PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 171, 276—284 (1982)

The Effect of Dehydroepiandrosterone on Adipose Tissue Cellularity in
Mice (41511)

MARGOT P. CLEARY,*! ROBIN SEIDENSTAT,* ROBERT H. TANNEN,}
AND ARTHUR G. SCHWARTZ¥
*Department of Nutrition and Food Sciences, Drexel University, Philadelphia, Pennsylvania 19104, and

tFels Research Institute, and Department of Microbiology, Temple University Medical Center,
Philadelphia, Pennsylvania 19104

Abstract. The effect of dehydroepiandrosterone (DHEA) on adipose tissue growth in
young adult male mice was investigated. In Experiment 1, mice were individually caged and
treated by intraperitoneal injections of DHEA (25 mg/kg body weight, 3x weekly) for 20
weeks. No significant differences in body weight and adipose tissue growth were found. In
Experiment 2, DHEA was administered by intubation (450 mg/kg body weight, 3x weekly).
In addition, mice were housed either one/cage or five/cage. After 10 weeks of treatment
body weight and epididymal and retroperitoneal fat pad weights were significantly decreased
in both DHEA groups compared to their respective control groups. In both adipose depots
fat cell size was significantly decreased in treated mice while there was no effect on fat cell
number. No differences were found in adipose tissue lipoprotein lipase or liver fatty acid

synthetase of treated mice.

The 17-ketosteroid, dehydroepiandros-
terone (DHEA), has been shown by Yen et
al. (1) and Schwartz (2) to decrease body
weight gain in yellow obese mice. This al-
teration in body weight occurred without a
concomitant change in food intake. It was
also shown that DHEA treatment de-
creased total body lipids and the rate of
liver lipogenesis (1). In addition, Yen et al.
(1) reported that body weight was de-
creased in lean mice but the effect was not
as dramatic as that seen in the obese mice.
No additional information on lean mice was
reported.

DHEA is known to inhibit the enzyme
glucose-6-phosphate dehydrogenase (3—6).
Inhibition of glucose-6-phosphate dehydro-
genase would theoretically result in a de-
creased availability of NADPH for either
lipogenesis or DNA synthesis. The studies
in obese mice suggested that DHEA is
primarily affecting lipogenesis. However,
DHEA has also been shown to inhibit DNA
synthesis in cultured cell lines (7) and in
mouse epidermis in vivo (8) and to decrease
the development of spontaneous breast

! To whom all correspondence should be addressed.

cancer formation in C3H mice (2), indicat-
ing it can also affect cellular proliferation. It
has been established that adipose tissue,
the major site of stored body lipids, can
change by either the size of the fat cells or
the number of fat cells (9, 10). Therefore,
the specific effects of chronic DHEA ad-
ministration on adipose tissue growth were
investigated in mice. Two modes of admin-
istration for DHEA were also studied.

Materials and Methods. Animals. Six-
week-old male C3H mice were purchased
from Jackson Laboratories, Bar Harbor,
Maine. Mice were housed individually in
wire mesh cages, unless otherwise indi-
cated, and were allowed food and water ad
libitum. A 12-h light—dark cycle was
maintained and the temperature was kept at
74°F. Body weight and food intake were re-
corded weekly.

Experiment 1. Mice were housed indi-
vidually as described and were fed Purina
powdered rodent chow (5001, 5% fat by
weight). One-half of the mice (n = 6/group)
received intraperitoneal injections 3X
weekly with 25 mg/kg body weight DHEA
(Sigma Chemical Co., St. Louis, Mo.) in a
homogenized suspension of saline:Emul-
phor (GAF, New York, N.Y.) (95:5, v/v).
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Control mice were injected with the vehicle
only. After 20 weeks of treatment the mice
were killed and tissue processed as de-
scribed below.

Experiment 2. Mice were either housed
individually (50 mice) as described or
housed five per cage (30 mice) in plastic
cages wtih bedding. Mice were fed Purina
mouse chow (5015, 11% fat by weight). The
mice individually housed received pow-
dered food while the mice housed five per
cage were given food in a pelleted form.
One-half of each group were intubated with
DHEA 450 mg/kg 3x weekly that was
homogenized in sesame oil. Each control
group received the vehicle only. Mice were
treated for 10 weeks and then eight mice
from each of the four groups were randomly
selected and were killed and tissue pro-
cessed as described below. Data presented
are for the mice that were killed.

General procedures. At the end of each
experimental period mice were killed by
decapitation. Livers were removed for fatty
acid synthetase activity determination. The
livers were weighed and a (30%, w/v) ho-
mogenate was prepared in a 0.15 M KCl-4
mM MgCl,, pH 7.5, solution. The homoge-
nate was centrifuged at 10,000¢ for 15 min
at 4° and the supernatant was removed and
recentrifuged at 100,000g for 45 min at 4°.
The high-speed supernatant was stored at
—70°. Fatty acid synthetase activity was
determined by the method of Hsu er al.
(11). Activity was expressed as counts per
minute per milligram of supernatant pro-
tein. Protein was determined by the method
of Lowry et al. (12).

Both right and left epididymal and ret-
roperitoneal fat pads were removed. Right
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and left depots were pooled from each site
and weighed. Two small samples from each
depot were used to determine fat cell size
and number by the method of Hirsch and
Gallian (13). One sample was placed in 2:1
chloroform:methanol to extract the lipids
and the lipid was quantitated gravimetri-
cally (14). The second sample was placed in
a 2% osmium tetroxide mixture and incu-
bated for 72 hr at 37°. Fixed cells were
counted electronically using a Coulter
Counter (Model ZB). The remainder of the
adipose tissue was prepared for lipoprotein
lipase activity determinations. Tissue was
homogenized (20%, w/v) in 0.25 M su-
crose—1 mM EDTA buffer, pH 7.4. The
homogenate was centrifuged at 11,000g for
15 min at 4°. The postmitochondrial super-
natant was removed and frozen at —70°.
Lipoprotein lipase activity was determined
by the method of Schotz er al. (15) as mod-
ified by Hietanen and Greenwood (16).

Statistical analysis. Data are presented
as means *+ standard deviations. Results
from Experiment 1 were analyzed by Stu-
dent’s ¢ test. Results from Experiment 2
were analyzed first by two-way analysis of
variance followed by F test for individual
comparisons (17). Level of significance was
P = 0.05 or less.

Results. Experiment 1. Body weight and
food intake of treated and nontreated mice
are shown in Table I. As can be seen there
were no differences in body weights of
treated mice compared to nontreated. In
addition, food intake was not affected by
DHEA treatment. Liver weights and liver
fatty acid synthetase activity are also
shown in Table I. Neither of these factors
was affected by DHEA treatment.

TABLE I. EFFECTS OF INTRAPERITONEAL DHEA TREATMENT? ON BoDY WEIGHT, FoOD INTAKE,
LivEr WEIGHT, AND LIVER FATTY ACID SYNTHETASE ACTIVITY IN MALE C3H MICE (EXPERIMENT 1)

Cumulative
Body weight food intake Liver weight FAS .
(€9) (® (® (cpm/mg protein)
Control 32.1 +2.3° 792.3 + 38.3 1.7477 = 0.2020 1.755 + 0.493
DHEA 31.5 £ 2.6 821.0 = 47.6 1.7298 + 0.1977 1.570 + 0.350

2 Mice were treated from 6 until 26 weeks of age (25 mg/kg body weight 3 X weekly).
% Data are means * standard deviations; N = 6, both groups.
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TABLE II. EPiDIDYMAL AND RETROPERITONEAL FAT PAD WEIGHTS AND FAT CELL SiZE AND
NUMBER IN MALE C3H FOLLOWING INTRAPERITONEAL DHEA TREATMENT? (EXPERIMENT 1)

Epididymal® Retroperitoneal®
Control DHEA Control DHEA
Pad weight (g) 0.9154 * 0.2460° 0.7115 = 0.3302 0.2419 * 0.0809 0.1723 + 0.0804
Fat cell size
(g lipid/cell 0.4915 + 0.1852 0.5178 = 0.2678 0.6637 = 0.1688 0.4637 = 0.2443
Fat cell no./
pad (x108) 1.3631 = 0.4353 0.9308 + 0.1168* 0.2670 + 0.0696 0.2398 = 0.0664

LPL activity? 3.3131 + 3.7065

2.1784 + 1.3883

3.2115 + 2.3652 2.5658 = 1.2319

% Mice were treated from 6 until 26 weeks of age, 25 mg/kg body weight intraperitoneally injected three times

weekly.
® Combined right and left pads.

¢ Data are means + standard deviations; n = 6, both groups.
4 Lipoprotein lipase activity = umole free fatty acid released x 108 cells.
* DHEA treated significantly different from respective control groups.

Fat pad weights are shown in Table II.
Both epididymal and retroperitoneal fat pad
weights were reduced by DHEA treatment
in comparison to nontreated control fat pad
weights. However, these differences were
not significant. In the epididymal fat pad,
DHEA treatment did result in a significant
decrease in fat cell number (Table II). No
difference in epididymal fat cell size was
found. In the retroperitoneal fat pad there
was no change in fat cell number. There
was a decrease in retroperitoneal fat cell
size but this was not significant (Table II).
Lipoprotein lipase acitivity in both depots
was decreased by DHEA treatment (Table
II). However, these differences were not
significant.

Experiment 2. Body weight, weight gain,
and cumulative food intake data are found
in Table III. These values presented for the
mice selected for further study were not
different from the entire group of mice
used. For example body weights of the
control one/cage mice were 30.4 + 2.9 and
the body weights for the entire 25 mice in
this group was 30.5 = 2.4. DHEA adminis-
tered by intubation resulted in decreased
body weight in both caging situations
(Table III). However, the biggest effect
from DHEA treatment on body weight and
weight gain was seen in DHEA five/cage
mice compared to their control group. In
addition, significant differences were found
in the body weights of DHEA five/cage

TABLE III. Bopy WEIGHT, WEIGHT GAIN, CUMULATIVE FooD INTAKE AND COMBINED FAT PAD
WEIGHTS AS A PERCENTAGE OF TOTAL BoDpYy WEIGHT? IN DHEA-TREATED? MALE C3H (EXPERIMENT 2)

Body weight
(2) Cumulative Combined fat pad
Weight gain food intake weights, percentage
Initial Final ® (2 total body weight
Control 1/cage 178+ 1.7¢ 30.4 £ 2.9%% 12.6 £ 1.9%+ 327.3 = 36.9* 3.92 = 0.74*1
DHEA 1/cage 16.6 = 1.9 27.1 = 1.5 109 = 1.4 343.3 +24.4 2.91 +0.70
Control S/cage 19.9 + 1.6 35.1 = 1.7* 15.6 =2.1* 225.3% 4.61 = 0.60*
DHEA 5/cage 20.1 = 1.3 28.1 £2.2 8.0=1.1 205.7 2.60 = 0.54

¢ Combined epididymal and retroperitoneal fat pads (both right and left) divided by total body weight x100.
® Treated with DHEA 450 mg/kg body weights from 6—16 weeks of age.

¢ All data are means * standard deviation; N = 8 all groups.

* Control group significantly different from DHEA-treated group.

T Control 1/cage significantly different from DHEA 5/cage.

 No statistics done as no individual results were available.
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mice compared to control five/cage mice
from the second week of treatment while
DHEA one/cage mice body weights were
significantly different from control one/cage
at week 1, 4, 9, and 10 (data not shown).
Food intakes were not different between
DHEA one/cage and control one/cage mice
nor between DHEA five/cage and control
five/cage mice (Table III). Both groups of
five/cage mice ate less food than one/cage
mice. The exact explanation for this finding
is unknown. Food given to the one/cage
mice was in powdered form and although
great care was taken to minimize spillage by
placing food in a small glass cup inside a
larger cup, it is possible that over 10 weeks
some unaccountable loss occurred. In ad-
dition, there may be a higher energy cost
for mice housed individually as suggested
by the decreased body weight in one/cage
mice.

Liver weights were not different between
any of the groups (Table IV). However,
liver weight accounted for a significantly
larger percentage of total body weight in
both treated groups (Table IV). No signifi-
cant differences in liver fatty acid syn-
thetase activity were found between control
and DHEA-treated groups (Table IV).

Epididymal and retroperitoneal fat pad
weights of both treated groups were signifi-
cantly decreased compared to their respec-
tive nontreated groups (Tables V, VI). The
differences in fat pad weight were much
greater than those found for body weights.
For example, DHEA five/cage mice weighed
15% less than control five/cage, while
epididymal fat pad weight was decreased
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55%. The effect of DHEA was greater on
fat pad weights in the five/cage mice than
in the one/cage mice. In both treated groups
the combined epididymal and retroperito-
neal weights accounted for significantly less
of total body weight than the combined
weights of fat pads of the untreated groups
(Table III).

Cellularity data for epididymal and ret-
roperitoneal fat pads are shown in Tables
V and VI, respectively. In general, the
biggest effect of DHEA treatment was on
fat cell size in both depots. Both DHEA
one/cage and DHEA five/cage mice had
significantly decreased fat cell size in epi-
didymal and retroperitoneal fat pads com-
pared to their respective control groups. No
effect of treatment was found in epididymal
fat cell number. In the retroperitoneal pad a
slight but significant decrease was found in
fat cell number of DHEA five/cage com-
pared to control five/cage while no differ-
ence was found in retroperitoneal fat cell
number of DHEA one/cage compared to
control one/cage.

Lipoprotein lipase activity results for
Experiment 2 are found in Tables V and VI.
In the mice housed one/cage DHEA treat-
ment resulted in decreased lipoprotein
lipase activity in both epididymal and ret-
roperitoneal fat pads. Slight decreases in
lipoprotein lipase activity were found in
both pads of DHEA five/cage mice com-
pared to controls but these values were not
significant.

Discussion. These data are in agreement
with previous studies (1, 2) that have shown
an obesity prevention effect of dehydro-

TABLE 1V. Liver WEIGHT, LIVER WEIGHT AS A PERCENTAGE OF BoDY WEIGHT,? AND
LiverR FATTY AcIiD SYNTHETASE (FAS) AcTiviTY IN DHEA-TREATED? MICE (EXPERIMENT 2)

Liver weight,

Liver weight percentage of FAS
® body weight (cpm/mg protein)
Control 1/cage 1.6988 + 0.2348°¢ 5.5 + 0.4* 3.463 = 1.639
DHEA 1/cage 1.6458 + 0.0939 59+0.2 2.848 + 1.111
Control 5/cage 1.6845 = 0.1296 4.8 0.2 4.284 + 1.528
DHEA 5/cage 1.7361 = 0.1063 59+04 5.172 = 1.889

¢ Liver weight divided by body weight x 100.
b Treated with DHEA, 450 mg/kg body weight.

¢ Data all means + standard deviations; n = 8 all groups.
* Control group significantly different from DHEA-treated group.
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TABLE V. EPIDIDYMAL FAT PAD WEIGHT, CELLULARITY AND LIPOPROTEIN LIPASE
AcTiviTY IN DHEA-TREATED® MICE (EXPERIMENT 2)

Fat cell

Pad weight Fat cell size no./pad LPL

2 (ug lipid/cell) (x10%) activity®

Control 1/cage€ 0.9471*+ 0.1292*-+ 4.3498 1.301*
+0.2819 +0.0432 +0.9174 +0.315
DHEA l1/cage 0.6197 0.0711 4.2530 0.790
+0.1817 +0.0149 +0.4931 +0.313
Control S/cage 1.3024* 0.1827* 3.9419 2.035
+0.2359 +0.0435 +1.2025 +0.595
DHEA 5/cage 0.5903 0.0800 4.0199 1.786
+0.1491 +0.0213 +0.5937 +0.512

@ Treated by intubation with 450 mg/kg body weight DHEA from 6 to 16 weeks of age.
® LPL activity: umole free fatty acid released x 10 cells per hour.

¢ Data are means * standard deviations; N = 8 for

all groups.

* Control group significantly different from DHEA-treated group.

+ Control 1/cage significantly different from DHEA

epiandrosterone in mice when DHEA is ad-
ministered by intubation at a level of 450
mg/kg body weight. Although, Yen ez al. (1)
have reported that intraperitoneal injections
of DHEA at 10 mg/kg were effective in de-
creasing weight gain in female yellow obese
mice, in the present investigation in-
traperitoneal injection of DHEA at 25
mg/kg body weight did not affect body
weight of lean male mice. This lack of
agreement may be due to some combination
of sex and strain differences as well as
housing conditions, diet composition, and
body weight or body fatness level. In gen-

S/cage.

eral, DHEA seemed to have a larger effect
on altering body weight when the mice were
growing at a more rapid rate as shown from
previous work in obese mice (1) and the
present results obtained in Experiment 2 in
mice housed five per cage. However, in
order to more clearly differentiate the ef-
fectiveness of different modes of adminis-
tration, levels of DHEA present in the
treated mice should be determined and re-
lated to body weight.

DHEA appears to have no toxic effects in
mice as noted by Yen et al. (1) and
Schwartz et al. (18) found that mice that

TABLE VI. RETROPERITONEAL FAT PAD WEIGHT, CELLULARITY AND LIPOPROTEIN LIPASE
AcTiviTY IN DHEA-TREATED® MICE (EXPERIMENT 2)

Fat cell

Pad weight Fat cell size no./pad LPL

(€3] (ug lipid/cell) (%x108) activity®

Control 1/cage* 0.2574*+ 0.1494*+ 0.9356 1.484*
+0.0576 +0.0215 +0.1962 +0.371
DHEA l/cage 0.1867 0.1050 0.9137 0.567
+0.0507 +0.0360 +0.1858 +0.203
Control 5/cage 0.3198* 0.1275* 1.1225* 1.729
+0.0650 +0.0334 +0.1524 +0.553
DHEA 5/cage 0.1817 0.0983 0.9068 1.429
+0.0529 +0.0249 +0.1851 +0.345

@ Treated by intubation with 450 mg/kg body weight DHEA from 6 to 16 weeks of age.
® LPL activity; umole free fatty acid released x 10 cells per hour.

¢ Data are means *+ standard deviations; N = 8 for

all groups.

* Control group significantly different from DHEA-treated group.

t Control 1/cage significantly different from DHEA

S/cage.
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were treated with DHEA for over one year
showed no apparent side effects. In fact,
DHEA treatment inhibited the develop-
ment of spontaneous development of breast
cancer in female C3H mice and decreased
their mortality rate (18).

Although a number of metabolic inhib-
itors of lipogenesis have been investigated
inin vitro or acute animal studies, few have
been used in chronic studies. (—)-Hydroxy-
citrate, an inhibitor ATP: citrate lyase (19),
is one of the exceptions. Its antilipogenic
effects have been studied in both lean (20,
21) and obese rats (22, 23). However, in
general its effects on weight gain and body
fat seem to be mediated primarily through
decreasing food intake as demonstrated
from pair-feeding studies (21, 23). There-
fore, DHEAs effect on decreasing weight
gain without affecting food intake poses an
interesting metabolic puzzle as to the dis-
position of the ingested calories. We are
presently investigating this.

In both Experiments 1 and 2, DHEA
treatment was found to decrease both
epididymal and retroperitoneal fat pad
weights. In Experiment 2 where the results
are most consistent and significant this ef-
fect was primarily due to decreased fat cell
size in both fat depots. These results are
consistent with the observation that fat cell
number is not usually altered in adult lean
mice (24). A decrease in fat cell number was
found in both the epididymal fat pad of
treated DHEA mice in Experiment 1 and in
the retroperitoneal fat pad of DHEA five/
cage in Experiment 2. These decreases are
probably due to a failure to recruit previ-
ously made fat cells which are maintained
in a precursor pool until some later time
(25, 26). Although recent studies have
shown the ability to increase fat cell
number by overfeeding (27—29), no studies
have shown the ability to decrease fat cell
number once they have been produced (9).
In addition, it should be noted that although
lean mice were used in this study, similar
results would be expected in adipose depots
of the yellow obese mice since this rodent’s
obesity is due to increased fat cell size
only (24).

Lipoprotein lipase is the enzyme in
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adipose tissue responsible for clearing tri-
glycerides from either chylomicra or very
low density lipoproteins. A number of
studies have investigated the role of lipo-
protein lipase in the regulation of body
weight and obesity. Elevated levels are
found in obese mice (30), obese Zucker rats
(31-33), and in obese humans (34). In gen-
eral adipose tissue lipoprotein lipase activ-
ity correlates with fat cell size (16, 35).
However, in a number of situations this re-
lationship has been found to be uncoupled.
For example, during development lipopro-
tein lipase activity increases prior to an in-
crease in fat cell size (16). Steinsgrimsdottir
et al. (36) have shown that progesterone
injections also resulted in increased lipo-
protein lipase activity before fat cell size
was found to increase. Chronic food re-
striction in both obese humans (37) and
obese Zucker rats (38) has been found to
result in increased adipose lipoprotein
lipase activity compared to normally fed
controls. It has also been shown that corti-
costeroid treatment appears to lower lipo-
protein lipase activity (39, 40). In the pres-
ent experiment DHEA treatment did not
lead to consistent changes in lipoprotein
lipase activity. DHEA one/cage mice did
have decreased lipoprotein lipase activity
that paralleled the smaller fat cell size.
However, in the DHEA five/cage mice
there was no statistical difference in lipo-
protein lipase activity between the two
groups. Whether the time difference in
killing these groups of mice led to diurnal
variations in the enzyme activity, or hor-
monal factors associated with the grouped
housing altered lipoprotein lipase activity
independent of fat cell size changes remains
to be investigated.

What role endogenous DHEA may play
in the etiology or maintenance of obesity is
not known. No animal studies have been
done and the results of human studies have
been contradictory. Lopez and Krehl (41)
found that an increase in body weight in
obese subjects paralleled increases in red
blood cell glucose-6-phosphate dehydroge-
nase activity and that less DHEA was ex-
creted in the urine. When the subjects were
placed on a low carbohydrate diet a de-
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creased glucose-6-phosphate dehydroge-
nase activity and an increase in urinary
DHEA was noted. Results of another
calorie-restricted study (42) showed a de-
crease in DHEA excretion. However it has
also been reported that obese subjects have
an increased clearance rate for DHEA (43).
A recent study in female runners found de-
creased body weight to be correlated with
an increase in DHEA in the blood (44).
Thus, although differences in DHEA me-
tabolism can be found in humans, clearly
more research is necessary to determine the
precise role of DHEA in regulation of
body weight. However, clinical and epide-
miological studies have shown that women
who have subnormal plasma concentrations
of DHEA have an increased risk of devel-
oping breast cancer (45—47). Interestingly,
increased body weight is also a risk factor
in breast cancer.

In conclusion the results of this study are
consistent with DHEA acting as an inhib-
itor of glucose-6-phosphate dehydrogenase
activity and of the hexose monophosphate
shunt (3—6, 48, 49) resulting in a limitation
of the NADPH needed for lipid synthesis.
No decrease in the activity of the NADPH-
dependent enzyme, fatty acid synthetase,
was found in vitro. However, since NADPH
is added to the reaction mixture, this does
not exclude the possibility that fatty acid
synthetase activity was reduced in vivo
and Yen et al. did report a decrease in
in vivo lipogenesis in DHEA-treated mice
(1). Clearly more work is necessary to
determine the effect of long-term DHEA
administration on glucose-6-phosphate de-
hydrogenase activity and possible compen-
satory mechanism of providing NADPH
such as malic enzyme which has been shown
to increase following short-term DHEA
treatment in rats (48). In addition, one
would like to know where the additional
calories are going which are not being laid
down as lipid. Preliminary studies in rats
indicate DHEA treatment may increase
oxygen consumption.

The assistance of Sharon Merkin, Stewart Avart,
Louise Jackson, and Denise Fairman in the care of the
mice is gratefully acknowledged. We thank Brenda

DEHYDROEPIANDROSTERONE AND ADIPOSE TISSUE GROWTH

Jones for typing the manuscript. This study was sup-
ported by Grants CA-14661 and AG-00368 in addition
to a grant from the Weight Watchers Foundation and
Drexel Research Scholar Award 1980—1981 to Margot
P. Cleary.

1. Yen TT, Allan JA, Pearson DV, Acton JM. Pre-
vention of obesity in Avy/a mice by dehydro-
epiandrosterone. Lipids 12:409—-413, 1977.

2. Schwartz AG. Inhibition of spontaneous breast
cancer formation in female C3H (Avy/a) mice by
long term treatment with dehydroepiandros-
terone. Cancer Res 39:1129—-1132, 1979.

3. Marks PH, Banks J. Inhibition of mammalian
glucose-6-phosphate dehydrogenase by steroids.
Proc Nat Acad Sci USA 46:447—452, 1960.

4. Kurtenbach P, Benes P, Oertel GW. On steroid
conjugates in plasma. Eur J Biochem 39:541 546,
1973.

5. Oertel GW, Benes P. The effects of steroids on
glucose-6-phosphate dehydrogenase. J Steroid
Biochem 3:493—496, 1972.

6. Beitner R, Naor Z. The effect of adenine nucleo-
tides and dehydroepiandrosterone on the isoen-
zymes of NADP+ and NAD+ glucose-6-
phosphate dehydrogenase and 6-phosphoglu-
conate dehydrogenase. Biochim Biophys Acta
2:437—-440, 1972.

7. Henderson E, Schwartz AF, Pashko LL, Abou-
Gharbia M, Swern DC. Dehydroepiandrosterone
and 16-bromo-epidrosterone: Inhibitors of
Epstein—Barr virus-induced transformation of
human lymphocytes. Carcinogenesis 2:683—687,
1981.

8. Pashko LL, Schwartz AG, Abou-Gharbia M,
Swern DC. Inhibition of DNA synthesis in mouse
epidermis and breast epithelium by DHEA and
related steroids. Carcinogenesis 2:717—-721, 1981.

9. Hirsch J, Han PW. Cellularity of rat adipose tis-
sue: Effects of growth, starvation and obesity. J
Lipid Res 10:74—82, 1969.

10. Hirsch J, Knittle JL. Cellularity of obese and
non-obese human adipose tissue. Fed Proc
29:1516—-1521, 1970.

11. Hsu RY, Butterworth PHW, Porter SW. Pigeon
liver fatty acid synthetase. In: Lowenstein, JM.
Methods in Enzymology. New York, Academic
Press, Vol 14:pp 33—34, 1969.

12. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ.
Protein measurement with the Folin phenol re-
agent. J Biol Chem 193:265-275, 1951.

13. Hirsch J, Gallian E. Methods for the determina-
tion of adipose cell size in man and animals. J
Lipid Res 9:110—119, 1968.

14. Folch J, Lees M, Sloane-Stanley GH. A simple
method for the isolation and purification of total



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

DEHYDROEPIANDROSTERONE AND ADIPOSE TISSUE GROWTH

lipids from animal tissues. J Biol Chem
226:497-509, 1957.

Shotz M, Garfinkel A, Huebotter RJ, Stewart JE.
A rapid assay for lipoprotein lipase activity. J
Lipid Res 11:68—69, 1970.

Hietanen E, Greenwood MRC. A comparison of
lipoprotein lipase activity and adipocyte differ-
entiation in growing male rats. J Lipid Res
18:480—-490, 1970.

Winer BJ. Statistical Principles in Experimental
Design. New York, McGraw—Hill, 1971.
Schwartz AG, Hard GC, Pashko LL, Abou-
Gharbia M, Swern D. Dehydroepiandrosterone:
An anti-obesity and anti-carcinogenic agent. Nu-
trition Cancer 3:46—53, 1981.

Watson JA, Fang M, Lowenstein JM. Tricarbal-
lylate and hydroxycitrate: Substrate and inhibitor
of ATP: Citrate oxaloacetatelyase. Arch Biochem
Biophys 135:209—-217, 1969.

Sullivan AC, Hamilton JG, Miller ON, Wheatley
VR. Inhibition of lipogenesis in rat liver by (—)-
hydroxycitrate. Arch Biochem Biophys 150:183—
190, 1972.

Sullivan AC, Triscari J, Hamilton JG, Miller ON,
Wheatley VR. Effect of (—)-hydroxycitrate upon
the accumulation of lipid in the rat. Lipids
9:121-128, 1974.

Sullivan AC, Triscari J. Metabolic regulation as a
control for lipid disorder. I. Influence of (—)-
hydroxycitrate on experimentally induced obesity
in the rodent. Amer J Clin Nutr 30:767—776, 1977.
Greenwood MRC, Cleary MP, Gruen R, Blase D,
Stern JS, Triscari J, Sullivan AC. Effect of (—)-
hydroxycitrate on development of obesity in the
Zucker obese rat. Amer J Physiol 240:72—78,
1981.

Johnson PR, Hirsch J. Cellularity of adipose de-
pots in six strains of genetically obese mice. J
Lipid Res 13:2-11, 1972.

Greenwood MRC, Hirsch J. Postnatal develop-
ment of adipocyte cellularity in the normal rat. J
Lipid Res 15:474—483, 1974.

Cleary MP, Klein BE, Brasel JA, Greenwood
MRC. Thymidine kinase and DNA polymerase
activity during postnatal growth of the epididymal
fat pad. J Nutr 109:48-54, 1979.

Faust IM, Johnson PR, Stern JS, Hirsch J. Diet
induced adipocyte number increase in adult rats; a
new model of obesity. Amer J Physiol 235:279—
286, 1978.

Lemmonier D. Effect of age, sex and site on the
cellularity of the adipose tissue in mice and rats
rendered obese by a high fat diet. J Clin Invest
51:2907-2915, 1972.

Faust IM, Johnson PR, Hirsch J. Long term ef-
fects of early nutritional experience on the devel-

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

41.

42.

43.

283

opment of obesity in the rat. J Nutr 110:2027—
2034, 1980.

Rath EA, Hems DA, Beloff-Chain A. Lipoprotein
lipase activities in tissues of normal and geneti-
cally obese (ob/ob) mice. Diabetologia 10:261—
265, 1974.

DeGasquet P, Pequignot E. Adipose tissue lipo-
protein lipase activity and cellularity in the geneti-
cally obese Zucker rat (fa/fa). Biochem J
132:633-635, 1973.

Gruen R, Hietanen E, Greenwood MRC. In-
creased adipose tissue lipoprotein lipase activity
during development of the genetically obese rat
(fa/fa). Metabolism 27:1955—-1966, 1979.
Boulange A, Planche E, DeGasquet P. Onset of
genetic obesity in the absence of hyperphagia
during the first week of life in the Zucker rat
(fa/fa). J Lipid Res 20:857—865, 1979.

Lithell H, Boberg J. The lipoprotein lipase activity
of adipose tissue from different sites in obese
women and relationship to cell size. Int J Obesity
2:47-52, 1978.

Bjorntorp P, Enzi G, Ohlson R, Persson B, Spon-
bergs P, Smith U. Lipoprotein lipase activity and
uptake of exogenous triglycerides in fat cells of
different size. Horm Metab Res 7:230—237, 1975.
Steingrimsdottir L, Brasel J, Greenwood MRC.
Hormonal modulation of adipose tissue lipopro-
tein lipase may alter food intake in rats. Amer
J Physiol 239:162—167, 1980.

Schwartz RS, Brunzell J. Increased adipose-tissue
lipoprotein-lipase activity in moderately obese
men after weight reduction. Lancet 1:1230—1231,
1978.

Cleary MP, Vasselli JR, Greenwood MRC. De-
velopment of obesity in Zucker obese (fa/fa) rat in
absence of hyperphagia. Amer J Physiol
238:284-292, 1980.

DeGasquet P, Pequignot E. Changes in adipose
tissue and heart lipoprotein lipase activities and in
serum glucose, insulin and corticosterone con-
centrations in rats adapted to a daily meal. Horm
Metab Res 5:440—443, 1973.

. Krotkiewski M, Bjorntorp P, Smith U. The effect

of long-term dexamethasone treatment on lipo-
protein lipase activity in rat fat cells. Horm Metab
Res 8:245—-246, 1976.

Lopez SA, Krehl WA. A possible interrelation
between glucose-6-phosphate dehydrogenase and
dehydroepiandrosterone in obesity. Lancet
2:485—-487, 1967.

Hendrix A, Heyns W, DeMour P. Influence of a
low-calorie diet and fasting on the metabolism of
dehydroepiandrosterone sulfate in adult obese
subjects. J Clin Endocrinol 28:1525—1533, 1968.
Feher T, Halmay L. The production and fate of



284

45.

46.

DEHYDROEPIANDROSTERONE AND ADIPOSE TISSUE GROWTH

adrenal DHEA in normal and overweight sub-
jects. Horm Metab Res 6:303-304, 1975.

. Baker ER, Mathur RS, Kirk RF, Williamson HO.

Female runners and secondary amenorrhea: Re-
lation with age, parity, mileage and plasma hor-
monal and sex hormone binding globulin concen-
trations. Fertil Steril 35:247-248, 1981.
Bulbrook RD, Hayward JL, Spicer CC. Relation
between urinary androgen and corticoid excretion
and subsequent breast cancer. Lancet 2:395—398,
1971.

Rose DP, Stauber P, Thiel A, Crawley JJ, Mil-
brath JR. Plasma dehydroepiandrosterone sulfate,
androstenedione, and cortisol, and free cortisol
excretion in breast cancer. Eur J Cancer
13:43-47, 1977.

47.

48.

49.

Thijssen JHH, Poortman J, Schwartz F. Andro-
gens in postmenopausal breast cancer: Excretion,
production and interaction with estrogen. J
Steroid Biochem 6:729-734, 1975.

Tepperman HM, De La Graza SA, Tepperman J.
Effect of dehydroepiandrosterone and diet protein
on liver enzymes and lipogenesis. Amer J Physiol
214:1126—1132, 1968.

Ziboh VA, Drieze MA, Hsia SL. Inhibition of lipid
synthesis and glucose-6-phosphate dehydroge-
nase in rat skin by dehydroepiandrosterone. J
Lipid Res 11:346—354, 1970.

Received April 15, 1982. P.S.E.B.M. 1982, Vol. 171.



