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CHAPTFR IV

EARLY INFLUENCE OF TESTOSTERONE PROPICNATE ADMINISTRATION

TO NORMAL TNTACT MALE ALBINO RATS (Rattus norvegicus albinpus)

ON CERTATIN ASPECTS OF HEPATIC METABOLIC PATTERNS

I CARBCHYDRATE METABOLISM

Recent trends in clinical prasctice of frequent
administration of netural as well as variouvs synthetic sex
hormones to desl with fertility disturbances, carcinomas
and some times as antifertility drugs (Bloom et sl., 1963;
Bloom, 1968,'75; Hogarth, 1978) do provide enough cause for
czlling special attention todsy to tske a8 more then casuasl
view of bthe situstion; perticulsrly with reference to
overall body welfare. It is highly necessary To be
forewvarned of the metabolic influences such hormones may
have 2g side-effects. It has been established that
androgen deprivsetion and subsequent replacement csuses
disturbance within a short time in hepatic metabolic
sensitivity to androgen by 48-hour post-orchidectomy
intervol (Gsugaramsni, 1979). TFurther, it was also observed
in this lsboratory that hypoglycemis sets in within the
first four hours of TP administration to 48-hour
orchidectomized animals in contrast to hyperglycsemic
conditlon obtainasble prior to TP injection (Ambadkar snd

Gangesremanl 1982; Ambadksr et al., 1985). The early effect
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of androgens on glucose metabolism is evident from the

earlier results and the present investigation.

Keeping in view the literature available on the
influence of male sex steroids (Bergamini)l969; Bergamini,
1972; Legrele and Sutter, 1972; Demer and Jacobs, 197%;
Matute and Kelkhoff, 197%; Bergsmini, 1975; Pirkko et al.,
1975; Froberg et al., 1975; Kgrl snd Tisell, 1976; Winitton
and Hems, 1976; and Pirkko, 1981) and the results of our
earlier investigations, the present study was conducted to
assess immediate influence of 2 single intrasmuscular
injection (i.m.) of TP to normal intact male white rats -

Rattus norvegicus albinugs, on patterns of hepatic carbohydrate

metabolism. Further more hormones are also known to induce
rapld inflvuences on varilous metsbolic pathwsys of different
tissue/systems (Geigle, 1971; Teng and Hamilton, 1970a;

Koths et al., 1972; Spooner and Goroski, 1972; Chowdhury

et al., 1980; Engel et 2l., 1980; Peek and Watkins, 1980;
Summerville and Schwartz, 1981l; Vingent et al., 1981; Enudsen
et al., 1980; Illsley et al., 1980). Since steroids are
known to have qualitatively differential effects with higher
dosages ~ (McPherson and Mshesh, 1969; Gray et al., 1979;

Lex et gl., 1983%), it was also thought necessary to carry
out a dose-dependent influence of androgen on hepatic tissue.
Taking this into consideration three different arbitrarily

chosen doses of TP viz., - 0.1 mg, 0.25 mg, and 0.5 mg were

adminigtered in the course of this study.



Material and Methods

Normal intact white rats (120 - 160 gm body weight)
were employed for experimentasl purpose. They were given s
single i.m. injection of 0.1 mg, 0.25 mg snd 0.5 mg of TP per
animal and sacrificed after 30, 60, 90 and 120 minutes. Blood
samples were collected from jugular vein section and plasma
samples obtained by centrifugtion were utilized for glucose

estimation.

The plasma glucose level, hepatic glycogen content
as well ag hepatic G-6-FPase, phosphorylase and glycogen
synthetase activities were quantitetively assayed in both
the liver lobes (M and 8p), according to the methods

described in Chapter-I.

RESULTS :

The results obtained in the present study are

repregented in Tsbles4.1l-4.5 and Fig.i4.1-4.5.

The hepatic glycogen content was found to be reduced
within 30 minutes of 0.1 mg hormone injection in case of both
the liver lobes. Decreased glycogen levels were found to
persist right upto 120 minutes (Table 4.2). Similarly,

0.5 mg TP administrstion also brought about significent
reduction in liver glycogen at 30 and 60 minutes intervsals.
Later, at 90 minutes, the glycogen content was seen to rise
remarkebly above normal level and to remain so upto 120

minutes in csse of the median lobe only. Wheress, in the
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Spigelian lobe by 90 minutes the level was found to recover
to near normality (Table 4.2) and to register a fall by 120
minuteé. IIn contrast to these two dosages, that of 0.25 mg
TP dose lead to no significant slterations in both the liver
lobes a8t all intervsls upto 120 minutes of TP injection
except for slight transitionsl reduction at 60 minutes in

the Spigelian lobe and at 90 minutes in the medisn lobe.

Glucose-6 Phosphetase (G-6-Pase) sctivity level
was seen to register a trend towards increase of varying
degrees with all three dosages of TP at different intervels;
except for the Spigelisn lobe with 0.25 mg dose at 30 and 60
minutes. Maximum increase at 30 minutes was noted in the
median lobe with 0.1 mg dose and with 0.5 mg dose in the
Spigelian lobe. Similar incresse, but of greater magnitude,
was apperent in the case of both the liver lobes at S0 and
120 minutes with 0.5 mg TP. A point worthy of mention was
overall genmeral recovery towsrds normal levels that was
discernible in both the lobes with 0.1 and 0.25 mg dosages
of TP administration by 120 minutes. As against this,

0.5 mg TP injection increased the levels of G-6-Pase activity
at 90 minutes interval and conbinued to elicit further
remarkable increase in the enzyme activitﬁ by 120 minutes
ingtead of recovery, as wss noted with other dose levels

(Table 4.3).
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Glycogen synthetase activity could be said, in
general way, to get suppressed by TP administration in normal
intact animals. The overall suppression of this enzyme
activity showed a certain pattern. There was an immediate
reduction in enzyme sctivity initislly, which later on
exhibited recovery to varying degrees depending on lapse of
time as well as on dosasge levels. Considering the temporal
response, it could be seen that by 60 minutes interval
suppression was maximally obvious with all the three dosages
of TP injection, which continued to be so iqbase of both
the liver lobes even at 90 minutes but with respect to only
0.1 mg dose. Recovery towards normality was clearly
discernible in both the liver lobes with all the three

dosages of TP adwministration.

As regards the response to gradually increasing
doses it could be saild that it was dose~dependent. Maximum
suppression being noted with respect to 0.1 mg dose that was
lesser with 0.25 mg and the least so with 0.5 mg injection.
Temporarily, the suppression of glycogen synthetase enzyme
activity was noted to be maximum st 60 minutes interval in
an overall way. Recovery too, wass maximally observable in
cese of 0.1 mg TP dose and least so with 0.25 mg TP doser
(Table 4.4).

It could, therefore, be said that 0.1 mg TP dose
spparently elicits the maximum response from both the liver

lobes. This dose appears to be physiologically most



significant as far as the problem under consideration is

concerned.

Phosphorylage activity was found to be stimulated
by 0.1 as well as 0.25 mg of TP resulting into higher enzyme
activity levels. In a merked contrast, 0.5 mg TP dose
indvced a drastic reduction of hepatic phosphorylase activity
which was also obvious at 60 minutes interval. Reduction in
enzyme activity was registered at 60 minutes interval with
0.1 mg and 0.25 mg TP dose levels. Maximum suppression of
enzyme activity in case of Spigelian lobe wss recorded at
60 minutes with 0.1 mg TP dose and in case of median lobe at
the ssme interval but with 0.25 mg dose level of TP
sdminigtration. Msximum eunhsncement of phosphorylase enzyme
activity was observsble with 0.25 mg TP dose as early as
30 minutes after hormone administration in bobh the liver
lobes. As compared to normal phosphorylese activity levels

the increase was of higher degree in case of Spigelian lobe.

Trends in recovery of enzyme activity from
suppression apparent between 60-90 minutes, depending on dose
level of TP adminisbered, exhibited a pattern of increasingly
earlier influence as the dose levels increased and was
obvious by B0 minutes, in the caée of highest dose administered
(0.5 mg). On the other hand, with 0.1 mg of TP, the lowest
dose employed, exhibited a2 comparatively steady pattern with
time lapse. However, it should be pointed out here that, the

response of Spigelian lobe exhibited greater sensitivity
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Table 4.1 : Immediate influence of exogenous TP
administration to white rats, with respect

to plasma glucose levels

Post-injection Normal animals injected with TP

intervals

0.1 mg 0.25 mg 0.5 mg

* ok k¥ g % 3 3k K ok %k K g ok
30 minutes 1%0.1 106.6 126.40
+12.5 + 0.8 + 4.1

* ok ow oK < Kokt Kk
60 minutes 89.83 1%9.8 161.00
i 9‘5 i'_ 9-5 i 5-4

# ok kA ok %k ok %k ok TR
90 minutes 126.04 10%.8 160.7
+15.6 + 5.5 + 3.2

¥ % ¥ K % Kok Kok %
120 minutes 126.33 90.25 158.5
+ 3.2 + 3.3 + 6.3

Normal Flasma Glucose level 81.12 + 2.6 mg/100 ml.

* P £ .05 ** P ¢ 01 =¥+ P& ,005 FFEr P& ,001

FrEAE P L0005 + S.E.M. of at leagt eight avumals ,
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Table 4.2 : Immediste influence of exogenous TP
administration to white rats, with respect
to hepatic glycogen content

Post operative Normal animals injected with TP
intervals 0.1 mg 0.25 mg 0.5 mg
M SP M sp M SP
F kot ok ok e A ** I EEES] * ok ok x %k
30 minutes 2.28 2.09 3.52 3.34  1.66 1.4%
+0.2 +0.2 +0.77  +0.76 +0.4 0.1
& % kockok * K K bk ko ko * LR I EE R S S
60 minutes 1.75 1.55 4,60 2.935 1.84 1.58
iOug io. ‘2 i0052 io 041 j‘_o.24 iO.BZ
R * koK A ok F ok * K Kk m
90 ninutes 1.29 1.%38 2.87 3.44 4.82 3.97
0.4 0.4 +0.6 +0.62 +0.94 +0.89
LR * ¥ b ok ok %
120 minutes 1.73% 2.67 %.85 4,34 4,27 2.3%
+0.13 +0.4 +0.2% +0.48 + 1.1 +0.6

Normal hepatic glycogen content % of fresh tissue wh.

M (Median lobe) Sp (Spigelisn lobe)
3.8% +0.12 5.66 +0.16
P ¢ .05 ** P L .01 *xk P L ,005  *rrx P LO,001

xxxx% P L ,0005 = S.E.M. o ar leask egp&-Onﬁmﬂﬂg.
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Table 4.% : Immediate influence of exogenous TP

adninigtration to white rats, with respect

to hepstic G-6-Pase activity level.

Post operstive Normel animals injected with TP
intervals 0.1 nmg- 0.25 ng 0.5 mg
M 1 M SE M SP
. Toxex * % * o or Br ook
30 miputes 4,54 2.39 2.91 1.40 3.67 4.43
S
5 +0.93 +0.17 +0.60 +0.9 +0.56 +1.2
s L
N ,‘ & 3 %k ok %k E- I F ok ok ok x * & k
60 minuvtes %.37 4,07 4.45 1.76 2.04 3.43

+0.45 +0.61 +0.40 +0.30 +0.27 +0.51

x a4 ko x %k o * A

90 minutes 4.64 2P %.56 .64 4,43 5.%2

+0.71 +0.44  +0.40  +0.€0 +0.42 +0.65

x ¥ *® %k + PR 3 N K ko %k A

120 minvutes 2.21 2.19 247 2.13% 754 9.24
+0.16 +0.21 +0.03% +0.2 +0.82 1.1

Normal hepatic G-6-Pase activity level u Mole
phosphorus released/mg protein/1l5 minutes.

M (Medisn lobe) Sp (Spigelian lobe)

* P..05 #* P01 *er P L,005 *reop {001 -t P {0005

+ S.E.M. of at least eight animals.
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Table 4.4 : Immediate influence of exogenous TP
adminigtration to white rats, with respect

to hepatic glycogen synthetase activity level

Post operative Normal animals injected with TP
intervals 0.1 mg 0.25 nmg 0.5 mg

M 5P M sP M SP

¥ Kk ot K * ok K %k N ¥ *
%0 minutes 0.08 0.08 0.16 0.21 0432 0.22

+0.01  +0.01  +0.02 +0.07 +0.05  +0.05

% 4 ¥ %k k% A& o4 ¥ & & LR R 33 EX EEEEEY

60 minutes 0.02 0.03  0.14  0.09  0.18  0.06
+0.002  +0.004 +0.02 +0.008 +0.02 +0.0%

K ko Kok x4 A % = ¥ ¥ K F ok K % K

*
90 minutes 0.02 0.02 0.11  0.10  0.28  0.25
+0.004  +0.003 +0.002 +0.008 +0.03  +0.01

g o= R i % R ¥ A

*
120 minutes 0.29 0.27 0.14 0.13 0.20 0.16
+0.04 +0.04  +0.04 +0.03 +0.04 +0.03

Normal hepatic glycogen synthetase asctivity
1eve%ﬂmoles UDP formed/mg protein/1l0 minutes
M (Medien lobe) Sp (Spigelisn lobe)
0.32 + .031 0.32 + 0.031

+ P <.05 %k D <.Ol L4 P<.OOS EEA RS P( 001 ok A ok K ?< .0005

+ 5.BE.M. &P ot least &£ight amimals
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Teble 4.5 : Immediate influence of exogenous TF
administration to white rats, with respect

to hepatic phosphorylase activity level

Post operative Normal animsls injected with TP
intervals 0.1 mg 0.25 mg 0.5 mg
M SP M SP M SP
* ’ * ¥k ook k % x k oo K * ok k¥ ox
20 minutes 82.14 £6.96 1%3.0 104.0 39.2 224

+ 2.8 + 0.7 +16.0 + 18.7 +12.5 + 5.5

EX a3 ok &k owox LI S w4 ok ok

60 minutbes ol .54 20.90 20.99 49,5 33.6 3%.8
+ 1.0 + 1.4 + 3.5 4+ 7.3 + 5.4 + 5.8

PEYEEY ¥ o ok & %ok %ok K

90 minutes 38.51 52.76 3%.88 53.2 74.05 73.85
+ 0.2 + 0.5 + 5.0

[+

10.3 +10.9 +15.4

* % & * ok % Ry ok k  w ok ok Yok kK

%
120 minutes 60.21 45.5 48.2 75.25 36.4  21.45
+ 7.0 + 5.1 +10.8 + 2.7 + 9.9 + 4.2

Normal hepatic phosphorylase sctivity level
wﬁphosphurus releaged/mg protein/15 minutes
M (Medisn lobe) Sp (Spigelian lobe)
78.82 + 1.7 58.74 + 1.3

* PL.O5 ¥t PLOL FE* P .005 A BEL001  *FFEr P L0005

+ S.L.M.of at least eight evimals



to hormonal varistions than that of the median lobe, and
thet, once again 0.1 mg TP dose appeared to be physiclogically
better defined than the other two higher doses- (Table 4.5).

Alterations observed in plasma glucose indicated a
certain pattern worth notring. Initisl immediate response of
increase was applarent with all the three doses of TP.
Noteworthy fact, however, pertains to homeostatic attempts
with 0.1 mg dose, where restoration of normal level could be
seen by 60 minubtes whereas this could be observed with 0.25 mg
dose as late as 120 minutes. No such attempt could be
noticed when 0.5 mg of TP was administered. Another point
is; though there could be recovery by 60 minutes in case of
0.1 mg dose, the ssme was observed to be not tenable at later
intervals, so it seems that higher doses of TP increasingly
countermand the capacity for restoration of plasma glucose
level and further that this action is facilitated by
increasing dose level as well as time lapse. It ig, therefore,
apparent that O.1 mg dose is seemingly more compatible

physiologically than the other two higher doses (Table 4.1).

DISCUSSION :

It is now well known thet liver responds to the
changes in the glucose coutent in portal circulation (Soling
and Kleineke,1976; Stalman,1976), and hence measurement of
plasma glucose levels is a good indicator of the status of
hepstic glycogenolysis~glycogenesis~glycolysis. Hyperglycemic

condition within the first 30 minutes of androgen administration



to the inbact male albino rats irrespective of the dose
levels, was obvious. This might be an indicator of the
decreased glucose utilizstion by the peripheral tissues
and/or an increased rate of relesse of glucose from the
hepatic tissue as an early response to the higher titres of
circulating androgen. The lowered hepatic glycogen level,
increased G-6-FPage activity, lowered hepatic glycogen
synthetase activity and incressed phosphorylase activity
were all mubtually supportive indicators of the obviously
altered pattern of hepatic carbohydrate metabolism. Even
though this is the general physiological state; it should be
noted that the response of the Spigelian lobe particularly
at this early interval of 30 minutes snd with 0.25 mg dose
was the lesst as far as the hepstic glycogen content and
glycogen synthetase activity were councerned, whereas that of
phosphorylase was at its maximum. This suggests that the
hyperglycaemia at 30 minutes with 0.1 mg TP dose was a result
of combined interrelationships between all the parameters
under study but that with 0.25 mg was seemingly more due to
glycogen break down, &8s neither the plasma glucose level was
raised as high as with obther two doses of TP nor the G-6-Pase
activity was enhanced significantly; particularly that of
the Spigelian lobe. In fact Spigelian lobe was found to be
influenced ss late as 60 minutes after TP administration.
Hepatic glycogen content, however, registered a margingl

reduction. All these observations, point to the fasct that
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0.25 mg dose induces an atypical response as far as hepatic

carbohydrate metabolism is concerned.

0.1 mg TP dose, when administered, induced
hyperglycaemia within 30 minutes which was maintained upto
120 minutes. Simultaneously there also occured glycogen
break down as well as reduction in synthesis corresponding
with deplétion in glycogen conbent. At the intervals of
60 and 90 minutes there occured a reduction in glycogen
break down as well as synthebic activity. A trend towards
normalizstion was seen at 120 minutes - glycogen level still
being subnormal. Spigelian lobe though showed a similar
vattern of response, & slight deviation at Q0 and 120
minutes was evident. At 120 minutes the Spigelian lobe
exhibited a metabolic state similar to thst exhibited by the
median lobe at 90 minubes. Thus 0.1 mg TP adminisbration
induces initial hyperglyceemia due to increased rates of
glycogen break down as well as liberatiﬁn of glucose. Response

of Bpigelian lobe is different only temporarilly.

With 0.25 mg dose the results indicsted 2 different
pattern of hepatic response. According to the work reported
by Cahil et al. (1957) and Palasi and Larner (1969) there is
2 inverse reletion between the levels of phosphorylase enzyme
sctivity and glycogen content of a tissue. Whereas the
results obtsined st 30 minutes 1nterval in the present
investigation registered a highly significant enhancement of

phosphorylase enzyme activity with moderate hyperglycaemisa



and significantly reduced level of glycogen synthetase
activity in both the liver lobes; yet total glycogen content
was, not altered from the normal. The only plausible
explanation for this situation can be the rare capacity of
hepatic tissue to synthesize glycogen through the activity of
phosphorylase enzyme itself via G-1-P pathway as has been

explained by (Batoskar and Bhandarkar;1978}.

Most remarkable feature noticeable at 60 minutes
interval was highly significant reduction of the phosphorylase
sactivity. Yet hyperglycsemia was to worsen further with
some rise in G-6-Pase levels. At this juncture it is
pertinent to note that in the presence of high titre of
glucose, insulin is known to inhibit phosphorylase enzyme

activity (Harpern 1977).

In the present context it is algo worth noting
that androgenic compounds are known to facilitate activities
of several enzymes, also those involved in carbohydrste
metabolism, by idcressing intracelluler concentration of
cAMP in various accessory reproductive orgens (Singhal and
Valdares, 1968; Singhal et al., 1971; Mangsn et al., 1973).
On the other hand some other compounds like insulin,
prostaglanding, adrenergics, ebtc. are known to decresse
cellular cAMP levels and produce more or less opposite effects
(Butcher, 1968). The present investigation also revesled
that there is a reduction in cAMP concentration as evident

4
from elevated specific phosphodies&rase activity (Chapter-5).
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So it seems that the hepatic response to 0.25 mg dose at
60 minutes interval is noticeably different as was stated

earlier.

Lastly when the highest dose of 0.5 mg TP used
in fhe present investigation wss administered it was found
thet the hyperglycaemic condition got aggravated by 60 minutes
with no sign of improvement. At this stasge there was
increased stimTplation of the G-6-Pase activity. The median
lobe showed a decrease in glycogen break down along with
nearly normal synthetic activity; however glycogen level
was significantly low at %0 minutes. Also at 60 minutgs,
phosphorylase activity was low, with significant lowering of
synthetic activity, accompanied by equally low levels of
hepatic glycogen. This could possibly point towards a
remote chance of the inhibition of branching enzyme
(amylo-134 - 1,6 trensglycosidase) with higher TP dose and
hence glycogen content registers low values. However, there

was no change in hyperglycsemlia.

The metsbolic pattern that emerged a3t 90 minutes
intervsl was once agsin very different from the previous
intervals. Here there wss significant improvement of
phosphorylase activity as well as thet of glycogen synthekase
and glycogen content; particulserly more evident in respect of
Spigelian lobe. However hyperglycaemis continued, but this

time with coéﬁitant significant rise in G-6-Pase activity.
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This picture probably does not require any
special explanation. On the other hand, by 120 minutes the
metabolic patterns exhibited significant reduction in
phosphorylase sctivity, and drastic incresse in G-6-Pase
activity. Glycogen synthetase level was only slightly
reduced and glycogen conbent was slso slightly lower. All
this changes were comparatively more intense in c¢sse of
Bpigelian lobe. It appears from this that the hepatic
tissue in all probability trigs to normalize the metabolic
zcetivities after about two hours of hormone adminisgtration,
nevertheless, it apparently does not succegdr 1in this
direction by this interval. Probably observations beyond

this intervsl would have revesled such a picture.

Rest of the observations on hepstic response to
various doses and different time intervals do not exhibit
predictsble pstterns and hence data on hend do not permit
any clesr cut explanstions or interpretations. This
certainly means that only more extensive work could vossibly
throw some light on such enigmatic responses. It is obvious
from the foregoing discussion that exogenous sdministration
of sndrogenic hormone (TP) does induce slteration in the
pattern of hepstic carbohydrete metabolism within first few
hours. A dose of upto 0.1 mg of TP is perhsvs less
disturbing than sny higher dose, as overall recovery snd
capacity for proper homeostasis could be observed in the

liver by sbout 120 minutes sfter TP injection.



Hence, it could be suggested that lowest
physiologically compatible dose level should be found outbt
and instead of few heavy doses over 8 shorter period of
time smsller doses at adequate intervals should be administered
over longer periods of time if one wants to introduce least
possible side-effects in case androgen trestment becomes

necessary.



