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INTRODUCTION 

s 
YSTEMIC anaphylaxis in the rabbit has been reported to be characterized 
by pathologic-physiologic changes within the cardiovascular system.l+ Rab- 

bits dying in anaphylactic shock exhibit extreme dilatation of the right auricle 
and ventricle, congestion of the liver, and distention of the portal vein and in- 
ferior vena cava. Airilal first noted the rise in pulmonary arterial pressure 
after the shocking injection and the fall in systemic blood pressure as soon as 
the high pulmonary pressure developed. Coca2 stated t.hat the altered hemo- 
dynamics in rabbit anaphylaxis resulted from contraction of the smooth muscu- 
lature of the pulmonary arterioles leading eventually to obstruction of flow 
through the constricted lumen of the involved vessels. The pulmonary arterial 
bed is thus practically occluded and dilatation of the right side of the heart 
follows. Drinker and Bronfenbrenner,3 by direct pressure readings from the 
exposed pulmonary artery, recorded the rise in pressure in the pulmonary cir- 
culation and fall in systemic arterial pressure during anaphylactic shock, and 
by means of the Starling heart, preparat,ion then demonstrated that the heart 
does not suffer primary damage in anaphylaxis but is secondarily affected due 
to its inability to maintain the necessary pressure head to force blood through 
the pulmonary vessels. The experimenm of Friedberger and Seidenberg” demon- 
strated resistance to flow of antigen-containing perfusion fluid through the lung 
of the sensitized animal, and Grove6 noted constriction of isolated strips of the 
pulmonary artery in the Dale bath. Vallery-Radot, Halpern, a.nd Mauric” 
concluded that pulmonary vasoconstriction is not the only cause of a drop in 
systemic blood pressure, for in their experience the generalized drop in arterial 
blood pressure and the rise in pressure in the pulmonary artery seem to occur 
independently. 

Auer and Robinson7 reported electrocardiographic disturbances in conduc- 
tion in the heart of the rabbit during anaphylaxis which ranged from slight 
delay to partial and complete heart block. Criep8 studied cardiac changes, as 
revealed by the electrocardiogram, in the rabbit during anaphylaxis, asphyxia, 
and mechanical clamping of t,he pulmonary artery. In all 3 states there were 
noted identical changes consisting of the development of conduction disturbances 
progressing to cardiac standstill, Criep indicated that the cardiac changes ob- 
served were due to myocardial anoxemia and possibly cerebral anoxemia sec- 
ondary to the state of asphyxia induced by anaphylaxis. 

*From the Addison H. Gibson Laboratory of the School of Medicine of the IIniversity of 
Pittsburgh. 

tThis project was aided in part by a grant from the Sarah Mellon Scaife Foundation. 
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This report deals with our attempt t.o study the pathologic physiology of 
anaphylaxis in the rabbit by electrocardiographic and pneumographic studies 
and by recording intracardiac pressure during anaphylactic shock. 

EXPERIMENTAL PROCEDURE 

The techniques of sensitization and subsequent challenge in eliciting ana- 
phylaxis in the rabbit were carried out according to the conditions suggested by 
Bukantz, Johnson, and Alexander.Q Adult rabbits ranging in weight from 2.5 
kg. to 3.5 kg. were sensitized by a single intramuscular injection of 325 mg. of 
bovine gamma globulin (Fraction II, Armour) absorbed on aluminum hydroxide 
prepared according to the method of Hektoen and Welker.lO Three to 4 weeks 
later fatal anaphylactic shock was induced by the intravenous administration 
of 500 mg. of bovine serum gamma globulin in 10 ml. of physiologic saline. 

Just prior to the administration of the shocking dose of antigen, 6 sensi- 
tized animals were lightly anesthetized with intravenously administered pento- 
barbital sodium. This degree of anesthesia facilitated the procedures required 
in exposing the jugular vein and passing a catheter into the heart, but at the 
same time did not interfere with respiration, cardiac action, the production of 
anaphylaxis, or the symptoms occurring during anaphylactic shock. 

Blood pressures within the right ventricle were obtained with a No. 6 
ureteral catheter introduced through the exposed right jugular vein and at- 
tached to a Statham P23A pressure transducer. Recordings on a constant speed 
kymograph were obtained utilizing a direct coupled high gain stabilized ampli- 
fier which drove an Edin pen motor. Calibration of the transducer was ob- 
tained by standardization against a mercury column, as well as by the integral 
electrical calibration. Heparinized saline solution was used to fill the transducer 
and catheter system. Electrocardiograms employing the standard Lead II and 
respirations utilizing a pneumatic system were also simultaneously recorded by 
pen writing arms on the constant speed kymograph. Two additional rabbits 
were similarly studied except that pulse pressure rather than blood pressure 
was recorded. 

Following death, the thoracic cage of each animal was opened, the heart 
grossly examined, and the position of the catheter checked. 

RESULTS 

The method of Bukantz, Johnson, and Alexander9 for sensitizing and chal- 
lenging rabbits, which was employed in this experiment, was uniformly suc- 
cessful in effecting fatal anaphylactic shock in the animals studied. 

The effects of fatal anaphylaxis on respiration, electrocardiographic trac- 
ings and right ventricular pressure are summarized in Table I. 

In 6 rabbits there was an immediate rise in both systolic and diastolic pres- 
sure within the right ventricle reaching a maximum within 20 to 60 seconds 
following the administration of the shocking dose of antigen. The variations 
in intraventricular pressure noted at the height of anaphylaxis were related to 
the convulsive seizures and the marked fluctuations in respiratory movements 
that occurred. After the rise of intraventricular pressure to a maximum height, 
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both the systolic and diastolic pressures gradually fell to zero in fro111 2 to 10 
minutes following the intravenous administration of the antigen. 

With the exception of a few terminal gasps, respirations abruptly ceased 
within 60 to 120 seconds after the administration of the antigen. In 1 rabbit 
(No. 2) respirations and intraventricular pressure changes ceased simul- 
taneously after 2 minutes. However, in the other 5 rabbits studied, pulsatile 
changes in intracardiac pressure continued for a period of from 2 to 10 minutes 
after respirations had ceased (Pig. 1). In 2 additional sensitized rabbits, simi- 
larly studied, in which pulse pressures rather t,han true blood pressures were re- 
corded, the fatal reaction to the administration of antigen was also that of a 
sudden respiratory arrest occurrin, v well before the disappearance of intra- 
ventricular pressure changes. 

No significant changes in the elect,rocardiograms were noted during ana- 
phylactic shock. All of the major electrocardiographic changes recorded oc- 
curred after respiration had ceased and the intraventricular pressure had fallen 
t,o zero and pulsatile variations no longer occurred. 

In all instances, on post-mortem inspection, the tip of the cat,heter was fo~md 

lying inside the right ventricle. Both the right auricle and ventricle felt flabb: 
and were enlarged to approximately 3 times their normal size. 

DISCUSSION 

It is recognized that the administration of certain drugs may interfere with 
the production of typical anaphylaxis in experimental animals. However, 
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Drinker and BronfenbrenneP did not find that the anesthesia employed in their 
studies interferred with the production of anaphylactic shock in rabbits, and 
Chase” was of the opinion that anesthetics are of low order in this regard. The 
effect of the anesthesia itself, together with the operative procedures involved, 
probably exerted no significant influence on the response of the animals to the 
challange dose of antigen, since similar fatal anaphylactic shock was elicited in 
unanesthetized sensitized rabbits, within similar time periods, employing the 
same doses of antigen. 

The cause of death in anaphylactic shock in the rabbit has been considered 
to be attributable t!o acute failure of the right side of the heart secondary to 
obstruction of blood flow in the pulmonary circuit. Further evidence for the 
development of right-sided heart failure is noted in this study in that increased 
systolic and diastolic pressures were observed to develop within the right 
ventricle. Though the intracardiac pressures gradually diminished to zero indi- 
cating a failing heart, it is noteworthy that in 7 of the 8 rabbits studied in this 

’ experiment respirations suddenly ceased while cardiac function as measured 

A a C 0 E /r= 

Fig. 1 (Rabbit No. 4).-Showing simultaneous recordings of respirations, right intra- 
ventricular pressures, and electrocardiographic tracing: A, during control period ; B, during 
period of injection of shocking dose of antigen; C, 2 minutes later, showing abrupt cessation 
OP respiration while the intraventricular pressures have risen and the electrocardiographic 
tracing is maintained; D, 2 minutes after respirations have ceased, increased intraventricular 
pressures and electrocardiographic tracing continue: h’, 3 minutes after respirations have 
ceased, intraventricular pressures are diminishing to levels below normal; F, 4 minutes after 
the cessation of respiration, the intraventricular pressure has fallen to zero, the electrocardio- 
graphic tracing continues. 

by right intraventricular pressure and electrocardiogram was maintained. The 
heart continued to beat and significant intraventricular pressures were recorded 
for several minutes following the cessation of respiration. The abrupt manner 
in which respirations stopped following the administration of the shocking dose 
of antigen suggests a sudden peripheral respiratory failure. The few terminal 
gasps that followed later were probably due to central anoxia. Continued beat- 
ing of the heart following death has been previously noted in anaphylactic shock 
in the rabbitI ; however, fatal anaphylaxis in the animal has always been at- 
tributed to acute congestive heart failure. Evidence of bronehospasm has not 
been found” and histologic study of the bronchioles and lung parenchyma 
showed no significant changes. Simmonds’3 explained the absence of broncho- 
spasm on the assumption that bronchial muscles in the rabbit are relatively too 
weak to be capable, by contraction, of interfering with respiration. Groves was 
unable to secure contraction of an isolated bronchial strip taken from a sensitized 
rabbit and immersed in a Dale bath with antigen added, but noted that this 
might indicate that the muscular tissue in the strip was so weak that its con- 
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traction would not be registered by that technique. The fact that major electro- 
cardiographic changes did not OWLW until after respirations had ceased and in- 
tracardiac pressure changes were no longer recorded indicated l-hat death was 
not due to disturbances in the conduction mechanism of the heart or myocardial 
damage that could be recorded by the electrocardiogram. The persistence of 
heart action for as long as 10 minutes following apparent peripheral respiratory 
failure suggests that the mechanism of death in fatal anaphylaxis in the rabbit 
is respiratory failure rat,her than acute failure of the right side of the heart. 

SUMMARY 

1. Right ventricular pressures and pneumographic and electrocardiographic 
tracings were recorded in sensitized rabbits during anaphylactic shock. 

2. Following the intravenous administration of the shocking dose of antigen 
a rise in both systolic and diastolic right ventricular pressures was observed, 
followed by gradual reduction in pressure to zero. 

3. In 7 of 8 rabbits studied, respirations ceased abruptly although the heart 
action and significant intracardiac pressure pulsations continued for as long as 
10 minutes. In one animal heart action and respirations ceased simultaneously. 

4. Major electrocardiographic changes did not occur until after respira- 
tions had ceased and t,he intraventricular pressure had fallen to zero. 

5. It is suggested that the mode of death in anaphylaxis in rabbits is due, 
at least in part, to peripheral respiratory failure. 
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