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Introduction

It has been known for over 40 years that a group
of synthetic analogues and derivatives of testoste-
rone, the so-called anabolic steroids, increase mu-

scle protein content under certain circumstances!

D Besides their muscle protein-anabolic effects,

anabolic steroids have olten been shown to reduce
fat deposition, though this effect is dependent on
dose and the nature of the steroid concerned. Or-
chidectomy causes a significant increase in body
fat¥ . and high doses of testosterone or the ana-
bolic steroid, nandrolone phenylpropionate®, re-
sult in substantial loss of body fat in female rats
whereas another anabolic steroid, trenbolone ace-
tale, cxhibits this body fat-suppressive cffect at
a dose of only 800pg/kg®.

Androgens have been suggested to cause insulin

789 and there is an association bet-

resistance
ween diabetes and hyperandrogenism in women
10 From these obscrvations it can be speculated
that the body fat-suppressive effect of anabolic
steroids is brought about by inhibiting the action
of insulin on fat deposition. On the other hand.
body fat suppression by anabolic steroids might

be a result of stimulation of lipolysis. Therefore,
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the present study aimed to investigate the effect
ol an anabolic steroid, nandrolone phenylpropio-
nate. on fat dcposition stimulated by exogenous
insulin, and on fasting levels of free fatty acids
in female rats.

Materials and Methods

Female Sprague-Dawley rats were housed si-
ngly at 24T with a 12-hour light-dark cycle and
fed a semi-synthelic dict(see table | for composi-
tion) for 3 days before the commencement of the
experiments. At the begining of each cxperiment,
rats weighing 150-160g werc divided into three
groups of eight rats matched for weight.

In experiment 1, two groups received daily sub-
cutaneous injections of isophane insulin, the ini-
tial dose was 20U/kg body weight and this was
increased by 10U/kg every three-day interval to
50U/kg over a 12-day period. One of thesc groups
also received daily subcutaneous injections of an
anabolic steroid nandrolone phenylpropionate
(NPP) suspended in CM-cellulose(CMC) vehi-
cle(11) at a dose of 2mg/kg body weight. The
rernaining group served as a control and received
daily injections of 0.9% saline and CMC vehicle.
All injections were carried out separatcly at 16 -
00~17 . 00 for 12 days. Daily food intake was
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recorded, taking into account spillage. At the end
of the experiment animals were killed between
10 2 00 and 10 © 30 by decapitation and gastrocne-
mius muscle was removed.

In experiment 2, animals were allocated into
three groups and fed a semi-synthetic diet ad libi-
tum for three days. During this period. one of
these groups received daily subcutaneous injec-
tions of 4mg/kg body weight of NPP while the
other two groups received CMC vehicle. On the
fourth day, the food pot was removed from the
NPP-treated group and one of the CMC vehicle-
treated group at 09 00 whereas [ood was still
accessible to the rcmaining group. During this
time, the dose of NPP was increased to 10mg/ke
to augment any existing effect. On the same day,
between 21 00 and 22 : 00, rats were killed by
decapitation.

Table 1. Composition of diet

component glkg
Casein 250
DL-methionine 2
Sucrose 280
Corn starch 280
Corn oil 100
Solka floc 30
Vitamin mix! 20
Mineral mix? 40
Protein content 195

Gross energy 17.5K]/g

1) The vitamin mix provides(per kg of diet) retinol

acetate 10mg ; cholecalciferol 1mg ; tocophcerol
acetate 75mg ; menadione lmg ; thiamin HCI
10mg : pyridoxine HCI 10mg ; riboflavin 10
mg ; nicotinic acid 60mg ; calciurn pantothenate
40mg ; folic acid 5mg i biotin 1mg 3 ¢vanoco-
balamine 0.05mg ; ascorbic acid 75mg ; choline
bitartrate 1.8g.

2) The mineral mix provides(per kg of diet) Ca-
HPO, 13g, CaCO; 8g; KCl 8g ; Na;HPO, 7.5
g3 MgSO, + H,O  180mg 3 CgH;0,Fe - 3H,0
174mg : CuSO, 15mg i ZnCO; 30mg ; KIO; 1
mg.

In both experiments, blood was collected into
chilled EDTA tubes and centrifuged immediately
at 4C, Plasma was removed and stored at —20T
until analysis. Plasma glucose concentration was
measured by a Glucose oxidase method, using
commercial kit supplied by Boehringer(Ger-
many). The level of free fatty acids was determi-
ned by summing up the individual concentration
of each fatty accid measured by Gas Liquid Chro-
matography after conversion to methyl csters with
diazomcthane. Fatty acids are extracted with the
Dole mixture(Isopropanol : heptane : 0.5M-H;
S0O4=40: 10 . 1) and are then isolated by conve-
rting them to sodium salts which are water solu-
ble. Tissue protein content was measured by the
method of Lowry et al.'?. using bovine serum
albumin as a standard. Body protein and fat con-
tents were determined by the Kjeldahl method
and Soxhlet extraction(petroleum ether), respec-
tively, after drying at 105C to constant weight.

Results are expressed as meant SEM. Statisti-
cal significance was analyzed by using the one-
way analysis of variance(ANOVA) followed by
least significant differences(LSD) comparison at
a threshold probability of 5% when significant
differences
ANOVA'™.

were observed by the one-way

Results

The administration of insulin caused marked
increases in food intake and body weight gain
(Table 2). The increase in body weight gain was
entircly due to an increase in body fat. Insulin
had no effcct on either body protein or gastrocne-
mius muscle protein content(Table 2). Although
an insufficiency of insulin has been well docume-
nted (0 be associated with a reduction in muscle
mass, for example in diabetic rate'®!%, from the
present observations it appearcd that the admini-
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Table 2. Effects of nandrolone phenylpropionate(NPP) on body weight gain and compasition, and muscle
protein conent. in insulin-treated female rars(Experiment 1).

Control Insulin Insulin+ NPP
Body weight gain(g) 58.3% 4.4° 88.0% 3.9° 106.9% 4.5¢
Food intake(g) 206+ 8¢ 282+ 13b 271% 108
Body fat(g) 34.0%1.92 57.2% 3.3b 47.0% 2.2¢
Body protein(g) 54,01 0.8 84.5F0.52 40.9% 0.8°
Gastrocnemius muscle 156 50 160 42 180 4b

protein content(mg)

Mean values® SEM{(n=38)

Values in rows which share the same superscript arc not significandy different at the 5% level.

stration of relatively large doses of exogenous in-
sulin to normal rats did not have any additive
effect on either body protein or muscle protein
content. However. insulin still exerted its potent
effect on fat deposition.

The simultaneous administration of an anabo-
lic steroid nandrolone phenylpropionate(NPP)
with insulin caused a further increase in body

200
a
T

150 —
- a
=
g T
=]
k]
O —
E 100
=11
z b
= 1

50 L
N
Control Insulin  Insulin-+NPP

Fig. 1. Effects of nandrolone phenylpropionate(NFPP)
on plasma glucose levels in insulin-teated [e-
male rats(Experimentl). Results are means
+ SEM(n=38). Groups sharing the same let-
ter, indicated on the top of error bars, are
not significanily different at the 5% level.

weight gain with no alteration in food intake(Ta-
ble 2). The increase in body weight gain was asso-
ciated with an increase in body protein and a
reduction in body fat. Consistent with an increase
in body protcin, NPP caused a significant inc-
rease in gastrocnemius muscle protein content
(Table 2).

The administration of insulin resulted in a dra-
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Fig. 2. Effects of nandrolone phenylpropionawe(NPP)
on the plasma level of free fatty acids in 12-
hour fasted female rats(Experiment 2). Resu-
lts are means®: SEM(n=8). Groups sharing
the same letter, indicated on the top of error
bars, are not significandy different at the 5%
level.
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matic reduction in plasma glucose levels(Fig. 1).
On the other hand, the simultaneous administra-
tion of NPP with insulin prevented much of the
reduction in plasma glucose levels.

A 12-hour fast caused a significant increase in
plasma levels of free fatty acids(Fig. 2). The ad-
ministration of NPP had no effect on this para-

metfer.

Discussion

There arc many regulatory sites in fat metabo-
lism alterations of which can result in changes
in fat deposition. These can be broadly divided
into four processes - the extraction of fatty acids
from plasma lipoprotein triacylglycerol, fatty acid
synthesis, esterification and lipolysis. There is evi-
dence for the involvement of insulin in all four
processes, always acting to cause a net increasc
in fat deposition'®!%). Suprisingly, Torbay ct al.2®
observed no increase in the activitics of lipogenic
enzymes, citratc cleavage enzyme and fatty acyl
synthetase, in epididymal fat pad of male rats
treated with protamine-zinc insulin. They ascri-
bed the increase in body fat to the possible enha-
ncement of lipoprotein lipase activity, thus shun-
ting more dictary fat into the fat depots. However,
in the present study increases in body fat far cx-
ceeded the increase in fat intake, with a 23.2g inc-
rease in body fat associated with only 7.6g inc-
rease in fat intake. Therefore, along with the re-
markable reduction in plasma glucose levels,
these observations suggest that there was an inc-
rcase in de novo synthesis of [atty acids.

An anabolic steroid nandrolone phenylpropio-
nate(NPP) prevented much of the increase in
fat deposition associated with insulin trcatment.
This phenomenon was accompained by partial
restoration of the reduced plasma glucose levels.
It is very likely that NPP inhibited thc action

251

ol insulin on glucose disposal, thus reducing the
utilization of glucose for (at deposition. Insulin
resistance is commonly found in women with ele-

21022

vated circulating testosterone levels ) A very
recent study of Buffington et al?» showed that
hypertestosteronemic women patients had 7- to
10-fold greater than normal basal and glucose-
challenged insulin values, blunted sensitivity to
insulin, and in vitro defects in insulin binding.
In animal studies, testosterone administration has
been shown to inhibit glycogen syathesis and
2-deoxy-D-glucose transport in muscles of female
rats®.

Xu et al?* have reportcd that testosterone sti-
mulates catecholamine-induced lipolysis in vivo
by increasing the number of B-adrenoceptors as
well as the activity of adenylate cyclase in rat adi-
pocytes. In contrast, in the present study. despite
the use of a high dose(10mg/kg), NPP had no
effect on the fasting level of free fatly acids in
12-hour fasted rats. The observation can be intcr-
preted as NPP does not have any effect on lipoly-
sis. However, it might be possible that the rate
of lipolysis was already operating at the maximum
level in fasted rats which negated any existing
lipolytic effect of NPP.

It has oftcn been suggested that the muscle pro-
lein-anabolic effect of anabolic steroids might be
through increasing levels of anabolic hormoncs
such as insulin and growth hormone?”’. NPP im-
proved body protein and gastrocnemius muscle
protcin content whereas exogenous insulin itself
had no cffect on any of these parameters. This
obervation clearly rules out the possibilify of in-
sulin as a secondary hormone to anabolic steroids
in promoting protein deposition.

In summary, the anabolic steroid nandrolone
phenylprobionate decreascs fat deposition possi-
bly through inhibiting the action of insulin on
glucose disposal. but its effccts on protein meta-
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bolism are not mediated by altering the activity

of insulin.
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