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ability of fertile eggs was decreased by levels 
of . O l % ,  .03% and .06% of BAPN in the 
diet. Hatchability was reduced to 41% in 
the group receiving . O l %  BAPN after 4 
weeks supplementation compared to the con- 
trol a t  61%. Hatchability decreased to 0 in 
4 weeks a t  the .03% level and to 0 in 3 weeks 
in the group receiving .06% BAPN. Follow- 
ing removal of BAPK from the diet both egg 
production and hatchability increased and the 
percent of soft shelled eggs decreased. Hem- 
orrhages were found in 40% to 80% of the 
dead embryos from the groups fed .03% and 
.06c/, B.4PS. 

S .  Chicago, Ill., for supplying the beta-aminopro- 
pionitrile fumarate. 
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Secondary shock is tJ-pically characterized 
bj- a reduced cardiac output. arterial hypo- 
tension and generalized stagnant anoxia. The 
result is usually a marked hypofunction of 
internal organs which if continued leads to 
death of the organism. Of the vital processes 
and organs which fail in irreversible shock. 
it is not known which failures are primarj. 
and which secondary, or conversely which 
systems or organs if protected from the anoxia 
would exert maximum survival benefit. There 
is reason to believe that increased perfusion 
of the liver( 1 . 2 )  will lower the mortality in 
experimental shock but evidence of this tJye 
with reference to other organs or systems is 
scarce. I t  would seem that a method of pro- 
ducing experimental shock which permitted 
graded and controlled degrees of anoxia of 
various parts of the body might be helpful in 
this problem; regulation of degree of arterial 
flow appears to be one of the best means of 
achieving this. Aortic occlusion shock was 

* This investigation was supported by Research 
and Development Division, Office of Surgeon Gen- 
eral, Department of Army under Research Contract. 

produced by Erlanger and Gasser(3) but this 
method has since been little used. 

The object of the present study was a )  to 
determine whether repeatable experimental 
shock could be induced by total or partiaI 
aortic occlusion and b) to determine whether 
such a method might be effective in producing 
different degrees of anoxia in different parts of 
the body. The ultimate aim was to study the 
relative importance of various systems and 
organs in the genesis of fatal shock. 

U c t h o d s .  Mongrel dogs were anesthetized 
with morphine sulfate (3  mg/kg) and intra- 
venous sodium barbital (120 to 180 mg/kg). 
Blood pressures were recorded with damped 
mercury manometers. Temporary occlusion 
of the lower thoracic aorta (Th  8-9) was pro- 
duced either by careful tightening of a poly- 
ethylene noose placed surgically 2 to 3 weeks 
before, or by inflation of an intraaortic bal- 
loon catheter containing radioopaque liquid ; 
the catheter was passed via the femoral or 
carotid artery under fluoroscopic guidance. 
The two methods yielded comparable results 
but the balloon catheter was used almost ex- 
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TABLE I. Results of Temporary Occlusion of Lower Thoracic Aorta in Dogs (Th 8-9). 

Mean 
Type of Occl. time KO. of Meau survival 

Group occlusioii (hr )  dogs tvt (kg)  No. died % mort. time (hr )  
~ ~~ ~ ~~~~ ~~ 

A Total 1y1 to 2 9 15.2 9 100 10.5 
B Partial  2 t o 2 S  8 15.3 3 37.5 45.3 

clusively after early experiments because of 
its greater simplicity and ease of control. The 
volume of the balloon was regulated by means 
of a threaded shaft and piston attached to 
the syringe plunger; in this way degree of 
aortic occlusion and thus distal aortic pres- 
sure could be accurately controlled. Total 
and partial thoracic aortic occlusions were 
produced for periods ranging from 1% to 
25 hours. In some experiments, occlusions 
resulting in a mean distal aortic pressure of 
30 mm Hg were combined with simultaneous 
controlled bleeding from a carotid artery into 
an inverted reservoir containing Mepesulfatet 
in saline (200 mg 70). These latter animals 
were therefore subjected to shock in which 
the mean aortic perfusion pressure above the 
diaphragm was 100 mm Hg and that below 
was 30 mm Hg. At  the end of the hypoten- 
sive period the balloon was removed, the 
withdrawn blood reinfused and the wounds 
closed. I n  a number of animals, degree of 
oxygenation of the liver and lower segments 
of the body was studied by determination of 
blood oxygen content and capacity of arterial, 
hepatic venous and inferior vena caval blood 
before, during and after occlusion, using the 
methods of Van Slyke(4) and Roughton(5) 
for blood oxygen. Hepatic venous samples 
were obtained from a right hepatic vein via 
cardiac catheter; inferior vena cava samples 
were taken from a point 2 to 3 inches below 
the liver. 

Results. In 2 groups of animals (Group A 
and B ) .  total and partial occlusions of the 
lower thoracic aorta a t  levels of Th  8-9 were 
produced for periods of 1% to 2% hours. In 
the partial occlusions most of the animals 
were subjected to mean distal aortic pressures 
of either 40 or 30 mm for periods of 2 hours. 
The general results are summarized in Table 
I. 

t The anticoagulant Mepesulfate was kindly sup- 
plied by Hoffmann-LaRoche, Inc., Nutley, S. J.  

During the occlusion the skin temperature 
of the lower half of the body decreased 
markedly, respiratory rate and depth was 
diminished, particularly in the animals in 
Group B, and bloody diarrhea often super- 
vened. In  Group A post-occlusion blood 
pressures were often markedly decreased from 
the control values and most of these anlmals 
died in coma within 12  hours after release 
of the balloon. At autopsy these dogs had 
considerable amounts of bloody fluid in the 
large and small intestine but relatively little 
gross congestion of the mucosal and sarosal 
vessels of these organs. The lungs were wet 
and severely congested. 

Both of these types of experiments had cer- 
tain disadvantages-in the total occlusion the 
stress was too severe and in the partial occlu- 
sions the central hypertension and pulmonary 
congest ion were undesirable concomitants. 

In  Group C a combined hemorrhagic aortic- 
occlusion stress was produced by occluding 
the aorta to a distal arterial pressure of 30 
mm Hg while simultaneously bleeding the 
central portion of the arterial bed to a fixed 
hypotensive level of 100 mm Hg. The aortic 
occlusion was produced 2 to 3 inches above 
the coeliac axis artery (Th 8-9) so that a 
severe arterial hypotension existed through- 
out the subdiaphragmatic aorta and its 
branches. As controls, Group D animals were 
subjected only to hemorrhagic hypotension 
of 100 mm; in these experiments the balloon 
catheter was inserted but not inflated. The 
results are shown in Table I1 and the blood 
pressure responses of all the groups are sum- 
marized in Table 111. 

To obtain a measure of the effect of these 
procedures on state of oxygenation of the in- 
volved tissues, the oxygen content and ca- 
pacity of hepatic venous and inferior vena 
caval blood were determined in some of the 
animals. As measurements of the state of 
oxygenation, such values are by no means 
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TA4BT,E TI. Siiiiiii~:iry of Cloiiihiiit~~l Hciliior1.liagic-Aortie Occlnsioii Shock. 

Duration Mean 
of shock S o .  o f  Meail body sii rvival 

Group Type of s1ioc.k (hr) :iiiiiii:ils wt (kg) No. died ‘/c iiiort. time (hr) 

C Hcnio + aortic. owl.  21h 1 ”  10.5 10 83.3 13.1 

I) Hcmo oiily (100 mm 21/2 111 12.9 1 8.3 34.0* 
(100-30 shock! 

shock) 

Refcrs to st:iiitl. dw. of clistributioii. 
t Rq)nwiit: i  t ivc piwsu t ~ s  tnkcii :it iiiiilpoiii t 

exact indices: the saturation of venous blood 
draining a part however is undoubtedly a 
reasonable function of the tissue p02 and as 
such represents the summated effect of both 
the oxygen supply and oxygen utilization of 
the part. The venous saturation values are 
given in Table I\- .  

Discussion. Irreversible shock produced by 
the combined hemorrhage-aortic occlusion 
technic described above resembles experimen- 
tal hemorrhagic shock in many respects. 
During the stress there is a decrease in bod>* 
temperature, increase in heart rate. depression 
of reflexes and tendency to ‘take up’ blood 
from the reservoir. Following release of the 
occlusion and reinfusion of the withdrawn 
blood the arterial blood pressure returns to 
control levels or above. heart rate declines 
and circulation through the occluded areas 

( ) f oc.cli1 si oii 1wri oil. 

returns to approximately normal. Over the 
following 6 to 24 hours blood pressure gradu- 
ally declines, bloody diarrhea often occurs 
and death supervenes in about 80% of cases. 
One of the more notable contrasts with hem- 
orrhagic shock is the lack of the usual accel- 
erated respiratory rate and air hunger; in- 
stead, the animals in hemorrhape-aortic oc- 
clusion shock showed a decrease in respiratory 
rate to levels of 2 to 6 per minute. This was 
undoubtedly due to increased arterial flow to 
the head region. 

l’he oxygen saturations of venous blood 
below the occlusion point varied considerably 
from animal to animal but did reveal the 
unmistakable and drastic degree of stagnant 
anoxia which prevailed particularly in the 
liver. The degree of hepatic anoxia was 
closely comparable to that previously reported 

* Sampling clone below liver. refers to st:iiitl. tlcv. of distri1)utioii. 
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in hemorrhagic shock in the dog( 6) .  
The results indicate that hemorrhage-aortic 

occlusion results in a repeatable type of ex- 
perimental shock in the dog which simulates 
pure hemorrhagic shock in most of the im- 
portant essentials. The method permits si- 
multaneous and independent control of ar- 
terial perfusion pressures to different segments 
of the body. While it has the advantage of 
achieving differential perfusion without the 
necessity of extensive surgery or extracorpo- 
real circulation, its application is somewhat 
limited by the anatomical vagaries of the 
arterial supply of the involved organs. 

Summary. 1) A combination of hemor- 
rhagic and partial aortic occlusion produces 
a controllable degree of hypotensive shock in 

the dog which closely resembles hemorrhagic 
shock. 2 )  The method provides an opportu- 
nity to study the effects of differential arterial 
perfusion of different body segments. 
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On the basis of measurements of liver gly- 
cogen and blood glucose in X-irradiated rats, 
Mole has recently taken issue with the con- 
cept that irradiation stimulates the adrenals 
( 1).  He suggested that the failure of X-ir- 
radiated adrenalectomized rats to synthesize 
glycogen is due not directly to lack of cortical 
hormones but rather to a low level of blood 
glucose, below the threshold for glycogen de- 
position ; and that glycogen synthesis follow- 
ing administration of cortisone is the result of 
an increase in concentration of glucose in 
blood to a level favoring deposition of glyco- 
gen. Mole concludes that X irradiation has 
not been shown to increase adrenal activity, 
and that the irradiated rat actually uses corti- 
sone more efficiently than controls. 

One change which takes place in irradiated 
rats is an increase in tryptophan peroxidase 
activity of the liver(2). This increase does 
not occur in adrenalectomized rats, and hence 
resembles the increases produced by a num- 

~~ 

*Work performed under the auspices of the U. S. 
Atomic Energy Commission. 

ber of amino acids and pharmacodynamically 
active agents (2,3,4), rather than the increase 
produced by tryptophan, which is consider- 
ably greater and is not prevented by adrenal- 
ectomy(3). However, the level of the en- 
zyme can be increased in adrenalectomized 
rats by administration of cortisone or hydro- 
cortisone, the response being roughly propor- 
tional to the dose over an appreciable range 
( 5 ) .  We felt that this system would be 
suitable for studying any possible improve- 
ment in efficiency of utilization of the glu- 
costeroids in irradiated animals. 

Methods. Female rats of the Sprague- 
Dawley strain, 6 weeks old, were adrenalecto- 
mized 5 days before irradiation: during this 
time they received 1% saline ad libitum, and 
were injected with desoxycorticosterone ace- 
tate (1 mg/kg) on alternate days. Exposure 
to X rays was at  the rate of 2 0 0  r/min from 
a machine operated at 250 kv, 15 ma: 0.5 mm 
Cu plus 3 mm bakelite filters, 2 7  cm distance. 
A dose of 600 r total-body irradiation was 
used throughout. Cortisone acetate (20 mg/ 


