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Abstract 

Rabbits were immunized such that antibodies of the 

IgE class were preferentially produced. Normal rabbit pul

monary artery sections were challenged with supernatant from 

antigen-treated sensitized blood cells in the presence of 

antagonists. The hypothesis is that mediators capable of 

contracting pulmonary arteries are released from blood cells 

when blood cells are challenged with antigen. Possible 

mediators are histamine, serotonin, indomethacin and LTD^. 

Chlorpheniramine (2.6 x 10~5M) with methysergide (1 x 10~^M) 

produced a one-hundred-twenty-fold inhibition of contrac

tion. Chlorpheniramine with FPL-55712 (1 x 10"~^M) did not 

significantly alter the response seen with chlorpheniramine 

alone. When supernatant obtained from sensitized blood 

cells pretreated with 1 x 10~5 indomethacin was used to 

challenge muscle rings in the presence of chlorpheniramine 

the response was also not significantly different from re

sponse seen with chlorpheniramine alone. Histamine con

tracted pulmonary artery. Chlorpheniramine (2.6 x 10~^M) 

inhibited the response six-hundred-fold. Serotonin also 

contracted pulmonary artery. Methysergide (10"^M) blocked 

the response seven-hundred-fold. 

viii 



CHAPTER 1 

INTRODUCTION 

Intent of Study 

Systemic anaphylactic shock is a severe type of 

allergic reaction. To occur, anaphylactic shock requires 

prior exposure to an allergen. Upon later introduction of 

the allergen, pronounced systemic anaphylactic shock may 

result, in extreme cases causing death. Current immunologic 

research is aimed at explaining the events during anaphy

lactic shock in hopes that the response can be prevented or 

altered. 

Pinckard, Halonen and Meng (1972) have developed a 

rabbit model of systemic anaphylactic shock which involves 

exposing young rabbits to a series of antigen injections 

(1). During the sensitization period, the young rabbits 

produce antibodies which are preferentially of the IgE class 

and specific for the antigen. When the adult rabbit is 

challenged with antigen by the intravenous route, systemic 

anaphylaxis occurs. Halonen et al. have used the above 

rabbit model to describe the following responses mediated by 

IgE occurring during anaphylaxis in vivo: decreased breath

ing frequency followed by an increase in minute ventilation, 

1 
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decreased dynamic lung compliance, increased total pulmonary 

resistance, pulmonary hypertension, systemic hypotension, 

and transient bradycardia (2). 

The purpose of the present study was to use in vitro 

techniques to further describe the pulmonary hypertensive 

portion of the anaphylactic response in the rabbit model. 

This was done by observing the contractile response of pul

monary arterial smooth muscle tissue obtained from rabbits. 

The smooth muscle tissue was exposed to antigen and super

natant from antigen-treated blood cells in the presence and 

absence of various drug antagonists. For comparison, pure 

agonist was applied to the tissue, and tissue responses were 

compared to responses of the antigen supernatant treatment 

groups. 

Anaphylactic Shock 

Immediate hypersensitivity is an allergic response 

that occurs when antigen interacts with IgE bound to the 

surface of mast cells and basophils, causing the activation 

of these cells and the release of inflammatory mediators. 

IgE specific to a certain antigen is produced upon introduc

tion of that antigen. This IgE binds with high affinity to 

cell surface receptors found on tissue mast cells and circu

lating basophils. When antigen is reintroduced, it binds to 

the cell-bound IgE and crosslinks the IgE receptors. This, 

in turn, causes the mast cells and basophils to degranulate, 
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releasing a variety of preformed chemical mediators and 

producing other mediators de novo. The chemical mediators 

can produce striking physiological alterations, which can 

result in anaphylactic shock, allergic asthma, urticaria, 

and allergic rhinitis. 

Anaphylactic shock refers to a severe systemic reac

tion which varies in its nature among species apparently 

depending on mast cell distribution and composition. The 

term "anaphylaxis" was first used by Richet and Portier who 

observed an induced anaphylactic shock while studying the 

effects of animal venoms on dogs (3). Anaphylaxis is a 

hypersensitivity to a foreign substance induced by a pre

liminary injection of the substance. Some of the dogs that 

did not respond to venom on a first exposure (due to either 

the low dosage or high resistance) were used a few weeks 

later in repeats of the experiments. Some of these dogs, 

when given a very low dose of venom, immediately showed 

serious symptoms such as vomiting, syncope, loss of con

sciousness, asphyxia and death (4). After studying the 

phenomenon, Richet and Portier noted three main features of 

anaphylaxis. First, a subject that had received a previous 

injection of venom was much more sensitive than one that had 

not. Second, the responses seen in the second reaction do 

not resemble those of the first reaction. And third, a 
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three to four week latent period was necessary between 

injections. 

Further studies by Schultz and Dale in 1910 pre

sented evidence that antibodies are involved in anaphylactic 

shock (5). They showed that smooth muscle strips from 

sensitized animals isolated in isotonic solution contracted 

to the sensitizing antigen when the antigen was added to the 

muscle bath. They concluded that since anaphylaxis depends 

on antigen, and since the antigen must be specific, anaphy

laxis must involve an antigen-antibody reaction. Schultz 

and Dale's conclusion was buttressed by the finding that 

when the tissue was washed with isotonic solution the tissue 

did not lose its anaphylactic propensity, indicating that 

the antibody must be bound to tissues. 

In 1921 Prausnitz and Kustner observed what is now 

known as cutaneous anaphylaxis. Kustner exhibited allergic 

responses such as sneezing, itchiness, and appearance of 

wheals on the skin when he ate fish. Prausnitz injected 

some of Kustner's serum into his own skin along with some 

fish extract. Within a few seconds Prausnitz observed a 

wheal in the area of the injection. This experiment showed 

that anaphylaxis can occur locally and also indicated the 

presence in serum of a "reaginic" (skin-fixing) antibody (6). 

Ishizaka and Ishizaka in 1967 identified the "reagi

nic" antibody as a new class of immunoglobulin. This 
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antibody became known as IgE (7). Shortly after the 

Ishizaka's discovery, Johansson and Bennich isolated a human 

IgE myeloma protein called IgND (8). IgE is normally found 

in very low concentrations in serum. The discovery of the 

myeloma protein permitted recovery of great amounts of pure 

IgE which could be used in the production of anti-IgE sera 

needed to detect and measure serum IgE. 

Role of IgE 

Adaptive Significance 

The adaptive significance of IgE appears to be in 

fighting parasitic infections. When the IgE-bearing B cells 

of a host are exposed to an antigen, in this case the para

site, the host's B cells are activated to produce IgE speci

fic for the parasite. The IgE binds to mast cells and 

basophils in the tissue and antigen then binds to IgE, 

sometimes bridging two IgE molecules. The bridging causes 

degranulation of the mast cells and basophils, and release 

of preformed mediators as well as production of other media

tors. The mediators play a role in a tissue response 

directed at expelling the parasite from the body. Unfortu

nately, in approximately 10% of the population, the control 

mechanisms involved in production of IgE are altered (9). 

In these individuals, IgE specific to antigens which are 

unrelated to parasites is produced in larger quantities than 



normal, resulting in a condition known as allergy or atopy, 

a pathological reaction to environmental substances. 

IgE - Receptor Interaction 

Receptors with a very high affinity for IgE occur on 

mast cells and basophils. Most IgE attaches to these cells 

very soon after being produced, and consequently, little 

gets into general circulation. In addition, IgE is more 

rapidly removed from circulation than any other immuno

globulin, having a half life of 2.7 days (10). The binding 

of IgE to receptors is temperature dependent and reversible. 

The interaction between IgE and receptors is a simple bimo-

lecular forward reaction and a first order reverse reaction 

(11). The affinity constant, KA, has been determined to be 

10® to lO*0 M""1 or greater (12, 13). Though the affinity 

constant is high, normal mast cells and basophils are not 

saturated with IgE because IgE concentration is low (14). 

When IgE is passively administered into the skin, there is a 

lag period of approximately seventy two hours before optimal 

IgE sensitization occurs (9). Once IgE is bound, it may 

remain so for weeks or months. 

The IgE receptor is located in the plasma membrane 

of mast cells and basophils. Basophils possess from 6xlOJ 

to 6x10^ IgE receptors per cell and mast cells are believed 

to have about 1x10^ IgE receptors per cell (15, 16). The 

receptor is a glycoprotein which is an integral part of the 
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plasma membrane with only small portions exposed to the 

outer surface. IgE is homocytotropic, meaning that it binds 

to mast cells and basophils of the same or closely related 

species. 

Mast Cells and Basophils 

Mast cells and basophils are capable of binding IgE 

to their surfaces, and they both contain metachromatic 

granules containing various mediators. Mast cells generally 

are larger than basophils, have unsegmented nucleii with 

nucleoli, and come from precursors present in bone marrow, 

lymph nodes, spleen, thymus and peripheral blood (17). Pro

duction of at least some mast cells is regulated by a T 

lymphocyte growth factor (18). Mast cells are found in 

skin, the upper and lower respiratory tract, and in gastro

intestinal tract mucosa. They are also found free in the 

bronchial lumen and loose connective tissue, particularly 

connective tissue found near nerves and blood vessels. 

Basophils have a bilobed nucleus without nucleoli and con

tain fewer but larger granules than mast cells. Basophils 

are generated in bone marrow and, in humans, comprise be

tween 0.2% and 1% of the nucleated cells in bone marrow and 

peripheral blood (19). 

The emptying of mast cell and basophil granules, or 

degranulation, occurs when two IgE molecules, occupying 

adjacent receptors, bind with a molecule of antigen. 
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Degranulation can also occur by anti-IgE attaching to IgE, 

anti-receptor antibody attaching to receptors, mitogens 

attaching to IgE, and by dimerization of IgE molecules prior 

to attaching to receptors. All of these reactions require 

formation of a bridge connecting at least two IgE receptors. 

Other stimuli that can cause degranulation are complement 

factors, ATP, kinins, at least one lymphokine, and lysosomal 

basic proteins from neutrophils. It has been suggested 

that, since all of the above stimuli become available to 

mast cells and basophils as either direct or indirect pro

ducts of antigen interactions with specific immune react-

ants, they permit a greater flexibility in the regulation of 

cell function (14). The biochemical mechanisms leading to 

mediator release are not clearly understood, although alter

ations in cyclic AMP levels appear to be important (14). In 

addition, the presence of calcium and glucose is required, 

and the reaction occurs optimally at 37°C (9). 

Mediators 

Mediators of immediate hypersensitivity include 

preformed mediators such as histamine, serotonin, heparin, 

eosinophil chemotactic factors of anaphylaxis and various 

enzymes among others. Newly formed mediators such as 

leukotrienes, prostaglandins, and platelet-activating factor 

also play a role in immediate hypersensitivity. In this 
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study we chose to examine the following mediators: hista

mine, serotonin, prostaglandins and leukotriene (LTD4). 

Prostaglandins and Leukotrienes 

Prostaglandins and leukotrienes produce a broad 

range of effects in response to a variety of stimuli. Mem

bers of both families are generated from mast cells and are 

believed to play a role in systemic anaphylaxis (19). Pros

taglandins and leukotrienes are derived from arachidonic 

acid, which is an ubiquitous component of phospholipids in 

body tissues and fluids. Arachidonic acid is released from 

membrane phospholipids by phospholipase A2 or phospholipase 

C and diacylglycerol lipase and is then rapidly metabolized 

through either the cyclooxygenase pathway to produce prosta

glandins, thromboxanes and prostacyclin or through the 

lipoxygenase pathway to produce leukotrienes (See figure 1). 

The cyclooxygenase pathway produces prostaglandins, 

thromboxanes and prostacyclin, all of which contain ring 

structures. Most cells generate at least one cyclooxygenase 

product. The initial products in the cyclooxygenase pathway 

are PGG2 and PGH2» both of which have half-lives on the 

order of five minutes. These products are metabolized 

further to the other prostaglandins, prostacyclins and 

thromboxanes (See figure 1). TXA2 and PGI2 are unstable, 

having half-lives of thirty seconds and three minutes, 
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respectively. PGF2 alpha, 6-keto-PGF^ alpha and TXB2 are 

relatively stable (20, 21). 

The pharmacological effects of the cyclooxygenase 

products are varied and can show striking differences when 

applied to different animal models and tissues. Some find

ings that pertain to this study are as follows: The PGE's 

have been found to be vasodilators, though in some circum

stances they vasoconstriction (22). They can also cause a 

decrease in systemic blood pressure (23). PGG2 and PGH2 can 

cause dilation and constriction, or one followed by the 

other (24). When PGI2 is administered intravenously, hypo

tension and dilation in pulmonary circulation are seen. The 

metabolite of PGI2* 6-keto-PGF^ alpha, causes the same 

effect as PGI2 but to a much lesser extent (25, 26). Con

versely, TXA2 is a potent constrictor of vascular smooth 

muscle; however, TXB2 exhibits little effect on the vascu

lature (27, 28, 29). PGE^, PGD2, and PGI2 inhibit the 

aggregation of human platelets, whereas PGE2 can enhance ag

gregation at some concentrations and inhibit it at others. 

TXA21 PGG2 and PGH2 induce platelet aggregation and platelet 

mediator release. 5-HPETE, and 5-HETE, the initial products 

of the lipoxygenase pathway, and PGD2 can cause an increase 

in release of histamine from basophils, whereas PGE2 can 

inhibit histamine release (30). 
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Figure 1. Synthesis of the Leukotrienes and Prostaglandins 
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The production of prostaglandins can be inhibited by 

aspirin, indomethacin and other anti-inflammatory drugs 

which act on the cyclooxygenase enzyme, the enzyme that 

catalyzes the formation of PGG2 and PGH2 in the initial 

steps of the cyclooxygenase pathway. Hence, these drugs 

inhibit formation of all the prostaglandins, thromboxanes 

and prostacyclin (31). It is believed that this type of 

inhibition may actually shunt arachidonic acid to the 

lipoxygenase pathway so that while prostaglandin synthesis 

is decreased, leukotriene synthesis may be enhanced (32). 

If arachidonic acid is acted upon by the 5-lipoxy-

genase enzyme, 5-HPETE is formed. 5-HPETE then can be 

metabolized further to form the family of compounds known as 

leukotrienes (See figure 1). 5-HPETE can be metabolized to 

5-HETE or leukotriene A4 (LTA4). LTA4 is unstable and is 

rapidly metabolized to LTB4 or to LTC4 which can be further 

transformed to LTD4. LTD4 can be metabolized to LTE4 which, 

in turn, can be transformed to LTF4. LTC4, LTD4 and LTE4 

comprise what was formerly known as slow reacting substance 

of anaphylaxis (SRS-A). 

The leukotrienes are generated in human lung tissue, 

mast cells of mice and in rat basophil leukemia lines, among 

other cells (19). Some leukotrienes have been seen to 

persist in the body for up to four hours (19). As with the 

prostaglandins, the pharmacological actions of the 
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leukotrienes are numerous and diverse. LTC4 and LTD4 cause 

hypotension in anesthetized guinea pigs. However, in unanes-

thetized guinea pigs they cause hypertension followed by 

hypotension (32, 33). The leukotrienes cause contraction of 

the distal portion of the pulmonary arteries of guinea pigs 

(34). In one study, LTD4 and LTC4 caused greater contrac

tion than LTE4 and were found to be fifty to one hundred 

times more potent than serotonin and histamine. The pul

monary artery of monkeys also contracts in response to the 

leukotrienes (34). LTD 4 action can be inhibited by FPL-

55712, a receptor antagonist (35). 

Serotonin 

Serotonin, or 5-hydroxytryptamine, is derived from 

the amino acid tryptophan (See figure 2). Most of the 

serotonin present in the body is located in the enterochro-

maffin cells of the gastro-intestinal tract (90%); the re

mainder is found in platelets and in the central nervous 

system. The mast cells of humans do not contain serotonin, 

but it is present in mast cells of rodents and cattle. The 

level of serotonin in rabbit platelets is approximately 

forty times greater than that found in human platelets (36). 

There is evidence for different subclasses of recep

tors for serotonin: The S^ receptors, which are labeled 

preferentially by ^H-serotonin, and the S2 receptors, which 

are labeled preferentially by ^H-spipeone (37). This causes 
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problems in finding effective and predictable antagonists. 

Antagonists to serotonin include the ergot alkaloids and 

indole compounds such as methysergide. Methysergide 

inhibits serotonin-induced constriction of vessels and 

inhibits the actions of serotonin on various extravascular 

smooth muscle. 

The pharmacological effects of serotonin on smooth 

muscle may be direct or indirect. The direct effects 

include both vasoconstriction and vasodilation of blood 

vessels. However, the preponderance of large arteries 

undergo constriction via S2 receptors on vascular smooth 

muscle (38). 

The effects of serotonin on canine pulmonary artery 

in vitro have been observed by McGoon and Vanhoutte (39). 

They observed that both serotonin and canine platelets 

caused contraction of the pulmonary artery which in both 

cases could be inhibited by methysergide. Pretreatment of 

platelets with indomethacin caused a decrease in thromboxane 

release but had no effect on the platelet induced contrac

tion. They concluded that the predominant mediator of vaso-

contraction caused by platelet aggregation is serotonin. 

Histamine 

Histamine, or0-aminoethylimidazole, is formed when 

the cytosolic enzyme histidine decarboxylase acts on the 

amino acid histidine (See figure 3). Most of the histamine 
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found in humans is located in the mast cells and basophils. 

Histamine is found in the circulation at approximately 0.2 

to 0.4 ng/ml (40). 

The pharmacological effects of histamine are exerted 

through the action of histamine on two types of membrane 

receptors: the receptor and the H2 receptor. The 

receptor is blocked by the classic antihistamines such as 

pyrilamine and chlorpheniramine (41). The actions mediated 

by the H-^ receptor include bronchoconstriction, contraction 

of the smooth muscle of the gut, increased vascular perme

ability, pulmonary vasoconstriction and increased nasal 

mucus production (41, 42, 43). The interaction of histamine 

with receptors also engenders production of PGF2» throm

boxane, PGE2, PGD2, and prostacyclin (44, 45). The H2 

receptor is blocked by the more recently produced H2 

blockers, such as cimetidine and ranitidine. The effects 

due to the interaction of histamine with H2 receptors in

clude: increased gastric secretion, increased airway mucus 

production, and bronchodilation (43, 46, 47). 

Rabbit Model of Anaphylaxis 

Most studies of anaphylactic shock in the rabbit 

have involved the production of IgG and IgM in addition to 

IgE specific for the antigen. These studies attribute 

anaphylaxis to precipitating antigen-antibody complexes, 

which rules out any significant role of IgE given the low 
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concentration of circulating IgE (48, 49, 50, 51). This 

form of anaphylaxis is called aggregate anaphylaxis. The 

development of a rabbit model in which IgE antibody is the 

primary antibody produced to a given antigen has shown that 

IgE can also induce systemic anaphylaxis (2). 

Pinckard et al. achieved preferential production of 

IgE in the rabbit by intraperitoneal ly administering an 

antigen, bovine serum albumin, during the first twenty-four 

hours of life and then at regular intervals for three months 

(52). Under the conditions used the rabbits appeared to be 

tolerant with respect to production of IgG and IgM antibody 

specific for the antigen. However during this time they do 

possess competence in producing IgE antibodies and anaphy

lactic sensitivity (1). More recently, it has been shown 

that these rabbits do produce low levels of IgG antibody to 

the immunizing antigen; however, the amounts produced are 

well below those required' to induce aggregation (53). 

When the rabbits known to be producing antibody of 

the IgE class to a protein antigen are challenged intra

venously with that antigen at three months of age, they 

present with anaphylactic shock. Halonen et a^l. character

ized this IgE-mediated systemic anaphylaxis by inducing 

anaphylactic shock in anesthetized rabbits sensitized to the 

antigen horseradish peroxidase (2). Observed ventilatory 
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changes included a transient abrupt decrease in breathing 

frequency followed by an increase in minute ventilation. 

Lung mechanical changes included a decrease in dynamic lung 

compliance and an increase in total pulmonary resistance. 

Cardiovascular changes included pulmonary hypertension, 

systemic hypotension and transient bradycardia (2). 

Looking more closely at the cardiovascular changes, 

an increase in mean pulmonary arterial pressure was observed 

beginning at approximately one minute and reaching a maximum 

between two and five minutes after exposure. Recovery 

occurred within twenty to thirty minutes (2). The degree 

and time course of this pulmonary hypertension is similar to 

reports of other investigators studying anaphylactic shock 

in rabbits (54, 55, 56). However, the causes are debatable. 

One possible cause is contraction of pulmonary arteries (51, 

57). Another possible cause is mechanical obstruction of 

pulmonary vessels by aggregates consisting of antibody-

antigen complexes, leukocytes, platelets or fibrin-contain-

ing masses (50, 58, 59, 60, 61). 

In the study of Halonen et al^., microscopic examina

tion of pulmonary tissues one hour after antigen exposure 

failed to show intravascular thrombi, emboli or leukocyte 

aggregates. The effect of heparin during surgical proce

dures and the one hour of time from between antigen exposure 

and death and autopsy were evaluated in a study in which no 



heparin was administered and the rabbits were autopsied 

three to ten minutes after the antigen exposure (61). His

tological examination in these animals showed no intravas

cular thrombi, emboli, or leukocyte aggregates, and there 

appeared to be intense pulmonary arterial constriction with 

a striking increase in wall-to-lumen ratio of the small 

pulmonary arteries (61). In addition to this, electrocar

diographic changes were consistent with pulmonary hyperten

sion and myocardial ischemia. These findings support the 

argument that pulmonary arterial hypertension is caused by 

pulmonary arterial constriction. The possibility that 

mechanical obstruction might also be involved was suggested 

by studies showing a temporary decrease in the numbers of 

circulating platelets after antigen exposure and their accu

mulation in the lung (2). However, subsequent studies 

demonstrated that platelet depletion did not significantly 

inhibit the pulmonary hypertensive response induced by anti

gen (62, 63). These studies did not reveal the mechanisms 

for pulmonary artery constriction. 

Pulmonary Artery; In Vitro Work 

Contraction of pulmonary artery spirals from 

actively sensitized rabbits was seen directly in vitro when 

challenged by antigen in studies done by Grove in 1932 (64). 

The rabbits were sensitized to bovine serum albumin (BSA) as 
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adults and thus were probably making both IgE and IgG anti-

BSA antibodies. 

Blackwell was unable to reproduce Grove's work (65). 

However Blackwell used a different sensitization model. The 

major difference in Blackwell's protocol was using HRP as 

the antigen rather than BSA. Also, Blackwell's rabbits were 

producing preferentially IgE antibody to antigen whereas 

Grove's rabbits were likely producing several types of anti

body to antigen. In Blackwell's study, the pulmonary artery 

failed to contract when challenged with antigen (65). This 

discrepancy may have been due to immunological mechanisms 

different from those in Grove's animals (immunized as 

adults) as compared to neonatally sensitized animals (65). 

In an attempt to explain the differences between her 

observations and those of Grove, Blackwell examined the 

responses of pulmonary arterial rings from rabbits. Hista

mine caused contraction in the rings and 26 uM chlorphenira

mine blocked the response (i.e., shifted the concentration 

response curve) three-hundred-fold. Since the rabbit pul

monary arteries did not respond to antigen as seen in the 

attempt to reproduce Grove's work, Blackwell treated blood 

cells from sensitized rabbits with antigen to get mediator 

release (similar to the method described on page 19). A 

supernatant containing mediators was obtained. When pul

monary artery was challenged with the supernatant, a 



constriction was seen. This contraction was blocked only 

two fold by chlorpheniramine, indicating that something 

other than histamine in the supernatant was the major 

mediator causing contraction. Blackwell ruled out platelet 

activating factor (PAF) as a direct mediator of the 

pulmonary artery contraction by demonstrating that purified 

PAF did not contract the pulmonary artery (65). 

Several other mediators, known to be relased during 

IgE induced basophil or mast cell degranulation, are 

possible candidates for the mediator of pulmonary artery 

contraction. Tested in the studies described here are 

serotonin, leukotrienes and prostaglandins. 



CHAPTER 2 

EXPERIMENTAL DESIGN 

The work done in this study is an attempt to charac

terize the mediators released by the formed elements of 

blood of sensitized rabbits that might be responsible for 

contraction of pulmonary artery iri vivo during anaphylaxis. 

It is an extension of Blackwell's work in which pulmonary 

arterial ring sections from sensitized rabbits failed to 

contract when exposed to antigen. It was assumed that 

pulmonary vascular smooth muscle did not contain enough mast 

cells to release sufficient mediator(s) in response to anti

gen exposure. We postulate that there is a chemical media

tor causing contraction of pulmonary artery in vivo and it 

must be coming from a source other than tissue mast cells 

in the vessel wall. A possible source of chemical mediator 

is blood cells, particularly basophils and platelets. To 

test this hypothesis, blood was obtained from sensitized 

rabbits. The blood cells were was washed and then incubated 

with antigen. After an incubation period the blood was 

centrifuged and a supernatant obtained. This procedure is 

called leukocyte dependent mediator release (LDMR). Pre

sumably this supernatant contains mediators released 

22 
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directly from basophils and from platelets via platelet 

activating factor from basophils (66). 

The supernatant is then used to challenge pulmonary 

arterial ring sections. Supernatant is added in increasing, 

cumulative concentrations to muscle baths containing pul

monary arterial ring sections from (unimmunized) rabbits. 

(Table 4, lb.) The tissue preparations were bathed in 

various drug antagonists. Some muscle baths contained 

chlorpheniramine, a blocker of the histamine receptor 

(Table 4, lib). These studies supported Blackwell's finding 

that histamine acting on the receptor participated only 

to a minor degree in the supernatant-induced contraction of 

pulmonary artery in vitro and that some other mediator or 

group of mediators is responsible for most of the contrac

tion. Therefore, in further studies chlorpheniramine was 

used in conjunction with the other blockers to eliminate the 

small but significant influence of histamine. Pulmonary 

artery rings were studied in muscle baths containing chlor

pheniramine with FPL-55712 (Table 5, lid), a blocker of 

leukotriene while other rings were studied in the pre

sence of chlorpheniramine and methysergide (Table 5, Ilf), a 

blocker of serotonin. 

Another approach was taken to block the cyclooxyge-

nase pathway of arachidonic acid metabolism. Indomethacin 

does not block the activity of prostaglandins at their 
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receptors but blocks their formation. Therefore indometha-

cin was used not in the muscle bath preparation but rather 

in the cell incubation of the LDMR procedure when the super-

natants were made. Prior to challenging the blood cells 

with antigen, the cells are incubated with indomethacin. 

This supernatant should contain all mediators except prosta

glandins and any mediators that might be released because of 

the influence of prostaglandins. Chlorpheniramine is used 

in the muscle bath which is challenged by this prosta-

glandin-devoid supernatant (Table 5, lie). 

Control studies included: 1) a positive control, 

using no antagonist in the muscle bath and challenging the 

pulmonary artery sections with sensitized cell HRP-super-

natant (Table 4, lb); 2) a measure of spontaneous mediator 

release, using a supernatant from sensitized cells in which 

saline was used rather than antigen during the incubation 

procedure of the LDMR assay (Table 4, la); and 3) a negative 

control using the Tyrode's medium from the LDMR procedure to 

challenge pulmonary artery sections. 

To insure that mediator release was occurring from 

one supernatant preparation to another, a duplicate LDMR was 

performed using radiolabelled serotonin (Table 7, IVa-IVh). 

Prior to the LDMR, blood cells were incubated with ̂ H-

serotonin. During the incubation period, platelets take up 

the ^H-serotonin. After the cells are washed, one aliquot 



is challenged with antigen (Table 7, IVb). To determine 

total releasable serotonin, one sample is challenged with 

thrombin (Table 7, IVc). A baseline level of mediator 

release is obtained by challenging a sample with the 

Tyrode's washing solution (Table 7, IVa). In this way, in 

addition to showing that mediator release was occurring 

consistently from one preparation to another, the percent 

of mediator released for the supernatant preparations used 

in the arterial contraction study could be determined. The 

radiolabeled serotonin LDMR was also used to show that 

indomethacin (used as a blocker during the incubation proce

dure) and the alcohol used to dissolve the indomethacin did 

not significantly alter the antigen-induced serotonin re

lease (Table 7, IVd-IVh). 

For those antagonists that had the capacity to inhi

bit the supernatant-induced contraction of the pulmonary 

artery, concentration-response curves were obtained for the 

agonists in the presence and absence of the antagonists in 

order to assess the degree of inhibition expected by these 

antagonists (Table 8, Va-Vd and Table 9, Vla-VIb). These 

concentration response curves could then be compared with 

the concentration-response curves of the HRP-supernatants in 

the presence and absence of the antagonists. 



CHAPTER 3 

METHODS AND MATERIALS 

Animals and Immunizations 

Male and female California rabbits weighing 2-3 kg 

were used throughout the study. Most were obtained from 

Olson's Blue Ribbon Ranch in Tucson, Arizona. Some came 

from Penn Acres Ranch, Wimberly, Texas. Hartley guinea pigs 

(200-400 gm), used in the heterologous passive cutaneous 

anaphylaxis (PCA) determinations, were purchased from the 

Department of Animal Resources at the University of Arizona, 

Tucson, Arizona. 

Rabbits used as donors in the leukocyte-dependent 

mediator release (LDMR) response were induced to produce 

antibodies to horseradish peroxidase (HRP) of the IgE class 

by administering HRP to the rabbit beginning within twenty-

four hours of birth and later according to the schedule in 

Table 1. Sensitized rabbits kept for longer than three 

months received alternate soluble HRP and alum immunizations 

semi-monthly after month three. 

Antigen stock was prepared by diluting HRP (Type II, 

Sigma Chemical Co.) in pyrogen free 0.85% NaCl to produce 

a 10 mg/ml concentration. The stock was sterilized by 
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millipore filtration and stored at -20°C. Alum-precipitated 

HRP was made by diluting HRP stock to 4 mg/ml, adding an 

equal volume of Alhydrogel (1.3% aluminum oxide, Superfos 

Export Co.), and mixing gently with inversion. 

Antibody Assays 

Serum samples obtained from immunized rabbits were 

assayed for anti-HRP IgE antibody by the homologous PCA 

method. In this method serum or serum dilutions in 0.2 ml 

volumes were injected intracutaneously into the shaved backs 

of non-immunized rabbits. Samples included a known positive 

and a normal serum sample as controls. After a sensitiza

tion period lasting from forty eight to seventy two hours, 

the rabbits were challenged with 5 mg of HRP in 0.5 ml and 2 

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

each diluted with 0.85% NaCl. Thirty minutes later the 

rabbits were killed and the diameter of bluing was deter

mined. A bluing diameter greater than 5mm at the- injection 

site was considered a positive response. Each serum sample 

was tested in the skin of at least two rabbits. 

The heterologous PCA method of Ovary (67) was used 

to assay for anti-HRP IgG antibody in serum samples of 

immunized rabbits. Duplicate 0.1 or 0.2 ml serum samples 

were injected intracutaneously into the backs of two shaved 

Hartley guinea pigs, along with a known positive and a 

normal serum sample. After a three hour sensitization 
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Table 1. Immunization Schedule 

Day after birth Injection . 

0, 7, 14 1 mg of soluble HRP (ip.) 

21, 77 1 mg of alum HRP (ip.) 

35,49,63 lmgof soluble HRP (ip.) 

Table 2. Composition of Kreb's Solution 

Kreb's gm/1 Kreb's Molarity in 
stock stock solution final solution 

NaCl 28.55 0.12 

NaHC03 8.59 0.026 

KC1 1.54 5.2 x 10"3 

MgS04 7H20 1.20 1.2 x 10~3 

EDTA 2H20 0.04 2.8 x 10"5 

KHPO4 0.66 1.2 x 10"3 

250 ml stock 

750 ml distilled water 

2 gm dextrose 0.011 

1.6 ml 1M CaCl2 1.6 x 10~3 
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period, 0.25 ml of 2% Evans Blue in 0.85% pyrogen-free NaCl 

was injected intravenously into the dorsal vein of the hind 

foot of the guinea pig. Thirty minutes later (after noting 

any nonspecific bluing), the guinea pigs received 1 mg HRP 

in 1 ml of 0.85% pyrogen free NaCl injected intravenously in 

the dorsal vein of the hind foot. After thirty minutes the 

guinea pigs were killed and the diameter of bluing was 

determined at the site of injection. An average bluing 

diameter greater than 5mm was considered a positive 

response. 

Preparation of Drugs and Buffers 

All drugs were prepared in Kreb's solution on the 

same day as the experiment with the exception of methy-

sergide and FPL-55712 which were prepared as concentrated 

stock solutions, aliquoted, and stored at -20°C. Histamine 

dihydrochloride, serotonin creatinine sulfate, and indome-

thacin were obtained from Sigma Chemical Co.; methysergide 

came from Sandoz Laboratories; injectable chlorpheniramine 

came from Schering Corp.; injectable cimetidine hydrochlor

ide came from Smith, Kline and French Lab Co.; FPL-55712 

came from Fisons Pharmaceuticals; and ^H-serotonin came from 

New England Nuclear. Kreb's solution was prepared according 

to Table 2 and the Tyrode's solutions were prepared accord

ing to Table 3. 
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Table 3. Composition of Tyrode's Solutions 

Tyrode's stock g/250 ml 
Final Molarity 

Tyrode's working solutions 

NaCl 

KC1 

MgCl2 6H20 

dextrose 

20 

0.4875 

0.5325 

2.5 

0.14 

-3 2.6 x 10 

8.6 x 10~4 

5.6 x 10 -3 

1) Tyrode's + gel (amount/I00 ml) 

10 ml Tyrode's stock 

0.102 g NaHC03 

2.5 ml 10% gelatin 

QS with distilled water to 100 ml 

pH adjusted to 6.5 

2) Tyrode's + gel + EGTA (amount/30 ml) 

30 ml Tyrode's + gel 

300 ul lOmM EGTA 

pH adjusted to 6.5 

3) Tyrode's + gel + CaCl^ (amount/30 ml) 

30 ml Tyrode's + gel 

390 ul 0.1 M CaCln 

0.012 

1 x 10 -4 

1.3 x 10 -3 

pH adjusted to 7.4 
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Generation of Mediators from Sensitized Blood Cells: 

Luekocyte Dependent Mediator Release Procedure and Assay 

In this procedure, washed blood cells from HRP 

sensitized rabbits were treated with HRP to induce degran-

ulation of basophils and the resulting mediator release. 

The supernatant from this procedure was used to challenge 

pulmonary arteries. The method used for preparing the 

supernatants is a modification of the leukocyte-dependent 

histamine release assay of Henson (67). 

Cell Preparation 

Twenty mis of blood from a sensitized rabbit were 

drawn from the ear artery into 2ml Na citrate (3.8%). This 

was divided into eight small propylene tubes and centrifuged 

at 150 0 x g for thirty minutes. Supernatants were dis

carded, the cells were washed with Tyrode's + gel + EDTA 

(See table 3) and the tubes were centrifuged at 1500 x g for 

twenty minutes. The supernatant was again discarded and the 

cells were washed with Tyrode's + gel. The tubes were 

centrifuged at 1500 x g for twenty minutes. After discard

ing the supernatant the cells were brought up to their 

original volume using Tyrode's + gel + CaC^. All centri-

fugations were done at 12°C. 
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Cell Treatment 

Each tube of washed cells was challenged with either 

12 u.1 of 10 mg/ml HRP ot 12 ul of saline. Tubes were 

incubated at 37°C for five minutes. Samples were then 

centrifuged at 1500 x g for twenty minutes. The supernatant 

was retained and centrifuged at 1500 x g for twenty minutes. 

The supernatant was then decanted for use in the muscle bath 

preparation. 

Pretreatment of Cells 

Some samples were pretreated with indomethacin. The 

pretreatment occurred prior to challenge with HRP or saline 

and consisted of addition of indomethacin to the blood cell 

suspension such that the final concentration of indomethacin 

was 1 x 10~5 M. (Note: it was necessary to dissolve indo

methacin in 95% ethanol prior to bringing it up in saline. 

The final concentration of ethanol in the suspension of 

blood cells was less than 0.04%. An ethanol control was 

done.) Tubes treated with indomethacin were incubated at 

37°C for ten minutes. At this point, tubes were challenged 

with either HRP or saline and centrifuged as described 

above. 

Release Assay 

To quantify the percent of mediator release for each 

supernatant preparation used in the arterial contraction 



studies sensitized blood cells were pretreated with 

•^H-serotonin prior to washing and challenging the cells. 

Citrated blood was treated with ^H-serotonin and is in

cubated at 37°C for fifteen minutes. The blood cells were 

then washed as described above removing any excess ^H-

serotonin which has not been taken up by the platelets. 

Blood cells were brought up to the original volume in 

Tyrode's + gel + CaC^. Replicate samples of 250 ul of 

washed blood were aliquoted and 200 ul of Tyrode's + gel + 

CaCl2 were added to each sample. To assess control sero

tonin release, a sample was challenged with 50 ul of 

Tyrode's + gel + CaC^. Another sample was challenged with 

50 ul of 1 mg/ml HRP to assess serotonin release due to 

antigen, and another sample was challenged with 50 ul of 200 

u/ml thrombin to determine total releasable serotonin. 

After a fifteen minute incubation at 37°C the samples were 

centrifuged at 150 0 x g for twenty minutes. Supernatant 

samples were assayed for ^H. Results were quantified and 

expressed as percent of total releasable serotonin. 

In order to determine the effect of indomethacin or 

the ethanol-containing diluent for the indomethacin on 

mediator release, the above release assay was performed on 

blood cells pre-incubated with indomethacin in 0.04% ethanol 

alone prior to challenge with antigen. To do this, 250 ul 

samples of washed blood cells were treated with 200 ul of 
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Tyrode's + gel + CaCl2 which contained the appropriate 

concentration of indomethacin and ethanol or ethanol alone. 

These samples were incubated for ten minutes at 37°C prior 

to challenge with antigen or thrombin. The rest of the 

assay followed the above procedure. 

Isolated Pulmonary Artery Preparations 

Non-sensitized rabbits were killed by cervical dis

location and bled. The trachea, lungs and heart were imme

diately excised and placed in a dish of 37°C Kreb's solution 

aerated with 95% O2 and 5% CC^ The pulmonary arteries were 

dissected out and extraneous connective tissue was removed. 

The right and left arteries were sectioned' into rings 3mm in 

length (two from each branch). Two stainless steel fine 

wire clips were slipped through each ring and one clip was 

attached to a stationary hook at the bottom of a 10 ml 

Kreb's-filled bath while the other clip was attached to a 

Statham force-displacement transducer for isometric record

ing of muscle contractions. Muscle contractions were mea

sured as changes in grams of force on an Electronics for 

Medicine DR8 oscillographic recorder. The muscle bath was 

maintained at 37°C and aerated with 95% and 5% CC^. 

Each pulmonary artery ring was used only once to 

generate a cumulative dose-response curve. The tissue was 

allowed to incubate in the Kreb's solution for twenty 

minutes prior to being stretched to a tension of 1.5 gm for 
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forty five minutes. A previously performed tension study 

determined that optimal response to agonist was obtained 

when the pulmonary arteries were passively stretched to 

1.5 gm. At the end of forty five minutes, Kreb's was re

plenished and stimulation with agonist was begun. In cases 

in which an antagonist was used, the incubation period, the 

stretching period and the generation of the dose-response 

curve were done in the presence of antagonist. In studies 

in which sensitized cell supernatant was added to the muscle 

baths, the first addition was 0.010 ml. This was followed 

by eight additions of supernatant to give the following 

cumulative amounts: 0.035, 0.085, 0.185, 0.435, 0.935, 

1.935, 2.535 ml. The one exception is noted in Table 4, in 

which there were additions of 0.002 ml and 0.006 ml prior to 

the above additions. After addition of supernatant, the 

peak response occurring within five minutes was recorded. 

After all cumulative additions were performed, 0.4 ml of 3 M 

KCl was added to determine the maximum response of the 

tissue. 

Responses to Supernatants from Antigen 

Treated Blood Cells and Saline Treated Blood Cells 

Cumulative dose-response curves were generated in 

pulmonary artery sections from five (non-sensitized) rabbits 

using supernatants from the LDMR procedure. The super

natants were prepared by pretreatment with HRP or saline as 
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described above (See also Table 4). In addition, some 

control experiments were conducted using Tyrode's + gel 

+CaCl2 solution as the contractile stimulus (Table 4, la 

and lb). 

Responses to Supernatants from Antigen Treated 

Blood Cells in the Presence of Chlorpheniramine, 

FPL-55712, Indomethacin, and Methysergide 

Cumulative dose-response curves were generated in 

pulmonary arteries from six non-sensitized rabbits using 

HRP supernatants from the LDMR procedure. Responses of pul

monary arteries were generated in the presence and absence 

of chlorpheniramine, chlorpheniramine FPL-55712, and a mix

ture of chlorpheniramine and methysergide (Table 5, Ila, 

lib, lid, lie, Ilf). Separate supernatants were prepared 

from indomethacin pretreated blood cells and similarly 

tested (Table 5, lie). 

The LDMR assay using labeled serotonin as described 

above was carried out using saline as control. HRP and 

thrombin were used to determine total releasable serotonin 

in the absence and presence of indomethacin and as the 

solvent to dissolve indomethacin (See Table 7). 
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Responses to Supernatants from Antigen Treated Blood 

Cells Obtained at Various Times after LDMR Procedure 

To determine the stability of the contractile 

agent(s) in the supernatants, pulmonary artery sections from 

one rabbit were challenged with HRP supernatant obtained 

immediately after LDMR procedure and with HRP supernatant 

which had been prepared two weeks prior to the experiment 

and stored at -20°C. No antagonists were present. (Table 6, 

Ilia and Illb.) Pulmonary artery sections from another 

rabbit were tested with an HRP supernatant within minutes of. 

the first centrifugation (eliminating the second centrifuga-

tion). Another aliquot of supernatant was prepared simulta

neously and tested after standing for one hour after the 

second centrifugation. (Table 6, IIIc and Hid.) 

Histamine Responses 

A cumulative dose response curve was generated in 

pulmonary artery rings from seven control rabbits by adding 

histamine in log serial concentrations from 10"~^M to 10~^M. 

Responses were observed in the presence and absence of 

chlorpheniramine (2.55 x 10~5M), cimetidine and a combina

tion of both (See Table 8). 

Serotonin Responses 

Pulmonary artery sections from six non-sensitized 

rabbits were used to generate cumulative dose-response 
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curves to serotonin in log serial concentrations from 10~®M 

to 5 x 10~^M. Responses were observed in the absence and 

presence of methysergide (1 x 10~^M). (See "Table 9.) 
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Table 4. Response to HRP Supernatants and Saline Supernatants 

Antagonist 
Protocol Pretreatment Amount of supernatant in bath 

la. saline 0.010 ml to 2.535 ml none 

lb. HRP 0.002 ml to 2.535 ml none 

Table 5. Responses to HRP Supernatant 
in the Presence of Chlorpheniramine, 

FPL-55712, Indomethacin, or Methysergide 

Protocol 
Antagonist 
in blood 

Antagonist 
in bath 

Ila. 

lib. 

lie. 

I Id. 

lie. 

Hf. 

none 

none 

indomethacin 

1x10" 

none 

none 

none 

none 

ch1orpheniramine 

2.6 x 10 -5 M 

chlorpheniramine 

2.6 x 10~5 M 

FPL-55712 1X10"5M 

and chlorpheniramine 

2.6 x 10"5 M 

methysergide 1 x 10"^ M 

methysergide 1 x 10""^ M 

and chlorpheniramine 

2.6 x 10"5 M 
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Table 6. Responses to HRP Supernatants 
used at Various Times after LDMR 

Protocol 

Ilia. 

11 lb. 

IIIc. 

II Id. 

Time after LDMR Antagonist in bath 

immediately 

2 weeks 

immediately 

1 hour 

none 

none 

chlorpheniramine 2.6 x 10""^ M 

methysergide 1 x 10"^ M 

chlorpheniramine 2.6 x 10"^ M 

methysergide 1 x 10"^ M 

Table 7. LDMR Assay Results 

Protocol First Incubation Second Incubation 

IVa. none saline 

IVb. none HRP 

IVc. none thrombin 

IVd. indomethacin saline 

IVe. indomethacin HRP 

IVf. indomethacin thrombin 

IVg. solvent saline 

IVh. solvent HRP 



Table 8. Histamine Dose Response 

Protocol Amount of histamine Antagonist in bath 

Va. 10""9M - 10"2M none 

Vb. IO"9M - 10"2M chlorpheniramine 2.6 x 10" 5M 

Vc. 10"9M - 10"2M cimetidine 2.6xlO~®M 

Vd. IO"9M - 10~2M chlorpheniramine 2.6 x 10" % 
and cimetidine 2.6 x 10" 

Table 9. Serotonin Dose Response 

Protocol Amount of serotonin Antagonist in bath 

Via. 10"8M - 5 x 10~2M none 

VIb. 10"8M - 5 x 10"2M methysergide 1 x 10" "5M 



CHAPTER 4 

RESULTS 

Responses to Supernatants from Antigen 

Treated Blood Cells and Saline Treated Blood Cells 

Both the supernatant prepared from antigen treated 

blood cells (HRP-supernatant) and the supernatant prepared 

from saline treated blood cells (saline supernatant) caused 

contraction in rabbit pulmonary arteries. The former caused 

contraction at lower concentrations than the latter. Acti

vity in the saline supernatant was expected, since back

ground mediator release is routinely obtained by this cell 

separation procedure. The EC50 tor the HRP-supernatant was 

55 ul, whereas that for supernatant prepared from saline was 

150 ul (Figure 4). These responses are comparable to 50-70% 

and 15-2 0% serotonin release obtained in the LDMR assay for 

HRP and control samples, respectively. When pulmonary 

artery was challenged with Tyrode's solution alone no con

striction was observed . (Data not shown). 

Responses to Supernatants from Antigen Treated Blood Cells 

in the Presence of Mediator Inhibitors 

The maximal pulmonary artery response to the HRP-

supernatant was 3.44 g. The half maximal response, 1.72 g, 
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was obtained with 66 ul of supernatant. Pretreatment with 

chlorpheniramine (26 uM) caused the HRP-supernatant concen

tration-response curve to shift to the right. The EC50 was 

290 ul, representing a 4.3-fold shift. The maximal response 

(3.15 g) was not different from non pretreated tissues (See 

Figure 5). Data points in the concentration-response curves 

are expressed as means + S.E.M. See appendix for means and 

standard errors for all data. 

When supernatants from cells pretreated with indo-

methacin (10 uM) were tested on chlorpheniramine pretreated 

tissues, the concentration response curve was similar to 

that observed with chlorpheniramine alone (Figure 5). The 

maximal response when chlorpheniramine and indomethacin were 

used was 2.58 g, and the EC^q was 340 ul (Figure 5). 

The combination of chlorpheniramine and FPL-55712 

(10 uM) also caused the curve to shift to the right and, 

again, the response was similar to that seen with chlor

pheniramine alone. With chlorpheniramine and FPL-55712 the 

peak response to the HRP-supernatant was 2.53g, and the EC^Q 

was 300 ul. 

The response of rabbit pulmonary artery when chal

lenged with HRP supernatant was inhibited by chlorphenira

mine alone, chlorpheniramine plus indomethacin, and chlor

pheniramine plus FPL-55712 in a very similar manner. When 

no antagonist was used, the HRP-supernatant produced a half 
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maximal response of 1.72 g. This response was elicted by 

66 ul of supernatant. This same response, 1.72 g was 

elicited in the presence of chlorpheniramine, chlorphenira

mine and indomethacin, and chlorpheniramine and FPL-55712 by 

the addition of 350 ul, 450 ul and 500 ul of supernatant 

respectively. These all represent an approximate five- to 

seven-fold inhibition. 

In contrast, methysergide (10 uM) caused a much 

greater shift of the dose reponse curve to the right (Fig

ure 5). The peak response obtained with the highest volume 

added was 1.15 g. Limitations of this experiment (amount of 

supernatant which could be added to the bath) prevented our 

determining whether the same maximum contraction could be 

achieved (as in control without antagonist). When compared 

at 1.00 tension (approximately EC3Q for no antagonist), 

1700 ul of supernatant were required in the presence of 

methysergide, as compared to 25 ul of supernatant required 

to produce a 1.00 g response in the absence of antagonist. 

This represents a seventy-fold inhibition. 

The combination of methysergide with chlorphenira

mine caused an even greater inhibition and shifting of the 

dose response curve to the right than with chlorpheniramine 

alone. The peak response obtained with the largest volume 

of supernatant added was only 0.64 g. When compared at 

0.50 g tension, 1100 ul of supernatant were required in the 
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presence of methysergide and chlorpheniramine, as compared 

to 9.5 ul of supernatant necessary to elicit a 0.5 g re

sponse in the absence of antagonist. Thus, anatagonist 

combination produced approximately a one-hundered-twenty-

fold inhibition (Figure 5). 

The LDMR procedure, when performed with labelled 

serotonin, showed that mediator release was occurring to a 

similar extent throughout the course of the experiments 

(Figure 6). Control release was 9.2% and antigen release 

was 76.7%. Indomethacin and ethanol, and ethanol alone, 

caused essentially no change in control serotonin release, 

and caused a slight but insignificant decrease in release 

caused by antigen. Release for antigen when incubated with 

indomethacin was 63.4%, and antigen with ethanol alone 

was 63.7%, as compared with 76.7% release with antigen 

alone. 

Responses to Supernatants from Antigen Treated 

Blood Cells Obtained at Various Times after LDMR Procedure 

Fresh HRP-supernatant and frozen HRP-supernatant 

elicted very similar responses when tested in tissues from 

the same animal. The peak response for the fresh super

natant was 2.48 g and that for the frozen supernatant was 

2.43 g. The fresh supernatant produced an EC^Q of 40 ul, 

whereas the frozen supernatant produced an ECgg of 58 ul 

(Figure 7). 
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A supernatant obtained immediately after the first 

centrifugation after challenge with HRP was added to a 

muscle bath preparation in the presence of methysergide and 

chlorpheniramine within 25 minutes of antigen exposure. It 

elicited similar results to the HRP-supernatant carried 

through both centrifugations of the LDMR procedure and 

tested 120 minutes after antigen addition. These super-

natants yielded concentration response curves which were 

almost identical (Figure 8). 

Histamine Contraction of Pulmonary Artery 

Histamine caused contraction of pulmonary artery 

with a peak response of 2.58 g at a concentration of 10~^M. 

Cimetidine caused no inhibition of contraction, exhibiting a 

peak response of 3.06 g at a concentration of 10~"^M. Chlor

pheniramine caused a distinct inhibition of contraction. No 

response was seen in the presence of chlorpheniramine until 

the concentration of histamine was 10"^M. At this molarity 

the peak response of 1.15 g was attained. Higher histamine 

concentrations were not used because of histamine solubility 

limitations. In the absence of antagonist a response of 

0.50 g occurred with a histamine concentration of 10~^M. 

The same response occurred at a histamine concentration of 

6xlO"^M when chlorpheniramine was present. This represents 

a six-hundred-fold inhibition. Cimetidine and chlorphenira

mine, when used in combination, caused an inhibition similar 
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to that caused by chlorpheniramine alone. Peak response of 

1.07 g was attained at a histamine concentration of 10~*^M 

(Figure 9). 

Serotonin Contraction of Pulmonary Artery 

Serotonin caused contraction of the pulmonary artery 

with a peak response of 2.74 g occurring at a concentration 

of 10~^M. In the presence of methysergide, the dose re

sponse curve was shifted to the right. Peak response in the 

presence of methysergide was 1.62 g observed at a serotonin 

concentration of 10"^M. In the absence of antagonist, half 

maximal response was 1.37 g and was elicited by 4xlO~^M 

serotonin. In the presence of methysergide, the same re-

sponse was seen at a concentration of 3x10 M. This repre

sents a seven-hundred-fold inhibition (Figure 10). 
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CHAPTER 5 

DISCUSSION 

The purpose of the experiments was to identify the 

mediators responsible for contraction of rabbit pulmonary 

artery in vivo during lgE-mediated anaphylactic shock. The 

rabbits were sensitized according to the protocol for pre

ferential IgE production as used for the previous in vivo 

studies (2). A previous study of isolated pulmonary artery 

rings demonstrated that antigen does not directly contract 

the pulmonary artery ill vitro (65). We hypothesized that 

mediators capable of contracting pulmonary arteries are 

released from blood cells when blood cells are challenged 

with antigen. Possible mediators are histamine, serotonin, 

indomethacin and LTD4. Therefore, in this study rabbit 

pulmonary arteries are treated with supernatants containing 

mediators released from the formed elements of blood of 

sensitized rabbits upon exposure to antigen. In brief the 

data suggest that serotonin and, to a lesser extent, hista

mine are the major mediators of pulmonary arterial contrac

tion produced by the in vitro exposure of blood cells taken 

from sensitized rabbits to antigen. Studies conducted in 

55 
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the presence of leukotriene and prostaglandin antagonists 

suggest little role for these mediators. 

The supernatant of antigen-treated sensitized blood 

cells caused contraction of rabbit pulmonary arteries in 

vitro demonstrating the presence of mediators in the super

natant. The supernatant from cells not treated with antigen 

(saline-supernatant) also caused some contraction, con

sistent with the demonstrated occurence of spontaneous 

mediator release during the LDMR procedure (68). Chlor

pheniramine caused only a five-fold inhibition of these 

responses. These results indicate that other mediators are 

involved in causing the contraction. If histamine were the 

major mediator, we would expect close to a six-hundred-fold 

inhibition when chlorpheniramine was used, rather than a 

mere five-fold inhibition. 

Frozen HRP-supernatant produced essentially the same 

dose response curve as did fresh supernatant, showing that 

freezing the supernatant did not alter effectiveness of the 

HRP supernatant in eliciting a response. The mediator acti

vity in the supernatants obtained after the full LDMR proce

dure is stable for at least two weeks when kept at -20°C and 

can undergo freezing without alteration. This finding en

abled the use of frozen supernatants throughout the experi

ments. 
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To see if we were missing the effect of some media

tors which are relatively unstable, we compared HRP-super-

natant obtained after only one centrifugation following HRP 

challenge (and tested immediately) to HRP-supernatant 

obtained after two centrifugations following HRP challenge 

of the standard LDMR procedure. In addition to the time 

necessary for the two centrifugations, the HRP-supernatant 

obtained via the standard LDMR procedure sat for one hour 

after the second centrifugation. This was the approximate 

time necessary to set up the pulmonary artery tissue in the 

muscle baths. Thus we were comparing the HRP-supernatant 

obtained 25 minutes after challenge with HRP-supernatant 

obtained two hours after challenge with HRP. The results 

reveal that there is virtually no difference in the concen

tration-response curves, and hence it appears that no media

tor active at 25 minutes after antigen challenge is not also 

active two hours after antigen challenge. These studies, 

however, do not rule out the possibility that mediators 

inactivated in. less than 25 minutes may have been present in 

the supernatants. 

The studies in which HRP-supernatant was used in the 

presence of various antagonists indicate that serotonin 

plays a major role in the supernatant-induced contraction of 

rabbit pulmonary artery in vitro. Methysergide caused ap

proximately a seventy-fold inhibition in response to HRP-



supernatant. The serotonin concentration-response studies 

indicate that methysergide causes a seven-hundred-fold inhi

bition of the response to serotonin. This suggests that 

though serotonin plays a significant role in the HRP-super-

natant contraction, other mediators are contributing'to the 

response. 

Histamine appears to be an active component of the 

HRP-supernatant as revealed by the five-fold inhibition of 

response to the HRP-supernatant seen in the presence of 

chlorpheniramine. The Hi receptor is implicated, as chlor

pheniramine, an HI blocker, but not cimetidine, an H2 

blocker, caused inhibition in contraction. Thus histamine 

participates in but is not the major mediator of antigen-

induced contraction in this in vitro model system. If it 

were a major mediator, we would expect closer to the six-

hundred-fold inhibition seen with chlorphenramine in the 

histamine dose response studies. 

Neither LTD^ (a component of SRS-A) nor any prosta

glandins which are stable for at least 20 minutes appear to 

be major mediators of antigen induced contraction of pul

monary artery in vitro. Inhibition when FPL-55712 and in-

domethacin were used with chlorpheniramine was essentially 

no different than inhibition caused by chlorpheniramine 

alone. This indicates that the prostaglandins such as PGF2 

alpha, 6-keto-PGF1 alpha, and TXB2 are not active in this 
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experimental design. Also, since our method of blocking the 

prostaglandins worked by blocking the cyclooxygenase enzyme, 

any indirect effect of any of the prostaglandins, both 

stable and unstable, acting to induce the release of media

tors from some other component of blood can be discounted. 

The LDMR assay using labeled serotonin revealed that 

release of this mediator was uniform from one experiment to 

another. The LDMR also revealed that neither indomethacin 

nor the ethanol used to dissolve it had a significant 

effect on labeled serotonin release induced by antigen. 

The findings of this study implicate platelets as 

major sources of the mediators causing antigen-induced pul

monary artery contraction, since platelets are the source of 

serotonin and a major source of blood histamine in the 

rabbit (2). These findings do not correlate well with 

observations of anaphylactic shock in vivo. Halonen et al. 

assessed changes in right ventricular pressure as an indica

tor of pulmonary arterial contraction in nine platelet-

depleted rabbits and six platelet-intact rabbits during 

antigen-induced anaphylaxis (63). The right ventricular 

pressure measured as percent of prechallenge increased 167 + 

16% in platelet depleted-rabbits. In platelet-intact 

rabbits right ventricular pressure increased 196 + 15% (dif

ferences not statistically significant). This suggests that 

platelets do not play a significant role in antigen-induced 
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increase in right ventricular pressure in vivo which is 

thought to occur as a result of pulmonary artery constric

tion (61). Since platelets are the major source of seroto

nin in rabbit blood or peripheral tissues, it appears that 

serotonin also does not play a major role of anaphylactic 

shock in vivo. 

In the study by Halonen et a]L. (63), the platelets 

were depleted by being removed and destroyed by the spleen. 

An explanation of this in vivo finding that would permit 

correlation with the iri vitro work presented here is that 

the spleen-sequestered platelets are producing serotonin at 

a location distant from the pulmonary arteries and the 

serotonin then travels to the pulmonary artery. Other 

possibilities include activity of mediators available only 

transiently in vivo, such as TXA2 and PGG2/ mediators re

leased from tissue rather than blood, and differential acti

vity of certain mediators on the small rather than large 

pulmonary arteries. These possibilities will be examined in 

future studies. 

We have studied an iji vitro correlate of the in

crease in pulmonary artery pressure accompanying IgE-induced 

anaphylaxis iri vivo. We found that antigen-treated sensi

tized blood cells release pharmacologically active sub

stances that induce contraction of the pulmonary artery in 

vitro. Our data suggest that both serotonin and histamine 
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are responsible for the pulmonary arterial contraction but 

with the major contribution from serotonin. SRS-A and the 

stable prostaglandins do not appear to participate in the in 

vitro pulmonary arterial contraction. Because platelets are 

the major source of serotonin and histamine among the formed 

elements of blood, our results indicate that platelets are 

integral to this response. Since this finding does not 

correlate well with in vivo findings, further study is 

necessary. Such studies should include using methysergide 

in vivo during antigen-induced anaphylactic shock, the de

sign of an in vitro experimental protocol in which antigen 

supernatants could be tested within seconds to a few minutes 

of mediator generation, and examination of contractile re

sponses of small pulmonary arteries. 
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APPENDIX 

I. 

MEANS AND STANDARD ERRORS 

HRP-Supernatant and Saline-supernatant 

la. none saline 10 0.03 0.02 
35 0.53 0.11 
85 1.18 0.14 

185 1.82 0.14 
435 2.47 0.15 
935 2.93 0.13 
1935 3.25 0.15 
2535 3.24 0.16 

Ib. none HRP 2 0.08 0.06 
6 0.30 0.13 
10 0.54 0.12 
35 1.14 0.11 
85 1.96 0.20 

185 2.69 0.18 
435 3.18 0.16 
935 3.37 0.15 

1935 3.44 0.13 
2535 3.39 0.14 

II. HRP supernant in presence of various antagonists 

Antagonist Amount(ul) Mean (g) SEM. 

Ila. None See lb. 

lib. Chlorpheniramine 10 0.02 0.02 
2.6xl0~5 35 0.05 0.03 

85 0.54 0.27 
185 1.19 0.33 
435 2.00 0.31 
935 2.66 0.31 
1935 3.09 0.31 
2535 3.16 0.32 
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lie. Chlorpheniramine 
2.6xlO"^M and 

10 
35 

-0.03 
-0.07 

0.02 
0.06 

Indomethacin 85 -0.02 0.14 
185 0.42 0.26 
435 1.67 0.25 
935 2.20 0.33 

1935 2.58 0.38 
2535 2.42 0.42 

lid. Chlorpheniramine 10 0 0 
2.6xlCT5M 35 0.06 0.05 

+ FPL-55712 85 0.33 0.19 
1X10"5M 185 0.88 0.21 

435 1.58 0.28 
935 2.12 0.36 
1935 2.51 0.40 
2535 2.53 0.40 

Ilf. Chlorpheniramine 
2. 6x10""-*M 

10 
35 

0.02 
-0.03 

0.02 
0.05 

+ Methysergide 85 0.01 0.06 
1x10 M 185 0.19 0.13 

435 0.29 0.12 
935 0.42 0.14 

1935 0.62 0.17 
2535 0.64 0.19 

He. Methysergide 
1X10"5M 

10 
35 

-0.07 
0.08 

0.05 
0.09 

85 0.10 0.08 
185 0.25 0.14 
435 0.47 0.19 
935 0.73 0.33 
1935 1.05 0.37 
2535 1.15 0.36 
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III. 

Ilia. 

Fresh supernatant and frozen supernatant/ 
1 Centrifugation and 2 Centrifugations 

Time after 
Antagonist LMDR Amount(ul) Response(g). 

None Immediately 10 0.24 
35 0.81 
85 1.57 

185 2.05 
435 2.33 
935 2.48 

1935 2.33 
3435 2.33 

IIlb. None Two weeks 10 0.62 
35 1.10 
85 1.91 

185 2.24 
435 2.33 
935 2.43 

1935 2.38 
3435 2.38 

Antagonist Supernatant Amount(ul) Mean (g) SEM. 

Ilie. Chlorpheniramine 
2.6X10~5M 

Methysergide 
lxlO"*^M 

Immediately 
(1 spin) 

10 0 0 
35 0.05 0.02 
85 0.14 0.03 

185 0.28 0.05 
35 0.57 0.07 

935 0.90 0.06 
1935 1.02 0.10 
2535 1.19 0.07 

Hid. Chlorpheniramine 10 0.10 
2.6xl0~5M 35 0.20 

+ Methysergide 85 0.30 
lxl0"^M 1 hour 185 0.43 

(2 spins) 435 0.67 
935 0.80 

1935 0.83 
2535 0.87 
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H
 LDMR Assay Results 

1st incubation 2nd incubation Mean% SEM N 
IVa. None Saline 9.2% 0.5% 4 
IVb. None HRP 76.7% 2.3% 4 
IVc. None Thrombin 89.8% 6.4% 4 
IVd. Indomethacin Saline 10.2% 1.5% 4 
IVe. Indomethacin HRP 63.4% 3.0% 4 
IVf. Indomethacin Thrombin 89.8% 6.4% 4 
IVg. Solvent Saline 9.8% 1.4% 2 
IVh. Solvent HRP 63.7% 3.2% 2 

V. 

Va. 

Histamine Dose Response Curve 

Antagonist [Histamine ] 

None 
10-8 10 8 

10-6 10 » 
10"? 
i°:i 
10 3 

1 0 ~ 2  

Mean(g) 

0 
- 0 . 0 8  
- 0 . 0 8  
- 0 . 0 8  
0.34 
1.72 
2.58 
1.94 

SEM. 

0.02 
0.06 
0.02 
0.06 
0.20 
0.31 
0.35 
0.29 

Vb. Chlorpheniramine 
2.6xl0~5M io'l -0.15 0.04 

10~8 -0.24 0.07 
10~* -0.27 0.07 
10"° -0.26 0.07 
10"5 -0.40 0.12 
10't -0.31 0.07 
io-3 -0.21 0.19 
10"2 1.15 0.18 

Antagonist [Histamine ] Mean (g) 

Vc. Cimetidine 
2.5x10 M 

SEM. 

10~R 
-0.03 0.04 

10~8 -0.05 0.07 
10 a -0.11 0.09 
10"° 0.03 0.10 

10 A 0.93 0.21 
io~4 2.72 0.25 
10"3 3.06 0.40 
10"2 2.01 0.35 
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Vd. Antagonist [Histamine] Mean(g) SEM. 

Chlorpheniramine 10"® -0.06 0.03 
2.5xl0~5M 10"® -0.11 0.06 

+ Cimetidine 10~I -0.12 0.05 
2.5X10~6M 10"f -0.13 0.05 

10"J -0.13 0.05 
10"J -0.06 0.02 
10"3 0.38 0.09 
10"2 1.07 0.16 

VI 

Via. 

Serotonin Dose Response 

Antagonist 

None 

Mean(g) SEM. 

10-® 0.02 0.01 
10-7 0.00 0.03 
10"® 0.04 0.05 
10"5 0.94 0.25 
10"4 2.13 0.38 
10-J 2.72 0.57 
10-2 2.74 0.57 

5xl0"2 2.50 0.50 

10"® -0.02 0.03 
10~* -0.02 0.04 
10"® -0.02 0.04 
w-; -0.01 0.06 
10-4 0.07 0.08 

10'1 0.35 0.14 
10"2 1.10 0.19 

5xl0-2 1.62 0.29 

VIb. Methyserigide 
1X10"5M 
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