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to zero 2 to 3 weeks hefore weight Iossc~s 
began. At the same time, the rhodopsiii l e \d  
declined and the light threshold for the elec.- 
troretinogram began to increase. The first sig- 
nificant change in QSO, rejectioll by our rats 
occurred in the third week preceding weight 
losses, which would correspond to the time 
when the supply of vit. A was completel! de- 
pleted. However: since thresholds were not 
measured, changes may have occurred earlier. 
The late appearance of changes in NaCl selec- 
tion and the lack of recovery of QSO, rejec- 
tion suggests the possibility of different mech- 
anisms underlying gustatory stimulation. 

The rapid recovery of NaCl selection tends 
to rule out peripheral nerve damage or phjs- 
ical blocking of the taste pore as the reason 
for the taste deficit. A direct effect on the taste 
cells may reasonably be hypothesized. Vit. A 
may thus play a role in the functional and/or 
structural integrity of the taste cells. Verifica- 
tion will require histological and electroph? 8- 
iological studies. 

Further, the effect of vit. A inay be specific 
or merely the result of a general effect o i l  

epithelial tissue. Dowlinp and Wald (4 I re- 

ported that vit. A acid maintained normal 
growth in rats but did not prevent develop- 
ment of night blindness, thus limiting the role 
o f  vit. A to the visual system. An experiment 
is now underway in our laboratory to deter- 
mine whether vit. A acid may also fail to pre- 
vent development of a taste deficit. If this is 
the case, vit. A would be implicated as a spe- 
cific requirement in taste as in vision. 

Summary. Rats in the advanced stages of 
vit. A depletion showed abnormal taste re- 
sponses. A marked decrease in rejection of 
quinine and selection of NaCl solutions oc- 
curred. Administration of vit. A resulted in 
rapid recovery of NaCl selection but not of 
quinine rejection. These data suggest that vit. 
A inay have a direct effect on the functioning 
of  the taste cells. 
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Exogenous sex hormones have been oh- 
served to modify coronary atherosclerosis i n  
experimental animals (1). Feminizing doses o f  
estradiol benzoate will inhibit coronary athe- 
rosclerosis in cholesterol fed cockerels and 
will induce regression of pre-existing lesions. 
The mechanism of estrogen inhibition of cor- 
onary atherosclerosis is as yet unclear, though 
data suggest a relationship with its feminizing 
potency (2) .  Three estrogen-like compounds of 
low feminizing potency, * synthesized and puri- 

* Feminizing effects of these compounds were bio- 
assayed in ovariectomized rats by the Endocrine Lab- 
oratories, Madison, Wisc.. 

fied by Dr. Paul Keurath, were used to study 
further the relationship between these effects. 
Two of these analogues did have an effect on 
the course of the experimental disease. 

Methods. Forty white leghorn cockerels, one 
month of age, were divided into 6 experi- 
mental groups, and each bird was allocated 
to  an individual cage. All birds received a 
basic diet of standard chick growing mash. 
The experimental diet was formulated by sup- 
plementing the growing mash with 1% cho- 
lesterol and 20% cottonseed oil. The 3 es- 
trogen-like analogues, 2 iodo-estradiol, 2 iodo- 
estrone and 2 iodo-estrone acetate, all of low 



ESTROGEN ANALOGUES AND ATHEROSCLEROSIS 787 

feminizing potency,* were injected subcutane- 
ously in 0.5 mg doses every other day. Estra- 
diol benzoate was given similarly in 1 mg 
doses. 

At the end of 3 months on this regimen, 
the birds were sacrificed, weighed, and their 
combs and wattles measured and testes 
weighed. Autopsies were performed and tis- 
sues submitted for histologic eamination. The 
aortas were opened longitudinally and fixed 
in troughs of formalin. The hearts were fixed 
whole, and 5 transverse blocks were cut from 
each for histologic examination. All sections 
were stained with H & E and selected sections 
with oil red 0 to demonstrate fat. 

The minimum histologic criterion for athe- 
rosclerosis was arbitrarily established as sub- 
endothelial vacuolization with elevation of the 
endothelial cells by accumulated fat. The total 
number of arteries was counted and recorded 
according to size (large, medium, and small) 
and degree of involvement assessed. Arteries 
of the right and left ventricle were recorded 
separately. 

Results. The effects of the diet on growth 
and the feminizing effects of estradiol benzoate 
and the estrogen analogues were estimated by 
determining body weight, comb dimensions, 
testicular weight, and spermatogenesis and by 
calculating testicular weight/body weight ra- 
tios. Table 1 illustrates the effects observed 
in experimental birds and controls. 

Table 2 is a record of the atherosclerosis 
observed in coronary arteries and aorta. The 
coronary atherosclerosis induced by the fat 
and cholesterol feeding involved predominate- 
ly the small arteries in the subendocardial one 
third of the left ventricle. The vessels of the 
right ventricle were spared. In Table 2 it is 
seen that the 2 observers varied in their in- 
terpretation of how frequently atherosclerosis 
was present in coronary vasculature, but the 
variation was not so great but that clear dif- 
ferences could be distinguished between some 
of the groups. As expected, the animals given 
estradiol benzoate had a significantly reduced 
incidence of coronary atherosclerosis. The 
compounds 2 iodo-estradiol and 2 iodo-estrone 

TABLE I. The means of measurements of primar and secondary sexual structures are recorded and indicate 
effect of diet and chemicaff compounds on sexual development. 

Groups 
Comb Length Comb Height WattleLength TW/BW* 

(cm) (cm) ( 4  10-4 

Untreated 12.7 8.0 6.3 70 
Cholesterol 10.1 6.3 4.7 50 
Cholesterol and estradiol benzoate 5.6 3 .O 1.3 5 
Cholesterol and 2-iodo-estradiol 10.2 6.4 4.6 42 
Cholesterol and 2-iodo-estrone 9.5 6.0 4.0 33 
Cholesterol and 2-iodo-estrone acetate 9.2 5.7 3.7 25 
Standard error of any mean in the column above 0.5 0.4 0.1 10 

* TW/BW is abbreviation for testicular wt/body wt ratio. 

TABLE 11. Degree of atherosclerosis in both coronary arteries and aorta is tabulated to demonstrate effects 
of diet and chemical compounds. 

~~~~ ~ 

Coronary Arteries Aorta 
No. of % of coronary arteries % of surface 
arteries showing atherosclerosis involved by 
counted atherosclerosis 

Mean of 2 ob- 
Observer 1 Observer 2 servers’scores* 

Untreated - 0 0 7.0 
Cholesterol 181 17.9 21.1 15.7 
Cholesterol and estradiol benzoate 161 6.1 6.9 61.0 
Cholesterol and 2-iodo-estradiol 168 14.4 18.6 19.0 
Cholesterol and 2-iodo-estrone 190 17.1 21.1 30.4 
Cholesterol and 2-iodo-estrone acetate 174 12.3 12.5 18.0 
Standard error of any mean in columrl above 5.7 2.9 3.7 0.G 

* Maan of 2 observers’ scores is reported since the difference between the 2 was not significant. 
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had no effect on the atherosclerosis when com- 
pared with the effect of the cholesterol diet. 
The effect of 2 iodo-estrone acetate just failed 
to reach a statistical difference of P = .0.5 
when compared with the other 2 analogues 
and with estradiol-benzoate. The statistical 
analysis was made by the method of Duncan 
(3). However, the effect of 2 iodo-estrone ace- 
tate lies between that of the other 2 analogues 
and that of estradiol-benzoate. 

In contrast to the protective effect of estra- 
diol benzoate on coronary vessels, the effect 
on the aorta was definitely to enhance athero- 
sclerosis. Of the 3 analogues tested, only 2 
iodo-estrone had a statistically significant en- 
hancing effect on aortic atherosclerosis (P = 
.OS), but the effect was less marked than that 
of estradiol. The other 2 analogues had no 
greater effect than the cholesterol diet alone. 

Discussion. In this experiment estradiol 
benzoate produced feminization, inhibition of 
coronary atherosclerosis and enhancement of 
aortic atherosclerosis similar to reports pre- 
viously made by others(4,S) and thus acted 
as a positive control. When the effects of the 
3 estrogen analogues are compared with those 
of estradiol benzoate and with the cholesterol 
diet alone, several interesting differences are 
observed. The effects of the analogues on the 
coronary arteries did not reveal statisticall!. 
significant protection by any of the 3. How- 
ever. the effect of 2 iodo-estrone acetate lies 
between the other 2 analogues on the one hand 
and estradiol benzoate on the other. Due to 
the lack of statistical significance in either 
direction, this result is not clear-cut, but sug- 
gests a difference between 2 iodo-estrone ace- 
tate and both estradiol benzoate and the other 
analogues. 

In contrast to the observations on the cor- 
onary arteries, estradiol benzoate had a dis- 
tinctly enhancing effect on aortic atheroscle- 
rosis. Similarly 2 iodo-estrone had a statis- 
tically significant effect in eiihancing aortic. 
atherosclerosis. This effect of 2 iodo-estrontb 
was not so great as estradiol benzoate. IWI 
was definitely greater than the cholesterol diet 
alone. The other 2 analogues had 1 1 0  effect o i i  

the aortic lesions. 
Coniparisori of the fetiiitiizitig effects of tht* 

3 analogutbs reveals 2 iodo-estratfiol to  havc r i o  
identifiable effects over thaw general growth 

effects of the experimental diet alone. The 
other 2 analogues appear to have slight fern- 
i tiizing capacity. 

When the above effects are correlated, it 
is seen that 2 iodo-estrone acetate resembles 
estradiol benzoate more closely than the other 
2 analogues in its effects on coronary athero- 
sclerosis whereas 2 iodo-estrone most closely 
resembles estradiol benzoate in its effect on 
aortic atherosclerosis. Since these two com- 
pounds have only limited feminizing effect 
and yet differ definitely from one another in 
their effects on coronary arteries and aorta, 
it is suggested that the effects of these com- 
pounds on coronary atherosclerosis and on 
aortic atherosclerosis are mediated by differ- 
ences in molecular configuration other than 
those inducing feminization. Further, it is 
suggested that the differences in molecular 
configuration between 2 iodo-estrone and 2 
iodo-estrone acetate are manifested by differ- 
ences in their comparative activities on the 
aorta and coronary arteries. 

Summary. Coronary and aortic atheroscle- 
rosis were studied in white leghorn cockerels 
fed an atherogenic diet and treated with par- 
etiteral estradiol benzoate or synthetic estrogen 
compounds of lower feminizing potency. The 
estradiol benzoate gave the expected feminiza- 
tion and protection against coronary athero- 
sclerosis and enhanced thoracic aortic athero- 
sclerosis. The 2 iodo-estrone acetate gave some 
suggested protection to the coronary vascula- 
ture, but was not clearly different from the 
other analogues in this respect. The 2 iodo- 
estrone enhanced aortic atherosclerosis and 
was significantly different in this effect from 
the other analogues. These observations sug- 
gest that the effects on atherosclerosis of the 
coronary arteries and aorta are mediated 
through molecular configurations different 
from those mediating feminization. 
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