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Interest in the use of steroid hormones as 
anti-hypercholesterolemic agents was first 
aroused by the report of Eilert(l), who 
showed that estrogens reduced the smurn 
cholesterol level. The action of estrogens in 
man is naturally accompanied by undesirable 
feminizing effects ( 2), but their anti-hypercho- 
lesterolemic effect is superior (to that of andro- 
gens. 

Hellman et aZ(3) and other workers re- 
ported that androsterone, administered paren- 
terally, was an effective anti-hypercholesterol- 
emic agent, with the strongest effect occur- 
ring in hypothyroid patients with their typi- 
cal increased serum cholesterol level. Hellman 
et at?, therefore, imputed to androsterone a 
“thyromlimetic” activity. On the other hand, 
Cohen et aZ(4) showed that androsterone had 
no effect on the serum protein-bound iodine, 
and that hence its anti-cholesterolemic effect 
is not mediated through a thyromimetic 
activity. 

Because of the lack of activity of orally 
administered androsterone, synthetic and re- 
lated androgens have been investigated. A 
new synthetic androgen, of the same order 
of potency as androsterone, Le., SC-12790, 
taken orally, was found to be active as an 
anti-hypercholesterolemic agent ( 5 ) .  However, 
its thyromimetic activity was not established. 
It is well known that in animals as well 
as in man hyperthyroidism or administration 
of thyroxine (T-4) or triiodothyronine (T-3) 

causes hypertrophy of many organs in the 
M y ,  especially the heart(6-8), while a de- 
crease in heart weight was noticed in h p  
thq”roidism or after thiouracil administration 
(9). In the present study, the anti-hypercho- 
lesterolemic effect and the thyromimetic activ- 
ity of dehydroepiandrostemne were studied 
and compared with that of SC-12790. 

Methods and materials. Adult rats: 102 
adult male rats of the “Sabra” strain of the 
Hebrew University were used. Experiments 
were carried out in normal as well as in hyper- 
cholesterdemic rats. Hypercholesterolemia was 
achieved by two methods: a)  administration 
of 0.1 ”/o propylthiouracil (PTU) in the drink- 
ing water for 10 days; b) administration of 
both 0.1% PTU in the drinking water and 
5 %  Cholesterol in the f d  far 2 1 days. Daily 
oral doses of anti-chdesterolemic drugs were 
given together with the above hypercholeste- 
rolemic agents. Blood specimens were taken 
from the heart under ether anesthesia prior 
to and a t  the end of the experiment, without 
adding any anticoagulant. Serum cholesterol 
levels were measured by the method of Chi- 
amori and Henry( 10). The BMR of the 
hypothyroid rats was reduced by 101-2091. 

SC-12790 (Fig. 1, I) and dehydroepian- 
drosterone (DHA) (Fig. 1, II), were sus- 
pended in 2070 propylene glycol with some 
drops of 0.5% Tween-80 added and given 
orally. T-3 sodium was dissolved with a few 
d rop  of 01.1 N NaOH; H20 was added to 
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TABLE I. Lack of Effect of 10 Days' Oral Treatment with Dehydroepiandrosterone (DHA) 
and SC-12790 on Serum Cholesterol Levels (SCL) of Normal Male Rats (170 2 20 g).  

Serum cholesterol level (mg YO) mean k S.E. 
(oral) p.0. (mg/kg) animals Before treatment After 10 days' treatment 

Daily dose, No. of Treatment 

Control (saline) 0.1 ml 6 58.3 r+ 2.5 64.2 & 1.3 
DHA 5 6 65.8 2 4.3 60.3 A 2.7 
SC-12790 5 6 67.3 4.5 61.8 k 2.0 

achieve the desired volume; the solution was 
neutrallized by a few drops of 0.1 N HCl to 
pH-7 and given S.C. 

OH 0 

SC- 12790 De hydroep ia n dros  f e ron  e 
(D.H.  A. 1 

1 IT 
FIG. 1. I. SC-12790: 3a-methoxy-l'la-methyl4 

a-androstane- 1 'la-01, 11. Ilehydroepiandrosterone : 
DHA. 

Juvenile rats: Experiments were carried out 
on 6 groups of 9 female 2 1-day-uld albino rats 
each. The animals were 'treated for 10 days 
with the following substances: PTU, SC- 
12790 and D.H.A. per 0s; TSH, T-3 and 
saline by S.C. injection. Hloold specimens were 
taken from the heart 24 hours after the last 
injection. Then the animals were sacrificed, 
heart and thyroid removed and weighed. 

Results.  Adu l t  male rats: Oral treatment 
with DHA and SC-12790 ( 5  mg/kg/d) for 
10 days did not significantly (reduce the swum 

cholesterol level in normal animals (Table I ) .  
However, in PTU-treated rats, DHA (5  
mgJkgJd) , given for 10 days, counteracted 
the increase in serum cholesterol level 
achieved in the control sats treated with 
PTU alone, whlile SC-12790 failed to do so 
at  the same 'dose level (Table 11). In animals 
mlade hypercholesterolemic (Fig. 2 )  by c m -  
bined treatment with PTU (0.1% in drink- 
ing water) and cholesterol (5% in the diet), 
neither steroid had any effect on the high 
cholesterol level during the first 10 days of 
treatment, ;but after 2 1  days lthe serum Cho- 
lesterol level was significantly reduced (P 
<O.Ol )  in the DHA-treated animals, while 
it still remained high in those treated with 

Table I1 illustrates also the effect 04 PTU 
(0.1% in dlrinking water), PTU + DHA 

d p.0.) and PTU + SC-12790 (5 mgJkgJd 
p.0.) on serum cholesterol levek (SCL) and 
thyroid weights of the rats. PTU administria- 
tion resulted in goiter production and an in- 
crease in SCL. Combined treatment with 
T-3 and PTU completely prevented the ef- 

SC-12790. 

( 5  mg/kg/d P.O.), PTU + T-3 pgJkgJ 

TABLE 11. Effect of Dehydroepiandrofsterone (DHA) and T-3 per 05 on Serum Cholesterol Levels 
(SCL) and Thyroid Weights of Adult Male Rats Which Had Been Given Propylthiouracil (PTU) (0.1Y0 

i n  Drinking Water) for 10 Days. 

Xerum cholesterol level 
(mg Yo) mean +- S.E." 

Treat- No. of Before After B.W.) mean Before After 10 days' 
meiit Dose per day animals treatment treatment I+ S.E. treatment treatment 

B.W. (g) mean 2 S.E. Thyroid ( m g / l O O  wt 

Control 
(saline) 

PTU 
PTU and 
DHA. 
PTU an4 

PTU and 
T-3 

SC-12790 

150 2 4  1 8 9 2  3 6.7 2 .4 52.5 k 2.0 55.0 2 3.1 .1 nil 6 

. l % l  in water 12 200 2 4 182 2 1 0  14.5 21 .7  51.1 2 3.2 75.7 k 3.4 

. l % l  in water 12 199 k 2 191 2 5 15.8 2 .1 51.7 k 1.8 60.2 1.4 
5 mg/kg per 0s 

.1%1 in water 6 191 2 3  185 2 5 7.0 ? .3 55.6 k 1.9 59.7 k 5.7 
100 &kg S.C. 

.170 i n  water 12 180 2 4 185 + l o  14 2 .8 52.0 3.0 83.0 2 7.0 
5 mg/kg 
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E f f e c t  of S C - 1 2 7 9 0  and  of dehydroepi -  
androsterone on the serum cholesterol  
level  of m a l e  ra ts  
propyl t h i o u r a c i l  i n  dr ink ing  w a t e r  
and  5 %  cholesterol  i n  d i e t  

(170 f 20 g 1, given 0.1 % 

C O N T R O L  
110 r 

0 10 21 

D a y s  
0 10 21 0 10 21 

of t r e a t m e n t  (p .0 . )  

* Mean + S . E .  o f  6 an imals  

** PcO.01 

FIG. 2 .  Comparison d antichoksterolemic ef- 
fects of DHA and SC-12790 in adult rats which re- 
ceived propylthiouracil and cholesterol. 

fects engendered by PTU alone, since no 
change occurred in either the cholesterol 
values or in the thyruid weights. On the 
other hand, combined treatment with PTU 
and DHA failed to prevent thyroid hyper- 
trophy induced 'by PTU treatment, but sig- 
nificantly reduced the high SCL (P<O.Ol). 

Immature female rats. TSH injections (3 
IU/kg/d S.C. for 10 days) produced a 50% 
increase in thyroid weight (Fig. 3). How- 
ever, no significant change was found in 
either heart weight or in SCL. T-3 (50 pg/ 
kg/d s.c.) caused an increase of 25% in the 
heart weight and a significant decrease in 
the SCL (P<O.Ol) ; thyroid weight showed no 
change. In the PTU-treated animals (0.3% 
in the diet), the thyroid weight was consider- 
ably increased (over 330%) and an increase 
was also found in the SCL (P<O.Ol),  while 
heart weight was decreased. SC-12790 (5 
mgJkg/d pa.) did not produce any relevant 
changes in the parameters examined. DHA 
( 5 1  mg/kg/d p.0.) did not significantly influ- 
ence the thyroid weight; the heart weight was 
significantly increased ( 7 % )  and no change 
in the SCL was observed. 

Discussion. It is well known that it is diffi- 
cult to, cause artificial hyprcholesterolemia 
in rats ( 1 1,12 ) . Ranney and Saunders ( 5 ) ob- 
tained an increase of 15% in SCL of rats 
by administration of f0.0276 PTU in the 
drinking water. However such treatment did 
not influence the SCL in our rats. The con- 
centrations of PTU required to induce a 
35% increase in SCL in our rat strain was 
0.1% in the drinking water or 0.3% in the 
food. Greater increase in SCL (+45%) 
was achieved by combined treatment with 5% 
cholesterol in the food and 0.1% PTU in the 
drinking water for 10 days. Another com- 
bined treatment-1 % cholic-acid and 2 % 
cholesterol in the food( 12,13)-was not found 
useful for our experiments since it increased 
the SCL to more than 4 times its initial 
values, an unphysiulugical level which did 
not react to DHA or SC-12790. SC-12790, 
reported by Ranney and Saunders(5) to !be 
anti-hyperchdesterolemic, was not effective in 
our experiments. The lack of efficacy of 
SC-12790 here seems to be due to the higher 
levels of SCL obtained in this study (35- 
50%) as against the 15% increase used by 
Ranney and Saunders. On the othm hand, 
DHA significantly prevented the increase in 

Change in % of  serum cholesterol level,  
hear t  and thyroid weights o f  t r e a t e d  
juveni le  r a t s  as compared to contro l .  

Results a f t e r  10 days administration. 

w 
n 

1 Srrum cho/est.rol 
/eve/ 

H r a r t  weight 

1 Thyraid weight 

CONTROL 
BASE LINE 

T.S.H. L -  T3 P.T.U. 
i 3 ~ 1 k 0  1 (5Opg/kq) ( 0 . 3 %  in 

S.C.  S.C.  thrdirt) 

SC-12790 D.H.A. 
1 5 mg / kg ) ( 5  mg/kg)  

p.0. p.0. 

* p c o . 0 5  

**p < 0. 01 

FIG. 3. Comparison of mti-cholestexolemk ef- 
fects, heart weights and (thyroid weights in juvenile 
rats whioh received TSH, T-3, PTU, SC-12790 and 
DHA. 
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SCL (P<O.Ol) effected in the control ani- 
mals which had been treated with PTU 
alone. 
To determine whether or not the anti-hyper- 

cholesterolemic effect of DHA is due to 
thyromimetic activity, its effects on thyroid 
and heart weights and the SCL were simul- 
taneously measured, as these parameters were 
fo'und to be sensitive to changes in the pitui- 
tary-thyroid axis. DHA did not influence 
thyroid weight, as did exogenous TSH (Fig. 
3).  It is reasonable to assume, therefore, 
that DHA did not influence either stimula- 
tion of endogenous TSH or thyroglobulin 
release, and that its anti-hypercholesterollemic 
property is not mediated through a thyro- 
mimetic effect. 

DHA decreases SCL only in hypothyroid 
animals. It is also known that in myxedema 
levels of 17-ketmteroids are low and treat- 
ment with thyroid hormones causes an in- 
crease in 17-KS secretion in urine only in 
secondary myxedematous conditions ( 14). It 
is, therefore, possible that thyroid hormoaes 
influence the metabolism of endogenous DHA, 
so that in hyperthyroid conditions i t  is the 
lowering of DHA which causes hypocholes- 
terolemia. This would explain why exoge- 
nous addition of DHA decreases high SCL. 

DHA is a weak androgen. It shows only 
3% of the testosterone activity on the pros- 
tate and seminal vesicle of infantile rats( 15). 
According to Ranney and Saunders( 5 ) ,  SC- 
12790 has the same andirogenic activity as 
androstersne which has only 15% of the 
androgenic activity of testosterone. I t  is p s -  
si;ble that DHA whose androgenic activity is 
115 that of SC-12790 is a more potent anti- 
hypercholesterolemic agent because it has a 
lesser androgenic effect. 

Summary. Dehydroepiandrosterone (DHA) 
and 3a-methoxy- 17u-methyl- 5a-androstane- 
17~-01 (SC-12790) were studied for their 
anti-hypercholesterolemic and thyrornimetic 
activities. The following findings were estab- 
lished: 1. DHA ( 5  mg/kg/d per as for 10 
days) was found to be an anti-hypercholes- 
terolemic agent which prevented increase in 
the serum cholesterol level (SCL) of rats 
made hypercholesterolemic by propylthioura- 
cil (PTU) treatment. I t  was also found that 

the same dose of DHA given over a period 
of 21  days prevented an increase in SCL 
in rats made hypercholesterolemic by corn- 
bined PTU and 'cholesterol feeding. DHA, 
however, did not reduce the SCL of normal 
rats. 2. SC-12790, when given under the same 
experimental conditions as DHA, did not re- 
duce the SCL of hypercholesterolemic rats. 
3. DHA did not produce any change in thyroid 
weight as did exogenous TSH and T-3. It 
seems that the anti-hyperchdesterolemic 
effect of DHA cannot be explained by a thy- 
romimetic activity. These findings are of 
clinical importance since DHA, which is a 
weak enldogenous androgen, is orally active 
as an anti-hypercholesterolemic agent. The 
possible mechanism of its action is discussed. 

W'e are indebted to the Robert Szold Center for 
Applied Research for their invaluable assistance ; our 
appreciation is due to Mr. K. Khazen, for devoted 
help. Our (thanks are due to G. D. Searle & Co., 
Clhicago for the supply of SC-12790; IkapImrm, 
Israel for dehydroepiandrosterone ; Smith, K k e  
and French Labs., Philadelphia for sodium liothy- 
ronine (Cytomel) ; Nat. Inst. of Health, Bethesda, 
Md. for TSH. 
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Recent work in this laboratory has demon- 
strated that ethanol ingestion in man evoked 
marked alterations of C14-norepinephrine me- 
tabolism. Following the ingestion of ethanol, 
a significant portion of intravenously admin- 
istered C1*-norepinephrine was diverted from 
the major oxidative route of metabolism 
which results in the formation of C14-3-meth- 
oxy-4-hydroxymandelic acid to a reductive 
route as evidenced by an increased excretion 
of C14 - 3 - methoxy - 4 - hydroxyphenylglycol ( 1, 
2 ) .  

In this study chemical determinations 
o f 3-m e t h ox y-4-h y d r o x y man deli  c acid 
(MHMA) and 3-methoxy-4-hydroxyphenyl- 
glycol (MHPG) were performed on human 
urine collected under the same experimental 
design used in the isotope study. These as- 
says were necessary to determine if the excre- 
tion of endogenous 3 -mekhc1xy-4-hydroxyman- 
delic acid and 3-methoxy-4hydroxyphenyl- 
glycol derived from the metabolism of both 
epinephrine and norepinephirine was also 
markedly altered Iby ethanol ingestion. Ad- 
ministration of moderate amounts of ethanol 
has been reported to result in increased uri- 
nary excretion of epinephrine an'd norepi- 
nephrine in man and experimental anilmals (3 ,  
4,s).  Therefore, total 0-methylated catechol- 
amine (metanephrine and normetanephrine) 
levels were also assayed in order to determine 

* This study was supported by USPHS Training 
Gmnt AM-5063 and Researah Grants FR-001134 
and HE45435 from Nat. Inst. Health. 

TABLE I. General Outline of Experimental Pro- 
gram. 

Collection Time of 
Treatment period collection 

Day 1 I 8 AM- 4 PM Ethanol" 

I11 12MN- 8 A M  Ethanol" 

I1 4 PM-12 MN Ethanol* 

I1 4 PM-12 MN - 

Day 2 I 8 AM- 4 P M  - 
I11 12 MN- 8 AM - 

~~ 

"Each subject ingested 60 ml of absolute eth- 
anol dilutql with orange juice a t  the beginning of 
these collection periods. 

if ethanol ingestion resulted in increased ex- 
cretion of the total 0-methylated catechol- 
amine metabolites. 

Materials and methods. The study was con- 
ducted using 2 normal adult males weighing 
75 and 87 kg. Urine was collected for 48 
hours using six 8-hour collections which were 
stored in the refrigerator. At the end of each 
8-hour collection period the urine was diluted 
to 1000 ml with deionized water and stored 
frozen until analyzed. At the beginning of 
every other collection period each subject 
drank 60 ml of absolute ethanol diluted in 
orange juice. Thus, during the 2-day study 
there was a urine collection for a given 8-hour 
period with and without ethlanol treatment. 
Details of the time of ethanol adlministration 
and urine collections are given in Table I. 

The O-methylated acid, glycol, and amine 
metabolites of the catecholamines were iso- 
lated from urine, oxidized with peridate to 
vanillin, and the vanillin was determined spec- 




