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ABSTRACT

The effects of varying doses(1, 4 and 10mg/kg body weight/day) of testosterone propionate

(TP) on body weight gain and composition, and energy and muscle protein metabolism were

investigated in female rats. TP had no cffect on food intake at any dose, but injection of

Img/kg resulted in an increase in body weight gain which was associated with increases in

body protein and fat. At higher doses(4 and 10mg/kg), body protein content was still increased

bul body fat was not affected. Increases in energy gain and gross energetic efficiency were

observed at a dose of lmg/kg but neither parameter was affected at other doses. The mass,

protein and RNA content of gastrocnemius muscle were increased by TP but the ratio of

RNA to protein and the rate of muscle protein synthesis measured in vive were not affected

at any dose of TP. The results indicate that the effects of testosterne on body composition

are highly dose-dependent and the anabolic action of testosterone is not through stimulation

of protein synthesis.
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Introduction

In most species, males have larger body size and
greater musculature than females, These sex differe-
nces thought since ancient times to be due to the
presence of testes are now known to result from
the presence of androgens such as testosterone in
males and much attention has been focused on
the possible use of androgens as muscle protein-
anabolic agents". Indeed, until the mid 1980s and-
rogen analogues and derivatives, collectively anabo-
lic steroids, were widely used to promotc growth

2)3)4)

and carcass protein in animal production . and
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havc been shown to improve nitrogen balance and
body protein in muscle wasting conditions such
as surgical trauma®®?, accidental injury® and my-
otonic dystmphyg). However, the mechanisms by
which these agents increase muscle protein content
are unclear and their effects on muscle protein tur-
nover are variable. For example, muscle protein
synthesis has been shown to be increased and dec-
reased by an anabolic steroid stanozolol'® and tre-
nbolone acetate!!, respectively, in female rats.

In addition, testosterone and its derivatives have
been reported to exert dose-dependent effects on
body weight'?, and reduce body fat at high doses'.
However, the changes in body fat and protein in
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relation to changes in body weight at various doses
have not been systematically documented. There-
fore, in the present study effects of varying doses
of testosterone on body composition, and energy
and muscle protein metabolism have been investi-
gated in female rats.

Materials and Methods

Female Sprague-Dawley rats were divided into
five groups of six and fed a semi-synthetic diet(see
table 1 for composition) ad libitum. Three groups
of animals received daily subcutaneous injections
of 1, 4 or 10mg/kg body weight of testosterone pro-
pionate suspended in a CM-cellulose vehicle!® for
10 days. Equivalent volume of only vehicle was gi-
ven to another group which acted as a control. The
remaining group was killed on day 0 and their body
com position was determined and used to calculate
initial body energy content of the other groups using

Table 1. Composition of diet

Component gke
Casein 250
DL-methionine 2
Sucrose 280
Corn starch 280
Com oil 100
Solka floc 30
Vitamin mix!’ 20
Mineral rmix2 40
Protein content 195

Gross encrgy 17.5 Kj/g

") The vitamin mix provides(per kg of diet) retinol
acetate 10mg ; cholecaldfercl 1mg ; tocopherol ace-
tae 75mg s menadione 1mg 3 thiamin HCl 10mg ;
pyridoxine HCl 10mg ; mboflavin  10mg 5 nicotinic
acid 60mg ; calcium pantothenate 40mg ; folic acid
5mg : biotin 1mg } cyanocobalaming 0.05mg ; ascor-
bic acid 75mg : choline bitartrate 1.8g.

) The mineral mix provides(per kg of diet) CalIPO,
18g: CaCO; 8g: KCl 8g; Na,HPO, 7.5g ; Mg50
4 * HoO 180myg ; CsHs0,Fe - 3H,0 174mg 5 CuSOy
15mg ; ZnCO;3 30mg ; KIQs lmg

23.5 and 39.0kJ/g for gross energy density of protein
and fat, respectively!®.

Body protein and fat were determined by Kjel-
dahl method(NX625) and petroleum ether extrac-
tiont, respectively, after drying at 105C until constant
weight. Body energy gain was determined as the
difference between final and initial body energy co-
ntents. Total energy expenditure was calculated
from the difference between metabolizable energy
intake [gross energy intake (measured by bomb
calorimetry) X095] and body energy gain. Gross
energetic efficiency was calculated as body energy
gain per metabolizable energy intake.

At the termination of the cxperiment animals
were injected at 10 : 00~11 : 00 hours with L-[2,
3—HIphenylalanine (50uCi/100g body weight) via
the lateral tail vein. After 10 min animals were killed
by decapitation and gastrocncmius muscles werce
rapidly dissected, frozen in liquid nitrogen. The fra-
ctional rate of protein synthesis (Ks) in muscle was
determined as described by Garlick et al'®, invol-
ving the measurement of specific radioactivities of
free (Sa) and protein-bound (Sb) [*H]phenylala-
nine. Protein synthetic rates were expressed as %
per day which was calculated as follows :

Sh
Sa Xt

Ks = X 100

where t is the incorporation time in days.

Muscle protein content was measured by the me-
thod of Lowry et al.'?, using bovine serum albumin
as a standard and RINA content by the UV method
as described by Munro and Fleck'®.

Results are expressed as mean values with their
standard errors. The significance of difterences bet-
ween control and treated groups was determined
by Student’s unpaired t-test using two-tailed proba-
bility levels. The significance of the relationship bet-
ween dose and certain variables was tested by linear
regression analysis.



Choo, Jong Jae

Results

Daily injections of testosterone propionate (TP)
to female rats for 10 days did not affect food intake
or body weight gain at the higher doses(4 and 10
mg/kg). but caused a significant increase in body
weight gain at a dose of 1mg/kg(Table 2). This
latler effect was associated with increases in body
fat and protein whereas only body protein content
was increased at doscs of 4 and 10mg/kg compared
to controls. Energy expenditure was reduced by a

dose of 4mg/kg, and gross energetic efficiency was
increased by the lmg/kg dose(Table 2).

The masses of gastrocnemins muscle, heart and
kidney was generally increased by testosterone pro-
pionate treatment compared to controls but that
of liver was not affected at any dose(Table 3). The
increase in the weight of kidney was dose-related
(r=063, p<001, y=093+002x). In accordance
with the increase in weight, both protein and RNA
content of gastrocnemius muscle were also increa-
sed by TP. The magnitude of the increases in these
two parameters was similar so that the ratio of RNA

Table 2. Body weight gain and compositior, and gross energetic efficiency of fernale rats eated with varying
doses of testosterone propionate (TP) for 10 days

Control TP (1ovkg) TP (4mgrkg) TP (10mg/kg)
Initial body weight (g) 157 + 1 157 £ 1 157 £ 1 158 £ 1
Final body weight (g) 207 + 5 292% + 5% 218 % 5 211 + 5
Weight gain (g) 50 + 4 66 + 5* 61 % 5 53 & 4
ME intake (kj/day) 286 %10 305 £11 280 *£12 268 L 5
Body fat (g) 278 24 85.6% 1.2* 307+ 2.2 25.9% 1.8
ltady protein (g) 33.5+ 04 354+ 0.7% 36.0% 0.7% 85.3+ 0.6%
Energy gain (kJ/day) 59 £10 93 £ 5% 76 = 9 5% * 7
Energy expenditure (kJ/day) 228 * 6 212 + 9 205 = 7% 217 £ 7
Gross energenc efficency (%) 202+ 2.7 30.5% 1.4%° 26.6+ 2.4 19.2+ 2.6

Mean valuest SEM(n=6), *p<C.05, ““p<0.01 vs control

Table 3. Wcight of tissues of female rats weated with varying doses of testosterone propionate (TP) for

10 days
Contol TP (lm/kg) TP (4mglkg) TP (10mg/kg)
Gastrocnemius musde (g) 0.94% 0.01 1.08£ 0.03* 1.04% 0.02%* 1.08+0.03%
Heart (g) 0.62+0.01 0.68+0.02* 0.67x0.02 0.68% 0.02.*
Kidney (g) 0.88+ 0.03 0.98% 0.027 1.03+0.02%* 1.07+ 0057
Liver (g) 104 +05 11.83 +04 11.1 £ 04 105 £0.4

Mean® SEM(n=6), *p<0.05, **p< 0.01 vs control

Table 4. Protein and RNA content, and fractional rate of protein synthesis of gastrocnemius musde of fernale
rats treated with varying doses of testosterone propionate (TP) for 10 days

Control TP (lm/kg) TP (4mg/kg) TP (10mg/he B
Protein content (mg) 1552 169* 6% 1764 5%7 175+ 5+ B
RNA content (mg) 1.61x0.03 1.81%+ 0.06* 1.84% 0.06%* 1.88+£0.09
RNA/Protcin  (mg/mgx 10%) 10.5 £0.1 10.8 £0.3 105 £02 10.7 £0.2
Protein synthetic rate (%/day) 10.3 £0.6 10.5 £0.8 10.7 £04 10.1 0.6

Meant SEM, *p<(0.05, "*p<(0.01 vs conwmol
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to protein was not affected by any dose of TP(Table
4). The measurement of the fractional rate of pro-
tein synthesis in vivo revealed that TP did not affect
muscle protein synthesis at any dose(Table 4).

Discussion

A nmumber of studies have investigated the effect
of androgens on body weight and it has generally
been concluded that testosterone or its derivatives
exert dose-dependent effects on body weight!?'19,
However in most studies, changes in body composi-
tion have not been monitored simultaneously with
those in body weight. In the present study treatment
with Img/kg testosterone propionate (TP) caused
an increase in body weight gain. This was associated
with significant increases in body protein and also
body fat. At higher doses, TP did not affect body
weight gain, because although body protein was
increased, body fat was reduced with increasing do-
ses. Thus changes in body weight were not indica-
tive of the relative changes in mass of fat and lean
tissue.

Treatment of TP at a dose of lmg/kg increased
body fat. However, when dose was increased, body
fat gradually returned to control values. There was
a significant inverse relationship between body fat
and dose within TP treatments(r= —0.73, p<{0.001,
y=361—1.13x). It has been suggested that reduc-
tions in body weight and fat at high dose of testoste-
rone or its derivatives are due to aromatization of
testosterone to oestrogens® 213 which have been
shown to reduce fat deposition?”and inhibit adi-
pose tissue lipoprotein lipase activity?!’, The suppo-
ttive evidence was provided by Gentry and Wede??
who observed no modification by even very high
dose(20mg/d) of 5a~dihydrotestosterone, a non-ara-
matizable androgen, of body weight. Therefore the
depletion of body fat at higher doses of TP relative
to the stimulated body fat at a dose of 1mg/kg could

be the result of such aromatization, If this was the
case, the increase in body fat caused by Img/kg
may have resulted from a direct action of testoste-
rone itself which might have been counteracted by
the oestrogen-mediated effect at higher doses.

Energy expenditure can be reliably assessed by
the comparative carcass technique which involves
determination of initial and final body energy con-
tent, and this is particularly useful in chronic studies
in laboratory animals. The method is, however, cri-
tically dependent on the accuracy of assessment
of initial body energy, and this is usually obtained
by analysis of a representative group of animals
at the begining of experiment. In the present study
the coefficient of variation of initial body weight
was less than 2%, and that of body energy in the
six animals killed on day 0 was less than 5%. Treat-
ment of TP at a dose of 4mg/kg reduced energy
expenditure, but other doses of TP had no effect.
However, when data were expressed on the basis
of metabolic body size (kI/body weight®’*/d) ene-
rgy expenditure was reduced by TP in animals trea-
ted with Img/kg as well as 4mg/kg, but was the
same as control animals in the group given the
dose of 10mg/kg(control, 821119 1mg/kg, 736%
263 4mg/kg 7191225 10mg/ke, 770+ 24).

An increase in body protein by TP at all doses
used was associated with increases in the weights
of gastrocnemius muscle, heart and kidney, imply-
ing a broad range of responsive tissues. The effect
on kidney was particularly remarkable, and the inc-
rease was significantly correlated with dose. Castra-
tion causes a reduction in the weight of kidney as
well as secondary sex organs such as the seminal
vesicles and the prostate gland in male rats and
these returns to normal following the administration
of testosteroneV??. In intact male rats the weight
of these tissues is increased by TP in a dose-related
manner whereas muscle and many other tissues
are not affected(Choo, unpublished data). Thus it
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appears that the kidney is more sensitive than other
non-sex-related tissues to the action of androgens.

Muscle protein synthesis was unaffecied by any
dose of TP indicating that stimulation of protein
content was achieved by reduction in protein degra-
dation. This finding is consistent with the data of
Lobley et al?®, who observed unaltered muscle
protein synthesis by testosterone in wether lambs.
In contrast, Martinez et al.!) reported that TP inc-
reased both protein synthesis and to a lesser extent,
protein degradation in female rats at a dose of 1
mg/kg. However there are a number of differenes
between the experimental protocols, such as age
and strain of animals, which might have been res-
ponsible for these discrepancies. The study of Mar-
tinez et al.!? performed on female Wistar rats wei-
ghing 90g whereas female Sprague-Dawley rats wei-
ghing 150g, and thus sexually mature, were used
in the present study. Younger animals exhibit hi-
gher rates of muscle protein turnover, and there
also exist strain-differences in muscle protein turno-
ver in the ra®. Amongst Synthetic anabolic ste-
roids, stanozolol has been shown to increase muscle
protein synthesis without affecting protein degrada-
tion!®, and nandrolone phenylpropionate also inc-
reases protein synthesis in female rats but in a dose-
dependent manner? whereas trenblone acetate de-
creases both protein synthesis and, to a greater ex-
tend, protein degradation in female rats'’ and la-
mbs2®.

An increase in total RNA content of muscle was
in proportion to an increase in protein content in
TP treatments, thus leaving the rato of RNA to
protein(an index of translation capcity) being un-
changed, No changes in muscle protein synthesis
also imply that TP had no effects on RNA acivity
(translation efficiency). This is again in contrast
to the effect of either trenbolone acetate, or nandro-~
lone phenylpropionnate. Trenbolone acetate has
been shown to decrease!! and nandrolone phenyl-

propionnate to increase?® RNA activity while sta-
nozolol has no effect on this parameter'®. It seems
therefore that androgens and anabolic steroids may
act on muscle by more than one mechanism, with
different effects predominating under different cir-
cumstance.
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AT 289 testosterone F47 A AAH Y AF, AT ALEGEGRE, A, oA
AL 2 ZS5EN A Ao v)X = 8L 2ALSFH ) Testosterone propionateZ A 1kgd
Img(img/kg) © 2 1047t TS o) 2ol HHHL H3letx] RSN A7 € Ay,
AR fFoFgoz F7lElyc) W testosterone propionated 4 E= 10mgkgl.E Fo
Aol AR gk FejH oz Uit A A GEFE ¥R ¢ghth. Testosterone propio-
nateo]] 2]%+ AW o)1 2] &3 (energy gain) E o194 A] o] 8§ (gross energetic efficiency) T
Img/kge] B o Fol vt #AE 9t} 2823 (gastrocnemius muscle) 2] 4], @= g RNA
FEFe BE Fo oA folgoz Zrlslgont wld 482 o Rk E JeS
w2 gksith o)2j§ AE F3 testosteroneo] AF R A DN, A nRe G
T A o8 testosterones] ZHFHHNF F2 e dNF FALNE 9L
nRA g3 Fid Fa&s AR EN THETE AE ¢ 5 U

_491_



