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ABSTRACT 

The objective of this study was to determine whether 

neutrophils play a significant role in anaphylaxis or in 

the response to the anaphylactic mediator platelet 

activating factor (PAF) in the rabbit. Vinblastine and 

anti-neutrophil antibodies were compared as neutrophil 

depleting agents, and 0.35 mg/kg vinblastine was selected 

as optimal for efficiency and specificity of depletion. 

Anaphylaxis was induced in sensitized rabbits by 

intravenous antigen challenge. Neutrophil depletion to 

399 ± 101 cells/mm3 blood (14 ± 3%) did not significantly 

inhibit the physiologic and hematologic events associated 

with anaphylaxis except tachycardia. However, vinblastine 

pretreatment significantly reduced tachycardia and the 

right ventricular pressure increase and abolished the 

increase in pulmonary resistance caused by intravenous 

PAF. 

We conclude that although neutrophils do not play a 

significant role in IgE-anaphylaxis, they are important in 

the PAF-induced increases in right ventricular pressure 

and pulmonary resistance. PAF may not be a major mediator 

of these two physiologic alterations in IgE-anaphylaxis. 
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INTRODUCTION 

Systemic anaphylaxis is a potentially life-

threatening response which follows the interaction of 

antigen with previously sensitized mast cells and 

basophils (1). The physiologic response to the mediators 

released by activated mast cells and basophils, along with 

mediators released from other cells, may include bronchial 

obstruction and laryngeal edema, nausea, vomiting, painful 

intestinal cramping and diarrhea and hypotension. In 

humans, hives accompany almost all anaphylactic episodes 

(1). Death may be caused by respiratory distress, edema or 

vascular collapse. 

During systemic anaphylaxis in the rabbit, the number 

of circulating neutrophils and platelets drop markedly 

within seconds of antigen challenge (2) . Examination of 

the lungs from these rabbits revealed an accumulation of 

neutrophil and platelet aggregates in the pulmonary 

vasculature (3). Platelet depletion (4) or the inhibition 

of platelet function with prostacyclin (5) does not affect 

the physiologic alterations that accompany anaphylaxis. 

Thus, this study was undertaken to examine the role of 

circulating neutrophils in systemic anaphylaxis by 

comparing the anaphylactic response in neutrophil-intact 

and neutrophil-depleted rabbits. 
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SYSTEMIC ANAPHYLAXIS 

Foreign substances can elicit the production of IgE 

antibodies rather than, or in addition to, the more 

typical production of protective IgM or IgG antibodies. 

The initial exposure, which brings about sensitization 

rather than immunization, may be followed by a subsequent 

contact with the same substance, and the events which 

follow the binding of allergen to the basophil- or mast 

cell-bound IgE may lead to the physiologic condition 

termed anaphylaxis. Anaphylaxis was first described in 

dogs by Portier and Richet in 1902, and is translated 

literally to mean "without protection". It is the most 

severe and potentially life-threatening of the immediate 

hypersensitivity responses which include, in part, 

allergic rhinitis, eczema, and urticaria. 

Following antigen challenge in sensitized rabbits, 

changes in cardiovascular and respiratory function occur. 

Within fifteen minutes of antigen challenge, a decrease in 

heart rate and aortic blood pressure and an increase in 

right ventricular pressure occur. Respiratory alterations 

during anaphylaxis include a period of rapid, shallow 

breathing, occasionally followed by apnea, decreased 

dynamic lung compliance and increased total pulmonary 
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resistance (4). Some rabbits die during the peak response 

between 1 and 5 min. 

Hematologic changes also accompany the cardiovascular 

and respiratory alterations. Circulating platelet numbers 

drop to 2 % of prechallenge (4), and basophils disappear. 

Total white blood cell numbers decrease to 69 % of 

prechallenge within the first min after antigen (2). 

In the rabbit, as in other species, blood basophils 

and tissue mast cells are sensitized by allergen-specific 

IgE antibodies which are synthesized by plasma cells in 

response to sensitization. Basophils and mast cells 

release their granular contents when two IgE molecules 

crosslink on their cell membrane. The crosslinking 

trigger can be anti-IgE or the sensitizing allergen 

itself. 

Mediator release from IgE-bearing mast cells and 

basophils is followed by a cascade of events which result 

in the physiologic alterations which characterize 

immediate hypersensitivity reactions. The preformed 

vasoactive amine, histamine, causes vasodilation and 

smooth muscle contraction as well as redness and itching. 

The de novo synthesis of platelet activating factor and 

the arachidonic acid metabolites (see Figures 1 and 2), 

leukotriene C4 and D4, prostaglandin D2 and F2alpha, and 



Figure 1 

PATHWAYS AND PRODUCTS OF ARACHIDONIC ACID METABOLISM 

(Reference (6, p. 662)) 

Arachidonic acid is an essential fatty acid in the 
human diet which acts as substrate for the enzymes 
cyclooxygenase and lipoxygenase. Products of the 
metabolism of arachidonic acid via cyclooxygenase include 
the prostaglandins and thromboxanes. Lipoxygenase 
products (not shown; see Figure 2) include the 
leukotrienes, previously known as Slow Reacting Substances 
of Anaphylaxis (SRS-A). 
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Figure 2 

FORMATION OF LEUKOTRIENES VIA LIPOXYGENATION OF 
ARACHIDONIC ACID 

(Reference (6, p. 663)) 

The action of 5-lipoxygenase on arachidonic acid 
results in the production of 5-HPETE, which is then 
metabolized to LTA4. LTC4, D4, E4, and F^ are formed from 
the sequential metabolism of LTA4. LTB4 is produced via a 
separate enzyme pathway. LTC4 and D4 are now thought to 
be the constituents of SRS-A. 
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thromboxane A2 have all been shown to cause 

bronchoconstriction as has bradykinin, which is formed 

when basophil kallikrein acts on plasma kininogen. 

Also of potential importance in the anaphylactic 

response are the various cells which may be actively 

involved in the initiation, perpetuation, and the ultimate 

resolution and eventual recovery from the anaphylactic 

episode. In the lung, the mast cell and basophil 

mediators are capable of causing vasodilation (or 

constriction), mucus secretion, bronchoconstriction and 

the chemotaxis of other cells (neutrophils, monocytes and 

eosinophils) to the site of the initial allergen exposure. 

Platelets are stimulated to aggregate and secrete their 

mediators (serotonin, histamine, platelet factor 4) or 

synthesize mediators following activation (platelet 

activating factor, thromboxane A2) (7). 

The aggregation and accumulation of platelets in the 

vascular spaces of the lungs may decrease blood flow, thus 

impeding the flow of leukocytes through the pulmonary 

circulation. Activation of neutrophils by platelet 

activating factor and leukotriene B4 may lead to changes 

in their cell membranes which may make them less flexible, 

and thus may reduce their ability to deform and sqeeze 

through small capillaries. A possible result of this 
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stiffening of the membrane is a further decrease in blood 

flow through the lungs as the more rigid neutrophils 

accumulate in the small pulmonary vessels (8). Neutrophils 

are also actively drawn to the site of mediator release by 

powerful chemoattractants, most notably, LTB4. 

Studies to identify the mediators responsible for the 

physiologic alterations during anaphylaxis have shown wide 

species-dependent variability. In the rabbit, intravenous 

histamine challenge can produce physiologic alterations 

characteristic of IgE-mediated immediate hypersensitivity, 

except that circulatory changes are less profound after 

histamine than following antigen challenge. However, only 

the increase in total pulmonary resistance, but not the 

fall in dynamic compliance or any of the circulatory 

changes that accompany IgE-mediated systemic anaphylaxis 

can be inhibited with the HI histamine receptor 

antagonist, chlorpheniramine (9, 10, 11). 

Platelet activating factor is also a purported 

mediator of anaphylaxis. Exogenous platelet activating 

factor, when administered intravenously to rabbits, mimics 

all the physiologic alterations that accompany antigen-

induced systemic anaphylaxis (9) . It appears that the 

lung mechanical changes following platelet activating 

factor are dependent on circulating platelets and can be 
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abrogated by prior platelet depletion. However, platelet 

activating-induced cardiovascular changes are platelet-

independent. In contrast, both the cardiovascular and 

respiratory changes induced by antigen challenge are 

independent of circulating platelets. The direct effect 

of platelet activating factor or its action on other cells 

(possibly neutrophils) may contribute to non-platelet 

mediated physiologic alterations in the rabbit. 

The role for the neutrophil may be as part of an 

amplification process in which neutrophils are activated 

and accumulate in the lung where their physical presence 

and/or the action of their mediators may play an important 

role in the changes which occur in the lung and elsewhere. 

THE ROLE OP THE NEUTROPHIL IN INFLAMMATION 

The polymorphonuclear leukocyte (PMN or neutrophil) 

is a myelocytic leukocyte which acts in the body's innate 

immune defense to engulf and destroy foreign particles 

such as bacteria, and to help clear antigen-antibody 

complexes (12). Phagocytosis of invading microorganisms 

occurs with the opsonic aid of C3b or specific IgG bound 

to the foreign cell surface. Activation of the neutrophil 

by chemoattractants released by the microorganisms 

themselves (lipopolysaccharide, for example), or 
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endogenous chemoattractants such as the complement 

component C5a greatly increase the efficacy of the 

phagocytic response (12). 

The life span of a neutrophil is 6-7 hours in the 

circulation (13), then the neutrophils migrate into the 

tissues via a process that is preceded by margination and 

adherence to the vascular endothelium. Neutrophils may 

survive 1-2 days after migration into the tissues (14) . 

Dead neutrophils are removed from the tissues by 

macrophages and from the circulation by the spleen (15) . 

Neutrophils destroyed or pulled from the circulation are 

quickly and continuously replaced by the bone marrow (15). 

In its resting state, the neutrophil exists primarily 

intravascularly, either freely circulating within the 

vessels or marginated in the small intravascular spaces, 

mainly in the lung parenchyma (8) . When activated by 

chemicals released by the invading microorganisms 

themselves or by one of the body's immune chemicals, these 

neutrophils are pulled from the circulation and adhere to 

the vessel walls awaiting their migration into the tissues 

where they eventually are involved in the phagocytosis and 

destruction of the foreign material. 

Neutrophils contain granules which can be visualized 

by light microscopy when appropriately stained. In most 
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animal species, two types of granules have been identified 

(16). Azurophilic, or primary granules, are the first 

formed during the two week maturation of the neutrophil in 

the bone marrow. These granules contain peroxidase and 

are larger and darker staining than the secondary, or 

specific granules, when stained with a peroxidase stain. 

The role of the azurophilic granules is the killing of the 

invading microorganism and the digestion and removal of 

cellular debris. The role of the specific granules is not 

completely understood. 

The release of the azurophilic and specific granular 

contents is triggered by different stimuli. Phagocytosis 

is the prerequisite of the release of myeloperoxidase, 

lysozyme, elastase, cathepsin B,D, and G, proteinase 3, N-

acetyl-B-glucosaminidase, beta-glucuronidase, beta-

glycerophosphatase, and alpha-mannosidase from the 

azurophilic granules (16). These microbiocidal enzymes, 

neutral proteinases, and acid hydrolases are stored in the 

granules of resting cells and are released into the 

vacuoles which are formed around the target cell during 

phagocytosis. The release of the mediators from the 

specific granules is stimulated by soluble agents such as 

f-met leu phe (fMLP), platelet activating factor (PAF), 

leukotriene B4 (LTB4), calcium ionophore and phorbol 
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myristate acetate (PMA) (16). These mediators are 

lysozyme (common to the azurophilic granules), 

collagenase, lactoferrin and vitamin B12"binding protein 

(16). In human neutrophils, a third population of 

subcellular storage organelles which contain gelatinase 

and the acid hydrolases common to the azurophilic granules 

have been identified, and their mediator secretion is 

triggered by soluble stimuli (16). 

These stored enzymes and macromolecules are produced 

during the maturation period in the bone marrow and are 

not resynthesized following activation and release. In 

addition to the release of preformed mediators, 

neutrophils can also synthesize substances following 

activation which aid in the digestion of foreign material. 

Chemotaxins can also be produced, which recruit additional 

neutrophils into the area of inflammation. 

Following activation, a respiratory burst may occur, 

leading to the production of the toxic oxygen radicals, 

hydrogen peroxide and superoxide anion, via NADPH-oxidase 

(16) . The disruption of the cell membrane activates the 

enzymes of the arachidonic acid cascade, cycloxygenase and 

lipoxygenase, leading to the synthesis of thromboxane A2 

and prostaglandin E2 (17), and LTB4 (16), respectively. 

Platelet activating factor (PAF) may also be produced 
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(16). LTB4 and PAF are not only synthesized by 

neutrophils, but also act on neutrophils as aggregators 

(7) and inducers of secretory release from the specific 

granules (16), and are also very potent chemotaxins for 

neutrophils. 

THE ROLE OF THE NEUTROPHIL IN ALLERGY 

During the first few seconds of the anaphylactic 

response following intravenous challenge with the 

sensitizing antigen (2) or the intravenous administration 

of platelet activating factor (PAF) (9) , circulating 

leukocyte and platelet numbers drop precipitously. In 

experiments with bovine serum albumin (BSA)-sensitized 

rabbits (2), circulating platelet numbers were down from 

prechallenge values by 17 % in the first min, 53 % at 15 

min and 32 % at 60 min, suggesting a partial recovery by 

deaggregation. Similarly, neutrophils dropped by 29 % of 

prechallenge values at the 1 min blood sample, 72 % at 15 

min, and 47 % at 60 min. 

Not surprisingly, basophils numbers were more 

adversely affected. These cells do not regranulate 

following IgE-induced mediator release. Basophil numbers 
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in the peripheral blood dropped by 90.6 % in the first 

min, and by 98.1 and 100 % at 15 and 60 min, respectively 

( 2 ) .  

Platelets are sequestered in the lungs in response to 

mediator release from sensitized basophils and mast cells, 

as determined by measuring 51chromium-labeled platelet 

accumulation in various organs following antigen challenge 

(3) . 

The almost immediate accumulation of neutrophils in 

the lungs that follows antigen or PAF challenge may be due 

to the cell membrane changes that follow neutrophil 

activation. The decreased ability of neutrophils to 

deform and pass through the pulmonary capillaries may 

prolong the normal retention of these leukocytes as they 

pass through the lung microvasculature (8) . Neutrophils 

can also aggregate following activation. The increase in 

the numbers of neutrophils in the pulmonary circulation 

and the proximity of the neutrophils to each other and to 

the platelet aggregates which have established themselves 

in the pulmonary vessels, may allow cell interactions to 

occur in an environment very sensitive to the effects of 

allergic cell mediators (See Figure 3). 

The close proximity of the neutrophils to the 

endothelial surface of the lung may also lead to 



Figure 3 

SOME CELLS AND MEDIATORS POTENTIALLY INVOLVED IN AIRWAY 
SMOOTH MUSCLE CONTRACTION 

(Modified from Reference (18)) 

Mast cells release histamine, leukotrienes, 
prostaglandins, thromboxanes and possibly platelet-
activating factor (PAF) following activation by antigen or 
anti-IgE antibodies. Histamine can bind directly to 
airway smooth muscle cells and cause contraction. PAF may 
cause platelet and/or neutrophil aggregation and mediator 
release, and can directly contract smooth muscle. 
Activated platelets may release histamine and thromboxane 
A2; both can cause smooth muscle contraction. Epithelial 
cells can be stimulated to release LTB4 which is 
chemotactic for neutrophils and may contract smooth 
muscle. Neutrophils can be activated by, and can also 
synthesize PAF and LTB4. 
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endothelial cell damage. Resident alveolar macrophages 

have been shown to carry Fc receptors for IgE on their 

cell membrane (19), and the activation of these cells by 

antigen can lead to the production of potent 

chemoattractants for neutrophils and eosinophils, possibly 

LTB4, and platelet-activating factor (7, 16, 20). 

Neutrophils may attach to the endothelial surface and 

contribute to the passage of mediators into the tissues 

following endothelial cell damage (21). It has also been 

shown that LTB4 (which can be synthesized by macrophages) 

stimulates neutrophil adherence to endothelial cells (22). 

The role for the neutrophil in the impedance of 

pulmonary circulation and as a source of potent 

bronchoconstrictive and chemotactic mediators in the as 

yet unclear events which contribute to anaphylaxis seems 

very likely. 

NEUTROPHIL DEPLETION 

Neutrophil depletion to characterize the role of 

neutrophils in various disease models has been 

accomplished by several mechanisms. The use of antibodies 

directed toward neutrophils, prepared by injecting 

purified, whole cell suspensions or homogenized 

neutrophils, has shown varying results in depleting 
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circulating neutrophils and may be more effective in some 

species than in others. The use of anti-prol iterative 

drugs important for the treatment of cancer has been shown 

to lead to more complete removal of neutrophils than that 

achieved with anti-neutrophil antibodies. However, the 

general cytotoxic effects of these agents may cloud the 

results from experiments with animals depleted of 

circulating neutrophils in this manner, as other cell 

types which may be important to the process under 

observation can be negatively affected. The anti-cancer 

drugs most commonly used to deplete circulating 

neutrophils for the study of the role of neutrophils in 

disease have been the alkylating agents, the nitrogen 

mustards, and the anti-neoplastic agents, vinblastine and 

hydroxyurea. 

IMMUNE DEPLETION 

Anti-neutrophil antibodies have been used to deplete 

circulating neutrophils in several species. Guinea pigs 

appear to be very sensitive to immune neutrophil 

depletion, but studies with other species have had varying 

results. 

Knicker and Cochrane (23) immunized sheep with 

purified rabbit neutrophils. The resultant anti-
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neutrophil antiserum was adsorbed over rabbit red cells 

and the IgG fraction was isolated by ammonium sulfate 

precipitation. This anti-neutrophil preparation was used 

to deplete circulating neutrophils to study the role of 

neutrophils in experimental serum sickness. The 

effectiveness of their antiserum was limited, however, and 

not all rabbits depleted sufficiently for their 

experimental requirements (less than 3 00 neutrophils/mm3 

blood). Depletion was aided by the administration of 1.75 

mg/kg mechlorethamine HC1 (nitrogen mustard). 

An anti-rat neutrophil antibody, prepared in rabbits, 

was used to deplete circulating neutrophils in rats (24). 

Immunization of rabbits with whole cell preparations of 

purified neutrophils was compared with injections of cell 

homogenates, and the former proved to be better at 

eliciting antibodies that specifically reduced circulating 

neutrophils. This whole cell antiserum was used to 

deplete rats of circulating neutrophils to not less than 

10% of pretreatment values. Monocytes and eosinophils 

were reduced by roughly one half. 

Depletion of circulating neutrophils was accomplished 

in guinea pigs by a single injection of anti-neutrophil 

antiserum (1.5 ml), prepared by injecting purified guinea 

pig neutrophils into rabbits. Circulating neutrophil 
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numbers fell dramatically (to 500-1000 PMN/mm3 blood), and 

remained low for 7 days, then showed a marked increase. 

The observation that passively transferred anti-neutrophil 

antibodies, inadvertently present in transfused blood 

given postoperatively to a man, caused pulmonary 

hypersensitivity accompanied by a precipitous fall in 

peripheral neutrophil, monocyte, and platelet numbers and 

severe bilateral pulmonary infiltrates (25), stresses the 

potential risk in the use of anti-neutrophil antiserum to 

deplete circulating neutrophils. The possible lethal 

effect of neutrophil aggregation and activation in the 

pulmonary vasculature, which might occur with 

administration of anti-neutrophil antibodies, would 

certainly alter the host's response to systemic 

anaphylaxis. Thus, the use of anti-neutrophil antiserum 

to deplete circulating neutrophils must be accompanied by 

an extensive analysis of the effect of this depletion 

method on the host and the host's ability to respond 

normally to the experimental challenge. 

CHEMICAL DEPLETION 

Alkylating agents destroy cells at all stages in the 

cell cycle. Cell death is caused by the alkylation of 

DNA, and resting cells and dividing cells are equally 
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affected (26) . The destruction of DNA leads to the loss 

of cell growth and replication. Cells cannot 

differentiate or function normally and do not synthesize 

proteins. Lymphoid tissue is particularly sensitive to 

the effects of alkylation, and the alkylating agents "are 

immunosuppressive. 

Hydroxyurea is a phase-specific anti-neoplastic agent 

with direct action on the enzyme ribonucleoside 

diphosphate reductase (26). Without this enzyme the 

conversion of ribonucleotides to deoxyribonucleotides is 

inhibited and the formation of DNA fails to take place. 

Cells are interrupted in the S phase where the synthesis 

of DNA occurs in preparation for chromosome replication. 

Vinblastine sulfate, an antitubulinic drug derived 

from the common periwinkle, Vinca rosea (Catharanthus 

roseus), which is currently used in the treatment of 

Hodgkin's disease and testicular carcinoma, as well as in 

combined chemotherapy in the treatment of various 

lymphomas (26, 27), inhibits mitosis by arresting the cell 

cycle in metaphase (28). Reversible binding of 

vinblastine to the microtubular protein, tubulin, inhibits 

the formation of the mitotic spindle during cell division 

and ultimately leads to cell death. Vinblastine is cell 

cycle specific, acting as a specific inhibitor of the M 
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phase. Cells with a rapid turnover in the body are most 

noticeably affected, thus its selective depletion of 

circulating granulocytes and the suppression of the 

maturation and release of neutrophils from the bone marrow 

has proven vinblastine to be a useful tool for researching 

the roles of the neutrophil (29). 

In mice, the subcutaneous administration of 200 mg of 

the nitrogen mustard, cyclophosphamide, reduced peripheral 

blood neutrophils from 1068 ± 131 cells/mm3 to 59 ± 4.3 

cells/mm3 blood four days after treatment (30). 

Rabbits were depleted of circulating neutrophils with 

1.4 mg/kg nitrogen mustard, given intravenously, which 

reduced peripheral blood neutrophils to 1.3 % of 

pretreatment values, although the effect on other cell 

types was not mentioned (31). 

Hydroxyurea (200 mg/kg daily for 5 days) was used to 

deplete neutrophils in dogs (32). At the dose used in 

this study, hydroxyurea was able to deplete circulating 

neutrophils from 8900 ± 2200 cells/mm3 to 600 ± 100 

cells/mm3 blood. However, platelets were reduced by half 

and only one fifth of eosinophils remained. 

The daily administration, by infusion, of 4 grams 

hydroxyurea for 4 to 8 days to achieve granulocyte 

depletion in sheep was accomplished by Hinson et al. (33). 
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The sheep received treatment until circulating granulocyte 

were less than 200 cells/mm3 blood. 

The depletion of circulating neutrophils to less than 

300 cells/mm3 blood in guinea pigs was accomplished by 

treatment with either vinblastine (0.75-1.5 mg/kg, 

injected intraperitoneally) or hydroxyurea (750-1,500 

mg/kg injected intraperitoneally daily for 5 days) (34) . 

Platelet numbers were unchanged or slightly elevated 

following the neutrophil depleting regimen. 

A single intravenous administration of vinblastine 

(0.75 mg/kg 48-72 hours before the experiment) was used to 

deplete rabbits of neutrophils (35). In these 

experiments, vinblastine reduced the number of peripheral 

blood neutrophils drastically, but the effect on other 

cell types was not discussed. 

Vinblastine (3.0 mg/kg, injected intra-arterially), 

produced profound neutropenia in rats (36). However, the 

adverse effect of vinblastine on other cell types was not 

addressed. In another study, Lemanske et al. (37), used 

0.75 mg/kg vinblastine administered intravenously to rats 

to achieve neutrophil depletion. Circulating neutrophil 

numbers were reduced to 1 % of pretreatment values (total 

peripheral blood neutrophil numbers on the fourth day 
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after treatment were 41 ± 33 cells/mm3 blood). Platelets 

were reduced by half and monocytes to 5 % of pretreatment 

values. 

These studies demonstrate that neutrophil depletion 

by chemical methods can result in almost complete removal 

of circulating neutrophils, but the effect on other cell 

types must be examined. Antibodies directed toward 

neutrophils themselves can also be effective in reducing 

neutrophil numbers in some species, but the nonspecific 

loss of other cell types remains a problem. Are these 

cells activated, and thus removed from the circulation, by 

the events which follow the binding of antibody to the 

neutrophil (i.e., via complement activation), or is the 

antiserum recognizing receptors common to other cell 

populations? These questions and the concern for a 

complete removal of both marginated and circulating 

neutrophil pools, as well as the inhibition of the 

continuous release of mature neutrophils from the bone 

marrow, led us to examine both vinblastine- and anti-

neutrophil antibody-induced neutrophil depletion. 
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STUDY DESIGN 

To determine if neutrophils play a role in systemic 

anaphylaxis, the anaphylactic responses to intravenous 

allergen challenge were compared in neutrophil-intact and 

neutrophil-depleted rabbits. A model of IgE anaphylaxis 

in rabbits, developed in our laboratory (38, 39), was 

utilized because these animals exhibit all the typical 

physiologic changes characteristic of anaphylaxis: 

decreased heart rate and blood pressure, increased right 

ventricular pressure, decreased lung compliance, and 

increased pulmonary resistance and, in some rabbits, 

apnea. Lethality rates, as well as severity of the 

physiological alterations, vary with antigen dose. 

This animal model produces predominantly IgE 

antibodies in response to an immunization schedule which 

begins at birth, and these IgE antibodies have been shown 

to play the principal role in the anaphylactic response. 

Low levels of igG antibodies produced concurrently with 

the synthesis of IgE do not contribute to or inhibit the 

IgE-mediated response to antigen (40). 

My hypothesis was that neutrophils contribute to the 

increase in right ventricular pressure in anaphylaxis by 

1) aggregating and obstructing the small pulmonary 

vessels and thus decreasing the rate and volume of blood 



36 

flowing through the lungs and/or 2) secreting soluble 

mediators that induce smooth muscle contraction. To 

determine if neutrophils were participating in one or both 

ways, the right ventricular pressure was monitored via a 

saline-filled catheter threaded into the right ventricle 

through the jugular vein, and the response to antigen 

challenge was compared in neutrophil-intact and 

neutrophil-depleted rabbits. It was feasible that such 

neutrophil participation might also decrease lung 

compliance (i.e., make the lung stiffer), and therefore we 

monitored dynamic compliance as well as some other 

respiratory variables. 

To deplete rabbits of neutrophils, two methods were 

compared for effectiveness and specificity: anti-

neutrophil antibodies and vinblastine. Effectiveness was 

determined by counting the number of peripheral blood 

neutrophils before and after treatment. The specificity 

of these two methods was determined by assessing whether, 

upon in vivo administration, they selectively depleted 

neutrophils, leaving other cell numbers unchanged. In 

addition, anti-neutrophil antibodies were assayed for 

their in vitro ability to bind specifically to neutrophils 

using a double-antibody immunogold assay. Vinblastine was 

also assessed for any effects on the function of other 
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cells important to the anaphylactic response: platelets, 

mast cells, and basophils were tested by a platelet-

dependent mediator release assay, a homologous passive 

cutaneous anaphylaxis assay, and a basophil degranulation 

assay, respectively. 

Data analysis of the physiologic responses to antigen 

challenge in neutrophil-depleted and neutrophil-intact 

sensitized rabbits involved group comparisons of seven 

physiologic variables, including right ventricular and 

aortic systolic blood pressure, heart rate, breathing rate 

and volume, dynamic lung compliance, and total pulmonary 

resistance. The group mean responses for the neutrophil-

intact and netitrophil-depleted rabbits were analyzed 

statistically by comparing the areas under the response 

curves using a randomization response curve analysis 

previously reported by Zerbe in 1979 (41). With this 

analysis, both the development of the alterations and the 

return to baseline could be compared. 

All grouped data are expressed as the mean ± the 

standard error of the mean (SEM) . Differences in group 

means were compared using the unpaired Student's T test. 

Log10 conversions of homologous passive cutaneous 

anaphylaxis assay titers were used to calculate means and 

SEMs for grouped data. These log10 values were 
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reconverted to titers and were reported as the geometric 

mean titers x/-r- SEM. 

To determine if incomplete removal of neutrophils may 

produce fewer or less dramatic changes in the physiologic 

response to antigen or PAF, the peak change during the 

antigen- or PAF-induced responses was compared by linear 

regression analysis to the number of neutrophils in the 

circulation of each rabbit on the day of the challenge. 
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MATERIALS AND METHODS 

I. ANIMALS AND IMMUNIZATIONS 

Non-sensitized adult California or New Zealand White 

rabbits of either sex were used 1) as a source of 

neutrophils for preparing and for examining the binding 

specificity of anti-neutrophil antiserum, 2) to determine 

the optimal dose of vinblastine, 3) for homologous passive 

cutaneous anaphylaxis (PCA) assays, and 4) in platelet 

activating factor (PAF) challenge experiments. 

An adult, female Pygmy/La Mancha goat was immunized 

to prepare antiserum to rabbit neutrophils. The goat was 

housed with one other female goat of the same cross-strain 

at the University of Arizona Division of Animal Resources. 

California rabbits were sensitized to the antigen 

horse radish peroxidase (HRP) following an immunization 

schedule described in Appendix 1. This schedule, which 

begins on the day of birth, has been previously reported 

to lead to the production of predominately IgE antibodies 

to the sensitizing antigen (38, 42). Rabbits sensitized 

by this protocol produce measurable antigen-specific 

circulating IgE and have detectable IgE bound to their 
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circulating basophils and will respond to intravenous 

antigen challenge with all the physiologic changes that 

characterize anaphylaxis. 

HRP-sensitized rabbits were immunized and maintained 

at Olsen's Blue Ribbon Ranch, Tucson, Arizona, until three 

months of age (adulthood) and were then transferred to the 

University of Arizona Division of Animal Resources 

facility. All non-sensitized rabbits were purchased as 

adults and were maintained at the University of Arizona 

animal care facility. The Blue Ribbon Ranch is licensed 

by the Federal Animal Welfare Act under the United States 

Department of Agriculture, and the University of Arizona 

Division of Animal Resources is accredited by the American 

Association for Accreditation of Laboratory Animal Care 

(AAALAC). 
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II. NEUTROPHIL DEPLETION 

A. ANTI—NEUTROPHIL ANTIBODY 

1. IMMUNIZATION AND SERUM COLLECTION 

PREPARATION OF IMMUNOGEN 

Peripheral blood neutrophils were obtained from 

control rabbits and were used to immunize a goat. Rabbit 

blood (50 ml) was collected in a polypropylene tube and 

anticoagulated with acid citrated dextrose (ACD) (See 

Appendix 2). A small sample was used to count leukocytes 

and basophils and prepare a blood smear (See Methods : 

Cell Analysis - Numbers). The blood was centrifuged at 

425 x g for 20 min at room temperature to pellet the red 

and white blood cells but leave the platelets in the 

supernatant. The platelet-rich plasma and the buffy coat 

(containing mononuclear cells and basophils) were removed 

with a plastic transfer pipette and discarded. 

The remaining cells (mainly neutrophils and red blood 

cells) were resuspended in 2.5% gelatin (J. T. Baker 

Chemical Co., Phillipsburg, NJ) in 0.9% saline. The tube 

was filled close to the top to assure very little contact 

with air during the sedimentation. After gentle mixing by 

inversion the tube was incubated in a 37° C water bath for 

30 min to allow the red blood cells to sediment. The 
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supernatant containing the neutrophils was transferred to 

a second 50 ml tube. The cells were pelleted by 

centrifugation as above. The supernatant was removed and 

the cells resuspended in 3 ml (4° C) erythrocyte lysing 

solution (see Appendix 3.A.). Another 5 ml of the 

erythrocyte lysing solution was added and mixed, and the 

cells were centrifuged at 200 x g for 10 min at 4° C, and 

the resultant supernatant removed. All subsequent steps 

were done at 4° C with cold reagents to prevent neutrophil 

aggregation. 

The cells were resuspended in 25 ml Tyrode's + 

gelatin, without calcium, pH 6.5 (TG, see Appendix 3.B.) 

and centrifuged at 200 x g. The cell pellet was 

resuspended in 6-8 ml TG and overlaid onto 4 ml Ficol-

Paque (Pharmacia Fine Chemicals, Piscataway, NJ) in a 15 

ml conical tube. After centrifugation at 225 x g for 35 

min the supernatant was removed and the neutrophil cell 

pellet was resuspended in 10 ml TG. The cells were 

centrifuged at 200 x g for 10 min and washed again. 

Finally, the cell pellet was brought to 4 ml with cold TGC 

and a total cell count was performed. A cytocentrifuge 

slide and basophil count were prepared to determine the 

yield and purity of the neutrophil preparation. 
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IMMUNIZATION OF GOAT 

The final neutrophil suspension was mixed with an 

equal volume of Freund's Incomplete Adjuvant (Gibco 

Laboratories, Life Technologies, Inc., Grand Island, NY) 

by pushing the - two solutions back and forth between two 

syringes coupled with a leur-lock stopcock. The 

cell/adjuvant mixture was injected subcutaneously with a 

20 G needle in two sites in the goat's hind-quarter. 

The goat was immunized monthly at first, and later every 6 

weeks, with 93 x 106 (± 30 x 106) neutrophils which were 

97.2 ± 0.5% pure. Contaminating cells were monocytes and 

lymphocytes. No basophils were detected in any cell 

preparation used for immunization. 

COLLECTION OF BLOOD SAMPLES 

A blood sample was taken from the goat before 

immunization and was used in subsequent experiments as 

normal goat serum (NGS). Blood samples were collected 2 

week after each immunization at first, and later, 2 and 4 

weeks after immunization. Appendix 4 lists the 

immunization and blood sample collection schedule for the 

16 months the goat was maintained. 

To collect blood samples, a 16. G Cathalon IV teflon 

catheter (Critikon, Inc., Tampa, FL) was inserted into the 
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jugular vein while the goat was awake but restrained, and 

100 ml of blood was collected free-flowing into 30 ml 

glass test tubes. The tubes were rimmed and then 

incubated in a 37° water bath for 2 hours. The clot was 

removed, and the serum was centrifuged at 1500 x g for 15 

min, decanted into polypropylene bottles and frozen at -

20° C until use. 

2. ADSORPTION OF GOAT SERUM 

To remove goat heterophile antibodies and any 

antibodies against cells contaminating the neutrophil 

preparation, the pooled goat serum was adsorbed over 

rabbit blood cells that had been depleted of neutrophils. 

The rabbit blood cells were obtained by defibrinating 

rabbit blood. The process of defibrination depleted rabbit 

blood cells of neutrophils and platelets. (See Figure 4 

for the effect of defibrination on rabbit blood cell 

numbers.) Each 50 ml of rabbit blood, collected free-

flowing from the central ear artery, was quickly poured 

into a 500 ml glass Erlenmeyer flask containing 

hydrochloric acid-washed 6 mm glass beads (American 

Scientific Products, McGaw Park, IL) approximately 2-3 

beads deep. The flask and beads were swirled gently for 

about 5-10 min until a clot had formed. 



Figure 4 

EFFECT OF DEFIBRINATION ON LEUKOCYTE NUMBERS 

Blood was collected into a flask containing glass 
beads. After swirling for 5-10 min until a clot had 
formed, the defibrinated blood was decanted and analysis 
of leukocyte numbers before and after the defibrination 
process was performed. Platelets and neutrophils were 
most dramatically reduced (to 0.7 ± 0.3 and 10.6 ± 2.0% of 
whole blood, respectively). (Mean ± SEM). 
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The defibrinated blood was then decanted into 

polypropylene tubes, and a small sample was used to check 

for neutrophil depletion (See Methods: B. Cell Analysis -

Numbers). The blood was then centrifuged at 1500 x g for 

20 min. The supernatant was discarded and the cells were 

washed by gentle mixing with TG (see Appendix 3.B.) and 

were centrifuged again. After discarding the supernatant, 

the cells were returned to the original blood volume in 

TG. The blood was divided into three equal volumes and 

the first tube was centrifuged at 1500 x g for 20 min. The 

supernatant was discarded. 

After heating at 56° C for 30 min to inactivate 

complement, pooled goat serum, approximately twice the 

total volume of the defibrinated blood, was added to the 

first tube of packed rabbit blood cells, mixed gently by 

inversion, and incubated at room temperature for 15 min. 

The first and second tubes of rabbit blood were 

centrifuged at 1500 x g for 20 min. The supernatant was 

discarded from the second tube, and the goat serum was 

removed from the first tube and transferred to the second 

tube. After mixing, this process was repeated using the 

third tube of cells. Finally, the adsorbed goat serum was 

removed from the third tube, transferred to a 

polypropylene tube and frozen at -20° c until use. 
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NOTE - There is a lot of red blood cell aggregation 

in the first tube, much less in the second tube, and very 

little in the third tube. No hemolysis occurs because 

complement was destroyed in the goat serum by heating, and 

was removed from the rabbit blood cells by the washing 

steps. 

3. ASSESSMENT OF ANTIBODY SPECIFICITY 

The specificity of the anti-neutrophil antibodies 

produced by the immunization of a goat with purified 

rabbit neutrophils was assessed by an Immunogold assay. 

The possible production of antibodies which react with 

rabbit serum proteins was determined by qualitative 

precipitin assay as described below. 

VISUALIZATION OF NEUTROPHIL BINDING WITH AN 

IMMUNOGOLD TECHNIQUE 

To assess the specificity of the anti-neutrophil 

antiserum, a neutrophil-binding Immunogold assay (43) was 

performed. Leukocyte-enriched blood cells were prepared by 

gelatin gravity sedimentation as described above in 

Methods: A.l. The neutrophil-rich supernatant was removed 

and pelleted by centrifugation at 300 x g for 15 min. The 

supernatant was removed, and the cell pellet was 
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resuspended with PBS/NRS/Az (See Appendix 3.C.). The 

total number of leukocytes in the sample was determined, 

and a small amount of the cell suspension was pelleted on 

to a glass slide with a cytocentrifuge (Cytospin, Shandon 

Southern Instruments, Cewickley, PA) . This slide was 

stained with Dif Quik (See Methods: Cell Analysis -

Numbers) and the percentages of each white blood cell type 

were determined. The volume of the cell suspension was 

then adjusted with PBS/NRS/Az to yield a final 

concentration of 2 x 107 neutrophils per ml. This 

concentration was previously determined to be optimal for 

visualization of the final Immunogold-labeled slide. 

Ten ul of the adsorbed goat anti-rabbit neutrophil 

antiserum and 3 serial 10-fold dilutions were pipetted 

into the wells of a round-bottomed microtiter plate 

(Comings Science Products, Corning, NY). Ten ul of 

normal goat serum that had been similarly adsorbed was 

also included to serve as a negative control. Ten ul of 

the neutrophil-rich rabbit cell preparation (a total of 2 

x 105 neutrophils) was added and mixed gently with the 

serum by drawing the mixture up and down with the pipettor 

several times. A 10 jul sample from the buffy coat (2 x 

105 cells) was included as a control to detect nonspecific 

binding to monocytes or basophils. 
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The microtiter plate was incubated at room 

temperature in a humidified chamber for 30 min and then 

centrifuged at 600 x g for 3 min to pellet the blood 

cells. Supernatants were removed with a pasteur pipette 

that had been heated over a Bunsen burner and pulled out 

to decrease the bore size to less than 0.5 mm. The cells 

were washed twice by adding 200 Jj.1 of PBS/NRS/Az, mixing 

well and centrifuging as before. After the supernatant 

was drawn off, 15 jul of the anti-goat IgG Immunogold 

reagent (Auroprobe EM RAG G40, Janssen, Beerse, Belgium) 

was added to the pellet and mixed well immediately. The 

plate was incubated at room temperature in a humidified 

chamber for 30 min, centrifuged and washed twice as 

before. 

To the pellet was added 50 jul of PBS (no NRS or Az), 

and, after gentle mixing, the cell suspension was pipetted 

into a cytocentrifuge cartridge and pelleted onto the 

slide by centrifugation at 400 RPM for 3 min. 

The slides were stained with modified Dif Quik 

staining procedure (See Methods: Cell Analysis - Numbers) 

where the slides were dipped in the thiazine dye for only 

1 second to avoid overstaining of the neutrophil granules 

and thus interference of the visualization of the gold 

particles. Slides were visualized at 1000 x magnification 
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under oil immersion light microscopy (American Optical, 

Buffalo, NY) . Cells were identified as neutrophils or 

other cell types with and without Immunogold by their 

distinct nuclear, cytoplasmic, and granular staining 

capacities. The neutrophils in the wells which received 

immunized goat serum appeared coated with tiny black dots, 

whereas other cell types did not appear any different than 

without the Immunogold reagents. 

QUALITATIVE PRECIPITIN ASSAY FOR ANTIBODIES TO SERUM 

PROTEINS 

To determine the presence or absence of antibodies to 

rabbit serum proteins in goat anti-rabbit neutrophil 

antiserum, a qualitative precipitin test was performed 

(44). Undilute anti-neutrophil antiserum (50 jul) was mixed 

with an equal volume of undilute normal rabbit serum or 

serial 10-fold dilutions of normal rabbit serum prepared 

in Borate Buffered Saline (see Appendix 3.D. for the 

preparation of this reagent). Borate Buffered Saline 

alone was included as a control. Tubes were mixed 

immediately after the addition of the anti-neutrophil 

antiserum by flicking the bottom of the tube. Each tube 

was observed immediately for the development of cloudiness 

or precipitation and again after an undisturbed five min 



51 

incubation at room temperature. Observations were 

reported as negative if the opacity did not differ from 

the control tube, mildly positive if cloudiness developed, 

and strongly positive when flocculation occurred. 

4. IN VIVO TESTING OF NEUTROPHIL DEPLETION WITH ANTI-

NEUTROPHIL ANTISERUM 

After adsorption, the anti-neutrophil antiserum was 

used in vivo to attempt neutrophil depletion. The route 

of administration was intraperitoneal to avoid 

intravascular complement activation or lethal neutrophil 

aggregation. The amount of anti-neutrophil antiserum was 

varied as was the time course of the injections in five 

rabbits. Blood samples were collected at various times 

throughout the course of treatment. 

5. FRACTIONATION OF ANA TO PREPARE IgG ANTI-NEUTROPHIL 

ANTIBODIES 

Goat anti-neutrophil serum was fractionated to 

provide an IgG fraction so that larger volumes of 

antibodies could be injected with fewer xenogeneic 

proteins. Figure 5 represents a flow chart of the 

fractionation process. 



Figure 5 

FLOW CHART: PURIFICATION SCHEME FOR GOAT ANTI-RABBIT 
NEUTROPHIL ANTISERUM 

Serum from a goat immunized with purified rabbit 
neutrophils was pooled and heated to destroy complement. 
Heterophile antibody and antibodies toward possible 
contaminating cells in the immunogen were removed by 
adsorption over neutrophil-depleted (defibrinated) rabbit 
blood cells. Fractionation of the IgG antibodies by 
saturated ammonium sulfate precipitation was followed by 
dialysis against 0.9% sodium chloride. The IgG fraction 
of the anti-neutrophil antiserum was then tested for its 
ability to deplete neutrophils in vivo. 
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PURIFICATION SCHEME 
FOR GOAT ANTI-RABBIT NEUTROPHIL ANTISERUM 

SERUM FROM IMMUNIZED GOAT 

Heat at 56 c for 3 0 min 

v 

DECOMPLEMENTED GOAT SERUM 

Adsorb over defibrinated 
(neutrophil-depleted) rabbit 
blood cells 

GOAT ANTI-NEUTROPHIL ANTISERA 
(NON-SPECIFIC ANTIBODIES REMOVED) 

Precipitate IgG antibodies 
with 33 % saturated ammonium 
sulfate 
Dialyze against saline 

IgG FRACTION OF GOAT ANTI-RABBIT NEUTROPHIL ANTIBODIES 

Figure 5 
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PRECIPITATION OF IgG BY SATURATED AMMONIUM SULFATE 

To precipitate IgG antibodies from whole serum a 33% 

saturated ammonium sulfate precipitation was performed on 

the goat anti-rabbit neutrophil antiserum. One volume of 

saturated ammonium sulfate (SAS), pH 7.8, prepared as in 

reference (45) was added dropwise with constant stirring 

to two volumes of adsorbed, heat-inactivated goat serum, 

and the mixture was stirred for 3 hours. The precipitated 

antibody (mainly IgG) was pelleted by centrifugation at 

1500 x g for 30 min. The supernatant, which contained 

serum proteins and non-IgG antibodies, was removed and 

frozen for other experiments, and the pellet was 

resuspended in a small amount of Tris Buffer (See Appendix 

3.E. for reagent preparation). 

REMOVAL OF AMMONIUM SULFATE BY DIALYSIS 

The resuspended IgG was dialyzed in Spectrapor 

membrane tubing (Spectrum Medical Industries, Inc., Los 

Angeles, CA) against 0.9 % sodium chloride to remove all 

ammonium sulfate and Tris buffer. The IgG-Tris was poured 

into the tubing, all air was excluded, and a 20-30 mm 

space was left between the fluid and the final closure 

knot. The IgG-Tris-filled dialysis tubing was suspended 

via suture from the opening of a 2 liter plastic jar 
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filled with saline and dialyzed with constant stirring. 

The jar was placed at 4° C for 24 hours with 5 changes of 

saline. The dialysate was tested for the presence of 

ammonium sulfate by adding an equal volume of 10 % barium 

chloride and observing the formation of a barium sulfate 

precipitate. No precipitation was visible at 10 hours 

after the start of the dialysis. 

After dialysis, aggregated material was removed by 

centrifugation at 1500 x g at 4° C for 30 min. The igG-

containing supernatant was decanted, Millipore filtered 

(0.45 jum pore size), and tested for total protein by BCA 

assay. 

PROTEIN DETERMINATION BY BCA ASSAY 

A sensitive, colormetric assay was performed to 

determine the amount of protein. The Pierce BCA Protein 

Assay Reagent (Pierce Chemical Co., Rockford, IL) , 

bicinchoninic acid, detects Cu+, the product of the 

reaction of protein with Cu++ in alkaline conditions. The 

color change that occurs in the presence of the BCA 

reagent is detectable at 562 nm, and samples containing 

unknown concentrations of protein can be quantified by 
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comparing their absorbance readings with a standard curve 

using bovine serum albumin (BSA, Crystallized, Miles 

Scientific, Naperville, IL). 

A ten mg/ml stock BSA solution was prepared in 0.9 % 

saline, aliquoted and frozen at -20° C. On the day of the 

protein assay, doubling dilutions of the BSA stock were 

prepared in saline to yield final protein concentrations 

of 200 to 1200 jag/ml. Dilutions of IgG anti-neutrophil 

antibodies were similarly prepared, yielding final 

dilutions of 1/10 -1/640, and 100 jx 1 of each test sample 

and protein standard was pipetted into duplicate 166 x 100 

mm borosilicate glass test tubes. Duplicate tubes 

containing only saline were also included to serve as 

negative controls. Two milliliters of the BCA working 

reagent (prepared according to the manufacturer's 

directions) were added to each tube, and the tubes were 

mixed immediately and incubated for 30 min in a 37° C 

water bath. 

At the end of the incubation, the tubes were, cooled, 

and the absorbance of each sample at 562 nm was determined 

on a Gilford 2400 S spectrophotometer (Gilford 

Instruments, Oberlin, OH). The absorbance value was 

adjusted by subtracting the absorbance of a distilled 

water "blank". The BSA standards were plotted as ug 
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protein per ml against their absorbance values at 562 nm. 

Only those IgG anti-neutrophil antibody samples whose 

absorbance values fell on the BSA standard line were used. 

The protein concentration in each sample was determined 

from the standard line. The results were averaged, and the 

total mg per ml of IgG anti-neutrophil antibodies was 

calculated. 

6. IN VIVO TESTING OP IgG ANTI-NEUTROPHIL ANTIBODIES 

The IgG fraction of the goat anti-neutrophil 

antiserum was tested for its ability to deplete rabbit 

neutrophils in vivo. Several doses of IgG anti-neutrophil 

antibodies were injected intravenously, intraperitoneally 

or by both methods to try to maximize the depletion 

results. The time course of the injections was also 

varied. Blood samples were collected sequentially during 

the test period. 

To determine whether the dose of IgG anti-neutrophil 

antibodies utilized in vivo was sufficient to bind all 

rabbit neutrophils (by demonstrating detectable antibody 

excess), a qualitative precipitin assay was performed 

using the serum of a rabbit injected 15 min previously 

with 5 ml IgG anti-neutrophil antibodies. An equal volume 

of anti-goat IgG (Calbiochem Brand Biochemicals, La Jolla, 
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CA) was added to tubes containing dilutions of the test 

rabbit's serum or Borate Buffered Saline alone, and the 

tubes were mixed and the reaction observed as described in 

Methods: A.3. 

B. VINBLASTINE 

1. ESTABLISHMENT OF AN OPTIMAL VINBLASTINE DOSE FOR 

DEPLETING RABBIT NEUTROPHILS 

Adult rabbits were depleted of circulating and 

marginated neutrophils with a single intravenous 

administration of vinblastine sulfate (Sigma Chemical Co., 

St. Louis, MO) . Vinblastine was dissolved in sterile, 

pyrogen-free, 0.9% sodium chloride (Travenol Laboratories, 

Inc., Deerfield, IL) and injected via the marginal ear 

vein. Three doses were compared: 0.75, 0.35, and 0.25 

mg/kg. Because the loss of neutrophils with minimal 

adverse side-effects or effects on other cell types was 

best achieved with 0.35 mg/kg, this dose was used for all 

following experiments. The nadir in circulating 

neutrophils was determined from sequential arterial blood 

samples collected at various times each day for three 

days following treatment (see Methods: B. Cell Analysis -

Numbers). Approximately 72 hrs after the administration 
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of vinblastine, the peripheral blood neutrophils were at 

their lowest number and the rabbits were used for the 

subsequent physiologic experiments. 

The loss of neutrophils from both circulating and 

marginated pools was assessed by the intravenous 

administration of epinephrine which releases marginated 

neutrophils back into the circulating pool (46). In a 

single experiment, 1.4 jug/kg epinephrine (Elkins-Sinn, 

Inc., Cherry Hill, NJ) was injected intravenously into an 

anesthetized, physiologically monitored, vinblastine-

treated rabbit. This dose of epinephrine produced a two

fold increase in the aortic blood pressure at 1 min post 

injection. Blood samples were collected immediately 

before and at 15 and 60 sec after epinephrine. The number 

of neutrophils was determined as described in Methods: 

B.2. Cell Numbers. 

2. CELL ANALYSIS - NUMBERS 

Blood samples were collected either free-flowing with 

a 20 gauge needle inserted into the central ear artery 

(conscious animals) or from a femoral artery catheter via 

a 1 ml syringe (anesthetized animals). Blood samples were 

anticoagulated with either heparin, acid citrated dextrose 

or sodium citrate. Heparin was used for functional assays 
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or cell counts that were performed immediately. Sodium 

citrate and acid citrated dextrose were used for cell 

counts and assays which required a lengthy time span 

between the collection and analysis. Because citrate ties 

up available calcium, it had to be washed from the cells, 

and calcium-containing buffer had to be added for the 

cells to restore normal function. See Appendix 2 for the 

preparation and concentrations of anticoagulants. 

LEUKOCYTES (WBC) 

Unopettes (Unopette Microcollection System, Becton-

Dickinson and Co., Rutherford, NJ) were used to enumerate 

leukocytes and platelets and were prepared according to 

the manufacturer's directions. Blood was diluted 1/100 in 

ammonium oxalate, leaving leukocytes and platelets intact. 

The blood cell suspension in the Unopette was used to fill 

a Spencer Bright-Line hemocytometer (VWR, Phoenix, AZ) and 

visualized under phase contrast at 125 X magnification 

with a light microscope (Zeiss, Germany). The formulas for 

the conversion of cell counts to the number of cells per 

•5 # 

mm blood in the original sample are given in Appendix 5. 
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PLATELETS 

Platelets were prepared in Unopettes and counted in 

the same hemocytometer as the WBC, but the magnification 

was 500 X. Conversion factors are given in Appendix 5. 

DIFFERENTIALS - LEUKOCYTE TYPES 

Blood smears on glass slides were air dried and 

stained with a modified Wright's stain (Dif Quik, American 

Scientific Products, McGaw, IL) . Dif Quik better 

differentiates rabbit eosinophils from neutrophils than 

does Wright's stain (31) . Five 1 sec dips of both the 

triarylmethane dye/methyl alcohol fixative and xanthene 

(red) stain were performed according to the directions, 

but the slides were dipped in the thiazine dye (azure A 

and methylene blue) only four times for 1 sec each to 

achieve optimal staining. The stained smears were 

visualized under oil immersion light microscopy at 1000 X 

magnification (American Optical, Buffalo, NY). 

One hundred leukocytes were counted on each smear and 

the number of each white cell type per mm3 whole blood was 

calculated by multiplying the percent of each cell type by 

the total number of leukocytes per mm3 blood (as 

determined by the Unopette counts). 
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BASOPHILS 

Basophils were selectively stained and counted with 

Cooper-Cruickshank toluidine blue chamber counting 

technique (47) given in Appendix 6. 

3. CELL ANALYSIS - FUNCTION 

The function of cells important to the anaphylactic 

response was assessed. Mast cell, basophil, and platelet 

functions following neutrophil depletion with vinblastine 

were compared to the function of these cells in non-

treated animals. 

PASSIVE CUTANEOUS ANAPHYLAXIS 

Mast cell function following vinblastine treatment 

was assessed by determining the ability of skin mast cells 

to bind IgE and secrete mediators in the homologous 

passive cutaneous anaphylaxis (PCA) assay (48) . Serum 

from sensitized rabbits was diluted in pyrogen-free saline 

and injected in 0.2 ml volumes into the shaved back skin 

of unsensitized control rabbits. Recipient rabbits were 

then treated with 0.35 mg/kg vinblastine. The IgE 

antibodies, if present, in the sensitized serum bound to 

the mast cells in the recipient animals' skin. Seventytwo 

hours later, 2 ml of a 2% solution of Evan's blue dye 
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(prepared in phosphate buffered saline, see Appendix 3.C.) 

was injected intravenously, followed thirty min later by 5 

mg of intravenous HRP prepared in saline. 

Mast cell degranulation and mediator release may 

occur following the binding of HRP to IgE on the surface 

of the mast cells in the rabbits' skin. Some of these 

mediators cause dilation of vessels and increased vascular 

permeability which may lead to the extravasation of the 

blue dye and the production of a blue spot at the site of 

the serum injection. Thirty min after the administration 

of antigen, the rabbits were killed with an overdose of 

anesthesia, and the blue spots were measured at two 

perpendicular diameters. Because the size of the spot is 

dependent on the amount of IgE in the injected serum or 

serum dilution, the assay is semi-quantitative. Any 

bluing less than 5 mm in diameter is considered negative. 

Statistical comparison of the homologous PCA titers was 

performed using a Student's T test on the group means and 

standard deviations of the log10 transformations of the 

titers from individual rabbits. The mean and standard 

error of the mean were then reconverted to titer values 

and were reported as the geometric means x/-t- SEM. 
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BASOPHIL DEGRANULATION 

Basophil function was assessed by an assay which 

detects degranulation following in vitro exposure to the 

sensitizing antigen. When antigen cross-links specific 

IgE antibodies on the basophil membrane granules are lost 

from the basophil cytoplasm. Basophils are no longer 

visible when stained by granule-staining techniques. 

Into two tubes, one containing 4 jal saline and the 

other 4 ̂ 1 5 mg/ml HRP in saline, was pipetted 400 jul of 

heparinized blood taken either from vinblastine-treated or 

untreated rabbits. The tubes were incubated at 37° C for 

15 min, with gentle mixing every 5 min. 

After incubation, the intact granules in the 

basophils in both tubes of blood were selectively stained 

with Cooper-Cruickshank basophil stain (see Methods: B. 

Cell Analysis - Numbers). Degranulation can be determined 

by a comparison of the numbers of stainable basophils in 

the saline-treated and antigen-treated blood samples. At 

this antigen concentration, degranulation occurs in 

essentially all basophils in sensitized rabbits. 

PLATELET-DEPENDENT SEROTONIN RELEASE 

This assay was designed to determine the ability of 

platelets to respond with mediator secretion to 
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physiologic stimuli (PAF, thrombin) after vinblastine 

treatment. Platelets will take up radiolabeled serotonin, 

and when activated to secrete mediators, will release the 

radiolabeled as well as endogenous serotonin (49). 

To each ml of citrated blood, collected from 

vinblastine-treated and untreated rabbits, was added 2 jal 

tritiated serotonin (Dupont, New England Nuclear, Boston, 

MA). After 15 min incubation at 37° C, with gentle mixing 

every 5 min, the blood was centrifuged at 1500 x g for 30 

min and then washed with a series of Tyrode's buffers 

described below to remove the excess radiolabeled 

serotonin. 

The plasma supernatant was removed from the labeled 

cells and discarded in a tritium waste container. The 

cells were very gently resuspended in Tyrode's plus EGTA 

(TGE) and centrifuged at 1500 x g for 30 min at 20° C. 

The supernatant was discarded as before and TG was added 

to the cells. After mixing, centrifugation and the 

removal of supernatant were repeated as before, and the 

cells were resuspended in TGC to restore physiologic 

conditions (See Appendix 3.C. for the preparation of the 

Tyrode's buffers). 

Aliquots of 250 jal of the radiolabeled blood were 

added to tubes containing 200 /al of TGC plus 50 jul of one 
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of the following (final volume = 500 ml): 200 U/ml 

thrombin (maximum platelet release), Tyrode's + calcium 

(spontaneous release), and 10-7 M platelet activating 

factor (PAF) (specific release). In preliminary studies, 

20 U/ml thrombin (final tube concentration) produced 

maximum radiolabeled serotonin release, and 10~8 M final 

PAF concentration fell on the upper portion of the 

ascending phase of the concentration-response curve. 

The tubes were incubated for 15 min at 37° C, with 

gentle mixing every 5 min and were centrifuged at 1500 x g 

for 3 0 min. One hundred jul of the supernatants were 

transferred to scintillation vials. Five ml Aquasol 

(Dupont, New England Nuclear, Boston, MA) was added to 

each vial and mixed, and the amount of tritiated serotonin 

released by the cells in each sample was measured by 

counting for 10 min on a scintillation counter (Searle 

Analytic 81) at a counting efficiency of greater than 40%. 

The spontaneous release of serotonin in control tubes 

(TGC), and the release by 10~8 M PAF from vinblastine-

treated and untreated rabbit blood were compared by 

calculating each as the percent of the total tritiated 

serotonin released by thrombin from each animal. 
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4. PHYSIOLOGY EXPERIMENTS - PAF OR HRP CHALLENGE 

To determine the effects of neutrophil depletion on 

the physiologic changes that accompany antigen- or PAF-

induced anaphylaxis, experiments with neutrophil-depleted 

and neutrophil-intact rabbits were compared. Vinblastine 

was used to deplete circulating and marginated neutrophils 

and to suppress neutrophil release from the bone marrow. 

Physiologic experiments were done on the third day after 

treatment when the number of circulating neutrophils was 

at its lowest. Untreated neutrophil-intact rabbits served 

as controls. 

Two groups of experiments were conducted. In VINHRP 

experiments, 17 horseradish peroxidase-sensitized rabbits 

were challenged with antigen. Eight of these rabbits were 

depleted of neutrophils with vinblastine and the remaining 

nine served as neutrophil-intact controls. In VINPAF 

experiments, 14 unsensitized rabbits received PAF. Eight 

of these rabbits were neutrophil-depleted by vinblastine 

treatment and 6 were neutrophil-intact. The preparation 

and administration of the HRP and PAF will be described at 

the end of the physiologic protocol. 

Prior to surgery, the rabbits were anesthetized with 

Nembutal Sodium Solution (Abbott Laboratories, North 

Chicago, IL) diluted to 10 mg/ml in sterile saline. One 
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half of the total dose of 30 mg/kg was given as a bolus 

via an intravenous 23 gauge butterfly inserted in the 

marginal ear vein to start anesthesia and avoid the 

excitement stage which occurs in early sedation. The 

line was flushed with heparinized saline (1 unit/ml). The 

remainder of the anesthetic dose was given in 8 mg 

increments every 5-20 min to maintain light surgical 

anesthesia. 

When the rabbit was suitably anesthetized, the fur at 

the throat, on the chest, and inside the leg was clipped 

and the skin anesthetized by subcutaneous injection of 1-2 

ml 1% Xylocaine (Astra Pharmaceutical Products, Inc., 

Worcester, MA) diluted in saline. 

Incisions were made on the neck along the trachea, 

and on the inside of the right leg along the femoral 

artery. The trachea was isolated and cut, and a cuffed 

endotracheal tube (American Hospital Supply, McGaw, IL) 

was inserted and tied in place with 0 silk suture. To 

measure breathing frequency and air flow, the endotracheal 

tube was connected to a heated Hewlett-Packard Fleisch 

type 00 pneumotachygraph (Hewlett-Packard, Palo Alto, CA) 

attached to a Hewlett-Packard 7304A respiratory analyzer 

which integrated flow to heild tidal volume. 
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After dissection, a chest tube (a rigid polyethylene 

catheter with side ports and a sealed end) was attached to 

a syringe and inserted between the third and forth ribs, 

counting up from the diaphragm. The chest tube was held 

in place by a purse string suture and a 3 ml pneumothorax 

was established in the right pleural space. 

Intrapleural pressure was measured with a Hewlett-Packard 

P270 differential pressure transducer. The other arm of 

this transducer was attached to a side port in the 

endotracheal tube for measuring mouth pressure (equivalent 

to alveolar pressure). The transducer electrically 

subtracted intrapulmonary pressure from mouth pressure to 

yield transpulmonary pressure. Dynamic lung compliance 

(change in volume/change in pressure) and total pulmonary 

resistance (change in pressure/change in air flow) were 

calculated from the raw data signals for volume, flow, and 

transpulmonary pressure using a Z80 based CPU computer 

programmed after the method of Drazen et al. (50). 

Circulatory measurements were also monitored. The 

right jugular vein was isolated and catheterized with an 

Umbilical Vessel Catheter (Argyle, St. Louis, MO) that was 

threaded into the right ventricle to record pressure 

changes. A similar catheter was inserted into the femoral 

artery and threaded into the descending aorta to record 
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heart rate and pressure changes. All lines were 

maintained free flowing by the intravenous administration 

of 1000 U/ml heparin. Pressure in the blood catheters was 

measured with Statham pressure transducers (Gould, 

Spectromed, Oxnard, CA). 

Transducer signals were analyzed on an Electronics 

for Medicine recorder (White Plains, NY) , and the wave 

signals were transferred to a computer for statistical 

analysis. 

At the completion of the surgery and the calibration 

of all the transducers, the rabbit was allowed to 

stabilize before starting the control period where 

respiratory and circulatory variables were averaged from 

breaths and heartbeats, respectively, recorded during 10 

second measurement periods every 30 sec for 5 min prior to 

challenge. 

During the challenge period, all physiologic 

variables were monitored at 15 sec intervals for the first 

min after challenge, then every 30 sec for the next 9 min, 

every min for the next 10 min, and finally every 5 min up 

to 60 min post challenge. Post challenge alterations were 

compared to a 2 min baseline period taken immediately 
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prior to the challenge, 

experiment, the rabbit was 

anesthesia. 

At the completion of the 

killed with an overdose of 

INTRAVENOUS CHALLENGE SOLUTIONS -

FOR VINHRP EXPTS: Horseradish peroxidase-sensitized 

rabbits were challenged with 1.0 mg of the antigen HRP 

(Type II, Sigma Chemical Co., St. Louis, MO) which had 

been dissolved in physiologic saline, and Millipore 

filtered (0.45 micron pore size, Millipore Corp., Bedford, 

MA) . The antigen was injected as a bolus into the right 

ventricular catheter, and immediately flushed with 

heparinized saline. 

FOR VINPAF EXPTS: A dose of 0.6 ug/kg platelet 

activating factor (AGEPC-C16, Bachem, Torrence, CA) , 

prepared in 2.5 mg/ml bovine serum albumin (Crystallized, 

ICN ImmunoBiologicals, Lisle, IL) , was used to challenge 

the unsensitized rabbits. The PAF was injected into the 

marginal ear vein over 15 sec, followed by a 15 sec saline 

flush. 

5. HEMATOLOGIC MEASUREMENTS 

To determine the effectiveness of vinblastine to 

deplete neutrophils and to follow the hematologic changes 
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that occur during antigen or PAF challenge, 1 ml blood 

samples were collected from each rabbit before and during 

the physiologic experiment. Blood samples prior to 

anesthesia were collected free-flowing from a 20 G needle 

inserted into the central ear artery. Those samples 

collected after anesthesia and surgery were drawn into a 1 

ml syringe from the femoral artery catheter. The blood 

samples were anticoagulated with 1 U/ml heparin and were 

prepared for cell counting as described in Methods : B. 

Cell Analysis - Numbers (See Appendix 2 for the use of 

anticoagulants). The various sample times were: pre-

vinblastine, pre-anesthesia, pre-challenge (either HRP or 

PAF), 1, 5, 15, 30, and 60 min post challenge. 

To determine specific IgE levels in the sensitized 

rabbits, homologous PCA assays were performed using serial 

4-fold dilutions of sera collected before anesthesia on 

the day of the physiologic experiment. See Methods: Cell 

Analysis - Function. 
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RESULTS 

The major objective of this study was to determine if 

neutrophils play a significant role in mediating the 

physiologic alterations of systemic anaphylaxis in the 

rabbit. This objective was addressed experimentally by 

first establishing an effective technique for neutrophil 

depletion and then comparing anaphylactic responses which 

occurred following antigen challenge in neutrophil-

depleted and neutrophil-intact animals. 

NEUTROPHIL DEPLETION; ANTI-NEUTROPHIL ANTIBODY VERSUS 

VINBLASTINE 

To establish the most appropriate method of depleting 

neutrophils, the effects of goat anti-neutrophil antiserum 

and vinblastine sulfate were compared. After preparing 

the goat anti-neutrophil antiserum, its specificity to 

bind neutrophils was initially examined in vitro by 

visualization with an immunogold as shown schematically in 

Figure 6. Figure 7 demonstrates the ability of 

adsorbed,heat-inactivated anti-neutrophil antiserum to 

bind specifically to neutrophils. Gold-labeled rabbit 

neutrophils appear covered with tiny black dots, but no 

gold particles can be observed on the red blood cells or 

other leukocytes. 



Figure 6 

SCHEMATIC DRAWING OF IMMUNOGOLD ASSAY 

A. Antibody directed against rabbit neutrophils, pro
duced in a goat, was pipetted into wells of a microtiter 
plate. 

B. Washed rabbit blood cells were added to the goat 
anti-neutrophil antibody in the microtiter plate. After 
inciibation, the unbound antibody was washed away. 

C. A second antibody, anti-goat IgG-Fc linked to 
colloidal gold, was added to the plate. Unbound antibody 
was washed away, and the labeled blood cells were 
transferred to a microscope slide for staining and 
visualization. 



NEUTROPHIL SPECIFICITY ASSAY 

V 

A y 

A. Goat Anti-rabbit Neutrophil 

Antibody 

Figure 6 

© 

C. Gold-labeled Second Antibody 

(Anti-goat IgG (Fc)) 



Figure 7 

PHOTOMICROGRAPH OF COLLOIDAL GOLD-LABELED ANTI-NEUTROPHIL 
ANTIBODIES BOUND TO RABBIT NEUTROPHILS 

Neutrophils are covered with small black dots (gold). 
Staining with a modified Dif Quik to minimize the 
interference of the neutrophil cytoplasmic granules and 
multilobed nuclei with visualization of the gold particles 
makes absolute identification of the neutrophils in this 
black and white photograph difficult. However, neither 
the two monocytes (left side of print) nor the red blood 
cells (center, lower half of print) are labeled with gold. 
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The anti-neutrophil antiserum was injected 

intravenously, at varying time intervals and volumes, to 

try to maximize neutrophil depletion. Table 1 shows the 

results from five such experiments. Neutrophil depletion 

was never greater than 43 % of pre-injection values. The 

time to reach nadir was 24-48 hours. 

Anti-neutrophil antibodies might bind some proteins 

in rabbit serum and thus might not be available to bind 

neutrophils. To test whether this might be preventing 

neutrophil depletion, a qualitative precipitin assay was 

performed with anti-neutrophil antiserum and serial 

dilutions of normal rabbit serum. No cloudiness or 

flocculation was observed with diluted or undilute normal 

rabbit serum. 

Depletion with still higher doses of anti-neutrophil 

antiserum was attempted by preparing and administering an 

IgG fraction of the goat serum. See Experiment 1 in Table 

2 .  

To determine whether the dose of the IgG anti-

neutrophil antibodies administered was in excess of that 

needed to achieve the binding of all available neutrophil 

receptors, a qualitative precipitin assay was performed on 

the sera of a rabbit 15 min after the injection of 5 ml 

IgG anti-neutrophil antibodies. Cloudiness was observed 



Table 1 

NEUTROPHIL DEPLETION WITH ANTI-NEUTROPHIL ANTISERUM 

The time course and volume of anti-neutrophil 
antisera were varied in attempt to optimize neutrophil 
depletion. The lowest number of circulating neutrophils 
(1077 PMN/mm3, 43 % of pretreatment) was reached in 
Experiment 3 at 48 hours after the start of treatment. 
However, these results could not be repeated in other 
rabbits. 

i.p. intraperitoneal injection 

i.v. intravascular injection 



Table 1 
Neutrophil Depletion with Antl-Neutrophil Antiserum 

EXPT 
NUMBER 

Injection 

PMN/mm3 
% of PRE 

TIME POST INITIAL INJECTION (HOURS) 

0 4 

5 ml i.p. 

1800 5630 
313% 

24 

3108 
173% 

30 

5 ml i.p. 

7436 
413% 

48 

4623 
257% 

72 96 

Injection 

PMN/mm3 
% of PRE 

10 ml i.p. 

Ir 
8106 7617 

94% 
7815 
96% 

5010 
62% 

1 ml i.v. 

4, 
5093 
63% 

7.7 ml i.p. 

4495 
56% 

4201 
52% 

Injection 

PMN/mm3 
% of PRE 

10 ml i.p. 

I 
2489 

10 ml i.p. 

I 
1915 10,743 
77% 432% 

1077 
43% 

10 ml i.p. 

I 
2298 
92% 

2106 
85% 

4 Injection 

PMN/mm3 
% of PRE 

10 ml i.p. 

* 
3776 

10 ml i.p. 

^ I' 
7284 
193% 

10 ml i.p. 

10,295 10,167 
273% 269% 

5 Injection 

PMN/mm3 
% of PRE 

6 ml i.p. 
ml i.v. 

2514 
it1 

3906 
155% 

6 ml i.v. 4.4 ml i.v. 

I ,.i 3916 
156% 

2932 
117% 

1575 
62.6% 

—4 



Table 2 

NEUTROPHIL-DEPLETION WITH IgG ANTI-NEUTOPHIL ANTIBODIES 

The depletion of circulating rabbit neutrophils was 
attempted with IgG anti-neutrophil antibodies alone 
(Experiment 1) or in combination with administration of 
second antibodies (anti-goat antibodies) in Experiments 2-
5. Neutrophil numbers were reduced to less than 25 % of 
pretreatment values in Experiments 2 and 3 at 2-4 hours, 
but basophil numbers were also drastically reduced. 

* The rabbit in Experiment 3 died 3 hours after treatment 
(a single 10 ml injection of IgG anti-neutrophil 
antibodies) following an episode of dyspnea. This dose 
was not repeated. 

i.p. intraperitoneal injection 

i.v. intravenous injection 



Table 2 
Neutrophil Depletion with IgG-Anti-Neutrophil Antibodies Alone or Followed by 
Administration of Second Antibody 

EXPT TIME POST INITIAL INJECTION (HOURS) 
NUMBER 

0 2 4 8 12 24 38 48 

1 Injection 10 ml i.v. 

PMN/mm3 4782^ 12,354 3547 5733 
% of PRE 258% 74% 120% 

2 Injection 5 ml i.v. + 2.5 ml anti-goat IgG 15 min later i.p. 

PHN/mm3 5887^ 716^ 366 17,982 18,757 
% of PRE 12% 6% 305% 319% 

/ 

t: 3 Injection 10 ml i.v. + 2.5 ml anti-goat IgG 15 min later i.p. 

i PMN/mm3 1898^ 322 * 
"< % of PRE 17% 

4 Injection 5 ml i.v. + 2.5 ml anti-
goat IgG 15 min later i.p. 2.5 ml (i.v.) + 2.5 ml 

I anti-goat IgG 15 min later i.p. 

PMN/mm3 3100 6401 4921 4021 4226 ̂  2603 2607 
% of PRE 206% 159% 130% 136% 84% 84% 

5 Injection 2.5 ml (i.v.) + 2.5 ml anti-goat IgG 15 min later (i.p.) 
I (same as first injection) 

PMN/mm3 3107 1191 3990^ 5834 1443^ 9013 9750 
* of PRE 38% 126% 184% 46% 284% 308% 
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in the tubes containing 1/5 and 1/10 dilutions of the 

treated rabbit's serum when incubated with undilute anti-

goat IgG antibodies, while tubes containing more dilute 

rabbit serum were negative. These results suggest the 5 

ml dose of IgG anti-neutrophil antibodies produces 

antibody excess in the rabbit. 

Even with the apparent abundant availability of 

antibody to bind circulating rabbit neutrophils, 

neutrophil depletion was still not complete or sustained. 

It also appeared that the bone marrow responded to 

decreasing neutrophil numbers by attempting to replete the 

circulation with more neutrophils because blood samples 

collected at 3 to 38 hours after the start of treatment 

showed many immature neutrophils as determined by a high 

incidence of cells with "banded" rather than segmented 

nuclei. 

The ability of the purified anti-neutrophil antibody 

to eliminate neutrophils effectively and selectively 

appeared doubtful, because when administered alone it was 

not effective (Experiment 1, Table 2) and when 

administered in conjunction with a second (anti-goat) 

antibody, neutrophil numbers were significantly reduced, 

but basophils were also drastically affected. In two 

rabbits treated with the IgG anti-neutrophil antiserum, 
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three blood samples showed marked reduction in neutrophil 

numbers (less than 1000 cells/mm3 blood) (See Table 2) . 

However, at 2 and 4 hours after the initial IgG anti-

neutrophil antiserum injection in Experiment 2, basophils 

dropped to 6 and 0 % of pre-injection values, 

respectively. In Experiment 3 at 2 hours, there were no 

detectable basophils in the peripheral blood sample. In 

Experiment 4, neither neutrophil or basophil depletion was 

evident, and in Experiment 5 at 24 hours, the basophil 

number was remarkably high: 344 % of the pre-anti-

neutrophil antiserum count. 

In vitro basophil degranulation experiments were 

performed to determine if anti-neutrophil antibodies could 

lead directly to the activation and degranulation of 

basophils. IgG anti-neutrophil antibodies, at varying 

dilutions, were the stimuli in this assay and were unable 

to cause the loss of visible basophil granules stained 

with a toluidine blue stain. 

Because the specific depletion of intravascular 

neutrophils was essential to determining the role of the 

neutrophil in systemic anaphylaxis, we abandoned the use 

of our goat anti-neutrophil antibodies in favor of the 

Vinca alkaloid, vinblastine sulfate. A single intravenous 

administration of 0.35 mg/kg produced profound decreases 
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in peripheral blood neutrophil counts in most rabbits 

approximately 72 hours after injection. . Figure 8 shows 

the results from experiments which establish the time 

course of depletion. In the entire group of vinblastine-

treated rabbits (n = 26), neutrophil counts dropped to 566 

± 107 cells/mm3, which corresponded to 20 ± 3 % of pre-

vinblastine values. For those rabbits used in the antigen 

and PAF challenge studies (n=16), neutrophil counts 

dropped to 399 ± 101 PMN/mm3 (14.4 ± 3.3 % of 

pretreatment). The effect of vinblastine on other 

leukocytes is shown in Figure 9. A vinblastine dose of 

0.25 mg/kg produced depletion of neutrophils similar to 

0.35 mg/kg, but 0.75 mg/kg resulted in lethality. 

Vinblastine was able to deplete neutrophils from both 

circulating and marginated pools. In a single experiment, 

an intravenous injection of 1.4 jug/kg epinephrine, which 

more than doubled the aortic blood pressure, did not 

result in an increase in circulating neutrophil numbers. 

Circulating neutrophil numbers were 44/mm3 blood before 

epinephrine injection and 0/mm3 blood 15 and 60 sec 

afterwards. 



Figure 8 

TIME COURSE FOR VINBLASTINE NEUTROPHIL DEPLETION 

After a single injection of 0.35 mg/kg vinblastine, 
the number of circulating neutrophils rose at 24 hours and 
then fell dramatically by 72 hours. Data are expressed as 
the mean ± SEM of 6 rabbits. 

All rabbits depleted of neutrophils by vinblastine 
were used for subsequent studies approximately 72 hours 
after treatment. 
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Figure 9 

THE EFFECT OF VINBLASTINE (0.35 ug/kg) ON RABBIT 
LEUKOCYTES 

A single injection of vinblastine (0.35 mg/kg) 
affected neutrophils most dramatically. The number of 
circulating neutrophils was reduced to 399 ± 101/mm3 blood 
(14 ± 3 % of pretreatment). 

Basophils were reduced to 41 ± 7 % of pretreatment. 
Lymphocytes, monocytes and platelets were less 

dramatically affected. 
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EFFECTS OF VINBLASTINE ON THE FUNCTION OF MAST CELLS, 

BASOPHILS AND PLATELETS 

Mediators from various allergic cell types play a 

critical role in antigen-induced anaphylaxis. These 

cells, most notably mast cells, basophils and platelets, 

must be functional during antigen challenge in order to 

determine a possible effect of neutrophil depletion on 

systemic anaphylaxis. The effect of vinblastine on mast 

cells, basophils, and platelets was tested by assessing 

the ability of these cell types to respond to stimuli 

which would normally take place during anaphylaxis. 

Mast cell function was determined in a passive 

cutaneous anaphylaxis (PCA) assay, in which rabbit serum 

IgE is allowed to bind to mast cells in the skin of 

unsensitized control rabbits which had been treated with 

vinblastine. The homologous PCA titer (the lowest 

concentration which gives a positive response) was 

determined for Pool 2, an IgE standard serum pool for the 

homologous PCA assay in this laboratory. In experiments 

with four vinblastine-treated (neutrophils were reduced to 

637 ± 212/mm3 blood, 32 ± 9 % of pretreatment) and four 

untreated rabbits, the geometric mean homologous PCA titer 

for Pool 2 was similar for both groups: 16.0 x/*r- 1.5 and 

11.3 X/-T» 1.2, respectively (p > 0.4). There appears to 
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be no alteration in the ability of the mast cells in 

vinblastine-treated rabbits to bind IgE antibodies and 

then respond to antigen challenge with degranulation, 

mediator release, and finally, extravasation of the Evan's 

blue dye. 

Basophil function was assessed by an assay which 

detects degranulation following in vitro exposure to the 

sensitizing antigen. As shown in Table 3, although 

vinblastine decreased the number of circulating basophils 

to 40.9 ± 8.2 % of pretreatment values, the remaining 

basophils were still able to degranulate in response to 

specific antigen challenge in vitro. The degree of 

degranulation was essentially complete in both groups. 

The effect of vinblastine on platelet function was 

assessed by PAF-stimulated mediator secretion in vitro. 

The ability of rabbit platelets to take up radiolabeled 

serotonin, and the subsequent release of this serotonin 

following challenge with synthetic PAF (C16-AGEPC) was 

compared in blood samples from vinblastine-treated and 

untreated rabbits (see Table 4) . The total numbers of 

platelets in the circulation was not significantly 

different following vinblastine treatment in four rabbits 

(717,485 ± 91,930 platelets/mm3 blood as compared with 

698,750 ± 117,980 platelets/mm3 blood in pretreatment 
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Table 3 

THE EFFECT OF VINBLASTINE ON BASOPHIL DEGRANULATION 

VINBLASTINE 
TREATED (n = 8) NONTREATED (n = 8) 

NUMBER OF 
CIRCULATING 83 234 
BASOPHILS/mm BLOOD (±20) (±45) 
(± SEM) 

PERCENT DEGRANULATED 
WITH 50 ug/ml HRPa 97.8b 97.3 
(± SEM) (± 1.1) (± 1.4) 

aAlmost all basophils from rabbits sensitized to 
horseradish peroxidase (HRP) degranulate when exposed to 
antigen. 
Although the number of blood basophils was reduced to 41 

± 7 % of pretreatment (n=8), the ability of the remaining 
basophils to respond to the binding of specific antigen 
with a degranulation response was unaffected by 
vinblastine treatment. 
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Table 4 

THE EFFECT OF VINBLASTINE ON PAF-INDUCED 
SEROTONIN RELEASE FROM PLATELETS3 

VINBLASTINE 
TREATED (n = 4) NONTREATED (n = 3) 

cpm % Thrombin cpm % Thrombin 

THROMBIN 
(TOTAL 
RELEASE) 

41,112 
(± 3597) 

43,180 
(± 2711) 

TYRODES + Ca 
(SPONTANEOUS 
RELEASE) 

++ 4054 
(± 132) 

10.1 
(± 1.0) 

2977 
(± 438) 

6.9 
(± 1.3) 

PAF 
(10~8 M) 

36,951 
(± 2417) 

90.4 
(± 3.0) 

39,322 
(± 2110) 

91.2 
( ±  0 . 8 )  

aThe capacity of PAF to stimulate 3H-serotonin release 
from platelets was determined in 250 ul of washed blood 
cells from vinblastine-treated or nontreated rabbits. To 
each of 3 aliquots for each rabbit was added 200 ul of 
Tyrode's buffer and either 50 ul Thrombin 200 U/ml (total 
releasable serotonin). 50 ul of Tyrode's (spontaneous 
release), or 50 ul 10 M C16 PAF. 
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counts), nor was the amount of serotonin released in vitro 

by thrombin significantly different in the two groups. 

Although spontaneous release was somewhat higher in the 

vinblastine-treated than in the untreated rabbits (10.1 ± 

1.0% as compared with 6.9 ± 1.3%, respectively), the 

difference was not statistically significant (p > 0.1). 

PAF (at 10~8 M) induced the same amount of serotonin 

release in both groups. Platelets thus appear to be 

unaffected by vinblastine treatment which reduced 

neutrophils to 835 ± 155/mm3 blood (40 ± 7 % of 

pretreatment). 

PHYSIOLOGIC ALTERATIONS: ANTIGEN-INDUCED SYSTEMIC 

ANAPHYLAXIS 

Systemic anaphylaxis, following antigen challenge in 

IgE-producing rabbits has been described previously (38, 

39). The effect of neutrophil depletion with vinblastine 

on each of the seven physiologic variables monitored 

before, during, and for 60 min following intravenous 

antigen administration was compared with these same 

variables measured in neutrophil-intact rabbits. 
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THE EFFECT OF VINBLASTINE ON BASELINE VALUES 

The effect of vinblastine on baseline values was 

assessed by comparing the mean values for each physiologic 

variable with the mean values for the non-treated rabbits. 

Table 5 shows the mean baseline values (± SEM) for all 

treated (n=14) and non-treated (n=ll) rabbits challenged 

with antigen or PAF. Vinblastine treatment did not 

significantly affect baseline values for any variable. 

ANTIGEN-INDUCED ANAPHYLAXIS IN TREATED AND NON-TREATED 

RABBITS 

Following the intravenous administration of 1.0 mg of 

the antigen, horseradish peroxidase, all sensitized 

rabbits in both treated and non-treated groups responded 

with physiologic alterations typifying anaphylaxis. 

Figures 9 and 10 show the responses from both groups of 

rabbits during the first 15 min after antigen challenge. 

All variables except aortic systolic blood pressure have 

returned to baseline by that time. Vinblastine neutrophil 

depletion statistically inhibited only the increase in 

heart rate (p < 0.05) (Figure 10). The increases in right 

ventricular pressure and total pulmonary resistance appear 
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Table 5 
BASELINE VALUES FOR PHYSIOLOGIC VARIABLES3 

VINBLASTINE- NON-
TREATED TREATED 

Expiratory Resistance 48, .7 56. .6 
(cm H20/L/sec) (± 3, •9) (± 6, •9) 

Expiratory Compliance 5, .1 4, . 1 
(ml/cm H20) (± 0. .6) (± 0. •4) 

Expiratory Volume 20. .8 18. .7 
(ml) (± 1, .6) (± 0. •9) 

Breathing Rate 39. .4 40. .0 
(breaths/min) (± 3. •1) (± 5, •4) 

Heart Rate 232. .2 220. .2 
(beats/min) (± 8. .0) (± 6. •7) 

Aortic Systolic Pressure 102. ,7 111. .8 
(mm Hg) (± 3. ,6) (± 3. .8) 

Right Ventricular Pressure 17. .2 17. .6 
(mm Hg) (± 1. .0) (± 1. ,2) 

aData expressed are the means (± S.E.M.) of the baseline 
values for each of the variables from the antigen- and 
PAF-challenge experiments. None of the baseline values 
differed between the vinblastine-treated and non-treated 
groups when compared by unpaired T-test. 



Figure 10 

CIRCULATORY CHANGES ACCOMPANYING ANTIGEN-INDUCED 
ANAPHYLAXIS IN NEUTROPHIL-DEPLETED AND NEUTROPHIL-INTACT 
RABBITS 

The increase in heart rate was significantly reduced 
in the vinblastine-treated group (p<0.05) when the 15 sec 
to 5 min response period was analyzed. 

Although the increase in right ventricular pressure 
appeared somewhat reduced in neutrophil-depleted rabbits, 
the difference between the two groups was not significant 
(p>0.2). 

The decrease in aortic blood pressure was not 
affected by vinblastine treatment. 
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somewhat reduced in neutrophil-depleted rabbits, but the 

difference between the two groups was not significant 

(Figures 10 and 11, respectively). 

IgE LEVELS IN TREATED AND NON-TREATED RABBITS 

The serum anti-HRP IgE level was determined for each 

rabbit using serum collected on the morning of the antigen 

challenge. Geometric mean homologous PCA titers for 

vinblastine-treated and non-treated rabbits were 3.4 x/-£-

1.8 and 8.3 x/-r- 1.5, respectively (p > 0.2). Values 

ranged from 0 to 24 in the each group. Because some 

sensitized rabbits produce basophil-bound IgE, detectable 

by basophil degranulation assay, but do not have 

measurable circulating IgE, as determined using the 

passive cutaneous anaphylaxis assay, a serum titer of zero 

does not mean the rabbit is not sensitized and will not 

experience anaphylaxis. Two such rabbits were in the 

treated group and one was in the non-treated group. 

Basophil degranulation assays performed on blood samples 

collected from each rabbit prior to anesthesia showed 

dramatic response to antigen in all rabbits tested (see 

Table 3). 



Figure 11 

RESPIRATORY ALTERATIONS ACCOMPANYING ANTIGEN-INDUCED 
ANAPHYLAXIS IN NEUTROPHIL-DEPLETED AND NEUTROPHIL-INTACT 
RABBITS 

Although the increase in expiratory resistance 
appears somewhat reduced in the vinblastine group, the 
treated and non-treated rabbits were not significantly 
different (p>0.3). 

Changes in breathing rate, volume, and lung 
compliance were not affected by vinblastine treatment. 
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HEMATOLOGIC CHANGES THAT ACCOMPANY ANAPHYLAXIS 

As described above, vinblastine treatment 

dramatically affected neutrophil numbers and had some more 

modest effects on other cell types (Figure 12) . Surgical 

preparation and/or anesthesia of the animals prior to 

antigen challenge had a general depressing effect on cell 

counts. 

During the anaphylactic response, blood cells numbers 

in vinblastine-treated and non-treated rabbits fell to a 

similar degree (Figures 13-18). Basophils, as expected, 

disappeared by 1 min after antigen challenge in both 

treated and non-treated sensitized rabbits (Figure 15) . 

In the non-treated group, neutrophils accounted for the 

major portion of the decrease in leukocytes, falling to 5 

± 5 % of prechallenge at 15 min, and then recovered to 

greater than prechallenge levels by 60 min (see Figure 

16) . In vinblastine-treated rabbits, the few neutrophils 

present decreased similarly to the non-treated rabbits in 

the initial response to antigen, but did not recover to 

baseline. Although the baseline platelet counts appeared 

slightly less in the treated rabbits, the numbers were not 

significantly different from nontreated rabbits (p > 0.1) 

(Figure 14) . Platelets fell to 11 ± 3 % of prechallenge 

by 5 min after antigen, and had recovered to 51 ± 5 % of 



Figure 12 

THE EFFECT OF VINBLASTINE ON RABBIT LEUKOCYTES - VINHRP 
EXPERIMENTS 

Seventy-two hours after vinblastine treatment (0.35 
mg/kg) peripheral white blood cell counts were reduced 
to 48 ± 6 % of pretreatment. 

Neutrophils were most dramatically affected. Numbers 
of circulating neutrophils were 288 ± 100/mm (12 ± 5 % of 
pretreatment). 

Basophils were reduced to 41 ± 6 % of pretreatment, 
but monocytes and platelets were less markedly affected. 
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Figure 13 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND ANTIGEN 
CHALLENGE ON TOTAL WHITE BLOOD CELL NUMBERS 

White blood cells from peripheral blood samples were 
reduced to 48 ± 6 % of pretreatment 72 hour£ after a 
single injection of 0.35 mg/kg vinblastine, and were 
further reduced following anesthesia and/or surgery in 
both treated and non-treated rabbits. 

Antigen challenge resulted in a marked drop in white 
blood cells by one min, but by 30 min the number of white 
blood cells had returned to prechallenge values. 
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Figure 14 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND ANTIGEN 
CHALLENGE ON PERIPHERAL BLOOD PLATELET NUMBERS 

Although the number of platelets appears to be 
somewhat higher in the blood of rabbits in the non-treated 
group, the platelet counts at baseline are not 
significantly different (p>0.1). 

Platelets were only slightly affected by vinblastine 
treatment (92 ± 3 % of pretreatment), but were reduced by 
anesthesia and/or surgery in both groups. 

Platelet numbers dropped with the first 5 min after 
antigen challenge and recovered similarily in both 
vinblastine treated and non-treated rabbits. 
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Figure 15 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND ANTIGEN 
CHALLENGE ON PERIPHERAL BLOOD BASOPHIL NUMBERS 

Although basophil numbers appear higher in the non-
treated rabbits, the difference between baseline values in 
vinblastine-treated and non-treated rabbits is not 
significant (p>0.2). 

Vinblastine reduced the number of basophils to 41 ± 6 
% of pretreatment. 

Basophils disappeared from the circulation by 1 min 
after antigen challenge in both treated and non-treated 
rabbits. 
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Figure 16 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND ANTIGEN 
CHALLENGE ON PERIPHERAL BLOOD NEUTROPHIL NUMBERS 

Vinblastine reduced neutrophils to 12 ± 5 % of 
pretreatment values (288 ± 100 neutrophils/mm3), and 
anesthesia and/or surgery further reduced circulating 
neutrophil numbers in both groups. 

Neutrophil numbers fell dramatically by one min after 
antigen challenge and recovered to beyond baseline values 
by 60 min in non-treated rabbits. 
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Figure 17 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND ANTIGEN 
CHALLENGE ON PERIPHERAL BLOOD LYMPHOCYTE NUMBERS 

Lymphocytes were reduced slightly by vinblastine 
treatment (to 69 ± 12 % of pretreatment) and were further 
reduced by anesthesia and/or surgery in both groups. 

The number of lymphocytes in the peripheral 
circulation dropped during the first 5 min after antigen 
challenge and returned to baseline values by 30 and 60 min 
for non-treated and vinblastine-treated rabbits, 
respectively. 



LYMPHOCYTES O O Nontreated 

• ©Vinblastine treated 

8000 T 

^ 6000 

g 4000 
o 

Ld 
O 

2000 --

W 
1-2  

CL-> 

I 
<D cn 

CO 

o 20 40 
HRP (1.0 mg) 

TIME OF BLOOD SAMPLE (MIN) 
Figure 17 UD <£> 



Figure 18 

CHANGES IN TOTAL LEUKOCYTE AND PLATELET NUMBERS DURING 
ANTIGEN-INDUCED SYSTEMIC ANAPHYLAXIS: PERCENT OF 
PRECHALLENGE 

The response to intravenous antigen challenge in 
sensitized rabbits was similar in vinblastine-treated and 
non-treated rabbits. Changes in total leukocyte and 
platelet counts (percent of prechallenge) were determined 
from peripheral arterial blood samples. 
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prechallenge by 60 min. A similar platelet response and 

recovery was observed in vinblastine-treated rabbits 

(Figure 18) . Lymphocytes were reduced to 47 ± 2 % of 

prechallenge at 5 min in the vinblastine-treated rabbits, 

and to 52 ± 22 % in the non-treated group, and had 

returned to baseline by 60 and 30 min, respectively 

(Figure 17). 

PHYSIOLOGIC ALTERATIONS: PAF-INDUCED RESPONSE 

Platelet activating factor is an important mediator 

of anaphylaxis in the rabbit, and mimics the physiologic 

changes that accompany antigen challenge in sensitized 

rabbits both quantitatively and qualitatively (9), 

although the PAF response occurs more quickly and resolves 

sooner than the antigen response. 

PAF-INDUCED RESPONSE IN VINBLASTINE-TREATED AND NON-

TREATED RABBITS 

The physiologic response to PAF challenge was 

compared in neutrophil-depleted and neutrophil-intact 

rabbits (Figures 19 and 20) . In contrast to the limited 

effect of neutrophil depletion on the antigen-induced 

response, vinblastine treatment significantly reduced the 

increase in right ventricular pressure which occurred 



Figure 19 

CIRCULATORY CHANGES FOLLOWING INTRAVENOUS PLATELET-
ACTIVATING FACTOR (PAF) IN NEUTROPHIL-DEPLETED AND 
NEUTROPHIL-INTACT RABBITS 

Neutrophil depletion significantly reduced the 
increases in heart rate (p<0.02) and right ventricular 
pressure (p<0.04) following PAF challenge. 

The fall in aortic blood pressure was not affected by 
vinblastine treatment. 
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Figure 20 

RESPIRATORY CHANGES FOLLOWING INTRAVENOUS PLATELET-
ACTIVATING FACTOR (PAF) IN NEUTROPHIL-DEPLETED AND 
NEUTROPHIL-INTACT RABBITS 

Vinblastine treatment did not affect the alterations 
in breathing rate or volume or lung compliance during the 
PAF response. 

However, the PAF-induced increase in expiratory 
resistance was completely abolished by neutrophil 
depletion (p<0.03). 
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after PAF challenge (p < 0.04) (Figure 19). In addition, 

the tachycardia was inhibited in vinblastine-treated 

rabbits ais compared with non-treated rabbits (p < 0.02) 

(Figure 19) . Even more striking was the abolishment of 

the increase in total pulmonary resistance in treated 

animals (p < 0.03) (Figure 20). No significant 

differences were seen between treated and non-treated 

rabbits in the other physiologic variables. 

A regression analysis comparing the number of 

circulating neutrophils/mm3 blood on the day of challenge 

with the percent maximum change in total pulmonary 

resistance yielded interesting results. The number of 

neutrophils was directly correlated with the increase in 

the total pulmonary resistance (p < 0.01) (Figure 21). 

This correlation existed in both treated and non-treated 

rabbits. 

HEMATOLOGIC CHANGES THAT ACCOMPANY PAF RESPONSE 

• Rabbit blood cell counts changed markedly following 

the intravenous administration of 0.6 jug/kg PAF in both 

vinblastine-treated and non-treated rabbits (Figures 23-

28). Although vinblastine treatment modestly reduced 

other cell types while it depleted neutrophils (Figure 

22), the change in cell numbers that followed PAF 



Figure 21 

REGRESSION ANALYSIS: EXPIRATORY RESISTANCE VERSUS NUMBER 
OF CIRCULATING NEUTROPHILS 

There appears to be a direct relationship between the 
peak change in expiratory resistance following PAF 
challenge and the number of circulating neutrophils 
present in the blood of rabbits before surgery on the day 
of challenge (p<0.01). Values for- expiratory resistance 
at 45 seconds post HRP (the peak response in non-treated 
rabbits) were used. All rabbits (both vinblastine-treated 
and non-treated groups) were included in the analysis. 
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Figure 22 

THE EFFECT OF VINBLASTINE ON RABBIT LEUKOCYTES - VINPAF 
EXPERIMENTS 

Seventy-two hours after a single injection of 0.35 
mg/kg vinblastine, peripheral blood leukocyte counts were 
reduced to 47 ± 4 % of pretreatment. 

Neutrophils were reduced most markedly (to 509 ± 
175/mm , 17 ± 5 % of pretreatment values). 

Other cells types were less dramatically affected: 
basophils were reduced to 43 ± 13 %, platelets to 61 ± 6 
%, and lymphocytes to 61 ± 5 % of pretreatment. 
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Figure 23 

CHANGES IN TOTAL LEUKOCYTE AND PLATELET NUMBERS DURING 
PLATELET-ACTIVATING FACTOR (PAF) RESPONSE: PERCENT OF 
PRECHALLENGE 

Changes in numbers of white blood cells and platelets 
were determined from peripheral arterial blood samples. 
The responses of leukocytes and platelets following PAF 
were similar in vinblastine-treated and non-treated 
rabbits. 
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Figure 24 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND PLATELET-
ACTIVATING FACTOR (PAF) OF TOTAL LEUKOCYTE NUMBERS 

White blood cells from peripheral blood samples were 
reduced by vinblastine treatment to 47 ± 4 % of 
pretreatment, and were further reduced by anesthesia 
and/or surgery in both treated and non-treated rabbits. 

PAF challenge resulted in a fall in total leukocyte 
numbers within the first min of challenge in both groups 
of rabbits. Recovery to prechallenge values occurred by 
30 min. 
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Figure 25 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND PLATELET-
ACTIVATING FACTOR (PAF) CHALLENGE ON PERIPHERAL BLOOD 
PLATELET NUMBERS 

Vinblastine reduced the numbers of platelets to 61 ± 
6 % of pretreatment. 

In both treated and non-treated rabbits, platelet 
numbers fell dramatically within the first min after PAF 
challenge, followed by partial recovery towards pre-
challenge values in both groups. 
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Figure 26 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND PLATELET-
ACTIVATING FACTOR (PAF) ON PERIPHERAL BLOOD BASOPHIL 
NUMBERS 

Vinblastine treatment reduced basophils to 43 ± 13 % 
of pretreatment, and numbers were further reduced by 
anesthesia and/or surgery in both treated and non-treated 
rabbits. 

Basophil numbers fell by one min after PAF challenge, 
but partially recovered by 30 min in both groups. 
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Figure 27 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND PLATELET-
ACTIVATING FACTOR (PAF) ON PERIPHERAL BLOOD NEUTROPHIL 
NUMBERS 

The number of peripheral blood neutrophils was 
reduced by vinblastine treatment to 509 ± 175/mm3 (17 ± 5 
% of pretreatment). 

In non-treated rabbits, PAF challenge resulted in a 
precipitous fall in neutrophil numbers, but the recovery 
of neutrophils to baseline values occurred by 30 min. 
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Figure 28 

THE EFFECT OF VINBLASTINE TREATMENT, SURGERY AND PLATELET-
ACTIVATING FACTOR (PAF) ON PERIPHERAL BLOOD LYMPHOCYTE 
NUMBERS 

Vinblastine treatment reduced lymphocytes to 61 ± 5 % 
of pretreatment, and anesthesia and/or surgery further 
reduced lymphocyte numbers in both treated and non-treated 
rabbits. 

Lymphocytes responded similarily following PAF 
challenge in both groups. 
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challenge did not differ between the treated and non-

treated groups when expressed as a percent of the 

prechallenge value (Figure 23). 

Although basophils dropped markedly at 1 min after 

PAF administration (Figure 26) , some of these cells had 

returned to the circulation by 15 min, and at 30 min had 

recovered to 51 ± 11 % of prechallenge in the non-treated 

group, suggesting a non-degranulating event in the 

temporary loss of these cells. Neutrophils fell to 8 ± 3% 

of prechallenge in the non-treated rabbits at 1 min post 

PAF, and recovered to prechallenge values by 30 min 

(Figure 27). Platelets fell to 30 ± 4 % by 1 min in the 

non-treated rabbits, and to 39 ± 9 % by 5 min in the 

treated rabbits. Recovery was similar in both groups 

(Figure 25). Lymphocytes were only modestly affected, and 

dropped to 70 ± 20 % and 62 ± 16 % of prechallenge by 1 

min for the non-treated and vinblastine-treated rabbits, 

respectively (Figure 28) . By 15 min, lymphocyte numbers 

had returned to baseline values in both groups. 
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DISCUSSION 

Since the objective of this study was to determine 

whether neutrophils play a significant role in systemic 

anaphylaxis or in the response to PAF, the first phase of 

the study involved establishing an effective and specific 

protocol to achieve neutrophil depletion. 

Immunization of a goat with purified rabbit 

neutrophils led to the production of anti-neutrophil 

antiserum that contained antibodies specific for .rabbit 

neutrophils and lacked measurable antibodies to rabbit 

serum proteins. However, the use of this anti-neutrophil 

antiserum to deplete rabbits of circulating neutrophils 

was ineffective. Neutrophil counts were not reduced below 

1077 PMN/mm3 blood (43 % of pretreatment) . The IgG-

enriched fraction of the anti-neutrophil antiserum also 

was not able to decrease rabbit neutrophil numbers. 

Neutrophils internalize anti-neutrophil antibodies by 

a process in which antigenicity is temporarily lost or 

greatly reduced (51) . In vitro studies suggest the 

recovery of the neutrophil's ability to bind anti-

neutrophil antibodies may require one and a half to two 

hours after an initial exposure to these antibodies (51). 

In attempting to optimize the conditions for antibody-

neutrophil binding, anti-neutrophil antibodies were 
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injected when the antigenicity of the circulating 

neutrophils should have recovered from the previous 

injection, i.e. 90 to 120 min post injection, but this 

method remained ineffective. 

Only when the IgG anti-neutrophil antibodies were 

followed by the administration of anti-goat IgG antibodies 

was a dramatic reduction in circulating neutrophil numbers 

observed (in some of the rabbits so treated). This 

procedure, however, produced a concurrent loss of 

circulating basophils, possibly occurring by activation of 

the complement cascade by immune complexes in the blood 

(52) . 

The unsuccessful depletion of rabbit neutrophils with 

anti-neutrophil antibodies was not unique to this study. 

Knicker and Cochrane (23) were unable to deplete 

circulating neutrophils in rabbits to less than 300 

PMN/mm3 blood without also administering the alkylating 

agent nitrogen mustard. The profound, sustained neutrophil 

depletion observed in guinea pigs (53) and rats (24) may 

be due in part to species variability. 

Because the depletion of circulating neutrophils with 

minimal effect on other cell types, especially platelets, 

mast cells and basophils, was essential for subsequent 
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experiments, the use of antibodies to deplete neutrophils 

was abandoned in favor of the anti-proliferative agent, 

vinblastine sulfate. 

Vinblastine at 0.35 mg/kg, administered 

intravenously, dramatically reduced circulating 

neutrophils in most rabbits. Neutrophil numbers were 14 ± 

3 % of pretreatment values (399 ± 101 PMN/mm3 blood) by 72 

hours after treatment. With regard to specificity, the 

effect on platelet numbers was somewhat variable, but was 

never large (See Figures 12 and 22) . Platelet secretion 

in vitro was also not significantly affected by 

vinblastine treatment. There was no difference between 

treated and non-treated rabbits in the amount of serotonin 

released from their platelets in response to either 

thrombin or PAF. 

Basophil numbers were somewhat reduced (to 41 ± 8%) 

by vinblastine treatment. The ability of remaining 

basophils, however, to degranulate in response to specific 

antigen was not affected. Mast cell function was also not 

detectably altered by vinblastine treatment as determined 

by the ability of mast cells to function in a homologous 

passive cutaneous anaphylaxis assay. Titers of an IgE-

positive reference serum were not different in 

vinblastine-treated and non-treated rabbits. 
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Sensitized rabbits were randomly assigned to the 

vinblastine-treated and non-treated groups. The mean 

circulating IgE titers were not significantly different in 

these two groups. 

Vinblastine treatment did not alter baseline values 

for any of the seven physiologic variables which were 

monitored during antigen or PAF challenge: heart rate, 

right ventricular and aortic systolic blood pressures, 

breathing rate and volume, total pulmonary resistance and 

dynamic lung compliance. 

Neutrophil depletion had no effect on antigen-induced 

anaphylaxis except on the increase in heart rate. The 

peak change during the 0 to 5 min time period after 

antigen was significantly reduced in vinblastine-treated 

rabbits when compared with non-treated rabbits using a 

response curve analysis (p < 0.05). The increases in 

right ventricular pressure and total pulmonary resistance 

were somewhat reduced in vinblastine treated rabbits, but 

these alterations were not significantly different from 

the non-treated group. 

The physiological alterations accompanying systemic 

anaphylaxis in IgE-producing rabbits has been described 

previously (39) . Both histamine (10) and PAF (9) have 

been shown to cause physiologic alterations qualitatively 
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similar to those observed in IgE-anaphylaxis. Although 

circulatory changes quantitatively comparable to those 

observed following antigen challenge were not achievable 

with histamine, anaphylaxis-like respiratory alterations 

were obtained with relatively low doses of intravenous 

histamine (10). Intravenous administration of PAF at 0.6 

ug/kg produced respiratory and circulatory alterations 

quantitatively identical to those observed in IgE-

anaphylaxis (9) . 

Several previous studies indicate that the increase 

in pulmonary resistance in IgE anaphylaxis is caused by 

histamine released locally from lung mast cells (4, 9, 

54) and which acts to constrict airways of an intermediate 

size. First, the increase in total pulmonary resistance 

induced by intravenous antigen challenge was completely 

inhibited by pretreatment with the HI receptor antagonist 

chlorpheniramine (10, 11). Second, antigen challenge was 

directly shown to constrict most strongly airways which 

measure 1-3 mm in diameter (11). These airways, which are 

third generation or smaller, are most responsive to 

histamine and most affected by inhibition with 

chlorpheniramine (11) . 

In vitro data support these in vivo findings as 

regards the role of histamine in airway contraction which 
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leads to increased pulmonary resistance. We recently have 

shown (54) that intrapulmonary bronchi measuring 2-3 mm in 

diameter cut from the lungs of sensitized rabbits contract 

when challenged with antigen. This response is completely 

inhibited by chlorpheniramine pretreatment (54). Thus, 

the histamine released by antigen and inducing contraction 

of the isolated airways must be coming from local mast 

cells. 

Platelets are an important source of histamine in the 

rabbit (55). However, the depletion of circulating 

platelets with anti-platelet antibodies (4) or the 

inhibition of platelet function with prostacyclin (5) did 

not significantly inhibit any of the physiologic changes 

observed during IgE-anaphylaxis. Taken together with the 

above, it appears that the histamine mediating the change 

in pulmonary resistance is likely mast cell histamine 

released locally in the lung. Thus it was not surprising 

to find no apparent role for neutrophils in the antigen-

induced alteration in pulmonary resistance in vivo. 

There is direct histologic evidence for the in vivo 

constriction of rabbit pulmonary arteries by antigen (56). 

Thus, the right ventricular pressure increase which 

follows antigen challenge is likely caused by the 

constriction of the pulmonary arteries. This increase in 
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pressure cannot be inhibited by platelet depletion (4) or 

by pretreatment with the HI histamine antagonist, 

chlorpheniramine (4, 5, 10), excluding an important role 

for histamine or platelets in this response. 

We hypothesized that neutrophils might participate in 

this response. However, the data from neutrophil-depleted 

rabbits indicate that if neutrophils have a role in the 

increase in right ventricular pressure following antigen 

challenge it is not a major one. 

Neutrophils may contribute to the increase in right 

ventricular pressure either by mechanically impeding the 

flow of blood through the lungs or by the release of 

mediators. Activated neutrophils, among other cells, are 

able to synthesize lipoxygenase products as well as PAF, 

and neutrophils and platelets have been shown to interact 

in the production of various arachidonic acid metabolites 

(57, 58) some of which might contract pulmonary arteries. 

However, neither pretreatment with aspirin (a 

cycloxygenase inhibitor) nor with the lipoxygenase 

inhibitor phenidone inhibited any of the physiologic 

responses to antigen challenge in sensitized rabbits (59), 

and Halonen, (unpublished observations). Nor was a 

significant increase in blood leukotrienes detected in 

rabbits during IgE-anaphylaxis (59). Nevertheless, 
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because neutrophil depletion slightly inhibited the 

antigen-induced increase in right ventricular pressure, 

response, and because neutrophil depletion is not total, 

we cannot completely exclude the possibility that 

circulating neutrophils may play a minor role in the 

mechanism by which this change occurs. 

Platelet-activating factor produces physiological and 

hematological alterations which mimic those observed in 

antigen-challenged rabbits (9) . The slight delay that 

precedes the antigen-induced response agrees with the time 

required for mediator release from mast cells and 

basophils. From these initial studies, it appeared that 

PAF might be a major mediator of IgE anaphylaxis. In 

contrast to the response to antigen challenge, however, 

subsequent studies demonstrated that the respiratory 

changes associated with PAF-challenge were platelet-

dependent (4, 5). In addition, pretreatment with the HI 

histamine antagonist chlorpheniramine inhibited the 

respiratory response following PAF (10). Platelet-released 

histamine appears to be an important mediator in the 

resistance change during PAF challenge. Because the 

respiratory changes induced by PAF occur by different 
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pathways than those of IgE anaphylaxis it appears that PAF 

is not the major mediator of these aspects of the 

anaphylactic response. 

Nevertheless, the current study revealed the 

importance of a platelet-neutrophil interaction in the 

PAF-induced increase in total pulmonary resistance, which 

may have importance in other syndromes which PAF may 

mediate. The results from the study of PAF-challenged, 

vinblastine-treated rabbits showed essentially complete 

inhibition of the increase in total pulmonary resistance. 

In addition, the number of circulating neutrophils 

correlated directly with the increase in total pulmonary 

resistance in individual PAF-challenged rabbits. Thus, 

the inhibition of the pulmonary resistance change occurs 

with depletion of either circulating platelets (4) or 

neutrophils (present study) or after pretreatment with an 

HI antagonist (10). These data indicate that both cell 

types may be required for a mechanism by which platelet-

derived histamine is released near (i.e. in the bronchial 

circulation of) airways that are involved in resistance 

changes. Perhaps neutrophil aggregates hold platelets in 

the bronchial vessels which supply blood to 1-3 mm 
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airways. Without neutrophils, platelet aggregates may not 

lodge in these vessels or may not result in platelet 

secretion. 

Neutrophils have been shown to play an important role 

in PAF-induced hyperresponsiveness in dogs, possibly by a 

similar mechanism to that we suggest above. Circulating 

neutrophils mediate the PAF-induced increase in the 

contractile response of dog trachea to vagal stimulation 

(60, 61). In addition, neutrophils are rapidly sequestered 

in the post capillary venules in the airways of dogs 

following PAF infusion and this accumulation of 

neutrophils appears to mediate pulmonary 

hyperresponsiveness (62, 63). 

The current study also indicates that neutrophils 

contribute to the PAF-induced increase in right 

ventricular pressure. Previous studies had shown that 

neither platelet depletion (4), platelet inactivation with 

prostacyclin (5) nor HI histamine antagonism could block 

the PAF-induced right ventricular pressure change. 

Neutrophils appear to play an important role in the 

mechanism or mechanisms responsible for these PAF-induced 

alterations, possibly by aggregating in the pulmonary 

circulation in response to activation by PAF and/or by 

producing a mediator or mediators which constrict the 
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pulmonary arteries and thus contribute to the increase in 

right ventricular pressure. Two possible causes of 

increased right ventricular pressure include the impedance 

of blood flow through the pulmonary arteries and decreased 

artery caliber (64). Although PAF does not contract 

rabbit pulmonary arteries in vitro (Palmer, unpublished 

observations), PAF will constrict the pulmonary arteries 

in vivo (56). In addition, thromboxane A2, a potent 

constrictor of vascular and bronchial smooth muscle, has 

been shown to mediate constriction of rabbit pulmonary 

arteries (65) and can be synthesized by both platelets 

(66) and neutrophils (67). 

In contrast to the results from the present study of 

neutrophil-depleted rabbits and the previous study of 

platelet-depleted rabbits (4), the response to intravenous 

PAF in sheep was not significantly altered by either 

platelet or granulocyte depletion (68). Thus species 

differences apparently occur in this regard. 

Although neutrophils are important in the PAF 

response in the rabbit, they are not important in IgE-

anaphylaxis unless the role of these cells in anaphylaxis 

is a minor one or requires only a few circulating 

neutrophils. If the latter possibility is indeed the 

case, the incomplete depletion of neutrophils by 
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vinblastine in this study might not have been adequate to 

detect such a role. Recent studies show that the dramatic 

depletion of neutrophils from the peripheral circulation 

may not accompany an equally marked loss of neutrophils 

from the lungs (69, 70). Furthermore, this residual 

pulmonary neutrophil population, seemingly less resistant 

to the effects of depletion methods, appeared unaltered in 

its ability to respond to intravascular stimuli (69). 

In summary, neutrophils contribute in part to the 

increase in right ventricular pressure and are critically 

required for the increase in total pulmonary resistance 

that occur in response to PAF challenge. In contrast, 

neutrophils do not appear to play a major role in antigen-

induced systemic anaphylaxis. These results suggest that 

PAF is not a major mediator of these two physiologic 

alterations of IgE-mediated anaphylaxis. 
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Appendix 1 

SENSITIZATION SCHEDULE 
FOR THE PRODUCTION OF ANTI-HORSERADISH PEROXIDASE (HRP) 

IgE ANTIBODIES IN RABBITS 

Day HRP Immunization 

0 1 mg sHRP, I.P. 

7 1 mg sHRP, I.P. 

14 1 mg sHRP, I.P. 

21 1 mg AHRP, I.P. 

35 1 mg sHRP, I.P. 

49 1 mg sHRP, I.P. 

63 1 mg sHRP, I.P. 

77 1 mg AHRP, S.Q. 

91 HRP challenging dose 
1 mg sHRP, I.V. 

91 + Rabbits which lived longer than 91 days were 
immunized every other week, alternating immunizations with 
either sHRP or AHRP. 

Stock HRP was prepared at 10 mg/ml in sterile, pyrogen-
free saline (0.9% NaCl), and was milipore filtered (0.45 
um pore size) and stored in sealed vials at -20° C. 

sHRP (Soluble HRP) 2 mg/ml 
Stock HRP was diluted 1/5 in saline, 0.5 ml was injected 
to yield 1 mg final dose. 

AHRP (Alum-precipitated HRP) 2 mg/ml 
1 ml stock HRP 
2.5 ml saline 
1.5 ml Alhydrogel (Superfos Export Co., Vedbaek, Denmark) 

Mixed by inversion. 
Injected 0.5 ml to yield 1 mg final dose. 
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Appendix 2 

ANTICOAGULANTS 

A. SODIUM CITRATE (3.8%) 

3.8 grams trisodium citrate (Na3C6H507*H20) 

Bring to 100 ml with distilled water 

For use: 1 part citrate per 9 parts whole blood 
(0.38% final concentration) 

Store at 4°C 

B. ACID CITRATED DEXTROSE (ACD) 

2.2 grams trisodium citrate (Na3C6H507*H20) 
0.8 grams citric acid 
2.45 grams dextrose 

Bring to 100 ml with distilled water 

For use: 15 ml ACD per 100 ml whole blood 
Store at 4°C 

C. HEPARIN 1000 U/ml (Organon Inc., West Orange, NJ) 

For use: 5 jal heparin per 1 ml whole blood 
(200 U/ml final concentration) 
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Appendix 3 

BUFFERS AND SOLUTIONS 

A. REAGENTS FOR ADSORPTION OF GOAT ANTI-RABBIT NEUTROPHIL 
ANTISERUM AND PREPARATION OF NEUTROPHILS FOR 
IMMUNIZATION OF GOAT 

Erythrocyte Lvsing Solution 

NaH4Cl 
KHCO3 
(or NaHC03) 

Na,EDTA 
(or Na3EDTA) 

Adjust pH to 6.5 
QS to 1000 ml with distilled water 
Store at 4° C. 

8.3 g 
1.0 

0.3963 

2.5% Gelatin 

Gelatin 1.25 g 

Add 30 ml distilled water, dissolve by heating to almost 
boiling. 
QS to 50 ml with distilled water. 
Store at 4° C. 

B. REAGENTS FOR PLATELET-DEPENDENT SEROTONIN RELEASE 
ASSAY 

IPX Tvrodes Stock 

NaCl 8.0 g 
KCl 0.1950 g 
MgCl2'6H20 0.2130 g 
Dextrose 1.0 g 

QS to 100 ml with distilled water. 
Ultrafilter and aliquot into sterile tubes. 
Store at 4° C, make fresh monthly. 
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Appendix 3 (continued) 

10 mM EGTA 

0.380 g/100 ml distilled water 

Dissolve EGTA in 20 ml 0.1 M NaOH +1.0-2.0mllM NaOH 
(enough to bring EGTA into solution) 

Add 60 ml H20 

Adjust pH to 6.5 with 1.0 M and 0.1 M HCl, 
QS to 100 ml with distilled water. 
Ultrafilter into sterile tubes. 
Store at 4° C. 
Make fresh monthly. 

10 % Gelatin 

Gelatin 5 g 

Mix gelatin with 35 ml distilled water and heat till 
nearly boiling to dissolve. 
QS to 50 ml with distilled water. 
Store at 4° C. 
Make fresh monthly. 

Tvrodes Working Solutions 

1. Tyrodes + Gel (TG) 

lOx Tyrodes Stock 25 ml 
NaHC03 0.255 g 
10 % gelatin 6.25 ml 
(Warmed to liquify) 

Adjust pH to 6.5 
QS to 250 ml with distilled water. See NOTE below. 



130 

Appendix 3 (continued) 

2. Tyrodes + Gel + EGTA (TGE) 

Tyrodes + Gel (above) 
10 mM EGTA 
(0.1 mM final) 

70 ml 
700 Jul 

Adjust pH to 6.5. See NOTE below. 

3. Tyrodes + Gel + CaCl2 (TGC) 

Tyrodes + Gel (above) 
0.1 M CaCl2 

70 ml 
910 Jul 

Adjust pH to 7.4. See NOTE below. 

NOTE: Aliquot the Tyrodes solutions into polystyrene 
tubes, fill to the top and cover with parafilm (excluding 
air) . Prepare fresh solutions on the day of the 
experiment. 

C. REAGENTS FOR IMMUNOGOLD ASSAY 

lOx Phosphate Buffered Saline (PBS) Stock 

NaH2P04*2H20 2.56 g 
Na2HP04 11.94 g 
NaCl 87.63 g 

QS to 1000 ml with distilled water. 
Adjust pH to 7.2 - 7.4. 
Store at 4° C. 

See below. 
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Appendix 3 (continued) 

PBS Working Solution PBS/NRS/Az 

lOx PBS Stock Solution 
Normal Rabbit Serum (NRS)* 
Sodium Azide 

10 ml 
2 ml 

200 mg 

QS to 100 ml with distilled water. 

* In earlier experiments, I substituted bovine serum 
albumin (Crystallized, Miles Laboratories, Naperville, IL) 
for normal rabbit serum, but it led to too much non
specific binding. 

D. BORATE BUFFERED SALINE FOR QUALITATIVE PRECIPITIN 
ASSAY 

Borate Buffer (Reference (71)) 

Boric Acid (H3BO3) 6.184 grams 
Sodium Borate (Na2B407*10H2O) 9.536 grams 
Sodium Chloride 4.382 grams 

Q. S. to 1000 ml with distilled water. 
pH range should be 8.4-8.5 

BORATE BUFFERED SALINE 

5 parts Borate Buffer 
+ 95 parts physiologic saline (0.9 % NaCl) 

E. TRIS BUFFER FOR THE RECONSTITUTION OF PRECIPITATED IgG 
ANTIBODIES 

TRIS-Hydrochloride 0.316 grams 
(TRIS(Hydroxymethyl)aminomethane) 

Sodium Chloride 0.877 grams 

Q. S. to 100 ml with distilled water. 
Adjust pH to 8.0. 
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Appendix 4 

SCHEDULE OF IMMUNIZATIONS AND BLOOD SAMPLES 
FOR GOAT ANTI-RABBIT NEUTROPHIL ANTISERUM 

DATE BLOOD SAMPLE 
(amount drawn) 

# IMMUNIZATION3 
(Comments about Immunogen) 

5/19/86 100 ml 
Normal Goat Serum 

5/27/86 

7/8/86 

7/23/86 140 ml 

8/6/86 

8/20/86 250 ml 

9/3/96 

9/18/86 

10/1/86 

10/16/86 

10/31/86 

250 ml 

250 ml 

7 ml, 96.5% PMN, 
64x10 PMN total 
(44.2% yield) 

5 ml, 96.5% PMN, 
173.3X106 PMN total 

(didn't calculate yield) 

3.8 ml, 96.5% PMN, 
36.2X106 PMN total 
(33.8% yield) 

7.5 ml, 99.5% PMN, 
40.2x10 PMN total 
(45.6% yield) 

6 ml, 99.5% PMN, 
42.5xl06 PMN total 
(33.7% yield) 

2.75 ml. 95.5% PMN, 
27.3x10 PMN total 
(26.1% yield) 
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11/14/86 250 ml 

12/4/86 250 ml 

12/15/86 7 4 ml, 98% PMN, 
61.8X106 PMN total 
(40% yield) 

1/5/87 250 ml 

1/28/87 400 ml 8 6 ml, 96% PMN, 
27.OxlO6 PMN total 
(11.8% yield) 

2/13/87 

3/2/87 

3/11/87 

3/26/87 

4/8/87 

4/22/87 

5/6/87 

5/20/87 

6/3/87 

360 ml 

400 ml 

400 ml 

400 ml 

420 ml 

400 ml 

400 ml 

10 

11 

5 ml, 98.5% PMN, 
61.6x10 PMN total 
(43.7% yield) 

4 ml, 94% PMN, 
25.2x10 PMN total 
(41.7% yield) 

5 ml, 99% PMN, 
284x10 PMN total 
(54.4% yield) 

6/17/87 440 ml 

7/1/87 440 ml 
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Appendix 4 (Continued) 

8/28/87 12 4 ml, 97% PMN, 
302x10 PMN total 
(23.8% yield) 

9/14/87 420 ml 

9/25/87 560 ml Final blood sample, 
gave goat away. 

aThe goat was immunized with 92.7xl06 (± 29.6xl06) 
neutrophils every 4 weeks until the seventh week, then 
every 6 weeks. The immunogen was 97.2 % (± 0.49 %) pure 
neutrophils, and 5.0 (± 1.4) ml was injected 
subcutaneously in two sites on the rump of the goat. The 
purification procedure yielded 36.3 % (± 3.63 %) of the 
total blood neutrophils, with greater than 98 % viability 
(assessed by Trypan Blue exclusion). 
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Appendix 5 

CELL COUNTING CONVERSIONS TO # CELLS/mm3 BLOOD 

ANTICOAGULANTS 
Heparin: 5 jul heparin (1000 U/ml) per 1 ml blood 
Na citrate: 100 jul per 1 ml total volume (900 jul blood) 
ACD: 7 ml per 50 ml total volume (43 ml blood) 

WBC diluted in Unopette (dilution factor 1/100) 

Count 9x0.1 mm3 squares in Spencer hemocytometer 
no anticoag. or heparin: 100/1 x 1/0.9 = 111 
Na citrate: 100/1 x 1/0.9 x 10/9 = 123 
ACD: 100/1 X 1/0.9 X 1/0.86 = 129.1 

PLATELETS diluted in Unopette (dilution factor 1/100) 

Count 5 x 0.004 mm3 squares in Spencer hemocytometer 
no anticoag. or heparin: 100/1 x 1/0.02 = 5000 
Na citrate: 100/1 x 1/0.02 x 10/9 = 5556 
ACD: 100/1 X 1/0.02 x 1/0.86 = 5814 

BASOPHILS diluted 1/10 (Cooper/Cruickshank staining 
method) 

Count 8 x 0.2 mm3 squares in Fuchs-Rosenthal hemocytometer 
no anticoag. or heparin: 10/1 x 1/1.6 = 6.25 
Na citrate: 10/1 x 1/1.6 x 10/9 = 6.94 
ACD: 10/1 X 1/1.6 x 1/0.86 = 7.27 
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Appendix 6 

COOPER - CRUICKSHANK METHOD OF STAINING BASOPHILS 
FOR CHAMBER COUNTING 

Solution A: 

0.1 % EDTA (disodium salt) in saline (0.9 %) 

Solution B: 

25 ml 0.5 % cetylpyridinium chloride 
(warm to 37° C to dissolve) 

25 ml distilled water 

20 ml 0.2 % toluidine blue in 
5.0 % aluminum sulphate (filter before use) 

Method: 

Deliver to the bottom of a 75 x 10 mm tube 80 ul of 
Solution A. Add 20 ul of blood and mix by gentle shaking. 
Add 100 jal of Solution B. Mix again by gentle shaking. 
Fill two Fuchs-Rosenthal chambers using a Pasteur pipette, 
let the chambers stand in a humified box for 5-10 min to 
allow the cells to settle. (These chambers are 0.2 mm 
deep). 

Basophils are seen as purple/red metachromatically 
stained cells. Other leukocytes, platelets, and 
erythrocytes are unstained. Stained cell preparations are 
stable for at least 24 hours. 

Note: Cetyltrimethylammonium bromide may be used instead 
of N-cetylpyridinium chloride. 
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