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ABSTRACT 

The response to IgE-anaphylaxis in rabbit smooth muscle was 

observed dji vitro. The immunization model employed produces rabbits 

that have only IgE antibodies to the given antigen. This allows iso

lated investigation of the role of IgE in rabbit anaphylaxis. Studies 

presented in this thesis further elucidate the mechanisms of the 

established in vivo alterations of IgE-anaphylaxis with emphasis on the 

observed increase in pulmonary arterial pressure. Histamine constricted 

control and sensitized pulmonary and femoral arteries. The response was 

blocked 100 fold by 10 chlorpheniramine. Control animal response did 

not differ from the sensitized response. Supernatant from antigen-

pretreated sensitized blood cells caused constriction. The constriction 

was inhibited 2 fold by chlorpheniramine, indicating the presence of 

mediators other than histamine. Platelet activating factor (AGEPC) did 

not directly constrict pulmonary arteries. However, supernatant from 

AGEPC-pretreated blood cells caused constriction. Apparently, AGEPC 

will constrict pulmonary arteries in the presence of platelets and/or 

other cells. 
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CHAPTER 1 

INTRODUCTION 

Intent of Study 

Acute allergic reactions happen with individuals or experi

mental animals that are in a hypersensitive state acquired through 

exposure to a particular allergen. Reexposure to the allergen brings 

to light an altered capacity to react. The altered reaction can appear 

as a mild local reaction or as a severe systemic reaction (ana

phylaxis) . In either case, the reaction is in some way harmful to the 

host. Therefore, it is important to find good experimental models to 

aid in characterizing allergic reactions. Hopefully, the knowledge 

acquired can be applied to benefit human illness. 

Pinckard, Halonen and Meng (1) have developed a rabbit model of 

anaphylaxis by immunizing neonatal rabbits using a schedule that 

elicits the production of antibodies of the IgE class only to a given 

antigen. Their model allows investigation of the role of IgE in 

allergic reactions. The in vivo studies of Halonen et al. (2) have 

shown that IgE anaphylaxis is characterized by the following alterations: 

an increase in total pulmonary resistance, a decrease in dynamic 

compliance, an increase in breathing frequency, a decrease in tidal 

volume, an increase in right ventricular systolic pressure, systemic 

hypotension, and histologic evidence of pulmonary artery constriction. 

In vivo studies have begun to characterize the anaphylactic 

response in rabbits. The goal of this investigation is to further 

1 
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clarify the mechanisms of anaphylaxis by using the controlled conditions 

of an in vitro system to analyze specific components of the experimental 

reaction. 

Experiments included in this thesis use tissues from the above 

model in an in vitro assessment of vascular smooth muscle responsive

ness. The responses seen in the controlled dji vitro setting should help 

elucidate the mechanisms of the established in vivo alterations produced 

in IgE anaphylaxis. The ability of anitgen to induce vascular smooth 

muscle contraction was examined, first directly and then using super-

natants from antigen pretreated blood cells. The dji vitro response to 

two substances, histamine and platelet activating factor, known to be 

released during anaphylaxis were similarly studied. 

Hypersensitivity 

Hypersensitivity is the exaggerated specific response of an 

individual to a foreign substance (antigen), usually resulting from 

prior experience with the substance (3). Induction of the hyper

sensitive state is called sensitization and requires one or more 

exposures to the antigen followed by a latent period. During this 

latent period, antibodies to the inciting agent are made. After the 

latent period, a response can be generated by another exposure to the 

same antigen. The amount of antigen used for the second exposure would 

not elicit a response from a normal or non-sensitized animal (3). 

Hypersensitivity reactions have also been classified by Gell 

and Coombs into four categories based on mechanism (4). Type I 

describes anaphylactic reactions such as drug allergies. These are 
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caused by circulating immunoglobulins of the IgE class which become 

fixed to the surface of mast cells and basophils. When antigen 

attaches to the cell bound IgE, pharmacologically active substances are 

released. 

In Type II reactions, the antigen is bound to the surface of a 

target cell and involves antibodies other than IgE. The antigen-

antibody complex causes agglutination or cell lysis in the presence of 

complement. The complement system is a series of serum proteins that 

aid in cell lysis. An example of a Type II reaction is the process that 

underlies systemic lupus erythematosus. 

Serum sickness and glomerulonephritis are examples of Type III 

reactions. In this category , antigens are soluble and in circulation 

for a long time. As antigen-antibody complexes form, the complexes 

deposit in blood vessels and cause tissue damage. Type IV reactions 

are cell mediated and comprise the delayed type of hypersensitivity. 

Tissue injury results from interaction of antigen with sensitized 

lymphocytes. Allograft rejection is an example of a Type IV reaction. 

Antibody 

The lymphoid cell response to antigen consists of production of 

a protein known as antibody that specifically combines with the antigen 

that caused its production (3,5). The reactive or determinant site of 

the antigen combines with an antibody molecule that possesses a 

surface determinant site with a structural configuration that is 

complementary to that of the antigen. High affinity bonds form and 
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hold the two molecules together. The union of antibody with antigen 

results in destruction or inactivation of the antigen. 

Involvement of antibody in the immediate hypersensitivity 

reactions was recognized in the early 1920's. Prausnitz and Kustner 

(6) demonstrated that skin reactivity to allergens could be transferred 

by injection of serum from an allergic individual into the skin of a 

normal individual. Coca gave the name "reagin" to the active portion 

involved (7). In 1967, Ishizaka et al. (8) isolated human IgE and 

furnished convincing evidence that this new class of immunoglobulin 

was the major type of reaginic antibody. The Ishizakas showed that the 

reaction of antigen with IgE sensitized mast cells or basophils 

resulted in cell degranulation and release of mediators including 

histamine. The main biological function of IgE appears to be its 

ability to sensitize tissue mast cells and blood basophils. 

IgE is present in low concentrations in human blood. The pro

duction of IgE is usually transient and is influenced by the nature of 

the antigen. Parasitic and pollen antigens are potent stimulants of 

IgE production and the serum levels of IgE in atopic individuals are 

generally increased (9). 

IgE is one of five classes of antibody that exist in humans. 

The other four are IgG, IgA, IgM and IgD (3). IgG is the most common 

antibody in humans. After antigen combines with the IgG molecule, 

there is a conformational change in IgG. This change in shape 

activates the complement system that assists in agglutinating or lysing 

the antigen. IgG is also the antibody responsible for cross-placental 

immunization. 
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IgA is found predominantly in saliva and secretions of the 

gastro-intestinal tract and respiratory tract. The function of the IgA 

molecule is still unclear, although it seems to provide extra immune 

protection against pathogens that invade through the respiratory or 

G.I. tracts. The largest immunoglobulin is IgM. IgM antibodies are 

the first to form after immunization. The level of IgM falls rapidly 

when IgG antibody begins production. IgM is also the common antibody 

to the blood group substances A and B. The fourth class of antibody is 

IgD. The function of IgD is not known. 

Anaphylaxis 

Anaphylaxis is an acute systemic response of hypersensitive 

individuals and is one of the most dramatic examples of immediate 

hypersensitivity (3). After one or more exposures to an antigen and a 

suitable latent period, (10 days-3 weeks), the animal is reexposed to 

a shocking dose of the same antigen. Subsequently, there is a rapid, 

severe response which can be lethal. The immediacy of the reaction is 

associated with the presence of serum antibodies made during the latent 

period. As stated before, the antibody that reacts in anaphylaxis 

is IgE and is associated primarily with mast cells and basophils (3,5, 

10). When antibody combines with antigen, there is a release of vaso

active substances. The vasoactive substances include histamine, 

serotonin, slow reacting substance of anaphylaxis (SRS-A), platelet 

activating factor (PAF), and kallikrein, a proteolytic enzyme 

involved in the formation of bradykinin (3). Upon release, they cause 
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other local or general responses depending on the tissues that are 

affected. 

Anaphylaxis was first reported in 1839 by Magendie (5,11), who 

observed the sudden death of animals repeatedly injected with egg 

albumin. Portier and Richet in 1902 (5,12) attempted to immunize dogs 

with repeated injections of toxic eel serum. When reinjected three 

weeks later with doses normally harmless, the animals died quickly. 

The injections had sensitized the animals instead of protecting them. 

Later it was shown that non-toxic horse serum could also sensitize an 

animal. Schultz and Dale in 1910 (13) developed an in vitro assay 

using strips of ileal smooth muscle from sensitized guinea pigs that 

were suspended in a physiological saline solution. The muscle 

contracted strongly upon addition of antigen to the bath solution. 

Histamine 

Histamine release is thought to be largely responsible for the 

devastating effects seen in systemic anaphylaxis (5). In 1910, Dale 

(13) noticed the resemblance between symptoms of anaphylaxis and those 

produced by histamine. Histamine produced bronchial muscle contraction, 

edema and decreased blood pressure, events common to anaphylaxis. It 

is now known that histamine is released from mast cells, leukocytes, 

and platelets (in some species) during anaphylaxis (5). 

Histamine was one of the first vasoactive substances to be 

identified in the body. The main pharmacological activities of 

histamine were outlined by the works of Dale and Laidlaw between 1910 

and 1919 (5,13,14,15). The primary actions of histamine differed 
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with species. In general, its major actions were found to include: 

peripheral vasodilatation causing decreased blood pressure in some 

species, stimulation of cardiac contraction, increased permeability of 

small blood vessels leading to edema, bronchiolar constriction, and 

constriction of large blood vessels. The work of Dale and Laidlaw 

elicited all of the actions of histamine except its role in gastric 

acid secretion, which was described by Popielski in 1920 (5,16). 

Bovet and Staub, in 1937 (5,17), discovered a group of 

pharmacological agents that were antihistamines. Many other histamine 

antagonists were soon developed. These compounds did not block all of 

the actions of histamine. The drugs failed to prevent many of the 

manifestations of shock and allergic reactions, which suggested a 

mechanism involving more than one receptor and/or more than one 

important mediator. Ash and Schild in 1966 (5,18) proposed that one 

type of histamine receptor, designated the Hi receptor, was blocked by 

the originally discovered antihistamines. The actions of histamine 

not blocked by the antihistaminics were mediated by a second receptor, 

the H2 receptor. Such actions included stimulation of gastric secre

tion. Black et al. (5,19), in 1972, discovered a group of antagonists 

that blocked the second type of receptor. These compounds were 

specific for H2 receptors and did not affect the actions mediated by the 

HI receptors. 

The existence of other important mediators of anaphylaxis could 

also explain the fact that HI receptor blockers failed to prevent some 

of the manifestations of anaphylaxis. Halonen et al. (20) recently 
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compared in vivo responses to histamine with responses seen during 

antigen-induced IgE anaphylaxis in the rabbit. Both systems exhibited 

qualitatively similar physiological alterations. There was an increase 

in total pulmonary resistance, a decrease in dynamic lung compliance, an 

increase in breathing frequency, a decrease in tidal volume, an 

increase in right ventricular systolic pressure and systemic hypotension. 

Pretreatment with an HI antagonist blocked the lung mechanical changes 

induced by histamine but only blocked the antigen-induced increase in 

pulmonary resistance. The circulatory and ventilatory alterations 

induced by histamine were also inhibited by the HI blocker, but none of 

the antigen-induced changes were inhibited. Therefore, histamine 

appears to mediate the increase in pulmonary resistance but not the 

other changes seen in IgE anaphylaxis. 

The structure-activity relationship of the histamine receptors 

is only partially understood. Compounds have been discovered that 

possess receptor agonist (stimulating) activity or antagonist (blocking) 

properties. According to early studies, the minimal structural fragment 

required for general receptor agonist activity is shown in Figure la. 

(5). 

Later, Durant et al. (5,21) further postulated that all HI 

receptor agonist structures must allow free rotation of the imidazole 

ring seen in the structure of histamine (Fig. lb). This allows inter

action with an HI receptor. To activate the receptor, donation of a 

lone pair of electrons or possibly conformational changes may be 

involved. 



^C-CH-CH-CH 
N  2 2 2  

a.  

kA-
N 

CH-CH-CH 
2 2 2 

b. 

CH-CH-NH 
2 2 2 

HN\^N 

c. 

HNr^ + N)c H-CH-NH -
2 2 3 

N 

H-CH-NH 
2 2 3 

> .. + ,H 
d. . CH-N:t| 

^ H-A 
Figure 1. Structural relationships of histamine and histamine 

receptor agonists, a) Minimum structural fragment for 
general receptor agonist. A or A' is part of an 
aromatic ring, b) Structure of histamine, c) Proto-
tropic tautomerism of H2 receptor agonists, d) Proton 
transfer for H2 receptor activation. The conformation of 
histamine in solution. A = acid. B = base. 
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Agonists of the H2 receptor must be tautomeric and be able to 

undergo prototropic tautomerism (5) as seen in Fig. lc. For activation 

of the H2 receptors, the imidazole ring may function as a proton 

transfer agent (Fig. Id). 

Histamine antagonists also share similarities in structure with 

histamine. Histamine and H2 receptor antagonists are lipophobic and 

have an imidazole ring. They differ in the nature of the side chain. 

This is in contrast to the HI receptor antagonists which have the side 

chain ammonium group in common with histamine, but differ in possessing 

hydrophobic ring structures. The above similarities and differences 

account for the receptor selectivity of the antagonists (5). 

Thus, the receptors could be distinguished and their distribu

tion in the body mapped. HI receptors are primarily in smooth muscles 

and large blood vessels, where stimulation produces contraction. H2 

receptors are in many tissues such as gastric mucosa as well as in 

smooth muscle, heart and brain. Stimulation of H2 receptors in smooth 

muscle results in relaxation. 

Since many smooth muscles have both HI and H2 receptors, the 

dual effect of histamine is seen when an antagonist to one of the 

receptors is present. The net effect of histamine depends on the 

relative numbers and distribution of the two types of receptors in the 

tissue. Species variability of the effect of histamine is attributed 

to different distributions of these two receptors. 



11 

Platelet Activating Factor 

Another vasoactive substance secreted from basophils is currently 

under investigation. In 1966, Barbaro and Zvaifler (22,23) reported a 

leukocyte dependent mechanism for the release of histamine from rabbit 

platelets. A soluble component of the mechanism was shown by Siraganian 

and Osier in 1971 (22,24). Benveniste et al. (1972) (22,25), developed 

a procedure for isolating this component and named it platelet activating 

factor (PAF). It was slso shown that PAF, as well as histamine, was 

rapidly released from sensitized rabbit basophils when triggered by 

antigen combining with bound IgE. This suggested that PAF is a mediator 

in acute allergic reactions (25) . 

Interaction of PAF with Platelets 

In our rabbit model of IgE anaphylaxis platelet undergo several 

changes. For example, there is intravascular platelet aggregation and 

temporary sequestration of platelets in thelung (26,27). Significant 

platelet secretion of vasoactive amines also occurs. PAF has been 

implicated in these platelet alterations. Studies have shown that PAF 

rapidly forms in the blood of sensitized rabbits undergoing anaphylaxis 

(28,29). PAF is one of the most potent rabbit and human platelet 

aggregating substances known. Once released by basophil degranulation, 

PAF causes platelets to aggregate and release vasoactive substances 

(25,30,31). 

The temporary pulmonary sequestration of platelets during rabbit 

IgE anaphylaxis, following degranulation of basophils, also seems to be 

mediated by PAF. In rabbits undergoing IgE anaphylaxis, a temporary 



period of thrombocytopenia exists (32). Platelets returning to the 

circulation after sequestration have been shown to be unresponsive to 

PAF, but still react to other platelet activating agents (33). This 

shows specific desensitization to PAF and implicates PAF mediation in 

the sequestration. 

The role that the PAF-platelet interaction plays in the 

physiological alterations of IgE anaphylaxis is still unclear. Recent 

studies have shown that this may not be the major pathway by which PAF 

participates in the anaphylactic reaction. Halonen et al. (34) in 

1981 discovered that i.v. administration of AGEPC (synthetic PAF) to 

normal rabbits induced all respiratory and circulatory changes seen 

during IgE anaphylaxis in the rabbit. However, depleting the rabbit of 

platelets prior to the experiment showed that differences exist between 

the changes seen with AGEPC administration and those changes seen in 

IgE anaphylaxis. 

AGEPC administration and antigen challenge caused an increase in 

total pulmonary resistance and a decrease in dynamic compliance. 

Platelet depletion had no effect on the lung mechanical alterations in 

the anaphylactic response but prevented these alterations when AGEPC is 

given. The ventilatory and circulatory alterations induced by AGEPC or 

antigen challenge include an increase in right ventricular hypertension 

and systemic hypotension. Prior platelet depletion does not prevent 

systemic hypotension or changes in respiratory rate following anaphy

laxis or AGEPC administration. 



13 

Thus, AGEPC-induced lung mechanical alterations occur by 

platelet dependent mechanisms and the antigen-induced changes in lung 

mechanics are platelet independent. Ventilatory and circulatory changes 

induced by AGEPC and antigen occur by platelet independent mechanisms 

(34). Other mediators released from basophils such as histamine, SRS-A 

and bradykinin may be implicated in the antigen-induced lung mechanical 

alterations. 

Recent discoveries in rabbits and humans have shown PAF release 

from alveolar macrophages and neutrophils stimulated by the calcium 

ionophore A 23187 or the presence of phagocytozable particles (22,35). 

Even platelets stimulated with the ionophore release PAF. These results 

show that PAF is released from most cells involved in inflammatory 

reactions and is not specific for immediate hypersensitivity mechanisms 

( 2 2 ) .  

In considering the role of PAF in inflammation, it has been 

observed that the i.v. administration of PAF causes a pronounced, 

reversible bronchoconstriction in guinea pigs. Thrombocytopenic 

animals failed to show bronchoconstriction in response to PAF thus 

implying platelet dependency (22). PAF may be released from alveolar 

macrophages and stimulate platelets to aggregate and release broncho-

constrictor substances. 

Platelet Independent Actions of Platelet Activating Factor 

Some actions of PAF appear to be independent of platelets. As 

stated above, systemic hypotension and the increase in right ventricular 

pressure in the rabbit were not altered by platelet depletion. PAF is 



also capable of reducing blood pressure in non-sensitized hypersensitive 

or normotensive rats without a primary platelet effect (36). Also, it 

has been reported that PAF produces profound myocardial effects. 

Donald Namm in 1981 (37) described a negative inotropic effect on the 

depression of rat ventrical tissue after the addition of AGEPC to the 

heart perfusate. Namm postulates that the cardio-depressant effect may 

be associated with the reduction in blood pressure mentioned above. 

Another activity unreleated to platelets is the stimulation of neutro

phils (PMN) by PAF. Both rabbit and human PMN cells are stimulated by 

PAF to aggregate as well as release lysozyme and B-glucuronidase (38). 

Indications are that a receptor mechanism is involved. PAF may there

fore play a role in neutrophil infiltration during acute inflammatory 

vascular damage (39). 

In rabbit acute serum sickness, degranulation of basophils and 

release of PAF have been implicated in the formation of circulating 

immune complexes (IC) (25,40,41). Immune complexes consist of antibody 

bound to antigen. The deposition of these complexes along filtering 

vascular membranes is associated with an increase in vascular 

permeability. In turn, the increased permeability is related to the 

PAF mediated release of vasoactive amines from platelets. Deposited IC 

perpetuate tissue injury. In humans, PAF is implicated in systemic 

lupus erythematosus (SLE), a Type II reaction and the model of human IC 

diseases (42). 



CHAPTER 2 

METHODS AND MATERIALS 

Animals and Immunizations 

California rabbits of both sexes and weighing 2-3' kg were used 

in all experiments. The rabbits were maintained and immunized at 

Olson's Blue Ribbon Ranch, Tucson, Arizona. Administration of antigen 

to the neonatal rabbit has been shown to elicit specific IgE antibody 

production. Administration must begin within 24 hours of birth and 

continue periodically for 3 months. Our rabbits were sensitized with 

horeseradish peroxidase using the schedule in Table 1. Hartley guinea 

pigs for use in the heterologous passive cutaneous anaphylaxis (PCA) 

assay were obtained from Southwest Research Animals, Tucson, Arizona 

and maintained in the Division of Animal Resources, College of Medicine, 

University of Arizona. 

Antigen 

A 10 mg/ml stock solution horseradish peroxidase (HRP; Type II, 

Sigma Chemical Co.) was prepared in pyrogen-free 0.85% NaCl, sterilized 

by Millipore filtration, and stored at -20°C. Alum precipitated HRP 

was prepared by diluting the stock HRP solution at 4 mg per ml, adding 

an equal amount of Alhydrogen (1.3% aluminum oxide, Superfos Export Co., 

Copenhagen, Denmark) and mixing gently by inversion. 

15 



Table 1. Immunization schedule. — (1,2). 

Day - birth Injection 

0, 7, 14 1 mg of soluble HRP, i.p. 

21 1 mg of alum HRP, i.p. 

35, 49, 63, 77 1 mg of soluble 
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Antibody Assays 

Serum samples were obtained from each rabbit that had been 

immunized for at least 3 months. The samples were assayed for anti-HRP 

IgE antibody by the homologous passive cutaneous anaphylaxis (PCA) test. 

The PCA test involves the intracutaneous injection of duplicate 0.2 ml 

samples of serum into the shaved backs of 2 nonimmunized rabbits, 

including a known positive and a normal serum as control sera. After 

48 to 72 hours, 5 mg of HRP in 0.5 ml and 2 ml of 2 per cent Evans Blue 

(each diluted in 0.85% NaCl) were administered intravenously. Thirty 

minutes later, the rabbits were killed. Skin bluing greater than 5 mm 

in diameter at the injection site was considered a positive reaction. 

The largest dilution of each serum giving a positive reaction in both 

rabbits was the titer of that serum. 

Each serum sample was assayed for anti-HRP IgG antibody by the 

heterologous PCA test in the skin of the guinea pig according to the 

method of Ovary (43). Duplicate 0.1 ml samples of serum were injected 

intracutaneously into the shaved backs of 2 guinea pigs. A serum known 

to be positive for anti-HRP IgG and a normal serum were also injected 

into each animal as positive and negative control sera, respectively. 

After a 4 hour sensitization period, 0.2 ml of 2 per cent Evans Blue and 

1 mg of HRP in 0.1 ml (each diluted in 0.85^ NaCl) were injected into 

the dorsal vein of the hind foot, and the guinea pigs were killed 30 

minutes later. The test serum was considered positive if skin bluing 

of more than 5 mm in diameter occurred at the injection site in both 

guinea pigs. 
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Platelet Activating Factor 

Platelet activating factor (PAF), a neutral, low molecular 

weight polar lipid has been identified as a l-0-alkyl-2-acetyl-sn-

glyceryl-3-phosphorylcholine (AGEPC) (Fig. 2) (44,45). The biologic 

properties of the semisynthetic compound are indistinguishable from 

those of native PAF. Thus semisynthetic AGEPC was used in the 

following experiments. AGEPC was supplied by R. N. Pinckard having 

been prepared and structurally characterized according to the method of 

Demopoulos et al. (44). Prior to use, AGEPC was phased into the 

chloroform rich fraction of a two-phase system of chloroform-methanol-

water, 1:1:0.9 v/v. The AGEPC in chloroform was dried under nitrogen 

and dissolved in 0.85% NaCl containing 2.5 mg/ml bovine serum albumin 

(BSA) and diluted in the BSA-saline to the appropriate concentration. 

Other Reagents 

Histamine (dihydrochloride) was obtained from Sigma Chemical Co. 

and norepinephrine bitartrate from Winthrop Laboratories. The KC1 was 

reagent grade and obtained from Mallinckrodt Chemical Works. Chlor

pheniramine (injectable, Schering Corp.) and cimetidine hydrochloride 

(injectable, Smith Kline and French Lab Co.) were also used. 

Cell Incubation Procedure 

From an IgE producing sensitized rabbit, 20 ml of blood was 

drawn into 3.0 ml ACD. The blood was spun at 3500 x g for 30 minutes. 

The supernatant was discarded. The cells were washed with Tyrodes + 

EGTA + gelatin, spun at 3500 x g for 20 minutes and the supernatant 
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Figure 2. Structure of AGEPC. 



discarded. Next, the cells were washed with Tyrodes + gelatin + 

heparin (5 units/ml) and spun at 3500 x g for 20 minutes. The super

natant was collected. To return cells to the original blood volume of 

20 ml, a solution of Tyrodes + gelatin + heparin + CaCl (0.0013 M) was 

used. The suspension was divided into two 10 ml samples. One 10 ml 

sample was incubated for 5 minutes at 37°C with 50 ul of 10 mg/ml HRP. 

The second sample was incubated with 50 ul of saline at 37°C for 

5 minutes. Both samples were spun at 3500 x g for 15 minutes. Super-

natants were removed and spun at 3500 x g for 20 minutes. The resulting 

supernatants were used in the experiments. All supernatants were 

checked for the presence of cells. The supernatant should be cell 

free. See Appendix A for solution compositions. 

Isolated Smooth Muscle Preparation 

Control or nonsensitized California rabbits were killed by 

cervical dislocation and exanguinated. The pulmonary and femoral 

arteries were removed from each rabbit and placed in p. dish containing 

Krebs solution (Table 2). The solution was aerated with 95% O2 and 

5% CO2. Arteries were freed of extraneous tissue, and cut into tubular 

segments of 3 mm in length. Two fine wires were passed through each 

segment. One wire was attached to a stationary hook in the bottom of p. 

50 ml water-jacketed muscle bath. The second wire was suspended from a 

Statham load cell transducer for isotonic recording of muscle contrac

tions. Contractions were recorded on an Electronics for Medicine IR-4 

Recorder. The tissues suspended in baths containing aerated Krebs 

solution were kept at 37°C by a circulating water jacket. A tension 



Table 2. Composition of Krebs Solution. 

Krebs Stock (g/liter) Krebs Solution (1 liter) 

NaCl 28.55 

NaHCo3 8.59 

KC1 1.54 

MgS04+'7H20 1.20 

EDTA*2H20 0.04 

KH_P0 0.66 
2 4 

250 ml stock 

750 ml distilled 1^0 

2 g dextroxe 

1.6 ml of 1M CaCl2 
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study was performed to determine the appropriate amount of passive 

stretch to be applied to the arteries. Arterial responses to a constant 

dose of norepinephrine were measured with the arteries passively 

stretched to different grams of tension. The value chosen was the 

tension that allowed the artery to respond maximally to the agonist 

drug. Pulmonary arteries were stretched to 1.5 g and femoral arteries 

to 1.0 g. Stretching continued for approximately 45 minutes or until 

the tissue response stabilized. The previously calibrated recorder was 

then rezeroed and a baseline recorded. All drugs were prepared in 

Krebs solution. 

Histamine Responses 

Cumulative histamine dose-response relationships were estab

lished for pulmonary and femoral arteries in 7 sensitized and 7 

nonsensitized California rabbits in the absence and presence of HI, H2 

and H1+H2 blocking drugs (Table 3). Maximal contractile response was 

-3 
estimated at the end of each protocol by the addition of 10 M nor

epinephrine. 

Table 3. Protocol for histamine experiments. 

Protocol [Hist] M in Bath Antagonist 

-9 -2 
.la. 10 to 10 None 

-9 -2 
lb. 10 to 10 Chlorpheniramine (HI) 

Ic. 10 9 to 10 2 Cimetidine (H2) 

Id. 10~9 to 10"2 Chlor. + Cimet. (H1-H2) 



Protocol la. Histamine. Histamine was added to each 50 ml bath in 

amounts that took the concentration of histamine in the bath, from 

-9 -2 
10 M to 10 M. After each addition, sufficient time was allowed for 

the response to peak. As the final addition to each bath, 50 ul, of 

-3 10 M norepinephrine was introduced. The value obtained was used as 

the 100% response or maximum contraction. From the above data a dose 

response curve was generated for histamine in a control animal. 

Protocol lb. HI Antagonist. Chlorpheniramine, an HI antagonist was 

used to pretreat a set of vascular tissues. Each piece of tissue was 

incubated for 20 mintues in a 50 ml Krebs bath containing 10 ug/ml 

chlorpheniramine. The solution in the bath was then replaced with warm 

Krebs. Following this pretreatment, the histamine dose response 

protocol was performed as above. 

Protocol Ic. H2 Antagonist. Cimetidine, an H2 antagonist was used as a 

pretreatment to another set of tissues. Each piece of tissue was 

incubated with 10 ug/ml cimetidine then washed and tested as in part b. 

Protocol Id. H1-H2 Mixed Antagonists. Each ring segment was incubated 

and tested as above using a mixture of chlorpheniramine (10 ug/ml) and 

cimetidine (10 ug/ml). 

Protocol Ie. Sensitized. Pulmonary and femoral artery rings from 

seven HRP sensitized rabbits were subjected to the entire protocol 

listed in sections a and b. 
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Responses to Antigen 

Pulmonary and femoral arteries from 6 HRP sensitized and 6 non-

sensitized California rabbits were processed according to the smooth 

muscle preparation discussed above. After pasively stretching each 

segment, HRP (Ag) was added. Each 10 ml bath received 50 ug HRP 

followed by additions of 500 ug and 5000 ug of HRP (Table 4). Platelet 

poor plasma was added to some of the baths to determine if a component 

of serum was necessary for a smooth muscle contractile response to HRP. 

Single high doses of HRP were also tested to rule out possible tissue 

desensitization. After each addition, time was allowed for the response 

to peak. The final addition to each bath was 0.4 ml of 3 M KCl for 

determination of the maximum (100%) response. 

Table 4. Protocol for HRP experiments, 

Amount of HRP Added Protocol 

50 ug, 500 ug, 5000 ug 

50 ug, 500 ug, 5000 ug 

Other Additions 

Ha. 

lib. 

None 

2 ml of platelet 
depleted plasma 

lie. 5000 ug None 

Response to Supernatants from Antigen-Pretreated Cells 

Cumulative supernatant dose-response relationships were estab

lished for pulmonary arteries in 6 nonsensitized California rabbits 

(Table 5). Responses were generated using the supernatant from cells 

pretreated with HRP or saline, in the presence and absence of chlor

pheniramine . 
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Table 5. Protocol for responses to pretreated cell supernatant. 

Protocol Pretreatment Amount of Supernatant Other Additions 

Ilia. Saline .01 ml to 1.94 ml None 

Illb. Saline .01 ml to 1.94 ml Chlor. (HI) 

IIIc. HRP .01 ml to 1.94 ml None 

Hid. HRP .01 ml to 1.94 ml Chlor. (HI) 

Responses to AGEPC 

Experimental conditions were as previously described with the 

following exceptions: EDTA and KI^PO^ were deleted from the Krebs solu

tion when found to be unnecessary. Also, 10 ml baths were used instead 

of 50 ml baths to decrease the amount of AGEPC needed. 

Cumulative AGEPC dose-response relationships were established 

for pulmonary and femoral arteries in 6 control California rabbits. 

Platelet poor plasma was again added to establish whether a serum 

component was necessary to obtain a contractile response to AGEPC 

(Table 6). 
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Table 6. Protocol for responses to AGEPC. 

Protocol [AGEPC] in Bath Other Additions 

IVa. 10"12 to 10"7 None 

-12 -7 
IVb. 10 to 10 2 ml platelet depleted plasma 

IVc. 10 7 None 

IVd. Supernatant from AGEPC None 
incubated cells 

IVe. Supernatant from AGEPC Chlor. (HI) 
incubated cells 

Protocol IVa. To each 10 ml bath, 10 ul of each concentration of AGEPC 

-12 
was added. The concentration of AGEPC in the bath ranged from 10 M 

to 10 7 M. After each addition, sufficient time was allowed for the 

response to peak. The maximum response was determined by the final 

addition to each bath of 0.4 ml 3M KC1. From this data a dose-response 

curve was generated. 

Protocol IVb, As in part a, except the bath solution contained 2 ml 

platelet poor plasma and 8 ml of Krebs solution. The same range of 

AGEPC concentrations was tested and KC1 was added. 

Protocol IVc. A single concentration of AGEPC (10 7 M) was tested to 

rule out possible desensitization of the tissues from cumulative additions 

of AGEPC. 



Protocol IVd. The HRP cell incubation protocol was followed exactly and 

AGEPC was substituted for HRP. A cumulative dose-response curve was 

done for the AGEPC supernatant. 

Protocol IVe. The AGEPC supernatant was tested as in IVd. with the 

presence of chlorpheniramine. 



CHAPTER 3 

RESULTS 

Histamine Responses 

The pulmonary and femoral arteries from 7 control rabbits con

stricted in response to the addition of histamine (Figs. 3 and 4). The 

-3 
peak response for both arteries occurred at 10 M histamine. The 

maximum response for the pulmonary artery was 1.84 g, whereas the 

maximum for femoral arteries was 2.88 g. This difference was not 

statistically significant (p >.05). 

In the presence of chlorpheniramine, an HI antagonist, the 

response to histamine in the pulmonary artery was inhibited almost 

1000 fold. Compared at a response of .25 g, the corresponding dose of 

histamine was 3 x 10 "* M and the dose of histamine required with chlor-

-2 
pheniramine present was 1 x 10 M. The contractile response of the 

femoral artery was inhibited 100 fold. The dose at half-maximal response 

for histamine alone was 6 x 10 ̂  M at 1.12 g. With chlorpheniramine 

present the histamine dose required to produce 1.12 g of response was 

-3 
6 x 10 M. Pretreatment with cimetidine, an H2 antagonist, had no 

statistically significant effect on the dose-response curves for either 

artery (Figs. 3 and 4). The cimetidine curve is very similar to that 

elicited by histamine alone. 

The combination of chlorpheniramine and cimetidine blocked the 

contractile response of the pulmonary artery through the highest 

28 
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CONCENTRATION OF HISTAMINE ( M ) 
Figure 3. Response to histamine in control rabbit pulmonary 

arteries, a) Response to histamine, b) Response to 
histamine in the presence of cimetidine (10 ug/ml). 
c) Response to histamine in the presence of chlor
pheniramine (10 ug/ml). d) Response to histamine in 
the presence of chlor. and cimetidine. (Means + 
S.E.M.) (n=7). 
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la11® J® if* i?* iJ* 
CONCENTRATION OF HISTAMINE ( M ) 

Figure 4. Response to histamine in control rabbit femoral 
arteries, a) Response to histamine, b) Response to 
histamine in the presence of cimetidine (]0 ug/ml). 
c) Response to histamine in the presence of chlor
pheniramine (10 ug/ml). d) Response to histamine .in 

• the presence of chlor. and cimetidine. (Means + 
S.E.M.) (n=7). 



31 

concentration of histamine tested (Fig. 3). Thus, the combination of 

blockers produced more than a 100 fold inhibition. For the femoral 

artery, the combination of blockers also inhibited the response to 

histamine 100 fold (Fig. 4). When compared at 0.62 g tension, the 

corresponding dose of histamine was 3 x 10 M and the dose of histamine 

-3 
required with both blockers present was 6 x 10 M. 

Pulmonary and femoral arteries from 7 sensitized rabbits con

tracted in response to histamine (Figs. 5 and 6). The peak response for 

-3 
both arteries occurred at 10 M histamine. The maximum contractions 

for pulmonary and femoral arteries was 1.81 g and 3.64 g, respectively. 

The difference in maximum responses between the arteries was not 

statistically significant (p >.05). The addition of chlorpheniramine 

-2 
blocked contractile responses to histamine in both arteries up to 10 M 

histamine. For the pulmonary artery, there was almost a 1000 fold 

inhibition of the histamine response. The femoral artery response was 

inhibited 10,000 fold. When compared at .25 g tension, the corresponding 

dose of histamine was 1 x 10 Si and the dose of histamine required with 

-2 
chlorpheniramine present was 1 x 10 M. 

Responses to Antigen 

The response to antigen was tested first in 6 control rabbits. 

Neither artery responded to the addition of HRP antigen (Fig. 7). The 

presence of plasma offered no additional stimulus. Similarly, arteries 

from sensitized IgE rabbits did not constrict significantly in the 

presence of antigen (Fig. 8) with or without plasma. Single high doses 

of HRP were also tested and failed to cause arterial constriction. At a 
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2.0 

CO 

-0.S 

CONCENTRATION OF HISTAMINE ( M ) 
Figure 5. Response to histamine in sensitized rabbit pulmonary 

arteries, a) Response to histamine in control rabbit, 
b) Sensitized response to histamine, c) Sensitized 
response to histamine in the presence of chlor
pheniramine (10 ug/ml). (MeansiS.E.M.) (n=7). 
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CONCENTRATION OF HISTAMINE ( M ) 
Figure 6. Response to histamine in sensitized rabbit femoral 

arteries, a) Sensitized response to histamine, 
b) Response to histamine in control rabbit, c) 
Sensitized response to histamine in the presence 
of chlorpheniramine ( 10 ug/ml). (Meansi S.E.M.) 
(n=7). 
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DOSE OF HRP (ug) 

Figure 7. Response to HRP in control rabbits, a) Response to 
HRP in femoral arteries in the presence in plasma, 
b) Response to HRP in pulmonary arteries in the 
presence of plasma, c) Response to HRP in 
pulmonary arteries, d) Response to HRP in femoral 
arteries. (Means ± S.E.M.) (n=6) 
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DOSE OF HRP (ug) 
Figure 8. Response to HRP in sensitized rabbits, a) Response 

to HRP in pulmonary arteries in the presence of 
plasma, b) Response to HRP in femoral arteries in 
the presence of plasma, c) Response to HRP in 
femoral arteries, d) Response to HRP in pulmonary 
arteries. (Means + S.E.M.) (n=6). 
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dose of 5000 ug, the mean sensitized pulmonary artery response (n=4) 

was .03 g. The mean sensitized femoral artery response (n=4) was -0.1 g. 

These single dose responses show that the lack of response to antigen is 

not due to densensitization. 

Grove in 1932 (46) used a similar in vitro system and found that 

sensitized pulmonary arteries constricted in the presence of antigen. I 

In an effort to repeat Grove's work, spiral strips were used in the 

oaths instead of tubular segments. All elements of the experiment were 

changed to match Grove's protocol. Only two aspects remained different. 

Our rabbits were sensitized to HRP whereas BSA was the sensitizing 

antigen in Grove's experiments. Also by the nature of our model, the 

rabbits produced only IgE antibodies to antigen. Grove's rabbits pro

duced several classes of antibody to BSA. The attempt to repeat Grove's 

work produced results that were very similar to the data above. Our 

sensitized rabbit pulmonary artery strips did not constrict in the 

presence of antigen. 

Responses to Supernatants from Antigen-Treated Blood Cells 

The incubation experiment initiated froim the idea that the 

arteries may not be responding to antigen because there were not enough 

mast cells present in the tissue. By incubating the washed cells with 

antigen, there would be a large number of basophils present, thus giving 

a greater yield of mediator. Indeed, the pulmonary artery did respond 

to the supernatant from HRP cell incubation (Fig. 9). 
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AMOUNT OF SUPERNATANT (ul) 
Figure 9. Response to HRP-supernatant in rabbit pulmonary 

arteries, a) Response to HRP-supernatant. b) 
Response to HRP-supernatant in the presence of 
chlorpheniramine (10 ug/ml). c) Response to 
saline—supernatant. d) Response to saline—super 
supernatant in the presence of chlorpheniramine 
(10 ug/ml). (Means + S.E.M.) (n=6). 



38 

The peak response of the pulmonary artery to the HRP incubation 

supernatant occurred with the addition of 1,94 ml of supernatant and the 

maximum contraction was 2.40 g. To determine whether histamine was 

contributing to the constrictive activity, the experiment was repeated 

using vascular muscle rings treated with chlorpheniramine. Chlor

pheniramine slightly depressed and shifted the HRP curve to the right. 

For the HRP supernatant curve, 1.20 g was half-maximal response which 

occurred with .15 ml supernatant added tothe bath. With chlorphen

iramine present, 1.20 g response was achieved at .37 ml supernatant. 

The peak of the chlorpheniramine-HRP curve reached 1.85 g at 1.94 ml 

supernatant. This is not statistically different from the HRP-

supernatant peak (p >.05). 

The control supernatant fromthe incubation of sensitized cells 

with saline was also active but substantially greater amounts of the 

supernatant were required to induce constriction. These supernatants 

began to elicit contractions from the pulmonary artery after the addi

tion of .19 ml of supernatant (Fig. 9). In contrast, the response to 

the HRP supernatant began at .01 ml of supernatant. The contractions 

to the saline supernatant continued to increase with subsequent addi

tions. When pretreated with chlorpheniramine, response to the saline 

supernatant was also shifted to the right. When compared at .20 g 

tension, the corresponding dose of saline supernatant was .49 ml. With 

chlorpheniramine present, .20 g response occurred at 2.80 ml of super

natant. Evidently, the cell incubation procedure caused a small amount 

of mediator to be spontaneously released from the cells. A large part 
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of the response to the saline supernatant was blocked or diminished by 

chlorpheniramine. Therefore histamine was released spontaneously during 

the procedure. However other mediators are apparently also present. If 

the response was due to histamine alone, it should have been inhibited 

nearly 1000 fold. 

Responses to AGEPC 

An AGEPC dose-response curve for pulmonary and femoral arteries 

was generated from 6 control rabbits (Fig. 10 and 11). AGEPC did not 

elicit a significant contraction from either artery in the absence or 

presence of plasma. The arteries also did not respond to single high 

-7 
doses of AGEPC. At a single dose of 10 M AGEPC, the mean of the 

pulmonary artery response (n=3) was .05 g-. The mean of the femoral 

artery response (n=3) was .03 g. This.rules out the possibility that 

the tissues were being desensitized by cumulative additions of AGEPC. 

Using the cell incubation procedure, cells from non-sensitized rabbits 

were incubated with AGEPC. The results of one preliminary experiment 

are seen in Figure 12. Responses to the AGEPC supernatant appear to be 

greater than HRP supernatant responses. Chlorpheniramine diminished and 

shifted the response. Compared at 1.86 g response, the amount of AGEPC 

supernatant required was .07 ml. With chlorpheniramine present, .17 ml 

of supernatant were needed to achieve the same response. 
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-0.5 

CONCENTRATION OF AGEPC (M) 
Figure 10. Response to AGEPC in rabbit pulmonary arteries. 

a) Response to AGEPC. b) Response to AGEPC in 
the presence of plasma. (Means ± S.E.M.) (n=6). 
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1 8 "  i e l e  
CONCENTRATION OF AGEPC 

Figure 11. Response to AGEPC in 
a) Response to AGEPC 
b) Response to AGEPC. 

10 
(M) 
rabbit femoral arteries, 
in the presence of plasma. 
(Means ±. S.E.M.) (n=6). 
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AMOUNT OF SUPERNATANT (ul) 
Figure 12. Response to AGEPC-supernatant in rabbit pulmonary 

arteries, a) Response to AGEPC-supernatant. b) 
Response to AGEPC-supernatant in the presence of 
chlorpheniramine (10 ug/ml). c) Response to 
saline-supernatant. (n=l). 



CHAPTER 4 

DISCUSSION 

Earlier studies of anaphylaxis in the sensitized rabbit used 

immunization procedures that allowed production of several classes of 

immunoglobulin. The immunization model of Halonen, pinckard and Meng (1) 

produces rabbits that have only IgE antibodies to the given antigen. 

This model allows isolated investigation of the role of IgE in rabbit 

naphylaxis. The studies presented in this thesis further elucidate the 

mechanisms of the established in vivo alterations produced in IgE 

anaphylaxis, with particular emphasis on the mechanisms underlying the 

observed increase in right ventricular and/or pulmonary artery pressure. 

Histamine 

Results of the histamine protocol show that both rabbit pulmonary 

and femoral arteries constrict in the presence of histamine. Hstamine 

-3 at 10 M produced the maximal response. Chlorpheniramine inhibited the 

histamine response at least 100 fold in both arteries. Cimetidine had 

no significant effect on the histamine dose-response curve. The com

bination of blockers produced a response that was not significantly 

different from the HI blocker alone. These data reiterate the facts 

that 1) chlorpheniramine and cimetidine antagonize different histamine 

receptors and 2) the contractile response to histamine in these vascular 

tissues is primarily an HI receptor phenomenon. 

A3 
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Arteries from sensitized rabbits did not differ from control 

rabbits in their response to histamine. The pulmonary artery response 

was nearly identical to the control arteries. Sensitized femoral 

arteries contracted to a seemingly greater extrent than the control 

femorals, but were not statistically significant (p >.05). In general, 

the sensitized rabbit arteries were not significantly more sensitive to 

histamine than the control arteries. Chlorpheniramine produced inhibi

tion that was very similar to that seen with the control rabbits. 

Antigen 

HRP antigen failed to induce vascular smooth muscle constriction 

directly. Our attempts to repeat Ella Grove's 1932 experiment were 

unsuccessful. The differences may exist because Grove's rabbits were 

sensitized to a greater degreej i.e. had more IgE antibodies on their 

mast cells. 

The HRP blood cell incubation procedure allowed a greater number 

of IgE sensitized cells (in this case basophils) to be present during 

the exposure to antigen and therefore more mediator release. The incuba

tion procedure provided sufficient mediator release to constrict the 

pulmonary artery to a maximum of 2.40 g. The maximum response of 

pulmonary arteries to histamine was shown to be 1.80 g. The fact that 

the antigen induced resopnse is greater than the known maximum response 

to histamine suggests that this response might be caused in part by a 

mediator other than histamine. 

Chlorpheniramine was shown to inhibit histamine response 1000 

fold, yet chlorpheniramine only slightly diminished the antigen-induced 
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pulmonary artery constriction. The maximum response to antigen in the 

presence of chlorpheniramine was 1.85 g. Therefore the artery was 

constricting in response to the presence of some other mediator.. The 

above data suggests that the increase in pulmonary arterial pressure 

seen in vivo during IgE anaphylaxis (2) is likely due to mediator 

induced pulmonary artery constriction and that histamine is not the only 

mediator of pulmonary artery constriction in IgE anaphylaxis. 

The saline controls in this set of experiments demonstrated 

small contractions because of mediator release during preparation. 

Chlorpheniramine blocked some of the saline response indicating that 

histamine was released during the procedure. Other mediators were also 

present because histamine alone should have been inhibited nearly 1000 

fold, not the 5 fold inhibition observed. 

AGEPC 

Halonen et al.- (34) have presented evidence that the mechanisms 

underlying the increase in right ventricular pressure seen with both 

IgE anaphylaxis and AGEPC challenge may be the same mechanism. Prior 

platelet depletion had no effect on the increase in right ventricular 

pressure seen in either system. Thus, AGEPC may mediate the increased 

right ventricular pressure seen in IgE anaphylaxis by a platelet 

independent mechanism. 

The data presented in this thesis shows that AGEPC alone or in 

the presence of plasma, does not constrict the arteries. In an effort 

to rule out tachyplylaxis from cumulative additions of AGEPC, single 

high doses of AGEPC were tested.. The arteries did not contract in 
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response to the single high doses. Thus, AGEPC does not directly 

constrict pulmonary or femoral artery smooth muscle in vitro. Recent 

in vitro studies with guinea pig ileum and lung have shown that AGEPC 

will constrict these tissues directly. According to Stimler et al. (28), 

-9 
guinea pig ileum and lung began to contract significantly at 10 M 

AGEPC. This value is well within the range of concentrations used in 

the above experiments. 

An attempt was also made to isolate viable platelets and add 

them to a muscle bath prior to addition of AGEPC; the results were too 

inconclusive to report. Platelet aggregation during the separation as 

well as in the bath presented major problems. Future work would include 

finding a better method for isolating platelets and testing their effect 

on the response to AGEPC in vitro. 

Using the previously mentioned cell incubation procedure, some 

preliminary studies were done with AGEPC. AGEPC was incubated with 

non-sensitized washed cells. The resulting supernatant was tested as 

discussed in the HRP-incubation procedure. Pulmonary arteries con

stricted significantly in response to the supernatant and chlorphenir

amine only slightly shifted and diminished the response. The evidence 

seems to indicate that AGEPC will constrict pulmonary arteries in the 

presence of platelets and/or other cells. Future experiments should 

include testing the AGEPC-incubation procedure using platelet depleted 

cell suspensions to specify whether platelets are a component of the 

reaction. 

In conclusion, we have seen that the major mediator in antigen-

induced pulmonary artery constriction is not histamine. Also, AGEPC 
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alone does not mediate the constriction. Platelets and/or other 

cells such as neutrophils must be present.. If these cells are stimu

lated by AGEPC, they are capable of releasing histamine, SRS-A and other 

vasoactive substances (25,38). Since histamine is not the primary 

mediator, one or more of the other substances must play a major role. 

At this time, SRS-A appears to be a promising contender for that role. 

Future experiments should include repeating the HRP-incubation experi

ment with a specific inhibitor of SRS-A (FPL 55712) present in the 

incubation. 
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10~3 2.13 .32 

IO-2 2.20 .41 



Tissue Pretreatment [Hist] Mean (g) SEM 

Femoral HI + H2 io"9 0 .01 
Artery Blockers o

 1 00
 

.02 .02 

io-7 ..02 .03 

io-6 .06 .07 

io-5 -.01 .05 

io-4 -.05 .13 

io-3 •.15 .07 

IO-2 1.01 .36 

Sensitized Rabbits 

Tissue Pretreatment [Hist] Mean (g) SEM 

Pulm. None io-9 .02 .01 
Artery 

IO-8 ...03 .02 

IO-1 .03 .02 

io-6 -.08 .07 

io-5 -.16 .16 

io-4 .82 .31 

io-3 1.81 .29 

io-2 1.6 4 .31 

Pulm. HI IO-9 -,02 .02 
Artery 

IO"8 -.02 .03 

io-7 -.02 .03 

10~6 -.09 .05 

io-5 -.31 ..09 

icf4 -.39 .07 

io"3 -.32 .-9 

io-2 .02 .17 

Femoral None io"9 -.01 0 
Artery io"8 -.01 .01 

o
 1 

0 .02 

io-6 .33 .34 

io-5 1.35 .57 

io-4 3.17 .48 

io"3 3.64 .59 

io"2 3..20 ' .55 



Tissue Pretreatment [Hist] Mean (g) SEM 

Femoral HI io"9 0 0 
Artery 

10~8 -.,02 .01 

io"7 -.02 .01 

o
 1 cn
 

-.04 .01 

io-5 i • O
 

.03 

io"4 -.12 .08 

io"3 -.08 .08 

io"2 .32 .13 



HRP Study 
a) Control Rabbits 

Tissue Plasma Amount Mean SEM 
HRP (uS) (g) 

Pulm. No 50 -.03 .02 
Artery 500 -.02 .02 

_ 5°0°_ _ _ Z'21. _.03 

Pulm. Yes 50 .02 .02 
Artery 500 •.02 .02 

5000 .02 .02 

Femoral No 50 .03 .02 
Artery 500 0 .02 

_ 5000_ _ i i 
i i
o
 

00
 

1 .03 

Femoral Yes 50 .18 .06 
Artery 500 . .24 .05 

5000 .22 .OA 

b) Sensitized Rabbits 

Tissue Plasma Amount 
HRP (ug) 

Mean 
(?) 

SEM 

Pulm.. 
Artery 

No 50 
500 
_5000 

-.31 
-.51 
_-.13 

.13 

.12 

.09 

Pulm.-
Artery 

Yes 50 
500 
5000 

..13 

.21 
_.16_ 

.06 

.10 

.04 

Femoral 
Artery 

No 50 
500 
5000 

0 
-.07 
-.07_ 

.03 

.03 
j. 04 

Femoral 
Artery 

Yes 50 
500 
5000 

-.01 
.01 
•.19 

.01 

.02 

.98 
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III. HRP Cell Supernatant Study 

Incubation Pretreatment Amount of Mean SEM 
with Supernatant (g) 

(ill) 

HRP None 10 ,.06 .02 
35 .24 .11 
85 .62 .24 
185 1.42 .38 
435 2.03 .51 
935 2.32 .60 
1935 2.41 .62 
3435 2.36 .58 

HRP HI 10 0 0 
Blocker 35 .02 .01 

85 .11 .03 
185 .67 .12 
435 1.42 .17 
935 1.81 .24 
1935 1.85 .29 
3435 _ _1.82 _ _ i32 _ _ 

Saline None 10 0 0 
35 .02 .02 
85 0 .02 
185 .02 .02 
435 .19 .08 
935 .39 .11 
1935 .72 .09 
3435 .96 .09 

Saline HI 10 9 0 
Blocker 35 0 0 

85 0 0 
185 0 .02 
435 0 .02 
935 .03 .02 
1935 .16 .04 
3435 .26 .07 



IV.. PAF Study 

Tissue Plasma [PAF] M Mean (g) SEM 

Pulm. No 10~12 .01 .01 
Artery 

10"11 .-01 .01 • 

io"10 .04 .02 

io-9 .04 .01 

io"8 .01 .01 

io"7 .01 .01 

Pulm. Yes io"12 ..01 -.01 
Artery 

rH t-H 1 O
 

r H 
.01 .02 

io"10 0 .03 

io"9 -.02 .03 

io"8 -.05 .03 

io"7 -.04 .03 

Femoral No io"12 -.01 .01 
Artery 

io-11 -.04 .01 

O
 M
 O
 

-.06 .02 

io"9 -.02 .03 

io"8 -.02 ..04 

io-7 -.02 .06 

Femoral Yes O
 .1

 
N)
 

.05 .02 
Artery 

io"11 .08 .04 

io-9 .09 .05 

io"8 .17 .08 

io"7 .18 .08 



APPENDIX B 

SOLUTION COMPOSITION 

Tyrodes + gelatin 

10 ml lOx Tyrodes 

0.102 gm NaHC03 

2.5 ml gelatin (10%) warm, dissolved 

Bring to 100 ml 

Adjust pH to 6.5 with 8-10 drops 1 M HCl 

Tyrodes + EGTA + gelatin 

25 ml Tyrodes + gelatin solution 

250 ul 10 mM EGTA 

Adjust pH to 6.5 with 1-2 drops 1 M HCl 

Tyrodes + gelatin + heparin 

75 ml Tyrodes + gelatin solution 

375 ul of 1000 units/ml heparin 

Adjust pH to 6.5 with 1-2 drops 1 M HCl 

Tyrodes + gelatin + heparin + CaCl^ 

25 ml Tyrodes + gelatin + heparin 

0.326 ml (326 ul) 0.1 M CaCl2 

Adjust pH to 7-, 0 

55 



REFERENCES 

1. Halonen, M., R. N. Pinckard, A. L. Meng, "Characterization of IgE-
induced Systemic Anaphylaxis in the Rabbit: Lack of Correlation 
between the Intravascular Release of Histamine and Anaphylactic 
Sensitivity," Journal of Immunology, 111, 331-340 (1973). 

2. Halonen, M., H. K, Fisher, C. Blair, C. Butler and R. N. Pinckard, 
"IgE-induced Respiratory and Circulatory Changes during Systemic 
Anaphylaxis in the Rabbit," Am. Review of Resp. Disease, 114, 
961-970 (1976). 

3. Carpenter, P., Immunology and Serology, N. B. Saunders Co., 
Philadelphia (1975). 

4. Gell, P. G. H. and R. R. Coombs, Hypers ens i t ivi ty, Blackwell (1975). 

5. Beaven, M. A., "Histamine: Its Role in Physiological and Patho
logical Processes," Monographs in Allergy, Vol. 13 (P. Dukor, 
P. Kallos, Z. Trinka, B. H. Waksman and A. L. deWeck, eds.) 
Karger (1978). 

6. Prausnitz, C. and H. Kustner, "Studies uberdie Ueberempfindlinch-
keit," Centralbl. f. Bakteriol., 160-169 (1921). 

7. Coca, A. F., Jour. Immunol., 4, 219 (1919). 

8. Ishizaka, K. and T. Ishizaka, "Identification of IgE Antibody as a 
Carrier of Reaginic Activity," Jour. Immunol., 99, 1187-1198 
(1967). 

9. Papermaster, D., "Immunology," A Scope Monograph, Upjohn Co., 7-17 
(1975). 

10. Ishizaka, T., C. S. Soto and K. Ishizaka, "Mechanisms of Passive 
Sensitization. III. Number of IgE Molecules and Their Receptor 
Sites on Human Basophil Granulocytes," Jour. Immunol., Ill, 
500-511 (1973). 

11. Lessof, M. H., Immunological and Clinical Aspects of Allergy, 
Lippincott, Philadelphia (1981). 

12. Portier, P. and C. Richet, Compt. rend. Soc. de biol., 54, 170 
(1902). 

13. Dale, H. H. and P. P. Laidlaw, "Histamine Shock," Jour. Physiol. 
41, 318-344 (1910). 

56 



57 

13. Dale, H. H. and P. P. Laidlaw, "The Physiological Action of 
(3-imidazolylethylamine," Jour. Physiol., 41, 318-344 (1910). 

14. Dale, H. H. and P. P. Laidlaw, "Further Observations on the Action 
of B-imidazolylethylamine," Jour. Physiol., 43, 182-195 (1911). 

15. Dale, H. H. and P. P. Laidlaw, "Histamine Shock," Jour. Physiol., 
52, 335-390 (1919). 

16. Popielski, L., 0-Imidazolylathylamin unddie Organextrakte. 
ErsterTeil: g-Imidazdylathylamin als machtiger Erreger der 
Magendrusen. Pflugers Arch, ges. Physiol., 178, 214-236 (1920). 

17. Bovet, D. and A. M. Staub, "Action protectrice des ethers phenol-
iques au cours de lintoxication histaminique," Compt. rend. Soc. 
de biol., 124, 547-549, (1937). 

18. Ash, A. S. F. and H. D. Schild, "Receptors Mediating Some Actions 
of Histamine," Brit. Jour. Pharmacol., 27, 427-439 (1966). 

19. Black, J. W., W. A. M. Duncan, C. J. Durant, C. R. Ganellin and 
E. M. Parsons, "Definition and Antagonism of Histamine ̂  
Receptors," Nature, 236, 385-390 (1972). 

20. Halonen, M., I. C. Lohman and J. D. Palmer, "The Role of Histamine 
in the Physiologic Alterations of IgE Anaphylaxis in the Rabbit, 
submitted for publication. 

21. Durant, G. J., C. R. Ganellin and M. E. Parsons, "Chemical Differ
entiation of Histamine HI- and H2-Receptor Agonists," J. Med. 
Chem., 18, 905-909 (1975). 

22. Vargaftig, B. B., M. Chignard, J. M. Mencia-Huerta, B. Arnoux and 
J. Benveniste, "Pharmacology of Arachidonate Metabolites and of 
Platelet-Activating Factor (PAF-acether)," in Platelets in 
Biology and Pathology, J. L. Gordon, ed., pp. 392-396, Elsevier, 
(1981). 

23. Barbaro, J. F. and N. J. Zvaifler, "Antigen Induced Histamine 
Release from Platelets of Rabbits Producing Homologous PCA 
Antibody," Soc. Exp. Biol. Med., 122, 1245 (1966). 

24. Siraganian, R. P. and A. G. Osier, "Destruction of Rabbit Platelets 
in the Allergic Response of Sensitized Leukocytes," Jour. Immunol. 
106, 1244 (1971). 

25. Benveniste, J., P. M. Henson and C. G. Cochrane, "Leukocyte-
Dependent Histamine Release from Rabbit Platelets," 
Jour. Exp. Med., 136, 1356 (1972). 



58 

26. Halonen, M., J. D. Palmer, I. C. Lohman, L. M. McManus and R. N. 
Pinckard, "Respiratory and Circulatory Alterations Induced by 
Acetyl Glyceryl Ether Phosphorylcholine, a Mediator of IgE 
Anaphylaxis inthe Rabbit," Am. Rev. Resp. Dis., 122, 915-924 
(1980). 

27. Pinckard, R. N., M. Halonen, J. D. Palmer, C. Butler, J. D. Shaw 
and P. M. Henson, "Intravascular Aggregation and Pulmonary 
Sequestration of Platelets During IgE-induced Systemic 
Anaphylaxis in the Rabbit: Abrogation of Lethal Anaphylactic 
Shock by Platelet Depletion," Jour. Immunol., 119, 2185-2193 
(1977). 

28. Stimler, N. P., C-. M. Bloor, T. E.. Hugli, R. L. Wykle, C. E. McCall 
and J. T. 0*Flaherty, "Anaphylactic Actions of Platelet-
Activating Factor," Am. Jour. Pathol., 105, 64-69 (1981). 

29. Pinckard, R. N., R. S. Farr, D. J. Hanahan, "Physiochemical and 
Functional Identity of Rabbit Platelet-Activating Factor (PAF) 
Released in vivo during IgE Anaphylaxis with PAF Released 
in vitro from IgE Sensitized Basophils," Jour. Immunol., 123, 
1847-1857 (1979). 

30. Benveniste, J., J. P. LeCouedic and P. Kamoun, "Aggregation of 
Human Platelets by Platelet-Activating Factor," Lancet, i, 344 
(1975). 

31. O'Donnell, M. C., P. M. Henson and B. A. Fiedel, "Activation of 
Human Platelets by Platelet-Activating Factor (PAF) Derived from 
Sensitized Rabbit Basophils," Immunology, 35, 953 (1978). 

32. Halonen, M. and R. N. Pinckard, "Intravascular Effects of IgE 
Antibody Upon Basophils, Neutrophils, Platelets and Blood 
Coagulation in the Rabbit," Jour. Immunol., 115, 519 (1975). 

33. Henson, P. M. and R. N. Pinckard, "Basophil-Derived Platelet-
Activating Factor (PAF) as an in vivo Mediator of Acute Allergic 
Reactions: Demonstration of Specific Desensitization of 
platelets to PAF During IgE-induced Anaphylaxis in the Rabbit," 
Jour. Immunol., 119, 2179-2193 (1977). 

34. Halonen, M., J. D. Palmer, I. C. Lohman, L. M. McManus and R. N. 
Pinckard, "Differential Effects of Platelet Depletion on the 
Physiological Alterations of IgE Anaphylaxis and AGEPC Infusion 
inthe Rabbit," Am. Rev. Resp. Pis., 124, 416-421 (1981). 

35. Arnoux, B., D. DuVal and J. Benveniste, "Release of Platelet-
Activating Factor (PAF-acether) from Alveolar Macrophages by the 
Calcium Ionophore A23187 and Phagocytosis," Eur. Jour. Clin. 
Invest., 10, 437-441 (1980). 



59 

36. Vargaftig, B. B., J. Lefort, M. Chignard and J. Benveniste, 
"Platelet-Activating Factor Induces a Platelet-Dependent 
Bronchoconstriction Unrelated to the Formation of Prostaglandin 
Derivatives," Eur. Jour. Pharmacol., 65, 185-192 (1980). 

37-. Namm, D. H-., "Direct Cardiac Effects of Platelet-Activating Factor," 
submitted for publication. 

38. O'Flaherty, J., N. Stimler, L. Swendsen and R. Wykle, "Mechanisms 
of Action of Platelet Activating Factor (PAF)," Fed. Proceed., 
40, 1710 (1981). 

39. O'Donnell, M. C., J. N. Siegel and B. A. Fiedel, "Platelet 
Activating Factor: an Inhibitor of Neutrophil Activation," 
Clin. Exper. Immunol., 43, 135-142 (1981). 

40. Henson, P. M. and R. N. Pinckard, "Platelet Activating Factor (PAF) 
(PAF)," in Monographs in Allergy, vol. 12, (K. 0. Rother and 
A. L. deWeck, eds.), pp. 13-26, Karger (1977). 

41. Benvensite, J.., J. Egido and V. Gutierrez-Millet, "Evidence for the 
involvement of the IgE-Basophil System in Acute Serum Sickness," 
Clin. Exp. Immunol., 26, 449 (1976). 

42. Camussi, G., C. Tetta, R. Coda and J. Benveniste, "Release of 
Platelet-Activating Factor in Human Pathology," Lab. Invest., 
44, 241-251 (1981). 

43. Ovary, Z., "Passive Cutaneous Anaphylaxis," Immunol. Methods, 
(J. F. Ackroyd, ed.), Blackwell, Oxford (1964). 

44. Demopoulos, C. A-., R. N. Pinckard and D. J. Hanahan, "Platelet-
Activating Factor: Evidence for l-0-alkyl-2-acetyl-sn-glyceryl-
3-phosphorylcholine as the Active Component," Jour. Biol. Chem., 
254, 9355-9358 (1979). 

45. Hanahan, D. J., C.- A. Demopoulos, J. Liehr and R. N. Pinckard, 
"Identification of Platelet Activating Factor Isolated from 
Rabbit Basophils as Acetyl Glyceryl Ether Phosphorylcholine," 
J. Biol. Chem., 255, 5514-5516 (1980). 

46. Grove, E. F., "Studies in Anaphylaxis in the Rabbit; On the Role 
of Unstripped Muscle in Acute Anaphylaxis in the Rabbit," 
Jour. Immunol., 23, 147-152 (1932). 


