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termediates for amino acid synthesis. 
Data suggest that major path- 

way of glucose oxidation in growing cultures 
of A .  niger was via gluconate. The citric acid 
cycle played a minor role in young mycelium 
and inhibitory action of DNB appeared to in- 
volve further depression of formation of citric 
acid cycle intermediates with consequent de- 
crease in rate of amino acid biosynthesis. 
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Effects of Androsterone on Atherogenesis and Plasma Lipids in Cockerels. 
(26185) 

DONALD I,. ('OOK 

Diziision of Biological RPscarrh, G .  I). S P a h  and Co., Chicago, Il l .  

Testosterone propionate has been reported 
to inhibit coronary atherogenesis with simul- 
taneous reductions in plasma cholesterol. 
phospholipid and cholesterol 'phospholipid 
ratios in cholesterol-fed pullets( 1 ) . In the 
male bird Katz cf d . ( 2 )  observed no effects 
o n  serum lipids and atherogenesis with small 
doses of testosterone. Higher doses signifi- 
cantly inhibited hypercholesterolemia, al- 
though aortic and coronary atherogenesis 
were not influenced(3). The effect on blood 
lipids, but not on atherogenesis, was in agree- 
ment with previous workers (4,s). The  latter 
investigators reported decreased atherogene- 
sis in testosterone-treated cockerels. The  re- 
cent report by Hellman ct  aZ.(6) on hypo- 
cholesterolemic effects of androsterone in hy- 
per- and normo-cholesterolemic patients sti- 
mulated further studies with androgens in ex- 
perimentally-induced atherosclerosis. The 
present report compares effects of androster- 
one and testosterone propionate on atheroma 
and bloosd lipid shifts induced hy cholesterol 
feeding in cockerels. 

Three groups of Hy-line cock- 
erels, 6th weeks of age, were used for the 

Methods. 

study. Group 1 (control) was fed an  athero- 
genic diet consisting of mash containing 270 
cholesterol and 5'?/r cottonseed oil. Daily 
subcutaneous injections of corn oil were given 
i n  vdumes equivalent to those given drug 
treatment. Group 2 was fed similarly and 
injected daily with 3 mg,'kg of androsterone 
dissolved in corn oil; Group 3 received the 
diet and 3 nig/kg of testosterone propiolnate 
i n  the oil solvent. Dosage of both colmpounds 
was adjusted each week to the changing 
weight of the birds. Plasma cholesterol and 
phospholipid concentrations, comb indices 
and food consumption were determined a t  2-  
week intervals during the experimental regi- 
men. Total cholesterol was determined by 
the method of Zlatkis et aZ.(7). The lipid 
phosphorus, determined by Sperry's method 
( 8 ) .  was multiplied by the factolr 2 5  to give 
the amount of total phospholipids. All birds 
were sacrificed and autopsied a t  the end of 8 
weeks. The aortas were cut open longitudi- 
nally, fixed in 10% Formalin and stained with 
Sudan 11'. Degree of aortic atherosclerosis 
was graded visually into 5 groups(0-4), ac- 
colrding to the area of intima involved by le- 
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TABLE I. Effects of Androsterone and Testosterone Propionate on Plnsrria Lipids and A+h- 
eroma in Cholesterol-Fed Cockerels in an 8-Week Study. 

Plasma lipids Atheroma 
Cholesterol Phospholipid 

Group r mg L+------ 7 Aorta (0-4) Coroiiary,f YO 

Control 1573 f 134 594 -r- 34 1.6 .2 15.1 & 2.6 
Antlrosteronc 1353 f 91 466 -I 26* 1.5 t .2 
Testosterone propionate 1376 +- 160 477 2 4.1" 1.7 & .I 

25.9 f: 3.0" 
30.6 -+ 2.6* 

* P <.05 that treat = control; values represent mean response ( 2  stand. error) of 10 chicks 

t Proportion of arteries ( in  "/'c) showjng intiriial lipid deposition ; observations based on 23 
,/group. 

1 o 81 arteries/heart. 

sions. The hearts were fixed in Formalin and 
4 equally spaced blocks were cut from each 
heart between the coronary groove and the 
apex. One frozen section was then cut from 
each block and stained with Sudan IV and 
hemotoxylin folr histological examination of 
the coronary arteries. The index of coronary 
atherogenesis was based on the proportion of 
arteries showing presence of lipid in the in- 
tima. All evaluation for lesions in the aorta 
and coronary arteries was done under blind 
experimental conditions. The statistical sig- 
nificance of differences between mean values 
was determined by Student's t test. 

RPsuZts. The group mean values for plas- 
ma lipids were not significantly different a t  
2 ,  4 or 6 weeks, hence only values for 8 
weeks along with data on atherosclerotic le- 
sions are shown in Table 1. Plasma choles- 
terol levels for the androsterone and testos- 
terone-treated groups were slightly lower but 
not significantly different from that of the 
control group. Both compounds, however, 
appeared to) be approximately equipotent in 
reducing plasma phospholipid concentrations 
(P<O.O5). By a primary effect on phospho- 
lipids, both steroids elevated the cholesterol/ 
phospholipid (C/P) ratio, a metameter fre- 
quently used for description of relative shifts 
of the lipids in plasma. C/P ratios (mean t 
S.E.) for control, androsterone and testoster- 
one propionate were 2.60 t 0.11, 2.90 ~t 
0.07 and 2.84 t 0.19, respectively. 

The severity of aortic atherosclerosis as 
judged by gross observation of the stained in-  
tima was similar for the 3 groups (Table I ) .  
The hearts appeared grossly normal. On 
microscopic examination, however, the hearts 
from both treatments exhibited significantly 

fewer arteries showing intimal lipid deposi- 
tion. 

Mean testicular weight of the androsterone- 
treated group did not differ significantly from 
the colntrol group (Table 11). As a contrast, 
treatment with testosterone induced a marked 
reduction in weight of the testes. Comb 
growth was stimulated to the same extent by 
androsterone and testosterone. No effect on 
body weight was observed with androsterone 
relative to the controls. Dosage of testoster- 
one propionate used in this study, however, 
significantly depressed growth rate. Body 
weights (mean _t S.E.) for control, andros- 
terone and testosterone propionate were 1.66 
L- 0.013, 1.60 -t 0.05 and 1.39 t 0.02, re- 
spectively. Measurements of food consump- 
tion revealed only negligible differences in in- 
take. 

Discussion. The most significant finding 
in the present study is that androsterone pro- 
duced effects similar to those of testosterone 
propionate on plasma lipids and atherolgene- 
sis but without causing a reduction in testicu- 
lar weight. The inhibitioin of cholesterol- 
induced C O Y U ~ Q Y Y  atheroma in the cockerel is 
apparently not related to lower plasma cho- 
lesterol levels since the treatments had no 

TL4BLE I T .  Effects of Androsterone and Testos- 
terone Propionate on Testicular Weight and Comb 

Growth in Cholesterol-Fed Cockerels. 

Group Testes, g Comb growth,+ lrim 
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significant effect on this measurement. Such 
a relationship has been reported in pullets 
where testosterone propionate produced in- 
hibition of coronary atheroma associated with 
a marked hypocholesterolemic response ( 1 ) . 
The inhibitory effect of estrogenic agents has 
been reported to be associated with a decrease 
in C/P ratio: this reduction being due to a 
marked phospholipidemia with relatively lit- 
tle effect on cholesterol( 9 ) .  It is therefore of 
particular interest that the inhibitory effects 
of the androgens used in this study were as- 
sociated with decreases in plasma phospho- 
lipid and increases in C/P ratio. Recently 
Campbell et aZ.( 10) reported that the weak 
androgenic agent, 19-norandrostenolone phe- 
nylpropionate, could produce significant re- 
gression of coronary atheroma without af- 
fecting plasma cholesterol or phospholipid 
levels in cholesterol-fed cockerels. These in- 
vestigators postulated either a direct effect on 
the vessel wall or the anabolic (protein-con- 
serving) activity of the compound may be 
playing a ro'le in the protective action against 
experimentally-induced atheroma in the chick 
since increased dietary protein has been re- 
ported to have such a protective action( 11, 
1 2 ) .  \$Thatever the explanation may be, the 
present data support the concept that protec- 
tion against coronary atheroma can be ob- 
tained with variable cholesterol and phospho- 
lipid changes in cholesterol-fed cockerels. 

Summary. The effects of androsterone and 
testosterone propionate on atheroma and 
plasma lipid shifts induced by  cholesterol 
feeding in cockerels were compared. Both 
compounds produced significant inhibition of 
coronary arterial atheroma. Aortic athero- 
genesis was not affected. The effects on 

plasma lipids were similar ; non-significant re- 
duction in cholesterol (C),  significant de- 
crease in phospholipid (P) with elevated CJ 
P ratios. Testosterone propionate, but not 
androsterone, caused a significant reduction 
in testicular weight; both compounds stimu- 
lated comb growth. Further experimentation 
with androgens should provide useful infor- 
mation on the relationship between plasma 
lipid changes and inhibition of coronary 
a t  herogenesis. 
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