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Horiiional Influences o n  Epinephrine Induced Aor t ic  Sclerosis. (19230) 

GEORGE ~IIKC'LICICH AND Y. T. OESTER. (Introduced by -1. G. Mulder.) 
Froitt the Depart m n t  o f  Pharmacology, Stritch School of Medicine and Graduate School of Loyola 

University, Chicago, Ill. 

Josue( 1 ) produced, experimentally, degen- 
erative aortic lesions in rabbits as an effect of 
repeated epinephrine injections. Since this 
original observation. a voluminous literature 
on this subject has accumulated. -4n exten- 
sive sumniary of this work is presented by 
Hueper ( 2  ) . The incidence of the production 
of aortic lesions varies from author to author, 
both in the number of animals which are af- 
fected and in the intensity of the sclerosis in 
an individual animal. This variation ranges 
from 16:4 up to 100%. .4lthough many at- 
tempts have been made to influence the course 
of epinephrine-induced sclerosis, our survey of 
the literature does not reveal any report on the 
influence of thyroxin and desoxycorticosterone 
on this process. It is noted. however, that 
Lortat and Sabareanu(3) found that thyroid- 
ectomy prevents the epinephrine-induced 
sclerosis. Others, however, could not confirm 
this. Theoretically, it would be expected that 
thyroxin should enhance the sclerosis induced 
by epinephrine. This is based on the well 
known observation that the sensitivity of 
tissue to epinephrine is increased by thyroxin. 
Specifically. it has been shown that epineph- 
rine elicits a much greater blood pressure rise 
in dogs fed with thyroxin as compared to the 
normal control dogs. This augmentation of 
epinephrine effect by thyroxin could not be 
demonstrated on the vessels of the isolated 
limbs of dogs by ~Iikulicich(4). Desoxycor- 
ticosterone is reported to produce a vasopres- 
sor action with a general blood pressure rise 
( 5 ) .  In  addition, Selye and Stone(6) found 
desoxycorticosterone in large repeated doses 
resulted in sclerotic changes in the arterioles 
of chicks and rats. -4rteriosclerotic changes 
also have been obtained from repeated im- 
plantations of adrenal cortex( 7) .  

Methods. Fif ty-seven rabbits were used in 
our study. The different groups were injected 
daily with the following materials: ( I )  epi- 
nephrine, intravenously, 50 pg of freshly made 
solution per kg, 1 : lo00 U.S.P. ampule diluted 

with sterile 0.9% sodium chloride solution. 
Some of the animals were given 2 5  pg per kg 
for the first 2 days, as a precaution against 
initial fatality. ( 2 )  Thyroxin, subcutane- 
ously, 0.25 mg per kg, prepared from a 1 mg 
per ml ampule or prepared from thyroxin 
crystals* in a sterile 0.9% sodium chloride 
solution containing 2 drops of 0.4% sodium 
hydroxide. (3) Desoxycorticosterone acetate 
(cortatef), subcutaneously, 0.5 mg per kg and 
1.0 mg per kg, of a 5 mg per ml solution in 
sesame oil. (4) Combinations of these. 

Results. Table I outlines the results ob- 
tained. Animals which died after the first to 
fifth injection of epinephrine are grouped as 
early deaths. These deaths occurred within 
one-half hour after the intravenous adminis- 
tration of epinephrine, in a typical epinephrine 
asphyxia1 death, several animals showing 
hemorrhagic foamy sputum; such early deaths 
are not included in the observations. for 
sclerosis. The one early death in the thyroxin 
group was a markedly cachectic animal, the 
death apparently being due to cardiovascular 
failure. -411 of the animals treated with thy- 
roxin showed a rapid loss of weight and pro- 
nounced tachycardia. Aortic sclerosis was 
considered slight if only a few small plaques 
were seen in the supravalvular or thoracic 
aorta. Sclerosis was considered medium when 
numerous plaques were seen along the entire 
course of the aorta, some of which were con- 
fluent, partly ulcerated, and/or calcified. 
Severe sclerosis was recorded when whole seg- 
ments of the aorta were involved, including 
the lower abdominal aorta. 

Epinephrine alone produced only slight or 
medium sclerosis. Thyroxin alone produced 
no sclerotic changes, in spite of general 
cachexia. -4 combination of thyroxin and 
epinephrine showed sclerotic changes in all 8 

*Thyroxine kindly supplied by E. R. Squiebb and 
co .  . 

t Cortate supplied through courtesy of Schering, 
Inc. 

--- _- ---_ 



HORMONES AND EXPERIMENTAL AORTIC SCLEROSIS 817 

rabbits so injected, most of the animals dem- 
onstrating a more severe grade of aortic 
sclerosis than was seen in the epinephrine 
group. In  some of the cases where the ani- 
mals died after only five injections, this severe 
degree of sclerosis was already present. In the 
animals treated with epinephrine and desoxy- 
corticosterone only a slight degree of sclerosis 
was observed in 2 out of 14 animals. In  the 
rabbits treated with a combination of epineph- 
rine, desoxycorticosterone, and thyroxin, all 3 
of the 3 animals showed a severe degree d 
sclerosis, which occurred very early, as smn 
as 6 days after beginning the treatment. 

Prominent changes were observed in the ap- 
pearance of the lungs of the animals which 
died, during the first 4 days of treatment, 
immediately after epinephrine injection. The 
lungs of animals treated with thyroxin and 
epinephrine showed a marked pulmonary 
edema and were severely hemorrhagic, their 
appearance resembling the red hepatization of 
pneumonitis. Animals which received only 
epinephrine also showed marked edema, but 
no diffuse hemorrhage, only localized pete- 
chiae. Animals treated with desoxycorticos- 
terone and epinephrine showed pulmonary 
edema, which was almost without hemorrhage. 
However, this latter group in general showed 
varying degrees of clear serous ascites, with 
edematous engorgement of some tissues. De- 
tailed pathological studies will be reported 
later in a separate communication. 

Discussion. The induction of sclerotic 
lesions in arteries, produced by excessive 
dosage of epinephrine, has been attributed to 
two possible mechanisms. One of these is the 
effect of anoxemia on the vessel walls as a re- 
sult of the severe vasoconstriction. -4s a part 
of this action, the blood flow in the vaso- 
vasorum may be indirectly affected. The sec- 
ond mechanism is that of an effect of epineph- 
rine on the cellular metabolism, especially the 
biochemical chain of oxidative catalysis. 
Study of the concentration of some of the 
oxidative enzymes in human aortas, cyto- 
chrome C, and allaoxazine-adenine dinucleotide 
and phosphopyridine dinucleotide (coenzyme 
I and IT), showed a marked decrease of these 
enzymes in sclerotic aortas which was roughly 
proportional to the degree of sclerosis( 8). It 
is known that thyroxin enhances the degree of 
vasoconstriction caused by epinephrine, and 
also increases the oxygen consumption of tis- 
sue generally; in the light of this, the high and 
severe incidence of sclerotic lesions in rabbits 
treated with both thyroxin and epinephrine 
becomes more understandable. The stress on 
the cardiovascular system, as a result of this 
combined treatment, further increases the 
oxygen need of the tissues involved. This 
cardiovascular stress was evidenced in the per- 
manent tachycardia seen after several da-p of 
epinephrine and thyroxin treatment. In many 
cases, the normal heart rate of approximately 
200 per minute was increased to as high as 
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360 per minute. 
The almost complete absence of scIerotic 

changes in the group of animals treated with 
epinephrine and desoxycorticosterone is diffi- 
cult to explain. Further, the Selye group(9), 
working on chicks and rats, obtained hyper- 
tension and vascular changes with the use of 
desoxycorticosterone. The well known action 
of desoxycorticosterone in the regulation of 
cell membrane permeability and its effect on 
electrolyte balance may be involved in facili- 
tating detoxication in a state of hypoxic 
metabolism. When thyroxin is added to this 
treatment desoxycorticosterone failed com- 
pletely to inhibit the sclerotic changes. I t  is 
possible that the permeability changes due to 
desoxycorticosterone are no longer sufficient to 
compensate for the enormous catabolic injury 
to the tissues of the vessels. 

Summary. Thyroxin and epinephrine treat- 
ment in rabbits was shown to produce aortic 
sclerosis in a greater percentage of cases, and 

a more severe grade of such sclerosis, than 
epinephrine alone. Desoxycorticosterone de- 
creases the amount of sclerosis due to epineph- 
rine alone but failed to influence the sclerosis 
due to the combined epinephrine-thyroxin 
treatment. 
- -  - - - _ _  - - -_- - 
1. Josue, J., Compt.  rend. SOC. biol., 1904, v57, 539. 
2. Hueper, W. C., Arch. Path., 1941, v38, 162, 245. 
3. Lortat, J., and Sabareanu, Compt.  rend. SOC. 

4. Mikulicich, Geo., Schmiedeberg Arch., 1931, 

5 .  Kendall, E. C., Arch. Path., 1941, v32, 474. 
6. Selye, H., and Stone, €I., PROC. SOC. EXP. BIOL. 

7. Leriche, R., and Froelich, F., Ann. d’dnut. Path. 
ct d’Anat. Normale Medico-Chirurgicale, 1936, v17, 
1039. 

8. Raska, Sigwin B., Special Publication of the 
New York Academy of Sciences, 1946, v3, 53. 
9. Selye, H., Canad. M .  A.  J., 1943, v47, 515. 

biol., 1904, v57, 444. 

v162, 484. 

ASD MED., 1943, ~ 5 2 ,  190. 

Received August 23, 1951. P.S.E.B.M., 1951, v78. 

Effect of Cortisone Administration upon Nucleic Acid Composition 
of Rabbit Liver.+ (19231) 

CHARLES CPTON LOWE, W. LANE WILLIAMS, AND LEWIS THOMAS. 
Front the DPpavt1iztnt.v of Ptdiatrics and Afiatomy, University of Minnesota Medical School and the 

University Hospitals, Minneapolis. 

Though purines appear in increased 
amounts in urine of both animals and humans 
treated with cortisone or .\CTH(1-4), it is 
not clear whether the uricaciduria is merely 
a reflection of decrea.sed tubular reabsorption 
.of uric acid( 1,4), or results partly from lym- 
phoid tissue destruction, since this atrophies 
following the administration of ACTH( 5-7). 
.-A portion of the pentose nucleic acid (PN.4) 
(o€ hepatic cells of animals is labile and can be 
reduced by chemical injury (8,9) and starva- 
tion (9-1 1 ) , and returns readily during recov- 
ery from either type of stress. Because of 

* Thi3 study was supported through the generosity 
of the M. & R. Dietetic Co., Wyeth, Inc., and by 
grants from the Xational Institutes of Health, Public 
Health Service and Medical Research Fund of the 
Graduate School of the University of Minnesota. 
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these observations, experiments were planned 
to demonstrate whether cortisone could reduce 
the mount  of PNA in the liver. 

Cortisone was in- 
jected intramuscularly in daily doses of 25 mg 
for 1, 2, 3, and 6 days in 10 albino rabbits, 
1-2 kg in weight. The animals were sacrificed 
24 hours after the last dose of cortisone. In  
addition, 2 animals received cortisone for 3 
days and were sacrificed 9 days later. Six 
animals served as controls. The animals were 
stunned by a blow on the head, then exsan- 
guinated by severing the hepatic vein. The 
livers were dissected free and weighed after 
removal of the gallbladder. A 2-4 g portion of 
the liver was weighed wet, then dried first over 
a water bath, then in an oven at 100°C to 
constant weight. A second portion (2-4 g) 

Plan of experiments. 


