Reactivity to Pharmacologic 
Agents as a Function of Age 

Data on the effect of age upon the incidence of 

positive hoPCA and increased cutaneous vascular permeability 

in response to injections of histamine, compound 48/80 and 

bradykinin are presented in Table 12. While only a low 

proportion (7%) of 14-day-old rabbits elicited positive 

hoPCA reactions (hoPCA(+)) and none responded to either 

histamine or 4 8/80, a high proportion (74%) reacted to 

94 



Table 12. Incidence of homologous PCA and skin reactivity to pharmacologic agents 
as a function of age. 

Days 
post-
birth Body weight3 HoPCA 

Histamine (0.1, 
1, and 10 ug) 

48/80 
(1 and 10 yg) 

Bradykinin 
(l pg) 

14 201 ± 16.6 2/27b( 7%) 0/27 0/24 20/27 ( 74%) 

21 229 ± 14.9 7/18 (39%) 2/18 (11%) 1/13 ( 8%) 11/13 ( 85%) 

28 409 ± 25.9 35/36 (97%) 17/36 (47%) 10/32 (31%) 20/20 (100%) 

35 536 ± 38.4 27/28 (96%) 12/28 (43%) 8/23 (35%) 28/28 (100%) 

42 862 ± 93.3 16/17 (94%) 15/17 (88%) 13/14 (93%) 17/17 (100%) 

49 1051 ± 80.9 14/15 (93%) 14/15 (93%) 13/14 (93%) 15/15 (100%) 

aMean (in grams) ± its 95% confidence interval (t^ 05 [n-1] S//>̂  * 

Number of rabbits that elicited a positive response/total number tested. 
The anti-BSA IgE serum pool used throughout these experiments had a titer of 16 
to 32 in adult rabbits. Histamine, 48/80, and bradykinin were tested in the same 
subjects used for the homologous PCA reaction. 
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bradykinin (BKY(+)). The intensity of blueing either at 

hoPCA(+) or BKY(+) sites was markedly less than that ob

served in adult rabbits. In contrast to the 14-day-olds, a 

significantly greater proportion of 21-day-old rabbits was 

2 hoPCA(+) ( x  -  4 . 8 7 ,  p < 0.025); however, a concomitant 

significant increase in reactivity to histamine and 48/80 

did not occur. At this time, a slight increase in BKY(+) 

reactions was noted and the intensity of cutaneous blueing 

at these sites was noticeably greater than that in 14-day-

old rabbits. In order to exclude the possibility that 

factors released at the hoPCA test sites may have inter

fered with reactivity to the exogenously administered 

pharmacologic agents, 10 additional 14- and 21-day-old 

rabbits were tested solely for their reactivity to histamine, 

48/80, and bradykinin. The new incidences (Table 13) did 

not differ significantly from those reported in Table 12. 

Table 13. Incidence of skin reactivity to pharmacologic 
agents, independent from the homologous PCA test. 

Days 
Post-
birth 

Body Weight3 Histamine 
(1 & 10 pg) 

48/80 
(1 & 10 pg) 

Bradykinin 
(1 pg) 

14 

21 

227 + 17.3 

348 + 46.9 

0/10b 

1/10 

0/10 

2/20 

8/10 

10/10 

aMean (in grams) ± its 9 5% confidence interval. 

Number of rabbits that elicited a positive 
response/total number tested. 
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A second significant increase in the incidence of 

hoPCA(+) reactions occurred between the 21st and 2 8th day 

2 following birth (x = 20.4, p < 0.0005). At this time, the 

proportion of 2 8-day-old animals positive for hoPCA was much 

greater than that responding to either histamine or 48/80. 

Neither the incidence of hoPCA(+) nor BKY(+) reactions 

changed significantly after day 28. However, further in

creases in reactivity to histamine and 48/80 occurred by 

day 42; at this time, the proportions of rabbits eliciting 

positive reactions to hoPCA, histamine, and 48/80 were no 

longer significantly different. 

Homologous PCA Titer as a 
Function of Age 

The influence of age on the degree of reactivity to 

hoPCA was investigated in 21-, 28-, and 35-day-old rabbits 

by means of hoPCA titrations. In an attempt to increase 

the proportion of hoPCA(+) reactions in the youngest 

rabbits, an anti-BSA IgE serum pool having a titer of 40 to 

80 in adults was used throughout this study. Figure 2 

illustrates the distributions of the titer in the various 

age groups and the increase in mode titer with age. The 

mode titer, compared with that in adult (75- to 90-day-old) 

rabbits, did not attain a maximum by the fifth week of life. 
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Fig. 2. Development of homologous PCA titer with age — 
Three days before antigen challenge, the rabbits 
were injected intracutaneously with 0.1 ml of the 
same anti-BSA IgE serum, serum dilutions, and 
normal rabbit serum. The age and number of 
animals tested are indicated; modal classes are 
emphasized. 
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The Effect of Acute Antihistamine Treatment 
on the Homologous PCA Titer in 

Various Age Groups 

The relatively low incidences of increased cutaneous 

vascular permeability in response to intracutaneous in

jections of histamine in 28-day-old (47%) and 35-day-old 

(43%) rabbits contrasted with their high incidences (about 

100%) of hoPCA(+) reactions. This suggested the possibility 

that histamine released from mast cells may play a lesser 

role in the development of positive hoPCA reactions in 28-

and 35-day-old rabbits than, for example, in 3-month-old 

rabbits. If this were to be the case, then antihistamine 

treatment might be expected to lower the hoPCA titer in the 

adults to a greater extent than in the young animals. To 

test this hypothesis 3-month-old, 35-, and 28-day-old 

rabbits were skin-sensitized with serial dilutions of the 

same anti-BSA IgE serum. In each age group, 10 rabbits 

served as "control" while 10 were injected intravenously 

with chlorpheniramine (10 mg/kg body weight) one hour before 

challenge with antigen. The distributions of the titers 

that were obtained are depicted in Figure 3. These data 

were transformed and subjected to analysis of variance. 

While treatment with chlorpheniramine lowered significantly 

the hoPCA titer in each of the three age groups, (Table 14), 

the "Treatment x Age" term of interaction obtained from the 

overall analysis of variance test was not significant at the 
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Table 14. Effect of chlorpheniramine treatment on the mean 
homologous PCA titer in 3-month-old, 35- and 28-
day-old rabbits. 

Agea Subgroup 
Body , 
Weight 

Mean 
Titerc 

Lower 
Limit 

Upper 
Limit 

3 months Control® 2400 61 47 78 
Treated-^ 2370 18 12 26 

(P < 0.001)9 

35 days Control 569 17 10 27 
Treated 572 3 1 8 

(P < 0.01) 

28 days Control 372 7 4 13 
Treated 376 1 0 2 

(P < 0.001) 

aAge of the rabbits at the time of hoPCA challenge. 

^Mean body weight in grams. 

0 Geometric mean titer. 

Lower and upper 95% confidence limits for the mean 
titer. 

eSubgroups not treated with chlorpheniramine. 

^Subgroups that received i.v. 10 mg chlorpheniramine 
per Kg body weight one hour before hoPCA challenge. 

^The "p" values indicate the significance of the 
difference between the means of the log-transformed variates 
for the "control" versus the "treated." The unpaired t-test 
was used. 
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95% confidence level. This was the case irrespective of 

which ages, or which combinations thereof, were compared. 

A second experiment was performed in search of the 

suspected differential effect of treatment with antihistamine 

on the hoPCA reaction in various age groups. A more specific 

antihistamine, mepyramine, was selected. As in the previous 

experiment, 3-month-old and 28-day-old rabbits were used; 

however, the third group consisted of 42-day-old animals, 

since these had both a high incidence of hoPCA(+) and 

histamine(+) reactions (Table 12). A different anti-BSA IgE 

serum pool, one with higher hoPCA titer than the pool used 

in the earlier experiment, was used to skin-sensitize all 

the rabbits, and the serum dilutions were done at more 

closely spaced intervals. It was hoped that these modifica

tions would decrease the variability within the subgroups 

and the proportion of hoPCA-negative rabbits. In each age 

group 7 rabbits served as "control" and 7 were treated i.v. 

with mepyramine 0.5 mg/kg body weight 30 minutes before 

challenge with antigen. The data that were obtained, shown 

in Table 15, were analyzed as described for the experiment 

with chlorpheniramine. The overall analysis of variance 

provided a highly significant value for the ratio of the 

variance due to treatment to the variance within subgroups 

(F = 19.2, p < 0.001). However, further analysis showed 
s 

that only the titer in 42-day-old rabbits was unquestionably 

lowered by treatment with mepyramine (Table 16). As was the 



Table 15. Effect of mepyramine treatment on the homologous PCA titer in 3-month-
old, 42- and 28-day-old rabbits. 

Age of rabbits3 

3 Months 42 Days 28 Days 

h c 
Control Treated Control Treated Control Treated 

d n Titer0 n Titer n Titer n Titer n Titer n Titer 

2 120 3 60 1 70 1 30 1 50 1 20 
1 80 2 40 3 40 1 10 1 30 1 10 
4 60 1 30 2 30 1 5 3 10 2 2 

1 2 1 5 2 2 1 5 3 0 
1 1_ 1 0 
1 0r 

Three days prior to antigen challenge all rabbits were injected intra-
cutaneously with 0.1 ml of the same anti-BSA IgE serum pool (a different antiserum 
from that used in the chlorpheniramine study) and serum dilutions. The age at the 
time of antigen challenge is indicated. 

^Subgroups not treated with mepyramine. 

cSubgroups that received intravenously 0.5 mg mepyramine per Kg body 
weight 30 minutes before hoPCA challenge. 

n = number of rabbits responding with indicated titer. Subgroup size = 7. 

0 Reciprocal of the limiting dilution of antiserum. The following dilution 
series was used: 1 (undiluted), 1/2, 1/5, 1/10, 1/20, 1/30, . . ., 1/140. 

^0 = Negative hoPCA reaction. 
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Table 16. Effect of mepyramine treatment on the mean 
homologous PCA titer in 3-month-old, 42- and 28 
day-old rabbits. 

Body , Mean Lower, Upper 
Agea Subgroup weight titer limit limit 

3 months Control® 2700 76 56 103 
Treated* 2850 31 11 86 

(0. 05 < p < 0. 10)g 

42 days Control 1170 30 14 63 
Treated 1120 4 1 12 

(P < 0.005) 

28 days Control 526 9 2 32 
Treated 512 2 0 7 

(0.05 A
 

A
 

O
 

• 10) 

Designations as in Table 14. 

0 Subgroups not treated with mepyramine. 

f Subgroups that received intravenously 0.5 mg 
mepyramine per Kg body weight 30 minutes before hoPCA 
challenge. 

^The "p" values indicate the significance of the 
difference between the means of the log-transformed variates 
for the "control" versus the "treated" groups. The un
paired t-test was used. 
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case in the experiment employing chlorpheniramine, a sig

nificant term of interaction between treatment and age was 

not obtained. 

The Duration of Skin-Fixation of IgE Antibody 
in Neonatal and Adult Rabbits 

Since 14-day-old rabbits rarely showed positive 

hoPCA reactions, this suggested the possibility that their 

skin mast cells, therefore presumably also those of neonatal 

rabbits, may not bind or may bind very weakly the IgE anti

bodies used for passive sensitization. To test this possi

bility, the subsequent experiment was carried out taking 

into consideration the observation that positive hoPCA 

reactions in adult rabbits could be elicited even after a 

sensitization period of 17 days (Zvaifler and Becker, 1966) . 

It was postulated that the skin mastocytes of neonatal 

rabbits do bind homologous IgE. Should IgE antibodies be 

retained for a sufficiently long time then their presence 

could be revealed by performing hoPCA challenge at an 

appropriate age, based on the established incidences of 

positive hoPCA reactions. To this effect, newborn rabbits 

were skin-sensitized with the same anti-BSA IgE serum pool 

(titer of 16-32 in adults) used in the experiment shown in 

Table 12. Each injection site was delimited by two peri

pheral tatoos in line with the center of injection. Adult 

rabbits, similarly sensitized and tatooed, served as 

controls. 
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Three days prior to challenge with BSA at given 

intervals of time after sensitization, a new skin site was 

injected with the same antiserum in order to test the pre

vailing hoPCA reactivity of each rabbit. As shown in Table 

17, some of the rabbits that were skin-sensitized within 24 

hours of birth retained IgE antibody for at least 86 days, 

at which time the experiment was terminated. The rabbits 

that were hoPCA(-) on days 21 and 28 also did not show an 

increase in vascular permeability at the sites sensitized 3 

days before challenge. The rabbits initially sensitized as 

adults started to show loss of sensitization by day 35. The 

three adults that were hoPCA(-) 35 to 42 days after sensi

tization were hoPCA(+) at the sites injected 3 days prior 

to challenge. 

Changes in Skin Histamine at Homologous 
PCA Test Sites in 14- and 

2 8-Day-Old Rabbits 

A second possibility was considered in order to 

account for the lack of hoPCA(+) reactions in 14-day-old 

rabbits, namely, that the interaction of antigen with IgE 

antibodies bound to the surface of mastocytes may not lead 

to the release of potentially vasoactive substances. Thus, 

the release of one such substance, histamine, was investi

gated indirectly by measuring the concentrations of 

histamine at hoPCA test sites 60 minutes after challenge 

with antigen. Paired differences were obtained by comparing, 
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Table 17. Duration of skin-fixation of anti-BSA IgE 
antibody in neonatal and adult rabbits. 

Days of challenge3 
(post-sensitization) Newborn'3 Adult° 

7 N,Dfd 2/2e 
21 0/4* 2/2 
28 5/8 2/2 
35 2/2 1/2^ 
42 2/2 2/4^ 
49 2/2 N.D. 
63 1/29 N.D. 
72 2/2 N.D. 
86 2/2 N.D. 

On the given number of days after sensitization, 
rabbits were challenged intravenously with BSA and Evans 
Blue (20 mg of each/kg). 

^These 24 rabbits received intracutaneously, within 
24 hours of birth, 0.1 ml of an anti-BSA IgE serum with 
hoPCA titer of 16 to 32 in adults. 

c78- to 97-day-old at the time of sensitization. 

N.D. = not done. 

eNumber of hoPCA(+) rabbits/total number tested. 

f The hoPCA(-) rabbits also did not respond at the 
site injected with the same antiserum 3 days before 
challenge, 

^Rabbits hoPCA(-) at this time were hoPCA(+) at 
the site injected with the same antiserum 3 days before 
challenge. 
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for each rabbit, the histamine content at hoPCA sites with 

the values obtained from skin sites injected either with 

sterile normal rabbit serum (NRS) or physiological saline. 

These differences were expressed both as changes (yg 

histamine/g skin) and as per cent changes. For example, 

comparing PCA with NRS, "change" = PCA - NRS and "% change" 

= 100(PCA - NRS/NRS). Since 28-day-old rabbits were in 

marked contrast with the 14-day-olds on the basis of their 

high incidence of increased vasopermeability at hoPCA sites, 

this group was used for comparison. 

Tables 18 and 19 summarize the data obtained from 

14- and 28-day-old rabbits, respectively. Unexpectedly, 

only 2/9 14-day-old rabbits were completely devoid of 

cutaneous blueing at the hoPCA sites (Table 18). The re

maining 7 rabbits showed extremely faint spots, with ill-

defined borders, but certainly greater than 5 mm in diameter. 

In this regard, two points need to be mentioned: First, the 

mean body weight of the 14-day-old rabbits in Table 18 was 

2 33 g, a higher value than the upper limit of the 95% con

fidence interval (218 g) for the 14-day-old rabbits in Table 

12. Second, the hoPCA titer of the sensitizing serum was 

higher than that pertinent to Table 12 (40-80 versus 16-32). 

Comparing the 14-day-old (Table 18) with the 28-day-old 

rabbits (Table 19), the older age group had higher mean 

concentrations of histamine at any one of the 3 types of 

skin sites. 
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Table 18. 14-day-old 
homologous 
sites one 

rabbits: 
PCA, NRS-
hour after 

the histamine content 
and saline-injected 
antigen challenge. 

of 
skin 

Rabbita 
No. 

Body*3 
weight 

PCAc 
Rxn 

Histamine yg/g . . d skin 
Rabbita 
No. 

Body*3 
weight 

PCAc 
Rxn PCAe NRSf SALg 

1 
2 
3 
4 
5 
6 
7 
8 
9 

272 
311 
247 
235 
223 
143 
205 
186 
272 

? 
7 
? 
(-) 

-> 

(-) 
? 
? 
? 

4.18 
5.62 
4.50 
4.36 
3.94 
4.74 
5.18 
5.14 
9.24 

5.82 
9.03 
5.66 
6.16 
5.65 
7.74 
7.98 
9.18 
7.05 

6.00 
9.32 
6.17 
4.89 
5.49 
7.63 
7.81 
6.65 
5.67 

Mean 
s/v'n 

233 
16. 9 

5.21 
0.53 

7.14 
0.47 

6.63 
0.46 

aLitter mates = 1, 2, 3, and 4; 5, 6, and 7. 

^Body weight in grams. 

cVisual evaluation of the hoPCA reaction: ? = very 
faint blueing with ill-defined borders but > 5 mm in 
diameter; (-) = no blueing. 

^Full-skin-thickness biopsies about 15 mm in 
diameter. 

ePCA = average from 2 sites sensitized with 0.1 ml 
of an anti-BSA IgE serum having a hoPCA titer of 4 0-8 0 in 
3-month-old rabbits. 

f NRS = average from 2 sites injected with 0.1 ml of 
sterile normal rabbit serum. 

^SAL = one site injected with 0.1 ml of pyrogen-
free 0.9% NaCl. 
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Table 19. 28-day-old rabbits: the histamine content of 
homologous PCA, NRS- and saline-injected skin 
sites one hour after antigen challenge. 

Rabbita 
No. 

Body*3 
weight 

PCAC 
Rxn 

Histamine yg/g 

PCAe NRS 

skin^ 

SALg 

1 336 + 9.03 15.69 14.36 
2 325 + 6. 64 13.43 15.95 
3 297 + 7.49 11.25 11.02 
4 275 13.41 14.97 17.34 
5 289 + 5.61 9.26 8.69 
6 304 (-) 13.3.8 14.09 18.04 

Mean 304 9.26 13.11 14.23 
s/i/n 9.3 1.38 0.99 1.50 

aLitter mates: 

Body weight in 

1 and 2; 

grams. 

3 and 4; 5 and 6. 

Q Visual evaluation of the hoPCA reaction: + = 
blueing with well-defined borders and greater than 5 mm in 
diameter; ? = faint blueing with ill-defined borders but 
> 5 mm in diameter; (-) = no blueing. 

"Designations as in Table 18. 
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The mean changes and mean % changes for the two age 

groups are shown in Table 20. For both age groups a sig

nificant decrease in histamine occurred at the hoPCA sites 

when these were compared with NRS. The decrease in hista

mine (either "change" or "% change") at PCA versus SAL sites 

was highly significant in the 28-dav-old.s but was not sig

nificant in the 14-day-olds. When 14-day-old rabbit number 9 

(Table 18) was excluded from the analysis, the mean change 

PCA versus SAL was -20 pg histamine/g skin (t = 5.84, p < 
s 

0.001) and mean % change was -29 (t = 8.86). In any case, 

the sites injected with NRS were considered to be the most 

appropriate controls. Thus, the PCA-NRS paired differences 

were compared between the two age groups: neither the de

creases nor the % decreases in skin histamine differed at 

the 95% confidence level. The kinetics of the changes in 

skin histamine were investigated as a consequence of the 

results obtained from the preceding experiment. The anti-

BSA IgE serum used for skin-sensitization had a hoPCA titer 

of 16-32 in adults; thus, total absence of cutaneous blueing 

was expected for 14-day-old rabbits. The concentrations of 

histamine at PCA and NRS sites as a function of time after 

challenge with antigen (post-Ag) are shown in Table 21, for 

14-day-old rabbits, and Table 22 for 28-day-old rabbits. 

These values were used, as discussed above, to calculate 

mean changes and mean % changes. 



Table 20. Summary of statistical analyses of the data presented in the preceding 
two tables. 

sl b Mean changes Mean % changes 
O J\. -HI O X L.CO 
compared 14-day-old 28-day-old 14-day-old 28-day-old 

PCA vs. NRS -1.9 + 0. 60 -3.9 ± 1.03 -26 ± 7.5 -30 ± 7.5 
(P < 0. 02)c (p < 0.02) (p < 0.01) (p < 0.02) (P < 

0.10 < p < 0.20d 0.70 < p < 0.80d 

PCA vs. SAL -1.4 + 0.70 -5.0 ± 0.93 -19 ± 10.6 -35 ± 5.2 
(0.05 < p < 0,10) (p < 0. 005) (0.10 < p < 0.20) (p < 0.005) 

NRS vs. SAL 0.5 + 0.33 -1.1 ± 0.86 9 ± 5.4 -6 ± 5.4 
n. s. e n.s. n.s. n.s. 

aMean of the paired differences within the indicated age-group ± standard 
deviation of the mean, expressed in yg histamine/g skin. 

^Mean of the paired % differences within the indicated age-group ± its 
standard deviation. 

Q 
The "p" values in parentheses indicate whether the mean change (or the 

mean % change) within an age-group is significantly different from zero. The 
paired t-test was used. 

"p" values associated with unpaired t-test comparing the change (or % 
change) for 14-day-old with that for 28-day-old rabbits. 

n.s. = not significantly different from zero at the 95% confidence level. 
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Table 21. 14-day-old rabbits: the histamine content of 
hoPCA and NRS-injected skin sites as a function 
of time after antigen challenge. 

Histamine yg/g 

Rabbita 
No. 

Body*3 
weight 

PCAC 
Rxn 

Post-Ag 
(min) PCAf 

SKin~ 

NRSg 

1 281 ( — ) 2 7. 40 8. 26 
2 221 ( ~ ) 7. 26 6. 63 

3 190 ( — ) 5 1. 98 2.00 
4 197 ( —  )  2.17 2.39 

5 233 (  * "  )  10 4.02 4.13 
6 160 ( —  )  4. 84 5. 47 

7 176 ( —  )  15 3. 36 4.43 
8 155 (  -  )  6. 00 6.44 

9 203 ( — ) 20 7.04 7. 68 
10 221 ( —  ) 6.90 7.46 

11 257 ( — ) 25 6. 04 6.69 
12 228 ( —  )  5. 48 6.08 

13 189 )  30 15.51 14.62 
14 185 (— ) 7.90 7.80 

15 203 (  —  )  60 7. 93 10.19 
16 250 ( - )  5.82 6.16 

aLitter mates: 2, 5, 6, 7, 8, and 12; 3 and 4; 9, 
13, and 15; 10, 14, and 16. 

^Body weight in grams. 
cVisual evaluation of the hoPCA reactions: (-) = no 

blueing. 

^Time (minutes after antigen challenge) at which the 
rabbits were sacrificed and the skin biopsies were obtained. 

eFull-skin-thickness biopsies about 10 mm in diameter. 

fpCA = average from 2 sites sensitized with 0.1 ml 
of an anti-BSA IgE serum having a hoPCA titer of 16-32 in 
adults. 

^NRS = average from 2 sites injected with 0.1 ml of 
sterile normal rabbit serum. 



114 

Table 22. 28-day-old rabbits: the histamine content of 
hoPCA and NRS-injected skin sites as a function 
of time after antigen challenge. 

Rabbit3 
No. 

Body*5 
weight 

PCAc 
RXn 

Post-Agd 
(min) 

Histamine yg/g 
skine 

PCAf NRS9 

1 365 (-) 2 8. .82 9. .38 
2 590 ( - )  5, .81 5. .36 

3 483 ( - )  5 4. .38 5. .02 
4 540 ( - )  4. .00 4. ,47 

5 428 + 10 4. .81 8. ,72 
6 493 + 10. .18 11. ,04 

7 554 + 15 10. ,49 11. ,07 
8 345 ( : )  18. .07 20. .39 

9 415 + 20 6. ,62 8. ,09 
10 425 + 18. ,09 20. ,06 

11 368 (-) 25 9. ,64 10. ,18 
12 544 + 4. .79 5. ,28 

13 530 + 30 11. , 03 13. ,26 
14 507 + 3. ,82 11. ,72 

15 467 + 60 7. ,25 9. ,43 
16 485 + 6. ,75 10. ,04 

aLitter mates: 1 and 11; 2 and 12; 3 and 4; 6, 7, 8, 
10, 13, and 15; 14 and 16. 

^Body weight in grams. 

Visual evaluation of the hoPCA reaction: (-) = no 
blueing; ± = blueing with ill-defined margins; + = distinct 
blueing, greater than 5 mm in diameter. 

^ ̂ As in Table 21. 
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As shown in Fig. 4a, the skin histamine at hoPCA 

sites in 28-day-old rabbits showed a maximum decrease (about 

2.5 yg/g skin) 10 minutes post-Ag. After this initial drop, 

histamine increased by about 2 yg/g skin up to 25 minutes 

post-Ag. A second maximum decrease, about 4.5 yg/g skin, 

took place between 25 and 30 minutes; then, histamine in

creased again by about 2 yg/g skin between 30 and 60 minutes 

post-Ag. The 14-day-old animals had their first maximum 

decrease (0.8 yg/g skin) 15 minutes post-Ag. The level of 

histamine increased slightly during the next 10 minutes, 

then a further increase of 1 yg/g skin occurred between 25 

and 30 minutes post-Ag. A second maximum decrease (about 

2 yg/g skin) was obtained between 30 and 60 minutes. Figure 

4b depicts the % changes for the two groups. As for the 

"change," the "% change" showed maximal decreases 10 and 30 

minutes post-Ag for the 28-day-old rabbits. The patterns of 

the two curves were very similar, but that for the 14-day-

olds appeared to be shifted in time. Since only two rabbits 

were used for each determination, it was not meaningful to 

calculate whether the decreases in skin histamine 60 minutes 

post-Ag differed significantly among the two age groups. 

The Effect of Antigen Challenge During the 
PCA-Negative Period on Subsequent 

Reactivity at the Same 
Test Sites 

The functionality of skin mastocytes in 14-day-old 

rabbits was further explored in the subsequent experiment, 
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Fig. 4. IgE-induced changes in skin histamine in 14- and 
28-day-old rabbits as a function of time after 
antigen challenge — (A) Change = PCA-NRS; NRS = 
site injected with normal rabbit serum. (B) Per 
centage change = 100 (PCA-NRS/NRS). Two rabbits 
per point, two skin sites per rabbit. 
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the protocol of which was detailed in Chapter 2 under "Pro

cedures Concerning the Repeated Challenge of hoPCA Sites." 

Of primary interest was whether the interaction, during the 

hoPCA-negative period, of antigen with mastocyte-bound IgE 

antibodies would result in the subsequent desensitization of 

the same cells- Thus, on day 14 following birth, rabbits 

that had been skin-sensitized with anti-BSA IgE serum, anti-

HRP serum (hoPCA titer equivalent to that of the anti-BSA 

and without detectable anti-HRP IgG), and a 1V:1V mixture 

of the two sera were challenged intracardially with either 

BSA or HRP. As shown in Table 23, only one skin site was 

hoPCA(+) on day 14 (about 10 mm, very faint blueing with 

ill-defined borders). 

As a consequence of the antigenic challenge on day 

14, 2/8 rabbits developed by day 25 serum antibodies of 

immunoglobulin class(es) other than IgE (Table 23). In 

addition, although all the day 25 sera were hoPCA-negative, 

basophil-bound IgE antibodies were detected in 5/8 rabbits, 

as shown by positive in vitro LDHR reactions. The antibody 

determinations were done in order to account for two 

possibilities: (1) systemic reactions due to the inter

action of endogenous antibodies with the antigen used in the 

second challenge on day 28, and (2) interference with 

effective skin sensitizations performed on day 25. 

The first hoPCA challenge on day 28 was done with 

the antigen which was not used on day 14 (Table 23). That 
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Table 23. Repeated homologous PCA challenge of the same rabbits at the ages of 
14 and 28 days. 

Day 14 Day 25 Day 28 

Challenge 
a b" Serum Cells0 First challenge Second challenge0 

Ag B1 Hi Mi 
hoPCA hePCA ABC LDHR Ag B1 Mi Hi B2 M2 

H2 Ag 
Bi Mi HI B2 M2 H2 

1. BSAF • - - _ <10% <10% HRP - + + + + BSA + + + + + 

2. BSA - - - - - <10% 12% HRP - + + - + + BSA + + + + + 

3. BSA - - - - + 16% 57% HRP - + + - + + BSA - + + + + + 

4. BSA - - - - 11% 77% HRP + + - + + BSA - + + + + 

5. HRP9 - - - - N.A.h <10% BSA + - - + - - HRP + _ - + + + 

6. MRP - - - - - N. A. <10% BSA + + - + - - HRP + + - + + + 

7. IIRP - - - - - N.A. 22% BSA + • - + + - HRP + - - + + + 

8. HRP - - • - N.A. 73% BSA + + - + - - HRP + + - + + + 

For protocol see p. 53. Litter mates: 1 and 5, 2 and 6, 3 and 7, 4 and 8. 

aThe initial skin-sensitizations were done on day 11 post-birth and the initial hoPCA challenge on day 14, with the 
indicated antigen (Ag) . Reactions at Bj_ (site sensitized with anti-BSA IgE serum), (site sensitized with 1:1 mixture of 
anti-BSA IgE:anti-HRP) , and (site sensitized with anti-IIRP) are indicated as "+" for blueing > 5 mm in diameter, "1" for 
blueing < 5 mm in diameter, and for absence of blueing. 

^Day 25 serum antibody determinations (against Ag used on day 14) prior to sensitization of new skin sites. ABC = the 
t binding of 0.01 pg N of radiolabellcd BSA by serum diluted 1/10 in lv:9v of normal adult-rabbit serum:borate buffer. 

CLDI!R = leukocyte-dependent histamine release test done with total washed blood cells and including either 500 gg BSA 
or 50 ug l!RP/ml reaction mixture, 

^®1' Ml' an(* "l aS "a*" ®2' M2' an<* H2 re^er to new sites sensitized on day 25. 

eSecond challenge done one hour after first challenge. The reactions were measured, from the internal side of the 
skin, 30 minutes after the second challenge. 

fBSA = 20 mg/Kg. 

qIIRP = 2 mg/Kg. 

''N.A. = not applicable. 
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the IgE antibodies injected 17 days earlier bound to and 

were retained by the mastocytes was shown by 7/8 positive 

and one "±" reactions at the sites designated (rabbits 

1-4) and (rabbits 5-8). Furthermore, the 6/8 positive 

and "+" reactions at indicated that the mastocytes were 

neither destroyed nor permanently depleted of mediator(s) 

consequent to the challenge on day 14. It may be of 

interest that positive reactions at the old sites ranged 

from 15 to 30 mm in diameter after the first challenge, and 

generally were larger than the corresponding reactions at 

the new sites M2' an(̂  H2^ * 

The second hoPCA challenge on day 28 was carried out 

with the same antigen as that which was used on day 14. All 

the old sites (8/8) that were sensitized with only one anti

serum (B^ and H^) and were specifically challenged on day 14 

remained hoPCA-negative; i.e., were desensitized. Two of the 

8 sites also remained negative (rabbits 5 and 7), a 

result that could not be attributed to the individual 

rabbits' general unresponsiveness since their B^ and new 

sites were hoPCA-positive. Rabbits 4 and 8 exhibited, 

almost immediately after the second intravenous challenge, 

short-lived systemic reactions reminiscent of mild ana

phylaxis (Halonen et al., 1973): the animals appeared dazed 

and either did not move their hind limbs or wobbled and lost 

their balance when encouraged to move. These same two 

rabbits had the strongest in vitro LDHR reactions (77 and 
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73%). Interference by endogenous antibodies with skin-

sensitization of the new sites was not observed, since all 

but one of these sites were hoPCA-positive. 



CHAPTER 4 

PASSIVE SENSITIZATION WITH IgE ANTIBODY OF 
BLOOD BASOPHILS IN YOUNG RABBITS 

The blood basophil is the only other cell type, in 

addition to the mastocyte, known to bind to its surface 

detectable numbers of IgE antibody molecules. Since, as 

reported in the preceding chapter, the skin mastocytes of 

neonatal rabbits bind IgE antibody for relatively long 

periods of time, it became of interest to determine whether 

their basophils possess functional receptors for IgE, that 

is, not only whether IgE binds to the basophils but also 

whether these cells degranulate and release pharmacological 

substances subsequent to the interaction of antigen with IgE 

antibody. Thus, in this chapter, the first section covers 

experiments concerning the in vivo sensitization with IgE 

antibody of basophils in neonatal rabbits. The experiments 

in the second section extend this work to 14-day-old rabbits. 

This age group provided better blood samples than the neo

natal rabbits, thereby allowing a simultaneous investigation 

of the in vitro leukocyte-dependent histamine release (LDHR) 

reaction and in vivo changes in blood cell numbers and pro

portions of specific types of leukocytes consequent to 

systemic antigen challenge. Finally, in relevance to the 

LDHR reaction, the last section deals with two in vitro 

121 
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responses of platelets to platelet-activating factor: the 

release reaction, and aggregation. 

In Vivo Passive Sensitization of 
Basophils in Newborn Rabbits 

The Feasibility of 
Sensitization 

A suitable route for injection, and the feasibility 

and approximate time course of sensitization of rabbits 

within 24 hours of birth were explored in the experiment 

shown in Table 24. The in vivo binding of IgE antibody was 

assessed by antigen-initiated in vitro release of histamine 

in the LDHR test. When 0.2 ml of anti-BSA IgE serum were 

injected intracardially, significant release of histamine 

(mean = 25%) was obtained as early as 54 hours after this 

injection. The same mean % histamine release occurred in 

the rabbits tested at 72 hours. Intra-abdominal injection 

of 0.5 ml of the same serum appeared to be less effective 

than intracardial sensitization when the blood samples were 

obtained and tested 72 hours later: only 1 of 4 rabbits 

(No. 11) was positive. The amounts of histamine released 

appeared to be neither related to the total histamine in 

the washed blood cells nor to the number of basophils in 

the original blood samples. 

Since so many samples were negative in the LDHR 

test and the positive release values were all low, this 

suggested the possibility that the platelets of neonatal 



Table 24. In vivo passive sensitization with IgE antibody of basophils in 
newborn rabbits. 

_3 LDHR test0 
BASOxlO % histamine released Total 

Time post- Route of Rabbit 
2 

histamine 
sensitiz. sensitiz. No. cm blood C E-C Eval. (yg/ml) 

24 hra b 
l.C . lc N.D.d 10 9 (-) 0. 7f 

54 hr i.e. 2 175 6 4 (-) 1.1 
i.e. 3 N.D. 13 15 (+) 1.2 
i.e. 4 N.D. 13 35 ( + ) 0.7 

72 hr i.e. 5 178 8 6 (-) 1.0 
i.e. 6 N.D. 9 35 ( + ) 0.9 
i.e. 7 N.D. 9 25 ( + ) 1.1 
i.e. 8 N.D. 13 16 ( + ) 1.4 
i .p. 9 28 3 9 (-) 0.8 
i.p. 10 8 6 7 (-) 1.3 
i. p. 11 45 3 16 (+) 0.8 
i.p. 12 94 12 3 (-) 1.0 
i.p. 119 45 10 17 (+) 0.6 
i.p. 139 22 0 22 ( + ) 0.8 
i.p. 14g 92 4 5 (-) 0,9 
i.p. 159 81 5 8 (-) 0.8 

Blood samples were obtained by cardiac puncture at the indicated times. 

^Either intracardiac (0.2 ml) or intra-abdominal (0.5 ml) injection of 
anti-BSA IgE serum with homologous PCA titer of 16-32 in adults (p. 64). 

cLitter mates: 1, 2, 5, 6, and 7; 3, 4, and 8; 9, 10, 11, and 13; 14 and 15. 

^N.D. = not determined. 

to 
CO 



Table 24.—Continued 

0 In vitro leukocyte-dependent histamine release test with BSA 50 yg/ml. 
C = control (no BSA); E-C = net % histamine released. Evaluation: (-) if < 10% 
and (+) if 10%. 

^Histamine content of washed blood cells estimated from the control 
(supernatant + boiled cells) LDHR samples. 

^Tested after the platelets were replaced with those from a normal adult 
male rabbit. 
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rabbits may be deficient in their ability to release hista

mine. Thus, their platelets were replaced with those from 

a normal 3-month-old male rabbit, as shown in the last four 

cases in Table 24. Rabbit number 11 provided sufficient 

blood to be tested both with its own platelets and with 

those from the adult. Again, only half of the samples were 

LDHR-positive and, as can be seen in the case of rabbit 

number 11, the presence of platelets from the adult did not 

improve the net percentage of histamine released (17% vs. 

16%) . 

In Vitro Reactivity of 
Basophils and Platelets 

The functionality of neonatal rabbit platelets in 

the LDHR test was investigated further by exposing the blood 

3 cells to H-serotonin, thereby allowing its incorporation 

into the platelets, and then testing whether a significant 

3 release of H could be obtained concomitantly with a sig

nificant release of histamine. As in the previous experi

ment, the neonatal rabbits were sensitized by either the 

intracardial or the intra-abdominal route of injection. The 

blood samples were obtained approximately 72 hours post-

sensitization. On this occasion, as shown in Table 25, 

intracardiac injection appeared to be less effective in 

sensitizing for the release of histamine (only 1 of 7 was 

positive) than intra-abdominal injection (5 of 7 were posi

tive) . However, when the results presented in Tables 24 and 



Table 25. 3H-serotonin and histamine release in the LDHR reactions of IgE-
sensitized 3-day-old rabbits. 

LDHR testf 

PLTxlO 8 BASOxlO-3 % 3 H-serotonin % histamine 
nr-o-i-t- R A C O  rvctJJJJJL u 

3 
DnOU « 

sensitiz. No • cm blood 3 cm blood (%) C E-C Eval. C E-C Eval. 

i.e. 1 (75) 6.25c 8 9d 3. 6e 11 7 (—) 8 25 ( + ) 
i.e. 2 (64) 6.80 92 3.5 15 0 (-) 6 1 (-) 
i.e. 3 (84) 5.42 75 2.3 16 1 (-) 5 3 (-) 
i.e. 4 (76) 5.32 236 5.2 16 1 (-) 4 1 (-) 
i.e. 5 (70) 4.90 92 1.7 15 0 (-) 6 -2 (-) 
i.e. 6 (66) 4.31 114 3.1 20 3 (-) 6 0 (-) 
i.e. 7 (72) 2.81 81 2.7 19 5 (-) 7 2 (-) 

i.p. 8 (68) 6.32 56 8.5 8 21 (+) 5 51 (+) 
9 (65) 7.76 50 10.4 9 16 (+) 7 50 (+) 

i.p. 10 (71) 7.10 183 4.9 17 3 (-) 6 29 (+) 
i.p. 11 (84) 6.59 58 2.7 16 1 (-) 4 10 (+) 
i.p. 12 (80) 5.45 169 6.1 12 1 (-) 7 10 ( + ) 
i.p. 13 (71) 5.03 75 2.9 13 -1 (-) 7 5 (-) 
i.p. 14 (83) 4.75 72 4.1 12 1 (-) 10 0 (-) 

Mean (74) 5.63 103 4.4 14 6 

aEither intracardiac (0.2 ml) or intra-abdominal (0.5 ml) injection, 
within 24 hr of birth, of anti-BSA IgE serum with homologous PCA titer of 16-32 
in adults. 

^The rabbits were ordered first by histamine released and then by the 
number of platelets. In parentheses: body weight in grams just prior to LDHR 
test. Litter mates: 2, 6, and 7; 3, 4, and 5; 8 and 9; 10 and 11; 13 and 14. 

3 -s cNo. platelets/cm of blood x 10 



Table 25.—Continued 

g — 

No. basophils/cm of blood x 10 
eBasophils as % of total leukocytes. 

^In vitro leukocyte-dependent histamine release test with BSA 50 yg/ml, 
including the uptake and release of radiolabelled serotonin. C = control (no 
BSA); E-C = net % release value. Evaluation: (-) if < 10% and (+) if 10% net 
release. 
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25 for the 72-hour sensitization period were considered 

together then intracardiac injection resulted in 4/11 

positive samples with mean histamine release of 25.3%, while 

the intra-abdominal route provided 6/11 such samples with a 

mean value of 27.7%. The difference between the two groups 

was not significant (p >> 0.05); therefore, intra-abdominal 

injection was used in all the subsequent sensitization 

experiments. 

3 The significant release of H-serotonin (>_ 10%) 

occurred in only 2 of the 6 samples that had a significant 

release of histamine (Table 25, rabbits 8 and 9). The rela-

3 tionship between histamine and H-serotonin release in neo

natal rabbits differed from that obtained by the LDHR test 

in neonatally immunized adult rabbits. As depicted in Fig. 

3 5, the release of H-serotonin for adult rabbits correlated 

very well with the release of histamine (r = +0.97), and the 

relationship between the two variables could be expressed by 

the straight line Yc = 0.9 75 Xc - 5.31. The responses of 

passively sensitized 14-day-old rabbits, which shall be 

presented in the subsequent section, were similar to those 

of the adults. In contrast, the neonatal rabbits1 cells 

3 released less H-serotonin for a given value of histamine; 

the samples were too few for statistical analysis, but the 

relationship between histamine and serotonin release seemed 

to be non-linear. 
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Fig. 5. Release of radiolabelled serotonin as a function 
of histamine release in the LDHR reaction — The 
3-month-old rabbits (x—x) were neonatally im
munized with ABSA. The six 3-day-old (A—A) and 
six 14-day-old (o) rabbits were sensitized with 
the same anti-BSA IgE serum. The washed blood 
cells were exposed to 50 pg BSA/ml in the LDHR 
test. 
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Distribution of Histamine in the 
Washed Blood Cells from 
3-Day-Old Rabbits 

The preponderance of low positive histamine release 

values among the 3-day-olds in Tables 24 and 25 (7/10 re

leased < 30% of the total histamine) suggested an investi

gation of the distribution of histamine in the washed blood 

cells. Three procedures were used (Fig. 1) in an effort to 

compensate for traumatization of one or another cell type. 

Taking together the results obtained by the three methods, 
g 

presented in Table 26, the histamine content of 10 washed 

platelets was calculated to be 250 + 105 ng (mean ± its 95% 

confidence limits). The amount of histamine in the washed 

3 platelets from one cm of blood was not significantly dif

ferent from the amount present in the total washed cells 

from one cm^ of blood (t = 0.37, p >> 0.05); 99 ± 14% of 
s 

the total histamine was calculated to be in the platelets. 

That is to say, up to 15% of the total histamine could have 

originated from cells other than the platelets. 

In Vivo Changes in Basophils After 
Systemic Antigen Challenge 

While the LDHR test explored the in vitro response 

of IgE-sensitized basophils to antigen challenge, it was of 

interest to determine whether the degranulation process 

would take place in vivo. The data in Table 27 show the ' 

changes in total leukocytes and stainable basophils that 

resulted from systemic challenge with 1 mg BSA of rabbits 



Table 26. Distribution of histamine in the washed blood cells from 3-day-old 
rabbits. 

Method 

BASOxlO-3 -8 
PLTxlO 

-8 PLTxlO ng "H" 
"H" in PLT 

(yg) 
"H" in BLD 
cells (yg) 

"H" in PLT 
(%) Method 3 cm BLD cm3 BLD 

3 
cm PRS (PRP) 108 PLT 

"H" in PLT 
(yg) 

"H" in BLD 
cells (yg) 

"H" in PLT 
(%) 

Ia 41 (0.9)b 4.84° 0.453d 300® 1.45f 1.22 119 
102 (2.6) 5.02 0.651 264 1.32 1.54 86 

2 44 CO. 9) 5.75 2.48 142 0.82 0.85 96 
48 C2.5) 6.65 4.27 78 0.52 0.64 81 
94 C3.8) 5.60 3.37 236 1.32 1.49 88 

3 16 (0.4) 6.62 1.25 308 2.04 1.90 107 
13 (0.3) 6.10 1.56 424 2.58 2.19 118 

aFor procedures see Fig. 1. 

N̂o. basophils/cm3 of blood x 10 3 and, in parentheses, basophils as % of total leukocytes. 
3 -Q cNo. platelets/cm of blood x 10 

j 3 
No. platelets/cm x 10 of platelet-rich supernatant (PRS) in Methods 1 and 3, and 

platelet-rich plasma (PRP) in Method 2. 
_ 8 

• Calculated amount of histamine for 10 platelets. 
f 3 Amount of histamine in the washed platelets from one cm of blood. 

^Amount of histamine in the washed cells from one cm3 of blood. 



132 

Table 27. Changes in basophil counts after systemic antigen 
challenge of IgE-sensitized 3-day-old rabbits. 

Rabbit No. Pre-BSAa Post-BSAb (Post/Pre)100 

1 Leukocytes0 
Basophils 

3.11 
131 

1.89 
0 

60. 8% 
0 

2 Leukocytes 
Basophils 

3.67 
142 

2.61 
56 

71.1 
39.4 

3 Leukocytes 
Basophils 

3.72 
67 

3. 06 
0 

82.3 
0 

aThree days after intra-abdominal sensitization with 
0.5 ml anti-BSA IgE serum (adult hoPCA titer of 16-32), 0.5 
ml of blood were obtained from the heart. 

Antigen challenge: 0.2 ml BSA (5 mg/ml) via 
abdominal vein; 0.5 ml of blood were obtained from the heart 
25 minutes post-BSA. 

c 3 6 No. leukocytes/cm of blood x 10 for pre- and 
post-BSA. 

j 3 * 3 
No. basophils/cm of blood x 10 for pre- and 

post-BSA. 
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injected three days earlier with the same anti-BSA IgE serum 

that was used in the previous sensitization experiments. 

The antigen was injected into the major superficial 

abdominal vein in an effort to avoid intracardiac injection. 

Due to this difficulty, only one-third to half of the BSA 

was injected successfully into rabbit number 2. Even so, 

the stainable basophils of this rabbit decreased to 39% of 

their original number by 25 minutes after antigen. The 

other two rabbits did not have any demonstrable basophils at 

this time. Clearly, the decreases in basophils (61-100%) 

were considerably greater than the concomitant decreases in 

total leukocytes (18-39%) . 

The results obtained in this preliminary experiment, 

which lacked the appropriate controls, suggested investi

gating in greater detail antigen-initiated, IgE-induced 

in vivo changes in blood cells and their relationship to the 

in vitro LDHR reaction. However, due to the small size of 

the blood samples obtainable from neonatal rabbits, the 

subsequent experiments were carried out using 14-day-old 

rabbits that were sensitized at the age of 11 days with the 

same anti-BSA IgE serum used in the preceding experiments. 
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In Vitro and In Vivo Reactivity of the 
Blood Cells of Passively Sensitized 

14-Dav-01d Rabbits 

Effect of Antigen Concentration 
on the LDHR Reaction 

The concentration of antigen (BSA 50 pg/ml) used in 

the LDHR experiments discussed up to this point was based 

on dose-response data obtained by testing the washed blood 

cells of 3-month-old rabbits neonatally immunized with ABSA 

(Chapter 2). The numerous negative LDHR reactions of 

passively sensitized rabbits raised the possibility that 

histamine release was inhibited by an excess of anligen; 

therefore, the dose-response relationship was reinvestigated 

for the case of 14-day-old rabbits passively sensitized with 

anti-BSA IgE serum. As shown in Table 28, using up to 50 

yg BSA/ml did not result in significant release of histamine. 

The BSA dose of 500 yg/ml provided about the same proportion 

(50%) of 14-day-old LDHR-positive rabbits as did 50 yg/ml in 

the case of the neonatal subjects (44%). In view of the low 

levels of histamine released, it needs to be mentioned that 

the 14-day-olds' mean body weight was about 3-fold that of 

the 3-day-old rabbits, yet the former were given only twice 

the volume of serum used to sensitize the latter by the 

intra-abdominal route. 
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Table 28. Effect of antigen concentration on the LDHR 
reaction in IgE-sensitized 14-day-old rabbits. 

Rabbit 
No. 

Body 
weight 

(g)  

BSA (yg/ml) 
Rabbit 
No. 

Body 
weight 

(g)  0 0 . 5  5 50 500 

Percentage histamine released 

la 230 8b  -1 -1 -1 -1 

2 250 7 1  2 2 2 

3 277 8 1  3 4 7 

4 168 6 0 0 3 10 

5 197 5 3 3 5 12 

6 177 5 3 4 7 16 

All the rabbits were sensitized, three days before 
the LDHR test, by intra-abdominal injection of 1 ml anti-
BSA IgE serum (adult hoPCA titer of 16-32). Litter mates: 
4 and 6. 

^This column shows % histamine released in the 
absence of BSA; the remaining columns show net release 
values. 
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The Effect of Deuterium Oxide on the 
Release of Histamine and Ĥ-Serotonin 
in the LDHR Test 

The next question of interest was whether the addi

tion of deuterium oxide (D2O) to the LDHR test would result 

3 in the enhanced release of histamine and/or H-serotonin. 

Prior to approaching this question by using IgE-sensitized 

14-day-old rabbits, the effects of D2O were investigated in 

adult rabbits. In order to mimic as closely as possible the 

case of the young rabbits passively sensitized with anti-

BSA IgE serum, only those 3-month-old neonatally immunized 

rabbits were used that had no detectable levels of serum 

anti-BSA antibodies determined by the homologous PCA, guinea 

pig heterologous PCA, and antigen-binding capacity tests. 

One of the effects of 50% D2O in the adults (Table 

3 29) was to increase the control (C) values of H-serotonin 

and histamine release (p < 0.01). The other effects of D2O 

could be divided into three categories: (1) enhanced 

histamine release accompanied by unenhanced to weakly en-

3 hanced release of H-serotonin (rabbits 1-4), (2) enhanced 

release of both substances (rabbits 5-7), and (3) unenhanced 

release of either substance (rabbits 8-11). These three 

categories were associated, respectively, with LDHR reactions 

reactions that in the absence of D2O were (1) negative for 

3 histamine and H-serotonin release, (2) reactions wherein 

greater than 10% but less than 50% of the total histamine 

was released, and (3) reactions showing greater than 50% 



Table 29. Effect of deuterium oxide on "^H-serotonin and histamine release in the 
LDHR reactions of adult rabbits neonatally immunized with ABSA. 

3 % H-serotonin released % histamine released 

No D20 50% D20 D20-noD20 No D20 50% D20 D20-noD20 
Rabbit 
No. C E-C C E-C A(E-C) C E-C C E-C A(E-C) 

Rabbits negative for histamine release without D^O 

1 10 0 10 7 +7 12 -1 10 18 +19 
2 13 2 22 3 +1 12 1 28 2 +1 
3 9 3 14 13 + 10 4 6 11 42 + 36 
4 19 6 26 30 + 24 22 8 27 28 + 20 

Mean: +11 Mean: + 19 

Rabbits with positive but less than 50% histamine release without D2O 

5 14 5 29 37 +32 11 16 35 36 + 20 
6 11 15 18 42 +27 10 24 22 42 +18 
7 12 20 18 54 +34 9 36 24 52 + 16 

Mean: +31 Mean: +18 

Rabbits with greater than 50% histamine release without Do0 

3 17 46 35 38 -8 20 51 36 42 -8 
9 17 47 24 52 +5 15 51 24 57 +6 
10 15 54 24 51 -3 18 62 31 51 -11 
11 16 51 18 59 +8 10 66 19 61 -5 

Mean: + 0.5 Mean: -4 
Mean: 13. 9 21.6 13.0 24.3 

The 3-month-old rabbits were neonatally immunized with aluminum hydroxide-
BSA. These subjects were selected on the bases of negative serological tests: 
negative homologous PCA, guinea pig heterologous PCA, and antigen-binding capacity. 
The last immunization with either soluble BSA or ABSA was 7-18 and 20-33 days, 
respectively, before the LDHR test (50 yg BSA/ml). 
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release of histamine. Of greatest interest was the category 

of LDHR-negative reactions in the absence of &20' In 

group, the enhancement of histamine release by D2O was not 

significant when rabbits 1-4 were included in the analysis 

(t = 2.66, 0.05 < p < 0.10); however, when rabbit number 2 

was excluded then the test became significant (t = 4.54, 

p < 0.05) . The enhancement of "^H-serotonin release was not 

significantly different from zero either with or without the 

data for number 2. 

Based on the dose-response data (Table 28), the 

washed blood cells of IgE-sensitized 14-day-old rabbits were 

exposed to 50 ug BSA/ml; thus, negative LDHR reactions were 

expected, which might be converted to positve in the 

presence of D2O. As shown in Table 30, in the absence of 

3 D2O neither significant amounts of H-serotonin nor hista

mine were released. In contrast to the adult rabbits, D2O 

did not increase the control (C) release values. Also, the 

presence of D2O enhanced the release of the two pharma

cological substances by _> 10% in only 1 of 6 cases (rabbit 

3 number 6). Within the group, neither the change in H-

serotonin nor histamine release was significant. The com

parison, for changes in the release of histamine, between 

14-day-old and adult rabbits that were initially LDHR-

negative was significant only when adult rabbit number 2 

was excluded from the analysis (p < 0.02). 



3 Table 30. Effect of deuterium oxide on H-serotonin and histamine release in the 
LDHR reactions of 14-day-old IgE-sensitized rabbits. 

3 6 6 % H-serotonin released % histamine released 

Rabbita 
No D2° With D2° D20-noD20 No D2° With °2° D20-noD20 

Rabbita 
No. PLTB WBCC BASO C E-C C E-C A(E-C) C E-C C E-C A(E-C) 

1 6.58 0.94 22 15 0 18 1 +1 5 0 4 7 +7 
2 6.65 1.28 86 18 1 19 1 0 2 6 4 8 +2 
3 7.08 1.72 100 15 1 15 4 +3 3 9 2 16 +7 

4 7.50 2.06 45 12 0 11 3 +3 8 -3 7 0 +3 
5 5.70 1.44 19 17 2 18 0 -2 5 0 6 2 +2 
6 7.03 2.22 47 13 4 11 14 +10 9 5 7 27 +22 

Mean: 6.76 1.61 53 15. 0 15.3 5.3 5.0 

aAll the rabbits were sensitized intra-abdcminally with 1 ml anti-BSA IgE serum (adult 
hoPCA titer 16-32). Litter mates: 1 and 5; 2 and 3; 4 and 6. 

, 3 —q 
No. platelets/cm blood x 10 

3 -g cNo. leukocytes/cm blood x 10 

N̂o. basophils/cm̂  blood x 10 \ 
eThree days post-sensitization, the LDHR test was done using 50 yg BSA/ml. The concentra

tion of D̂ 0 was 25% CV/V) for rabbits 1, 2, and 3, and 50% for the others. 
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IgE-Induced In Vivo Changes in Blood 
Cells After Systemic Antigen 
Challenge and Their Relationship 
to the LDHR Test 

In addition to the experimental group (Group 3), 

which consisted of 10 IgE-sensitized 14-day-old rabbits, two 

other groups were used in the experiments included in this 

section: one group of 6 unsensitized subjects that served 

as controls for the effects of the bleeding and antigen 

challenge procedure (Group 1), and one group of 6 rabbits 

"sensitized" with a serum containing a marginal amount of 

precipitating antibodies against the specific antigen (Group 

2). Prior to antigen challenge, these three groups did not 

differ significantly either in the numbers of platelets, 

total leukocytes and stainable basophils, or in the distri

bution of leukocytes into the types recognizable by 

Wright's-Giemsa differential staining ("PRE" values in 

Tables 31-35). The same amount of antigen, 3 mg BSA, was 

injected into all the rabbits, and blood samples were ob

tained 15 minutes later ("POST" values in Tables 31-35). 

Within Group 1 (unsensitized), neither the changes 

in blood cell counts (Table 31) nor the changes in differ

ential counts were significant (Table 35). The decrease in 

the absolute number of stainable basophils in Group 2 was 

significant (p < 0.01, Table 32), but the change in the per

centage of basophils was not significant (Table 35). In the 

same group, the overall increases in small lymphocytes and 



Table 31. Unsensitized 14-day-old rabbits: changes in blood cell counts subse
quent to in vivo challenge with BSA. 

Platelets b Basophils c Leukocytes d 

Rabbita Pre Post A Pre Post A Pre Post A 
No. BSA 15' (%) BSA 15' (%) BSA 15' (%) 

1.1 7.92 5.43 -31.4 119 86 -27.7 1.78 2.94 + 65. 2 
1.2 6.10 7. 05 +15.6 45 50 +11.1 1.44 1.55 +7. 6 
1.3 6.45 5.70 -11.6 160 90 -43.7 2.22 1.89 -14. 9 
1.4 6.65 5.35 -19.5 60 80 + 33.3 1.89 1.56 -17. 5 
1.5 9. 69 6.70 -30.8 33 14 -57.6 1.44 0.94 -34. 7 
1.6 7.08 6.11 -13.7 44 16 -63.6 1.83 1.06 -42. 0 

Mean 7.32 6,06 -15.2 76. 8 56.0 -24.7 1.77 1. 66 -6. 1 

s//n 0.54 0.28 7.62 20. 8 14.2 15.9 0.12 0.29 15. 9 

For procedures refer to p. 72. 

Litter mates: 1.5 and 1.6. The rabbits are presented in order of 
increasing drop in leukocytes. 

H 3 -8 No. of platelets per cm of blood x 10 for pre- and post-BSA; delta = 
I(post-pre)/pre] x 100. 

3 _ 3 cNo. of basophils per cm of blood x 10 
d 3 — 6 No. of leukocytes per cm of blood x 10 



Table 32. Sensitization of 14-day-old rabbits with anti-BSA precipitating 
antibodies: changes in blood cell counts subsequent to in vivo 
challenge with BSA. 

Platelets b Basophils0 Leukocytes d 

Rabbit3 Pre Post A Pre Post A Pre Post A 
No. BSA 15' (%) BSA 15' (%) BSA 15' (%) 

2.1 5.10 3.76 -26.2 186 178 -4. 3 1.44 1.89 + 31.2 
2.2 2.53 3.37 + 33.2 142 91 -35. 9 1.89 2.17 + 14.8 
2.3 7.16 5.24 -26.8 106 69 -34. 9 1.22 1.33 + 9.0 
2.4 8.70 4.84 -44,4 80 47 -41. 3 2.11 1.94 -8.1 
2.5 10.20 6.95 -31.8 206 142 -31. 0 3.44 3.11 -9.6 
2,6 3.43 5.12 + 49.2 109 74 -32. 1 4.39 3. 50 -20.2 

Mean 6.19 4.88 -7.8 138 100 -29. 9 2.42 2.32 + 2.8 

s//n 1. 23 0.52 15.9 20. 1 20.3 5. 3 0. 51 0.33 7.7 

For procedures refer to p. 72. 

aLitter mates: 2.3 and 2.4. The rabbits are presented in order of 
increasing drop in leukocytes. 

fa 3 _ s No. of platelets per cm of blood x 10 , for pre- and post-BSA; delta = 
I Cpost-pre)/pre] x 100, 

3 -3 cNo. of basophils per cm of blood x 10 
j 3 -s 
No. of leukocytes per cm of blood x 10 



Table 33. Sensitization of 14-day-old rabbits with IgE anti-BSA antibodies: 
changes in blood cell counts subsequent to in vivo BSA challenge, and 
BSA-induced in vitro release of histamine and ^H-serotonin (5-HT). 

Platelets b Basophils c Leukocytes 0 % Released 

Rabbit3 Pre Post A Pre Post A Pre Post A (in vitro) 
No. BSA 15* (%) BSA 15' (%) BSA 15' (%) HIST 5-HT 

3.1 3.73 3.50 -6. 2 141 8 -94. 3 2.06 1.89 -8. 3 12. 5 2 
3.2 6.50 4.04 -37. 8 109 3 -97. 2 2.39 1.33 -44. 4 14. 6 10 
3.3 7.10 5.88 -17. 2 177 22 -87. 6 1.89 1.33 -29. 6 15.0 9 
3.4 13.70 8. 43 -38. 5 191 6 -96. 8 1. 61 1. 39 -13. 7 18.2 10 
3.5 5.58 4.13 -26. 0 113 3 -97. 4 1.28 1.28 0 19.8 14 
3.6 6.85 4.47 -34. 7 106 17 -84. 0 1.72 1.44 -16. 3 20.9 16 

Mean 7.24 5. 08 -26. 7 140 9.8 -92. 9 1. 83 1.44 -18. 7 16.8 10 

p//n 1.39 0.75 5. 28 15.1 3.2 2. 33 0.16 0.09 6. 50 1.35 2.0 

For procedures refer to p. 72. 

aLitter mates: 3.1 and 3.2, 3.3 and 2.2, 3.4 and 2.5, 3.6 and 1.1. The 
rabbits are presented in order of increasing in vitro release of histamine. 

* 3 —8 DNo. of platelets per cm of blood x 10 for pre- and post-BSA; delta = 
[(post-pre)/pre] x 100. 

3 -3 cNo. of basophils per cm of blood x 10 
o 3 -6 aNo. of leukocytes per cm of blood x 10 
eNet % release of histamine and H-serotonin in the leukocyte-dependent 

histamine release reaction. The washed cells (from the blood obtained prior to 
in vivo BSA challenge) were exposed to 500 yg BSA/ml. 



Table 34. Sensitization of 14-day-old rabbits with IgE anti-BSA antibodies: 
changes in blood cell counts subsequent to in vivo BSA challenge of 
LDHR-negative subjects. 

Platelets*3 Basophils c Leukocytes d 

Rabbit3 Pre Post A Pre Post A Pre Post A 
No. BSA 15' (%) BSA 15' (%) BSA 15' (%) 

3.7 7.03 6.78 -3. 6 42 0 -100 2.83 3.11 +9.9 
3.8 7.30 4.07 -44. 2 208 80 -61.5 2.17 1.83 -15.7 
3.9 4.98 2.90 -41. 8 36 0 -100 1.78 1.17 -34.3 
3.10 6,14 4.94 -19. 5 72 0 -100 2.89 1.00 -65.4 

Mean 6,36 4.67 -27. 3 89, 5 20.0 -90.4 2.42 1.78 -26.4 

s//n 0.52 0.81 9. 65 40. 3 20.0 9.63 0.27 0.48 15.8 

For procedures refer to p. 72, 

aLitter mates: 3.8 and 3.6 (preceding table). 
h) 3 — 3 No. of platelets/cm of blood x 10 , for pre- and post-BSA; delta = 

[Cpost-pre)/pre] x 100, 
3 _ 3 cNo. of basophils/cm of blood x 10 

j "5 — fi 
No. of leukocytes/cm of blood x 10 



Table 35. Summary of the changes in blood cell differential counts subsequent to 
in vivo antigen challenge of unsensitized, "sensitized" with precipi
tating antibodies, and IgE-sensitized 14-day-old rabbits. 

Sensitization treatment 

Type of 
blood cell 

Group 1 Group 2 Group 3 

None 
(unsensitized) 

Precipitating 
antibodies 

Mean (%) s/fri Mean (%) s//n 

IgE 
antibodies 

Mean (%) s//n 

Small Pre b 7.3 1.35 7.2 2.11 6.9 1.99 
Lymphocytes PostD 6.9 1.41 9.7 1.99 10.3 1.57 

Ac +16.5 36. 0 +154 77.5 + 166 95.9 

Medium and Pre 40.5 3.70 37.7 4.28 36.8 3.40 
large Post 42.0 3.11 34.2 2.95 37.7 4,31 
lymphocytes A + 5.6 6.04 -7.6 5. 03 +3.3 8.68 

Monocytes Pre 3.2 0.60 3.6 0.51 4.8 0.82 
Post 2.7 0.68 5.1 0.71 3.2 0. 88 
A. ^9.5 19. 0 + 63.8 40.1 -39.7 16.5 

Neutrophils Pre 41.0 3.42 47.4 4.66 45.1 4.22 
Post 41.1 3.16 45.4 4.36 43.7 4.49 
A + 3,0 10.4 -3.2 4. 30 -3,2 4.24 

Basophils Pre 4.7 0.92 3.8 1.24 4.0 0.58 
Post 3,6 0.69 3.4 1.38 0.08 0.08 
A -9.8 23,8 -7,9 24.7 -98.2 1.77 

Eosinophils Pre 0,6 0,16 0.7 0.24 1.0 0.29 
Post 0.8 0.28 0.9 0.24 0.7 0,40 

I 



Table 35.—Continued 

Sensitization treatment 

Group 1 Group 2 Group 3 

Type of 
blood cell 

None 
(unsensitized) 

Precipitating 
antibodies 

IgE 
antibodies 

Type of 
blood cell Mean (%) s//n Mean (%) s//n Mean (%) s//n 

Atypical , 
leukocytes 

Pre 
Post 

2.8 
2,9 

0.94 
0. 66 

0.5 
1.4 

0.22 
0.54 

1.5 
4.5 

0,46 
1.67 

6 Nucleated 
erythrocytes 

Pre 
Post 

5.6 
9.2 

2.49 
4.70 

28.8 
32.0 

13,5 
13.8 

10.2 
8.5 

1.92 
1.29 

For experimental procedures refer to p. 72. The sample size (n) is 6 for 
each of the groups; rabbits 3.7-3.10 (Table 34) were not included in this summary. 

aA given cell type expressed as a percentage of the total leukocytes in 
the blood sample obtained before in vivo antigen (BSA) challenge. 

^Blood cell differential count performed on the blood sample which was 
obtained 15 minutes after in vivo antigen chllenge. 

cDelta = I(post-pre)/prej x 100. 

^This category includes immature leukocytes and degranulated basophils but 
not neutrophils with banded nuclei. 

eNumber of nucleated erythrocytes per 100 leukocytes counted. 
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monocytes were not significant, although 4 of 6 (2.1, 2.2, 

2.5, and 2.6) and 3 of 6 (2.1, 2.3, and 2.4) rabbits, re

spectively, had marked increases in these cell types. 

Within the LDHR-positive members of Group 3, the platelets 

decreased marginally (p < 0.05) while the basophils de

creased very markedly (Table 33). The leukocyte differ

ential counts for this group reflected the decrease in baso

phils (Table 35). Also, 3 of 6 rabbits (3.2, 3.4, and 3.6) 

had marked increases in small lymphocytes and 4 of 6 (3.1-

3.4) had strong decreases in monocytes. The decrease in 

monocytes, but not the increase in small lymphocytes, was 

significant (p < 0.05) when the "PRE" and "POST" data were 

compared after calculating the absolute numbers of specific 

types of leukocytes on the basis of the differentials and 

the total leukocyte counts for each individual rabbit. 

The washed blood cells from 6 of the 10 IgE-

sensitized rabbits released 10% histamine, and 4 of these 

3 6 also released _> 10% H-serotonin, in the in vitro LDHR 

test (Table 33). Although 4 of the IgE-sensitized rabbits 

were LDHR-negative, nonetheless this group had a very sig

nificant in vivo decrease in basophils (Table 34). Groups 

3 1 and 2 released at most 2% of either histamine or H-

serotonin in the LDHR test (data not shown). 

Comparisons involving the three groups failed to 

show significant differences among the changes in platelet 

and leukocyte counts and differential counts of leukocytes 
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other than basophils. However, the changes in absolute 

number of monocytes were significantly different among 

Group 2 and Group 3 (t= 2.53, d.f. = 10, p < 0.05). In 

regard to the changes in basophil counts and percentage of 

basophils, Group 1 did not differ significantly from Group 

2, but both Groups 1 and 2 differed from the IgE-sensitized 

group (p < 0.01). 

In Vitro Reactivity to Platelet-Activating 
Factor of Platelets from Normal 
14-Day-Old and Adult Rabbits 

3 Release of H-Serotonin 
from Platelets by PAF-BSA 

The platelets from unsensitized 14-day-old rabbits 

were exposed in vitro to various concentrations of platelet-

activating factor in order to compare their ability to 

3 release previously incorporated H-serotonin with that of 

platelets from 3-month-old rabbits (Table 36). The dose-

response data for the two age groups were subjected to 

linear regression analyses after the concentration of PAF 

was logarithmically transformed. The responses of the 

adults' platelets to the highest concentration of PAF (120 

yl/2.0 ml) were deleted from the analysis because they were 

obviously outside the linear portion of the dose-response 

curve for this age group. 

Analyses of variance, summarized in Table 37, indi

cated that the linear regressions were appropriate: linear 



3 Table 36. PAF-induced in vitro release of H-serotonin by platelets from normal 
14-day-old and adult rabbits. 

14-day-old Adults 

PAF (yl/2.0 ml)b PAF (yl/2.0 ml)b 
Rabbit3 Rabbitc 
No. 25 30 50 70 100 No. 25 40 60 90 120 

3 3 Net % H-serotonin released Net % H-serotonin released 

1 25 — 52 — 68 1 (2.3 F) 6 11 22 47 
2 34 -- 53 — -- 2 (2.3 M) — 12 20 41 
3 29 -- 52 -- 64 3 (2.4 F) 29 36 — 58 
4 — . 30 49 -- — 4 (2.8 F) — 32 41 45 39 
5 -- 41 52 62 ~ 5 (2.6 F) 27 34 40 43 43 
6 — 24 43 50 — 6 (2.7 F) 16 22 37 42 35 

Mean 29.3 31.7 50.2 56.0 66.0 Mean 19.5 24.5 32.0 46.0 39.0 
Variance 20.3 74.3 14.2 72.0 8.0 Variance 113.7 124.7 103.5 39.2 16.0 

aLitter mates: 1, 2, 4, and 5; 3 and 6. 

b 8 The 2.0 ml of reaction mixture contained 2 x 10 platelets. All the 
platelets were tested with PAF-BSA lot 21074 except those from the adult rabbits 
#4, 5, and 6, which were exposed to PAF-BSA lot 40676 (see p. 74). 

cLitter mates: 1, 5, and 6; 3 and 4. In parentheses: body weight in 
Kg and sex. 



3 Table 37. Summary of the analyses of variance with linear regression of Y = % H-
serotonin released on X = log [PAF]. 

14-day-old Adults 

Source of variation a DF MSb F C s DF MS F s 
d A. Among Groups 4 637.46 A/B = 20.6*** 3 710.91 A/B = 7.68** 

Al. Linear Regression (1) 2498.01 A1/A2 = 144.6** (1) 1989.71 A1/A2 = 27.82* 
A2. Deviations from " C3) 17.27 A2/B = 0.56 ns (2) 71.52 A2/B = 0.77 ns 

B. Within Groups 11 30.92 17 92.62 
15 20 

Linear regression equation: ? = 63.84 X - 60.39 ? = 49.06 X - 52.16 

a DF = degrees of freedom. 

MS = mean square = sum of squares/degrees of freedom. 

Q F = sample F-value (ratio of mean squares) to be compared with relevant critical values 
of the F-dfstribution; ns = not significant at the 95% confidence level. 

Â group consists of the responses obtained with a given concentration of PAF. The 
responses to 120 yl of PAF were deleted from the analysis. 
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regression accounted for a significant portion of the 

variability among the responses to various concentrations 

of PAF, and the deviations from linear regression were not 

significant. The slopes of the regression equations for the 

two age groups were compared and found not to be signifi

cantly different. The 95% confidence limits associated 

with the two regression lines were such that, in the range 

35-80 yl PAF/2.0 ml, the 14-day-old rabbits' platelets re

sponded better than the platelets from the adults. 

Aggregation of Platelets 
by PAF-BSA 

The platelets from normal 14-day-old rabbits were 

also tested for their ability to aggregate in response to 

platelet-activating factor. As in the preceding experiment, 

the responses of platelets from 3-month-old rabbits served 

as controls (Table 38). 

Linear regression was found to be appropriate in the 

case of the adults, and the results of the analysis are 

depicted in Fig. 6. On the other hand, the variances of 

the responses for 14-day-old rabbits were so large that any 

type of curve that was fitted to the data-points was only 

a very poor approximation. For example, the relationship 

Y = aX , with a = 21.16 and b = 1.44, provided the best co-

2 efficient of determination: r =0.22. Because of this 

difficulty, the individual responses for the 14-day-old 

rabbits are shown in Fig. 6 in relationship to the 95% 



Table 38. PAF-induced in vitro aggregation of platelets from normal 14-day-old 
and adult rabbits. 

14-day-old Adults 
t- u 

PAF (yl/520 yl) PAF (V1/520 yl) 

5 10 20 5 10 20 
KoDDlt KoDDlt 
No. Ymax t8 Ymax t Ymax t No. Ymax t Ymax t Ymax t 

1 30 65 49 97 1 (2.4M) 21 110 36 140 49 210 
2 47 80 51 102 60 147 2 (2.6M) 10 60 23 122 45 200 
3 40 98 53 123 — «T- 3 (2.8F) 29 71 41 93 54 120 
4 53 80 59 114 4 (2.4M) 15 77 34 110 50 192 
5 14 67 34 125 49 150 5 (2,5M) 9 82 23 122 42 187 
6 14 67 28 100 40 122 6 (2.7M) 19 149 33 170 46 212 

Mean 33.0 76,2 45. 7 110.2 49. 7 139.7 Mean 17.2 91.5 31.7 126.2 47. 7 186.8 
Variance 275 160 144 149 100 236 Variance 56.2 1072 52.7 702 17. 9 1167 

a. Litter mates: 2, 3, and 4; 5 and 6. 
Ts 8 The 520 yl of reaction mixture contained 0,5 x 10 platelets (p. 77). PAF-BSA lot 21074 

was added as 20 yl of undiluted or two-fold serially diluted material. 
cLitter mates: 4 and 5. In parentheses: body weight in Kg and sex. 

M̂aximum increase in light transmission as % of the total distance between 100% (buffer 
only) and zero % (buffer + platelets) light transmission, 

eTime (seconds) required to attain Ymax. 
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Fig. 6. Platelet aggregation as a function of PAF concen
tration — The individual (x) and mean (o) values 
for 14-day-old rabbits are shown in relationship 
to the 95% confidence limits ( ) of the linear 
regression of Y = % increase in light transmission 
on X = log of PAF concentration for adult rabbits. 
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confidence limits for the adults. Without a doubt, the 

"young" platelets aggregated in response to PAF at least as 

well as the adults' platelets. Also, the former aggregated 

as fast as, or faster than, the latter. However, there was 

great variability in the time required to reach maximum 

aggregation in the case of the platelets from the adult 

rabbits (Table 38). 



CHAPTER 5 

DISCUSSION 

The key observation in this study is that age sig

nificantly affects several aspects of IgE-induced acute 

allergic reactions in the rabbit. The following sections 

attempt to explain the differences observed, in light of the 

present experiments and the observations of other investi

gators . 

Ontogeny of IgE-induced Homologous PCA 

Both qualitative and quantitative parameters indi

cate that responsiveness to hoPCA increases with increasing 

age (Table 12 and Fig. 2). In addition, increased cutaneous 

vascular permeability in response to bradykinin, antigen-IgE 

antibody interaction, and histamine becomes manifest at 

different stages in the rabbit's development. While the 

incidence of positive hoPCA is practically zero in the 14-

day-old, it reaches a maximum in the 28-day-old; in con

trast, similarly high levels of skin reactivity to exogenous 

histamine and to the mast cell degranulator, compound 48/80, 

do not occur until the rabbit attains 4 2 days of age. 

The high incidences of positive skin reactions in

duced by bradykinin even in the 14-day-old argue against an 

interpretation of the negative responses to hoPCA and 

155 
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histamine (or compound 48/80) based on general cutaneous 

unresponsiveness. The data suggested that histamine, if 

released from the skin mast cells during the hoPCA reaction, 

might contribute less to increases in vascular permeability 

in the 35-day-old and younger rabbit than in the older age 

groups. This possibility was explored in the experiments 

concerning acute treatment with antihistaminics. Chlor

pheniramine and mepyramine were selected because both agents 

had been shown to inhibit hoPCA reactions in the adult 

rabbit (Zvaifler, Bauer, and Robinson, 1971). The length of 

time allowed for antihistaminic action prior to antigen 

challenge was based on maximum inhibition of histamine-

induced skin reactions in 3-month-old rabbits (data not 

shown), and the dosages were based on the observations of 

other investigators (Zvaifler et al., 1971; Wilhelm, 1973). 

The experiments with chlorpheniramine (10 mg/kg, 

i.v., -1 hour) show that the hoPCA titers in the 28-day-old, 

35-day-old, and adult rabbits can be decreased significantly 

(Fig. 3 and Table 14), but statistical analysis of the data 

does not support the idea of an age-associated differential 

effect of histamine. Since chlorpheniramine had been shown 

to inhibit increased vascular permeability induced by the 

injection of bradykinin into the skin of the rat (Becker, 

Mota, and Wong, 1968), 28-day-old and 3-month-old rabbits 

were tested for their skin reactions to bradykinin before 

and after chlorpheniramine treatment. A comparison between 
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PRE- and POST-chlorpheniramine endpoint titrations showed 

that 20 to 50 times versus 10 to 20 times more bradykinin was 

needed to induce positive reactions in the 2 8-day-old than in 

the adult (Meng, 1973). This raised the possibility that chlor

pheniramine may have inhibited, especially in the younger 

group, activities other than those of histamine. Thus, the 

effects on the hoPCA reaction of a more specific anti

histamine, mepyramine (0.5 mg/kg, i.v., -30 minutes), were 

also tested (Tables 15 and 16). Meypramine had a lesser 

inhibitory effect than chlorpheniramine on the hoPCA titers 

in 28-day-old and adult rabbits, but it showed a significant 

inhibitory effect in the 42-day-old, an age group that is 

fully responsive to exogenous histamine. As in the case of 

chlorpheniramine treatment, however, a significant age-

associated effect could not be demonstrated. These results 

suggest that either the release of endogenous histamine con

tributes in similar proportions toward increasing vascular 

permeability in the various age groups tested, or the 

activities of other mediators of inflammation mask the 

differential effects of histamine in the hoPCA reaction. 

While the possible contribution of histamine re

ceptors of the H2 type was not investigated in this study 

(Black et al., 1972; Lichtenstein and Gillespie, 1973), it 

can be said that rabbits younger than 42 days of age respond 

as if they had fewer functional histamine Hi receptors 

associated with the vasculature of the skin than the older 
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rabbits. The observations in this study support the report 

by Rocha e Silva (1940a) that the skin of 200 g rabbits 

(about 14 days old) is unresponsive to histamine but very 

responsive to kallikrein. It can always be argued that 

exogenous histamine does not mimic adequately the action of 

histamine released in situ. In this study, however, the 

development of skin responsiveness to compound 48/80 was in

distinguishable from that to exogenous histamine. Compound 

4 8/8 0 has been shown to degranulate mast cells in vivo 

(Mota, Beraldo, and Junqueira, 19 53; Riley and West, 1955) 

and in vitro (Hogberg and Uvnas, 19 57; Mota and Dias 

daSilva, 1960a), and to release histamine from these cells 

(Paton, 1951; Feldberg and Talesnik, 1953; Uvnas, 1964). In 

addition, the cutaneous injection of 48/80 into the adult 

rabbit has been reported to decrease the levels of skin 

histamine (Lecomte, 19 56). On these bases, it is reasonable 

to assume that 48/80 increases vascular permeability in the 

young rabbits via mast cell degranulation and release of 

endogenous histamine. The injection of 48/80 into the skin 

also may generate mediators other than histamine, for 

example, a slow-reacting substance (Chakravarty, Hogberg, 

and Uvnas, 19 59). If this is the case, it can be argued 

that the vascular permeability-inducing properties of such 

mediator(s) become manifest simultaneously with those of 

exogenous histamine (Table 12). 
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Receptors for IgE on the Mast Cells 

Three possibilities could account for the lack of 

positive hoPCA reactions in the 14-day-old rabbit: (1) 

their skin mast cells may not bind IgE antibody, (2) if these 

cells do bind IgE then the interaction of antigen with IgE 

antibody may not result in mast cell degranulation and sub

sequent release of potentially vasoactive substances, and 

(3) if one or more mediators are released these may fail to 

effect an increase in vascular permeability. To test the 

first possibility, an experiment was designed which relied 

on long-term binding of IgE antibody to the skin mast cells, 

and the established frequencies of positive hoPCA reactions 

as a function of age. The intracutaneous injection of IgE 

antibody into the newborn rabbit resulted in persistent 

sensitization of the mast cells (Table 17), thereby ex

cluding the first possibility mentioned above. The neo-

natallv sensitized rabbits retained sufficient IgE antibody 

to elicit positive hoPCA reactions until the experiment was 

terminated 86 days later; in contrast, similarly injected 

adult rabbits started to show negative reactions 35 to 42 

days after sensitization. These observations suggest that 

the newborn may bind IgE more effectively than the adult. 

One or more of the following factors could account for this: 

a greater number of available receptors per mast cell, re

ceptors with higher binding affinity for IgE molecules, a 

greater density of skin mast cells, or lower rate of mast 
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cell turnover. At this time, there is only indirect evi

dence in support of the first proposition: Austen et al. 

(1965) observed that the capacity of rat peritoneal mast 

cell for in vitro sensitization with homologous anaphylactic 

antibody was inversely related to the age of the donor; on 

the other hand, the mast cells from germ-free rats did not 

show a diminished capacity for sensitization with increasing 

age. The authors suggested that the mast cells of the very 

young rats possess a greater number of available receptors, 

which in time become occupied by antibodies (IgE) synthe

sized in the course of normal exposure to antigens. 

Mast Cell Degranulation 

Once the binding of homologous IgE antibody to the 

skin mast cells of very young rabbits was ascertained, 

attention was focused on the functional properties of these 

cells. It was assumed that if the mast cells do not de-

granulate then the release of histamine would not take 

place. It needs to be mentioned in this regard, that Rocha 

e Silva (19 40b) had shown that very young rabbits have as 

high (or higher) a concentration of skin histamine as the 

adult (1.5-3 kg body weight). Also, the in vivo release 

of histamine in IgE-induced skin reactions in the rabbit 

had been demonstrated only in the adult (Zvaifler et al., 

1971). A modification of the method of Zvaifler et al. 

for determining the decreases in histamine at IgE-injected 
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skin sites was applied to the case of the 14-day-old; the 

28-day-old was chosen for comparisons because of its high 

incidence of positive hoPCA reactions. The results of this 

experiment indicate that the skin mast cells are able to 

degranulate, since histamine decreases occurred both in 

14-day-old and 28-day-old rabbits (Tables 18, 19, and 20). 

The two groups did not differ significantly either in the 

magnitude or the percentage of decrease in skin histamine at 

60 minutes after antigen challenge. However, the possi

bility remained that the kinetics of this process may differ 

considerably for these two groups. For this reason, the 

changes in skin histamine were investigated as a function of 

time after hoPCA challenge (Tables 21 and 22). Graphical 

representation of the results shows the following major 

differences (Fig. 4): (1) two periods of maximum histamine 

decrease occur in both groups, but the decreases in the 14-

day-old lag behind those in the 28-day-old (15 and 6 0 

minutes versus 10 and 30 minutes post-antigen); (2) the two 

groups have opposite responses at 30 minutes post-antigen; 

and (3) the decreases in the 28-day-old are considerably 

more pronounced. These results suggest that histamine re

lease is more rapid and of greater magnitude in the older 

rabbits. This interpretation is complicated by lack of 

information on the metabolism of histamine in situ. It is 

possible, for example, that the 14-day-old releases ini

tially as much histamine as the 28-day-old but that 
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histamine is catabolized much more slowly. This eventuality 

would allow for a more protracted action of histamine on 

the skin vasculature of the 14-day-old, and the lack of 

increased vascular permeability could be unequivocally 

attributed to lack of functional agonistic histamine re

ceptors. It can be argued, on the other hand, that if the 

absolute changes represent accurately the actual amounts of 

histamine released, then by 60 minutes post-antigen, for 

example, about 1.5 pg of histamine (per gram of skin) were 

released in the 14-dav-old and this amount is within the 

range of exogenously administered histamine that failed to 

increase vascular permeability (Table 12). Since the re

sponses to exogenous and to endogenous histamine are the 

same in the 14-day-old, this favors the idea that the 

vasculature of the skin is deficient in histamine HI re

ceptors. 

The 2 8-day-old rabbits in this experiment consist

ently were hoPCA-positive by 30 to 60 minutes post-antigen, 

and 3 to 5 yg of histamine were released. Intracutaneous 

injection of similar amounts of histamine only caused about 

50% positive reactions. Therefore, in this age group, 

either endogenously released histamine is indeed more 

effective in its action than exogenous histamine or/and 

positive hoPCA reactions are due to the activation or re

lease of one or more mediators in addition to histamine, and 

these are absent or ineffective in the 14-day-old. 
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In regard to the kinetics of histamine release, it 

is interesting that both age groups showed about the sane 

percentage changes from 15 through 2 5 minutes post-antigen; 

however, by 30 minutes, the 14-day-old increased while the 

28-day-old sharply decreased in skin histamine (Fig. 4). 

Kravis and Henson (19 77) have shown in the adult rabbit 

that platelets start to infiltrate skin sites by 15 minutes 

after an intradermal injection of anti-rabbit IgE serum. 

This observation led the authors to suggest that a platelet-

activating factor, presumably derived from the mastocytes, 

may be involved in this process. Since rabbit platelets 

contain histamine, it is quite possible that in the young 

rabbits the essentially biphasic changes in skin histamine 

are (at least in part) due to the involvement of platelets 

in this IgE-induced reaction. The release of histamine from 

platelets could account for the sharp decrease 30 minutes 

post-antigen in the 28-day-old, while this phenomenon may 

be delayed in the 14-day-old until some time between 30 and 

60 minutes post-antigen. The release of a platelet-

activating factor (PAF) and subsequent accumulation of 

platelets at hoPCA sites are likely possibilities, in view 

of the key role of platelets in IgE-induced systemic ana

phylaxis in the adult rabbit (Pinckard et al., 1977) and 

the demonstration of specific in vivo desensitization of 

platelets to PAF in this system (Henson and Pinckard, 1977) . 
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Desensitization of the Mast Cells 

The two extreme types of hoPCA reactions in young 

rabbits—negative in the 14-day-old and positive in the 28-

day-old—provided an opportunity for investigating the fate 

of sensitized mast cells and cell-bound IgE antibody. 

Separate skin sites were sensitized with anti-BSA, anti-HRP, 

and a 1:1 mixture of these two antisera, which had the same 

hoPCA titer and no detectable specific IgG antibody (Table 

23). The subjects were challenged with either BSA or HRP 

when they attained 14 days of age. At this time, only 1 of 

16 potentially reactive sites was hoPCA-positive, in agree

ment with the earlier data (Table 12). The same sensitiza

tion scheme was repeated at new skin sites on day 25. The 

rabbits were again challenged, at 28 days of age, first with 

the antigen not used on day 14, then 60 minutes later v/ith 

the other antigen. The results of this experiment indicate 

that the interaction of antigen with cell-bound specific IgE 

leads to the "desensitization" of the mast cells toward that 

antigen, even when the hoPCA reaction appears to be negative. 

Also, the mast cells are neither destroyed nor permanently 

depleted of mediator(s) in this process. 

The phenomenon of mast cell desensitization can be 

interpreted in terms of the fate of cell-bound specific IgE 

antibody. It is proposed that the in vivo interaction of a 

multivalent antigen, such as BSA or HRP, with cell-bound IgE 

antibody leads to the elimination of these IgE molecules 
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from the surface of the mast cell. This interpretation is 

consistent with the sequence of events demonstrated to 

occur in vitro following the binding of a multivalent ligand 

with immunoglobulin on the surface of B-lymphocytes: re

distribution of the ligand-antibody complexes on the cell 

surface (patching and capping), followed by endocytosis and 

degradation of the complexes (see review by Unanue, 1974). 

The redistribution of cell-bound IgE has been shown to 

occur when human basophils are exposed in vitro to anti-IgE 

(Sullivan et al., 1971; Becker et al., 1973), but the fate 

of the complexes has not been elucidated. 

If the proposed interpretation of in vivo mast cell 

desensitization is valid, one may ask: what happens to 

cell-bound IgE directed against an unrelated antigen? As 

shown in Table 23, 6 of 8 skin sites simultaneously sensi

tized with anti-BSA and anti-HRP, and challenged on day 14 

with one of the two antigens, showed either positive or some 

(±) reactivity when challenged with the other antigen on day 

28. (It needs to be mentioned that the reactions were by 

necessity evaluated in the intact animal after the first 

challenge on day 28, and the questionably positive reactions 

may only reflect the limitations of this procedure.) These 

results, together with the total desensitization of sites 

specifically challenged on day 14, suggest that IgE mole

cules directed against an unrelated antigen are essentially 

retained on the activated mast cells. This proposition, 
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however, does not explain why 2 of 8 doubly-sensitized sites 

(M^ for rabbits 5 and 7 in Table 2 3) remained negative after 

challenge with BSA and HRP on day 28. Neither poor reten

tion of IgE nor intrinsic cutaneous unresponsivenss of the 

recipients is a likely explanation, since all of the 

pertinent controls were hoPCA-positive. 

While the anti-BSA and anti-HRP sera had equivalent 

hoPCA titers, it might be suggested that the two types of 

IgE antibodies differed in affinity for receptors on the 

mast cell. This was proposed by Jarrett, Orr, and Riley 

(1971) in attempts to explain why anti-N. brasiliensis 

reaginic serum interfered more effectively in either 

systemic or cutaneous passive sensitization of the rat with 

anti-ovalbumin reaginic serum than vice versa. As in the 

present experiments, the hoPCA titers of the two antisera 

were the same. Evidence contrary to such a proposition 

derives from IgE binding studies done with human basophils 

(T. Ishizaka, Soto, and K. Ishizaka, 1973), rat basophilic 

leukemia cells (Kulczycki and Metzger, 1974; Conrad et al., 

1975), and rat peritoneal mast cells (Conrad et al., 1975). 

The equilibrium constants estimated for these various IgE-

target cell systems were all of the same order of magnitude, 

9 -1 
10* M . 

A further point is that Jarrett et al. (1971) could 

not exclude the possibility that the presence in the anti-

sera of IgE antibodies against unknown antigens (or any 
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other immunoglobulin: see Revoltella and Ovary, 1973) con

tributed to the observed differences. This objection seems 

irrelevant to the question of the doubly-sensitized skin 

sites in this study, since the inhibitory actions of other 

immunoglobulins should have been exerted equally on the 

two IgE systems. On the other hand, as demonstrated by 

Jarrett and her collaborators (1971), the immunological 

status of the recipients is an important factor in sensiti

zation. In this study, 5 of 8 rabbits produced sufficient 

IgE antibody—as a consequence of exposure to antigen on 

day 14—to sensitize their blood basophils for positive LDHR 

reactions (Table 2 3) . If it is proposed that endogenous 

anti-HRP IgE displaced a significant proportion of the 

exogenously administered anti-BSA IgE from the mastocytes, 

then it is hard to explain why the "old" and "new" sites 

sensitized only with anti-BSA IgE were all hoPCA-positive, 

and why endogenous anti-BSA IgE did not exert a similar 

effect. 

Another possible explanation for some of the 

anomalies associated with doubly sensitized skin sites is 

based on experiments by T. Ishizaka and K. Ishizaka (1975). 

They proposed to determine whether free receptors might 

migrate together with bound receptors during ligand-

induced redistribution of IgE bound to basophils. The 

blood leukocytes from donors v/hose basophils had 62 to 86% 

free IgE receptors were exposed to anti-IgE to induce 
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capping, either with or without prior saturation of the 

receptors with IgE myeloma. The cells were subsequently 

exposed to pH 3 to dissociate the bound IgE, treated with 

125 
I-IgE, and examined by radioautographv. The proportion 

of basophils showing uniform (non-polar) distribution of 

label was the same, about 50%, whether the IgE receptors 

were or were not saturated. Since a greater proportion of 

uniformly labelled cells would be expected in the "un

saturated" case if the free receptors remained randomly 

distributed on the cell surface, these results were inter

preted to be highly suggestive of co-migration of free and 

bound receptors. What if not only free receptors but also 

some occupied by IgE against an unrelated antigen were to 

co-migrate with specific IgE-bound receptors during antigen 

challenge? One wonders whether some unrelated IgE might be 

removed from the mastocyte's surface. This highly specula

tive eventuality could account for the negative and ques

tionably positive hoPCA reactions at doubly-sensitized and 

previously challenged skin sites (M^ on day 28), but does 

not explain the negative reactions after initial challenge 

with BSA of doubly sensitized "new" sites (f^)• 

What could account for the asymmetry of the effects 

observed in the mast cell desensitization experiment? Could 

it be that IgE antibodies of different specificities vary 

significantly in the energy of interaction with their 

immediate environment (which very likely includes some bound 
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or unbound antigen), so that preferential binding of one 

type of IgE to the receptors on the target cells minimizes 

the free energy of the whole system? If the technical 

difficulties could be overcome, it might be worthwhile to 

study the kinetics of IgE-target cell interactions with 

antibodies of two distinct specificities, in the absence 

and in the presence of minute concentrations of antigen. 

To many basic questions remain at this time to be able to 

provide a comprehensive explanation for the anomalies in the 

mast cell desensitization experiment. 

In Vitro Interaction Between IgE-Sensitized 
Basophils and Platelets 

Successful in vivo sensitization with IgE antibody 

of neonatal and 14-day-old rabbits for positive in vitro 

leukocyte-dependent histamine release (LDHR) provided evi

dence for the presence and availability of IgE receptors on 

their blood basophils. 

As discussed in Chapter 1, not only the basophils 

but also the platelets are a source of histamine in the 

rabbit LDHR reaction. While it was known that the major 

portion of the histamine in the blood cells of the adult 

rabbit is in the platelets, there was no reason for 

assuming this to be the case in very young rabbits. The 

possibility was considered that all, or almost all, of the 

histamine released in the LDHR reaction of the neonate may 

derive from the basophils, and maybe little or no PAF is 
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released. Two observations suggested this point of view: 

significant amounts of labelled serotonin were releaded 

from the platelets in only one-third of the cases positive 

for histamine release (Table 25); thus, the functional 

relationship between histamine and serotonin release was 

different for the passively sensitized neonate than for the 

sensitized 14-day-old and the neonatally immunized adult 

(Fig. 5). Also, 8 of 12 positive LDHR reactions consisted 

of histamine release below 30%, 5 of which were below 20% 

(Tables 24 and 2 5). 

The experiment concerning the distribution of hista

mine in the washed blood cells from neonatal rabbits indi

cates that a maximum of 15% of the total histamine is in 

cells other than the platelets, presumably the basophils. 

This value is lower than that reported by Greaves and Mongar 

(1968) for the adult rabbit; they estimated (but did not 

provide confidence limits) that about 20% of the total 

histamine is in the leukocytes; and the histamine content of 

the leukocytes showed a significant positive correlation 

with the number of basophils. The percentage of leukocyte 

histamine estimated in this study is very likely low, since 

the experimental procedures were felt to be harsher on the 

basophils than on the platelets. A decrease of up to 50% 

of the stainable basophils but little change in the 

number of platelets occurred (probably due to adherence of 

the basophils to the walls of the test tubes) in three 
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separate cases in which these cells were counted before and 

after the centrifugations and washes done prior to antigen 

challenge in the LDHR reaction. Nonetheless, unless sensi

tization with IgE antibody alters significantly the distri

bution of histamine, the evidence indicates that most (at 

least 9/12 or 75%) of the positive LDHR reactions in the 

neonatal rabbits involve the release of histamine from the 

platelets. Activation of the platelets is very likely due 

to the release of PAF from the basophils. Then why do the 

platelets of the neonate release less labelled serotonin 

than those of the 14-day-old? (The numbers of basophils and 

3 platelets per cm of blood are essentially the same in the 

two age-groups.) If the mechanism of uptake and release of 

serotonin does not differ significantly, then a likely 

explanation is that in the case of the neonate a higher 

fraction of the released histamine derives from the baso

phils, and less PAF is made available to act on the 

platelets. 

An interesting observation is that only about 4 5% of 

either the newborn (10/22, Tables 24 and 25) or the 14-day-

old rabbits (9/22, Tables 28, 30, 33, and 34) exhibited 

positive LDHR reactions when a 72-hour sensitization period 

was used. (The possibility of inhibition of histamine 

release by an excess of antigen was excluded, at least in 

the 14-day-old [Table 28].) This is in marked contrast with 

the ease with which dramatic changes in the number of 
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stainable circulating basophils could be induced by in vivo 

antigen challenge of the IgE-sensitized neonatal rabbit 

(Table 2 7) and the 14-day-old. The relationship between 

these in vitro and in vivo responses was pursued in the 

latter age group because the necessary blood samples could 

not be obtained from the neonate without placing great 

strain on its circulatory system. 

IgE-Induced Intravascular Changes 
in Blood Cells 

In vivo antigen challenge of the IgE-sensitized 14-

day-old invariably provoked dramatic decreases both in the 

absolute number and the percentage of stainable blood baso

phils, irrespective of whether the in vitro LDHR reaction 

was positive or negative (Tables 33, 34, and 35). The data 

indicate that antigen-IgE antibody interaction induces the 

degranulation and (some) sequestration of the basophils. 

Degranulated basophils could be recognized during the dif

ferential counts (classified with "atypical leukocytes" in 

Table 35), but less were found than would be expected if all 

the degranulated cells remained in circulation. 

Similar in vivo decreases in basophils have been 

reported to occur in the course of IgE-induced systemic 

anaphylaxis in the adult rabbit (Halonen et al., 1973; 

Halonen and Pinckard, 19 75) . However, passively sensitized 

young rabbits and adults synthesizing antibody only of the 

IgE class ("IgE rabbits") differ in some of the 
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intravascular changes in blood cells at 15 minutes after 

antigen challenge. The adult "IgE rabbits" showed signifi

cant decreases in circulating platelets, total leukocytes, 

and neutrophils (Halonen and Pinckard, 1975). In contrast, 

the 14-day-olds showed a significant decrease in platelets 

within their group (Tables 33 and 34), which was much less 

pronounced than the decrease in the adults, but the mean 

change was not significantly different from that of the 

controls (Tables 31 and 32). Also, the decreases in total 

leukocytes and neutrophils were not significant at the 95% 

confidence level. Since Pinckard et al. (1977) subsequently 

found that maximal decreases in platelets and neutrophils 

occur 5 minutes post-antigen in the adult "IgE rabbits," it 

may be that the passively sensitized 14-day-olds behaved 

similarly to the adults at such a time. If so, then both 

the platelets and the neutrophils must have returned to the 

circulation more rapidly than was the case in the adults. 

The accumulation and degranulation of neutrophils 

at the sites of hoPCA reactions induced by IgE antibody in 

the adult rabbit has been reported (Bauer et al., 1972). 

Since it is likely that the mastocytes of the adult "IgE 

rabbits" became sensitized with IgE antibody in the course 

of extensive immunization, the strong decrease in circu

lating neutrophils may be (at least partly) a reflection of 

their involvement in mastocyte-associated reactions. Al

though the PRE-challenge sera of the passively sensitized 
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14-day-old did not contain detectable levels of specific 

IgE, it is not known whether the concentration of IgE anti

body in the anti-BSA serum was sufficient to sensitize not 

only the basophils but also the mast cells. It is likely 

that the mast cells close to the abdominal cavity were 

sensitized since intra-abdominal injection was used, but it 

is unlikely that a massive systemic sensitization occurred. 

However, this point requires further investigation. 

The involvement of monocytes in either systemic or 

localized IgE-induced reactions has not been reported 

previously. When the changes in the percentage of monocytes 

for the three groups in Table 35 were compared without 

regard for the concomitant changes in total leukocytes, the 

means did not differ significantly. However, when the 

absolute numbers of monocytes for PRE- and POST-challenge 

were calculated and compared by the paired t-test, the 

changes in monocytes were significant only within the IgE-

sensitized group (t = 2.86, d.f. = 5, p < 0.05). This 

observation is of interest in view of experiments that 

demonstrated the binding of rat IgE to normal rat peritoneal 

macrophages (Capron et al., 1975), which are believed to be 

monocytes that migrate from the blood into the connective 

tissues (VanFurth, Langevoort, and Schaberg, 1975). As dis

cussed in Chapter 1, considerable evidence indicates that 

only the blood basophils and tissue mastocytes act as target 
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cells for IgE; but, it remains to be demonstrated rigorously 

that this generalization applies to the rabbit. 

It can be argued that the decrease in monocytes is 

due to the interaction of antigen with IgG antibody bound 

to these cells. (For binding of IgG to monocytes see the 

work of K. Ishizaka, Tomioka, and T. Ishizaka, 1970). How

ever, the control rabbits of Group 2 (Tables 32 and 35) were 

"sensitized" with an anti-BSA serum containing more IgG 

antibody than could possibly be present as a contaminant in 

the anti-BSA IgE serum. (The anti-BSA injected into Group 

2 contained some specific IgE, which may account for the 

moderate but significant decrease in basophils within this 

group.) In Group 2, 3 of 6 increased (+138, +136, and +200% 

for rabbits 2.1, 2.3, and 2.4) while the remainder moderately 

decreased in absolute number of monocytes (-8, -24, and -27% 

for rabbits 2.2, 2.5, and 2.6), but the overall change was 

not significant (t = 0.81). In contrast, the IgE-sensitized 

group showed the following decreases: -49, -67, -74, -100, 

0, and -9%, respectively, for rabbits 3.1 through 3.6. A 

decrease in monocytes may be due to factors other than the 

binding of IgE to these cells, for instance, either a direct 

(cell-to-cell) or an indirect (soluble factor-mediated) 

interaction between basophils and monocytes. This possi

bility is supported by the observation that the decrease in 

monocytes became more pronounced as the in vitro LDHR reaction 

increased (Table 33); however, it is confounded by the fact 
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that the two subjects with the strongest in vitro responses 

showed the weakest in vivo changes in monocytes. 

Levy and Osier (1966) reported that the leukocytes 

from 54% of nonallergic humans fail to exhibit antigen-

initiated release of histamine following in vitro sensitiza

tion with reaginic serum. These cases were designated as 

"nonacceptors," based on the assumption that insufficient 

numbers of antibody (IgE) molecules bound to the target 

cells (Levy and Osier, 1967). However, T. Ishizaka et al. 

(1973) showed that the basophils of "nonacceptors" bind IgE 

myeloma as well as those of "acceptors." Since Gillespie 

and Lichtenstein (19 72) had observed that deuterium oxide 

(D2O) potentiates antigen-initiated histamine release from 

the blood leukocytes of allergic individuals (even when 

there is no response in the presence of antigen but absence 

of D^O), T. Ishizaka et al. (1973) decided to test the 

response of "nonacceptor" leukocytes in the presence of 50% 

D2O. While D2O by itself had no effect, and antigen alone 

released less than 20% of the total histamine, antigen + D2O 

released 40 to 85% of the histamine. A possible similarity 

between human "nonacceptors" and IgE-sensitized young 

rabbits with negative LDHR responses suggested looking at 

the effects of D2O on the LDHR reaction. This was done 

initially with a select group of neonatally immunized adult 

rabbits ("IgE rabbits") that lacked detectable levels of 

specific antibodies in their sera (Table 29). The sample 
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sizes of negative and weak (10-40%) histamine release re

sponses were limited by the high incidence of strong 

positive reactions (Halonen et al., 1973; Halonen, 1974). 

The effects of 50% D2O alone were intermediate between those 

reported for histamine release from rat peritoneal masto-

cytes (Gillespie, Levine, and Malawista, 1968) and human 

basophils (Gillespie and Lichtenstein, 1972; T. Ishizaka, 

Soto, and K. Ishizaka, 1973). In the presence of antigen, 

D2O significantly enhanced histamine release in previously 

negative and weakly positive cases. Since the release of 

labelled serotonin from the platelets also was enhanced, it 

cannot be determined whether D2O enhances the response of 

the basophils only (i.e., enhances PAF release) or that of 

the basophils and the platelets. In the IgE-sensitized 14-

day-old rabbits, D2O significantly enhanced the release of 

both mediators in only 1 of 6 cases (Table 30). The 

implications of these observations are discussed in the 

subequent section, in light of the response of platelets 

to PAF. 

Reactivity of Platelets to PAF 
and Its Implications 

The platelets of the 14-day-old respond in vitro 

to PAF as well as or better than those of the adult rabbit, 

whether this response is measured by the release of pre

viously incorporated labelled serotonin (Tables 36 and 37) 

or by the extent and rate of aggregation (Table 38 and Fig. 
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6). These observations strongly suggest that negative LDHR 

reactions are not due to lack of reactivity of the 

platelets to PAF, as long as sufficient PAF is released. 

The simplest explanation for these negative reactions is 

based on the damage inflicted on the basophils by the 

technical manipulations. If there are many well-sensitized 

basophils then loss of half of the population may still 

allow for a positive reaction, but this may no longer be the 

case when fewer such cells are present at the onset. In 

this regard, it is interesting that the initial basophil 

counts were significantly lower (t = 2.78, d.f. = 14, p < 

0.02) in LDHR-negative 14-day-old rabbits (Tables 30 and 

34) than in the LDHR-positive group (Table 33). Such a 

difference, however, was not found among the IgE-sensitized 

neonatal rabbits. Thus, loss of granulated basophils can 

only partly explain negative LDHR reactions. 

The results of the D2O experiment, together with 

the previous observations, suggest that lack of antigen-

initiated in vitro histamine release is a consequence of 

deficiency in some process subsequent to antigen-IgE anti

body interaction. The blood cells of the LDHR-negative 

adult "IgE rabbits" respond in the presence of D2O similarly 

to those of human "nonacceptors" (T. Ishizaka, Soto, and 

K. Ishizaka, 1973) . The exact mechanism of action of D20 

in this type of system is not known. It has been proposed 

by some investigators that D20 potentiates degranulation by 
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aiding the organization of structural elements in the 

cellular cytoplasm, more specifically, the formation and 

stabilization of microfilaments and microtubules which are 

believed to provide the force for the movement of granules 

toward the plasma membrane (Gillespie et al., 1968; 

Gillespie and Lichtenstein, 1972; Orr, Hall, and Allison, 

1972). Others have suggested that D2O may affect enzyme 

systems that initiate the release reaction (Patterson, 

Suszko, and Harris, 19 75). Whatever its mode of action, 

D^O enhances both control and antigen-initiated release of 

histamine and serotonin in previously negative reactions in 

the adult rabbit. Then why does it not have a similar 

effect in the case of the 14-day-old? Several observations 

need to be reconciled in this case: (1) the basophils bind 

IgE antibody and are able to degranulate in the presence of 

antigen, (2) the platelets are responsive to PAF, (3) but 

about 50% of the LDHR reactions are negative, and (4) D2O 

generally fails to potentiate the release reactions. The 

most compelling conclusion is that very little or no PAF is 

available for release or is released in these cases. 

If the platelets of the neonate prove to be as 

responsive to PAF as those of the 14-day-old then the dif

ferences observed in regard to the LDHR reaction in the 

neonatal rabbits, the 14-day-old, and the adults may be a 

reflection of the ontogeny of PAF availability and/or 

release. It would be of interest to determine whether 
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comparable amounts of PAF can be obtained by alkaline pH-

induced release of PAF from the leukocytes of these various 

age groups. 

Summary 

The homologous passive cutaneous anaphylaxis (hoPCA) 

and leukocyte-dependent histamine release (LDHR) reactions 

were used in this study to investigate the developmental 

biology of cell-bound IgE antibody activity in the rabbit. 

These studies show that age is a significant factor 

affecting the release of mediators and/or reactivity to 

mediators. 

Responsiveness to hoPCA increases with age during 

the first 4 to 6 weeks following birth. The vascular 

permeability-inducing properties of bradykinin, antigen-IgE 

interaction, and histamine become sequentially manifest at 

different times. The hoPCA reaction is almost invariably 

negative in the 14-day-old, an age group that also has a 

high incidence of negative LDHR reactions. Yet the skin 

mast cells and blood basophils of these young rabbits (and 

those of the neonate) do bind IgE antibody. These IgE-

sensitized cells are able to degranulate when challenged 

with antigen in vivo. Even thought the hoPCA reaction 

appears to be negative, i.e., there is no increase in 

vascular permeability, histamine release does occur. Fur

thermore, mast cells simultaneously sensitized with IgE 
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antibodies of two distinct specificities can become de

sensitized to one of the two antigens, but retain reac

tivity to challenge with the second antigen at a later 

time. 

Negative hoPCA reactions in the 14-day-old reflect 

poor cutaneous responsiveness to histamine. Either other 

mediators are not released/activated or reactivity to these 

is also lacking. In the case of the 28-day-old, the high 

incidence of positive hoPCA reactions is in marked contrast 

to a significantly lower level of response to histamine. 

While histamine is released in the course of hoPCA, it is 

likely that other mediators also are involved. 

The platelets of the 14-day-old are fully responsive 

to platelet-activating factor (PAF), yet there is a high 

incidence of negative LDHR reactions (as in the neonate). 

Their IgE-sensitized basophils readily degranulate upon in 

vivo antigen activity, which also induces decreases in the 

numbers of circulating platelets and monocytes. These 

latter effects are less pronounced than the changes in 

basophils, at least at 15 minutes post-antigen. Loss of 

part of the granulated basophil population may contribute 

to LDHR-negative reactions. However, the evidence suggests 

that another factor may be involved: either sufficient PAF 

is unavailable for release or the release process is 

impaired. 



182 

The observations in this study provide clues to why, 

in spite of IgE antibody synthesis, visible manifestations 

of systemic anaphylaxis can be absent or significantly 

diminished not only in the young rabbit but also in the 

young of other species. 
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