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Since estrogen is lipid soluble, claims have 
been made that body fat may remove circu- 
lating estrogen and prevent the rhythmic 
fluctuation of the hormone and thus interfere 
with menstrual and estrous cycles (1).  Stud- 
ies indicated that urinary excretion of a dose 
of radioactive estrogen was less in obese than 
in thin women suggesting that the body fat 
of the obese women provided a means of re- 
moving the exogenous estrogen. However, 
other reports indicated that retention of cir- 
culating estrogen by body fat is not suffi- 
cient to change the course of normal fuctu- 
ation and metabolism of the hormone. Twom- 
bly et at. (2) concluded by comparing blood 
plasma and fat depot estrogen that the latter 
site was not important in estrogen storage 
since plasma had a much higher concentra- 
tion. Furthermore, according to Roncari ( 3 )  
the release of estrogen from adipose tissues 
was very rapid and thus raised more doubts 
as to the importance of fat depots in the 
storage and indirectly on the metabolism of 
estrogen. 

Our studies were therefore designed to de- 
termine the excretion in the feces and urine 
and the uptake by fat depots of radioactive 
estrogen. For this purpose, rats made obese 
by means of feeding a high fat diet were com- 
pared to normal weight rats produced by 
feeding a restrlicted amount of the high-fat 
diet or a grain diet. 

Procedures. Twenty-one-day-old female Os- 
1Supported in part by an NIH grant HD04502- 

0351 and published as Michigan Agric. Expt. Sta. 
Journal Article No. 6346. 

2 O n  Jeave from the Nat. Inst. of Nlutr., Tokyo, 
Japan. Requests for reprints should be sent be M. 
G .  Yang, Food Science and Human Nutrtion, 
Michigan State University, East Lansing, MI 48823. 

borne-Mendel rats were fed a grain diet (4) 
or a high-fat diet ad Zibitum. The high fat 
diet contained 40% by weight Crisco instead 
of the 60% as previously decribed ( 5 ) .  The 
decrease in fat was made up by increasing 
sucrose. At 10 wk of age when the high-fat 
fed rats reached approximately 250 g body 
weight, part of the group of rats was then 
restricted to 8-9 g/rat/day of the diet so 
that body weight gain equaled that of the 
grain-fed rats. To assure adequate protein in- 
take during restriction, the protein content 
of the diet was increased to 30% casein by 
decreasing the proportion of sucrose. The re- 
maining high-fat fed rats continued on an 
ad libitum feeding regime. All rats had ac- 
cess to water a t  all times and were either 
housed singly in suspended wire cages or in 
metabolic cages for urinary and fecal collec- 
tion. The rats were maintained at  about 22' 
and in 12 hr each of light and darkness. 

Six rats from each of the three dietary 
groups of animals a t  29 wk of age were de- 
capitated and parametric adipose tissues from 
each rat incubated with estradd01-4-~~C. At 
41 wk of age, rats that had been fed the 
grain or the high-fat diet ad tibitum were 
killed in a similar manner and parametric, 
pcrirenal and mesenteric adipose t' lissues were 
incubated with radioactive estradiol. In  each 
case, duplicate or tripllicate samples of 80- 
100 mg of h u e s  were incubated at  37' for 
3 hr with 3 ml of Krebs-Ringer buffer, pH 
7.4, containing 0.04 pCi of the estradiol, 6 
mg glucose and 600 pg of porcine insulin. 

Five rats from each of the three dietary 
groups were 'injected subcutaneously with the 
radioacltive estradiol in corn oil according to 
body weight between the age of 30 and 40 
wk. Five hours after injection, the rat was 
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decapitated and perirenaJ parametric, ingui- 
nal plus genital, mesenteriic and perithyroid 
adipose tissues were removed, weighed and 
radimcltivities determined. 

In  another experiment, five rats each from 
the three groups of anilmals between the ages 
of 36 and 38 wk were injected subcutane- 
ously with 0.156 pCIi/lOO g body weight of 
radioactlive estradiol dissolved in colrn oil and 
urine and feces collected for 6 and 9 days, 
respectlively. Urinary and fecal radioactivities 
were determined. 

Es tradiol-4-14C ( Amersham/Searle) was 
used in all experiments following purification 
by thin layer chromatography. The specific 
activity of the original compound was 5 1.4 
mCi/mM according to supplier. Determina- 
tion of radioactivities in samples (fin dupllicate 
or triplicate) as well as the purified estradiol 
used for incubation and injection was made 
with a Nuclear Chicago liquid scintillation- 
detection counlter using 14C as standards and 
channel ratio technique. All tissues were 
prepared for counting by dissolving in hyamine 
hydroxide except for fecal samples which 
were driied, ground and suspended in the 
scintlillation fluid by means of Cab-O-Sil 
(Packard Instrument Company). All samples 
were counted to an accuracy of t 2 Y o  using 
the statistical method of Loevinger and Ber- 
man (4). 

Only rats that had normal estrous cycles 
of 4-5 day duration as determined by vaginal 
smears were used (in the study. All rats were 
in estrous phase a t  the time of decapitation 
for the in vivo studlies and injection period 
for in vivo uptake and excretion studies. 

Data were analyzed for statistical differ- 
ences using analysis of variance. 

Results and Discussion. Parametric adipose 
tissues from the rats fed the grain or high-fat 
diet to 29 wk of age incorporated estradiol to 
the same extent (29.7-32.4% of IT-estradiol 
added to medium/lOO mg tissue). However, 
a t  41 wk of age, significantly lesser proportion 
of the radioactivity was incorporated into 
parametric and mesenteric tissues of rats fed 
the high-fat than those fed the grain diet. 
Uptake of radioactivity by perirenal tissues 
was not influenced by diets (Table I). 

When the radioactive estradiol was injected 
into the rat, the specific activity (dpm/100 
mg tissue) was significantly higher ( p  < 
0.05) in the mesenteric than the other adipose 
tissues whether the rat was fed grain or high- 
fat diet (Table TI). Comparison of specific 
activities for a particular adipose tissue re- 
vealed that there was not much variation 
among the three dietary groups. The uni- 
formity of speoific activity for a given tissue 
might be species specific since according to 
Twombly ct al. ( 2 )  obese patients had a lower 
adipose tissue specific activity than lean 
patients. Furthermore, since all rats were 
chosen for haviiig normal estrous cycles, the 
uniformity in specific actlivities for a fat tissue 
could have been exaggerated. 

Experimentation using obese and lean ani- 
mals that have normal and abnormal estrous 
cycles will be useful in lending credence to 
the claim that obesity may decrease fertility 
by sequestering estrogen and in further 
support of the uniformity of specific activities. 
Since there are little differences in specific 
activity for a given tissue, andmals having 
the greatest quantity of body fat had also 
the greatest retention of the injected radio- 
active estradiol (Table 11). Thus, in general 

TABLE I. In V'itro Incorporation of '4C-Estradiol into Adipose Tissues of Rats Fe'd a Grain 
or High-Fat Diet ad libitum. 

Adipo.se tis.sue 
~ ~~~ ~ 

Diet Parametric Perirenal Mesenteric 

Grain, ad libitum 34.4 f 2.7 (6)" 31.6 2 2.9 (6) 36.6 2.4 (4) 
High-f at, ad libitum 28.4b f 3.1 (6) 29.8 f 2.6 ( 4 )  31.5" k 5.0 (7) 

" m e  number od anima1,s is indicated in  parenthases. Values are averages f 

bSignificantly different from grain-fed rats ( p  < 0.01). 
"Significantly different from grain-fed rats (p < 0.05). 

standard er- 
rors expressed as % of 14C-estradiol added in incubation medium per 100 mg tismes. 
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2ot \ 
0 grain ad libitum 
o high-fat restricted 
0 high-fat ad libitum 

Days 

FIG. 1. Urinary radioactivities of rats injected with 
radioaotive estradiol. 

the percentage of the injected dose in each 
of the adipose tissues examined was greatest 
in high-fat fed rats followed in decreasing 
order (by those fed high-fat restricted and 
the grain diet. 

The rate of excretion of estradiol may also 
play a role in regulating estrous cycles. In 
the present experiment, the total radioactivity 
in feces plus urine was not significantly differ- 
ent among the three groups of rats but differed 
in the rate during the first few days after 
injection anid in the route of excretion (Table 
I11 and Figs. 1 and 2). As a percentage of 
the injected dose the urinary excretion by 
the high-fat restricted rat was nearly three 
times that of the grain-fed rat, whereas, the 
high-fat ad libitum rat had an intermediate 
level (Table 111). Fecal excretion expressed 
as a percentage of the dose was significantly 

0 grain ad libitum 
o high-fat restricted 
o high-fat ad libitum \ 

Days 

FIG. 2. Fecal radio&ivitties oQ nats injected 
radioactive estradiol. 

with 

greater for the grain-fed (rats than for either 
the ad libitum or restricted high-fat rats. 
The difference in excretion whether in the 
urine or feces occurred mainly in differences 
of excretion ,rate in the first 2 or 3 days after 
administration of the radioactive estradiol 
(Figs. 1 and 2) .  After 2 or 3 days, differences 
in excretion disappeared. Thus, rats fed a 
high-fat diet had increased excretion of estra- 
diol into the urine and decreased excretion in- 
to the feces for about 2-3 days after a dose 
of exogenous estradiol. The combined excre- 
tion, urinary plus fecal, was however, not af-  
fected by diets and therefore would not be ex- 
pected to modified the body load of estradiol. 
However, since the route of excretion was 
altered by the diet the metabolism of estra- 

TABLE 111. Body Weight and Urinary and Fecal Radioactivities of Rats after Subcutaneous In- 
jections 09 14C-Estradiol. 

Dose/lOO g Urinary excretiona Fecal excretionb Total excretion 
Diet Body wt (g) boldy wt (dpm) (7% of dotse) (% of dose) (% of dose) 

Grain, ad libitum 292" t 37 343,075 12.6 k 1.6 53.0 k 6.0 65.6 -I 5.8 
High-fat, ad libitum 464 2 53 348,763 27.2d k 1.8 34.7" 2 2.1 61.9 -I 1.8 
High-fat, restricted 282 k 13 348,409 36.7* 2 10.4 31.2" I+ 8.1 67.9 ? 4.8 

a Urine collection was 6 days. 
Ir Fecal collection was 9 days. 

Mean 5 standard errors of 5 rats. 
dSignificantly different from grain-fed rats ( p  < 0.01). 

Significantly differeat, from grain-fed rats ( p  < 0.01). 
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diol was likely altered. Presumably the fecal 
excretion of estradiol was via the bile as con- 
jugated estradiol whereas in the urine excre- 
tory products were metabolites of estradiol. 

Summary. In vitro and in vivo uptake and 
fecal and urinary excretion of radioactive 
estradiol were detevmined in normally cycling 
rats fed a high-fat diet ad libitum or restrioted 
or a grain diet ad libitum starting a t  3 wk 
of age. At 29 wk of age, in vitro uptake of 

of tissue var'ied depending on th8e tissue 
examined. Thus, the mesenteric adipose tis- 
sue had the highest and the inguinal plus 
genital adipose tissue was the lowest. Total 
excretion of radioactivity was not different 
among the 3 dietary grou,ps but the route 
as well as the proportion in the feces and 
urine varied significantly during the first 2-3 
days after the injection of rad,ioactive 
estradiol. 

estradiol by parametric adipose tissue was not 

41  wk of age, uptake per 100 mg of parametric 
or mesenteric aditpose tissues was significantly 

rats. I n  vivo uptake of injected e ~ t r a d i o l - 4 - ~ ~ C  
was highest in the high-fat ad libitum rats 
followed by high-fat restricted and grain-fed 
rats. This differential uptake was due mainly 
to an increased ad'ipose tissue size in the high- 
fat fed rats which were obese. Specific activi- 
ties of tissues were not responsible for the 
different uptake. However, specific activities 
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