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ABSTRACT

Dehydroepiandrosterone, a mam-
malian glucose-6-phosphate dehydrogen-
ase inhibitor, prevented AVY /g mice from
becoming obese. Decreased accumulation
of triacylglycerol accounted for a large
portion of the weight difference between
treated and control 4VY /a mice. Hepatic
lipogenesis as measured by 3H,O incor-
poration into total lipid was less in the
dehydroepiandrosterone-treated mice.
Dehydroepiandrosterone did not suppress
appetite and had no apparent toxic
effects at the doses used, and its weight
controlling effects were reversible upon
withdrawal of treatment.

INTRODUCTION

Dehydroepiandrosterone (DHA), a steroid
synthesized and secreted by the adrenal (1,2), is
an inhibitor of mammalian glucose-6-phosphate
dehydrogenase (G6PDH) (3-12), one of the
enzymes supplying the NADPH required for
fatty acid synthesis (13). Obese individuals
excrete less DHA than the nonobese (14,15),
and the urinary output of DHA increases during
weight loss (15). These observations have led to
the hypothesis that DHA may play a regulatory
role in obesity (16). One possibility is that a
higher concentration of DHA would decrease
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lipogenesis by lowering the availability of
NADPH through the inhibition of G6PDH.
However, there is no direct evidence to support
this hypothesis.

Inhibition of erythrocyte and liver G6PDH
by DHA has been demonstrated in vivo with
humans and rats (17-20). In adrenal homog-
enates, apparent inhibition of G6PDH by DHA
lowered the concentration of NADPH and
thereby decreased glucose metabolism (21), an
effect that could be reversed by addition of
yeast G6PDH which is not inhibited by DHA
(21). Furthermore, Ziboh et al. (22) reported
that DHA inhibited synthesis of lipids from
acetate by rat skin in vitro.

In spite of the work cited above, no direct
evidence is available to suggest that DHA may
be involved in the regulation of weight and the
prevention of obesity. The data presented in
this report show that DHA, possibly through an
inhibition of hepatic lipogenesis, prevents viable
yellow obese mice from becoming obese. A pre-
liminary report of this investigation was pub-
lished elsewhere (23).

MATERIALS AND METHODS

Two genotypes of mice of the agouti locus
from our inbreeding colony were used in this
study. They were the viable yellow obese mice
(AVv¥ /o), genetically destined to become obese,
and the black, recessive normal homozygotes
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FIG. 1. Body weight of female (left panel) and male (right panel) AVY/z and a/a mice given DHA, 500 mg/kg,
p.0., in sesame oil three times weekly. The AYY J/a mice serving as controls were contemporary untreated mice
combined with mice treated with sesame oil. The ¢/ mice serving as controls consisted of contemporary
untreated mice only. All treatments started at the time of wéaning and lasted the entire period shown in the
graph. The curves iliustrate mean body weight + S.E. The numbers on the curves indicate tne number of mice for
the point. If no number is shown, the number of mice is the same as that for the previous point.

409



410

50

o
(-]

BODY WEIGHT (G)
w
(-]

»N
(-]

[ I
-] [-]

BODY WEIGHT (G)
N
(-]

10

. DHA

+ ~
4 8 12 16 20 24 28
AGE (WK)

FIG. 2. Body weight of female AVY/z mice (top
panel) and male AYY/a mice (bottom panel) given
DHA, 500 mg/kg, p.o., in sesame oil three times
weekly from 4 to 17 wk of age (solid line). At 17 wk
of age, the treatment was discontinued. The AVY/a
mice serving as controls were contemporary untreated
mice combined with mice treated with sesame oil
(dotted line). The curves illustrate mean body weight
+ 8.E. The numbers on the curves indicate the number
of mice for the point.

TABLE I

Food Consumption of DHA- and
Vehicle-Treated AVY Ja Mice

Food consumption

Treatment No. of mice g/mouse/day
Control 83 & 4° 3.8+ 0.1 (42)3
Controt 538 3.5+ 0.2 (25)
500 mg/kg, p.o. 78 4.7 +0.3(12)
0.2% feed 538 & 59 3.6 + 0.2 (57)

3Mean * S.E. (no. of measurements).

(a/a) of the VY strain. Mice were fed Purina
Laboratory Chow and had access to water ad
libitum. Mice sacrificed for analysis had feed
and water available until the time tritiated
water was injected. The animal room was
lighted from 6 am to 6 pm.

Procedures for analyzing triacylglycerol
content and for measuring in vivo lipogenesis
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rates with tritiated water have been defined
elsewhere (24). Chemicals and standards for all
assays were from the same suppliers as
described before (24). DHA was purchased
from Searle Chemicals Inc., Chicago, IL.
Emulphor EL-620 (General Aniline and Film,
New York, NY), a polyoxyethylated vegetable oil,
was used to facilitate the suspension of DHA in
saline for parenteral injections.

Student’s t-test was used in all statistical
analyses of the data.

RESULTS

DHA given at 500 mg/kg, p.o., in sesame oil
three times weekly controlled weight gain of
both female and male AVY fa mice (Fig. 1). The
weights of the treated AVYY/a mice were only
slightly greater than that of the control, lean
a/a mice. Treatment of afa mice with
500 mg/kg, p.o., DHA also reduced the weight
gain of both female and male a/a mice (Figure
1), but the effect was not so pronounced as
with AVY /a mice.

The effect of DHA treatment was reversible.
After the treatment was withdrawn, the weight
of the mice increased and eventually
approached that of mice not treated with DHA
(Fig. 2). This was more apparent with the
female mice than with the male.

DHA was also effective with both male and
female AvY/a mice when given in a diet con-
taining 0.2% of the compound but was effective
only with female AVY/a mice when given at
150 mg/kg, p.o., thrice weekly or 10 mg/kg,
ip., thrice weekly. About 75 AVY/a mice
genetically destined to be obese were prevented
from becoming obese by these treatments. The
fact that parenteral injections of DHA are more
effective than dietary DHA suggests that the
compound is poorly absorbed.

The possibility of appetite suppression by
DHA was investigated by monitoring the food
consumption of the treated mice either
periodically or throughout the entire treatment
period (Table I). The food consumption of the
DHA-treated AvY /e mice was within or slightly
above the normal range. Indeed, since the
DHA-treated AYY /a mice were lighter in weight,
their food consumption on body weight basis
was actually greatér than that of vehicle-treated
AVY fa mice. A single injection of DHA at a dose
as high as 32 mg/kg, i.p., also had no effect in
an appetite-suppression test. The mice did not
eat well when fed a diet containing 0.5% DHA.
At that concentration in the diet, the dose
would be equivalent to about 800 mg/kg of
DHA per day. Kandutsch et al. (25) found
androstanolone to suppress appetite at this dose.
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The action of DHA on obesity would not
appear to be due to a general toxic effect. The
acute LDsqg of DHA in mice is between 1 and
2 g/kg, s.c. Twenty AvY/a and a/a mice on
chronic DHA treatment were autopsied. No
pathological changes were found that would
contribute to the observed weight control.

For both male and female AvY/a mice
treated with DHA, carcass triacylglycerol
contents were greatly reduced from that of the
sesame oil-treated AYY /e mice of the same sex
(male: p<0.0005; female: p<0.005) (Table II).

DHA treatment reduced the liver weight
(male: p<0.0005; female: p<0.01) but did
not significantly change the liver weight/body
weight ratio (Table II). DHA did, however,
lower the hepatic triacylglycerol content of
both male (p<<0.0005) and female (p<0.005)
AVY Ja mice (Table II).

From the data on the liver and carcass tri-
acylglycerol content, it is possible to calculate
the suppression of triacylglycerol deposition as
a percentage of body weight change due to
DHA. For male AYY fa mice, 71% of the weight
difference could be attributed to the difference
in the amount of triacylglycerol deposited; for
female AvY/a mice, 65%. Since the female
AVY Ja mice had higher triacylglycerol content
than male AVY /a mice of the same age (Table
I1), the inhibition of deposition due to DHA in
terms of absolute amount of triacylglycerol was
substantially greater in female AYY /g mice than
in male AVY fa mice.

The lipogenesis rates of both the carcass and
liver of AvY/a mice were much higher than
those of a/a mice (Table II). In both male and
female AvY/a mice, DHA significantly de-
creased the hepatic lipogenesis rates (male:
p<0.0005; female: p<0.05) but did not affect
the carcass lipogenesis rates (Table II).

DISCUSSION

A decrease of triacylglycerol content, both
in the liver and in the carcass, accounts for
most of the weight difference between treated
and control mice. This decrease could have
been caused by a lower rate of hepatic lipo-
genesis in the treated mice. Treatment with
DHA was not found to be very effective in
ob/ob mice, db/db mice and adult AvY /a mice
that were already obese (results not presented).
We have demonstrated previously that objob
and db/db mice have higher lipogenesis rates
even when they are young (24). In contrast,
AVvY fa mice do not have higher hepatic lipo-
genesis rates until they mature. Perhaps treating
AVvY /a mice from weaning allows sufficient time
to prevent lipogenesis from becoming
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abnormally high with maturity.

At lower doses, DHA was more effective on
female 4vY /a mice than on male AVY /o mice.
Since female AVY /a mice are more obese than
male AvY/a mice (as shown by the triacyl-
glycerol content), a reduction of the same per-
centage of triacylglycerol content would affect
the weight of a female AvY /z mouse more than
that of a male AvY /fa mouse.

The control of obesity of AVY/a mice is
another piece of evidence suggesting that DHA
may play a physiological role in regulating
weight. Pharmacologically, we believe that this
is the first demonstration of control of obesity
with a chemical agent that probably acts on
some step of metabolism (G6PDH?) instead of
on appetite. Further studies are necessary to
determine the mechanism responsible for these
effects of DHA which may point the way to the
metabolic control of human obesity.
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