EARLY EFFECTS OF ANDROGEN DEPRIVATiON AND ADMINISTRATION

ON CERTATIN ASPECTS OF REPATIC METABOLISM IN MALE ATBINO RATS

Ratbtus norvegicus albinus

CONCISE SUMMARY

Investigastion of the mechanism of action of
gonadal steriods constitutes an important aspect of
endocrinology. Generally this is carried out by studying
the alterstion in biochemical petterns induced by the ssid
steroidsl hormones in prime target tissves. Androgens are
responsible for the growth and msintenance of male
reproductive structures in mammels (Willism, 1961). Effects
of androgeﬁs on the accessary reproductive organs have been
reviewed as early as in 1939 by Moore, and by msny others
there after like Willams-Ashman et al. (1967), Coffey (1974),
Tuohimsa snd Neimi (1974), Engel et al. (1980), Guraya and
Arbens (1981), Franklin, et s8l. . (1982). They are also
equally important for their influence on metabolic patterns
of sex specific tissues (Farook_hi, 1980; Gurays and Arbans,
1982 and Rukmini and Reddy,1983), as well as non sexuval
tissues yviz.- skin, muscle, liver and kidney (Drofman,1961;
Van Pilsum, 1968; Bergamini, 1972; Dube et 2l., 1975;

Max and Toop,1985). The androgens hsve also been reported
to induce de novo enzyme synﬁhesis (Umbreit, 19513 Rioton

and Fishmsn, 1953). Although the androgen action is due to



the steriod molecule per ge the specific oxygen functions
at positions % and 17 are chiefly responsible for androge-
nicity. In recent yesrs it has been increasingly realized
that the steriodsl ss well as non-steriodal androgenic
hormones act via the agency of the c-AMP-sdenylcyclase
system. This has been amply demonstrated by the werks of
Robinson and Sutherland (1972); Singhal (1974); Spigel

et 2l.- (1981) on the mechanism of androgen action.

Further, importance of hepatic Tissue in the
general economy of the bodily functions is a well documented
fact. Major bulk of litersture deals with alterations
observed sfter few weeks of orchidectomy (¥onopkova and
Nedvidek 1972; Moore et al., 1977, Engel et al., 1980,
Guraya and Arbans,l98l) or prolonged/repeated hormone
therapy. On the other hand, it is also known thet different
tigsues, including sccessary sex orgsens, respond to hormonal
deprivetion within a few days (Kochakian)l969; Baulien and
Jung’1970; Santti and Ville/1971; Chinoy~ et al., 1973%;
Filipenko et 8l., 1981l; Pirkko,1981; Frenklin et al.,1982)
or even within a few hours (Lisng and Liao,1975; Ambadkar
and Gangaramani,1981; Pirkko)1981; Max and Toop,1985;
Aruldhas and Govindrajulu’l985; Sreedevi and Oomen,1985).

It has also been reported thst the effect of testosterone
treatment on prostatic tissue could be seen as early as

%0 minutes after the hormone sdministration (Singhal)1975).
However, information available on the hepatic functions

leaves much to be desired.



Changes induced by testiculasr sndrogens are so
vivid that their probable.influence on intermediste metsg-
bolism of the hepstic tisspe certainly warrents further
investigation. Even though vast amount of literature
regarding the influence of androgens on intermediate
metabolism of the hevatic tissue is available,it falls
short of a coherent account of the action of testicular
androgens on over all physiology of liver. During the last
few decades the published literature (Ambadkar and
Gangsramani)1980, 1981y Pirkko, 1981; Max and Toop, 1983;
Muddsshwar et al., 1984; Din-udom et z3l., 1985; Ambadkar
et al., 1986, 1987) has amply proved that action of
steroids become abparent within matter of few hours of
administration. Hence it is desirasble to know very early
»effects on mammelian hepstic metsbolism. The major issue
therefore for the present study was to observe the early
effect, in terms of few hours of orchidectomy, replacement
therapy as well as administration of androgen to normal
intact animals on hepatic metabolism in adult male albino

rats.

A previous attempt in this direction was made
in the suthor's laboratory and it w;s established thatb
maximal alterations in various functional psrsmeters occure@
by about 48-hours of gonadectomy and that the Spigelian lobe

of the liver is more sensitive snd intense in its response

to glterstions in level of androgens. On the basis of these



earlier results obtained in this laboratory, and, in view
of the fact that the alterstilons in certein enzymic
activities are manifeststions of hormonal regulation, an
attempt is made in the present study to observe the hepatic
enzymic levels pertaining to the carbohydrste and protein
metabolism at 48-hour post orchidectomy interval. TFurther,
during the earlier observations different dose levels of
testosterone propionate (TP) were administered to the
orchidectomized rats so &s to counter act the effects of
cagtration and it wass found that the msximally effective
dose of TP was 0.1 mg which was able to bring sbout most of

the paremeters studied towsrds normality.

Hence, in the present study only this effective
dose, asdministered as & single intramusculsr injection, was
employed to evaluate the effects of replacement. A study
of few rate limiting enzymes of carbohydrate metabolism
would help understand biochemical alterations bebter and may
provide clues regarding causative factors. In order to
substaniate this hypothesis expegimentally, the present work
involving the sctivities of key enzymes concerning this

aspect viz.- Glycogen synthetsse and Glucose-6-phosphatase

(G-6-Pase) was carried out.

Glucose~6-Phosphastase (G-6-Pase) by its acbhion
releases glucose infgblood as & ready source of energy. It
wag observed during the covrse of the present investigation

that G-6-Pase activity wss not altered at 21l by androgen



deprivation, wheress TP administration to orchidectomized
animals, caused decline in the enzyme actlvity leading %o

a hypoglycaemic condition. Glycogen synthetase activity
wss marginally reduced by orchidectomy and TP replacement
did not lead to recovery in the enzyme activity even by

the fourth hour of replacement. These resgvlts extend
further support to the observations made by the previous
investigators (Ambadkaf and Gangarsmani, 1982). It was
opined by them that the removal of circulating androgenic
compounds may possibly affect the hepatic glycogenolysis,
as evidenced by increased phosphorylase activity,
ultimately leading to the release of glucose infeblood.
These suthors hed also reported that, on the other hand, TP
administration to cestrates leads to hypoglycemia. Data
obteined here corroborste the suggeskion offered by earlier
workers to a good extent, as is apperent from the following
explanation. Reduction in glycogen synthesis observed
presently, could possibly contribute to the previously
reported reduced hepatic glyvcogen content after castration.
Similarly previous findings about decline in blood glucose
level after replscement therapy is evidently supported by
present finding that such a trestment is a manifestation of
presently observed reduction in G-6-Passe sctivity. These
observationsg lead one to suggest that probab¥y the mechanism
of hepetic glycogenolysis and thet of release of glucose by
liver into the blood are differently and independently

influenced by androgenic treatment (Chapter-2).



Alterations observed in the nucleic acids and
protein content of the hepatic tissve due to orchidectomy
and subseguent TP replacement by Gangersmsni (1979) proupted
the ideza of studying the 5'~nucleotidsse snd transeaminases
(GOT/GPT) activity levels under various experimentsl
conditions. 5'-nucleotidase enzyme activity i1s known to
reflect on the flux in nucleotide pool of the cell. It is
worth nothing here that this has been shown to be dependent
on the sndrogens in case of accessary sex organs (Chalet

et 8l., 1979). The transaminases (GOT/GPT) too, are reported

<t
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be affected by androgens (¥hilchevs,1971; Frenkline
al., 1982).

[(D

During the present study it was observed thst
there was significant decline in the 5'-nucleotidase enzyme
activity after orchidectomy. TP administration within the
first 66 minutes was seen not only to Jjust counte#act the
effect of csstration but the enzyme activity registered
slibghtly higher than normal values. The second hour of
hormone replacement showed sudden drop in the sctivity. By
the fourth hour the trend towards normslizstion was egein
apparent. Hence, one is tempted to assume that 5'-nucleo-
tidase activity is dependent on circulating androgen level,
but disturbances in activity level due to castration and
replacement therspy are appsrently not having sny immediate

and direct repercussions on nucleic acid or protein

metsbolic patterns. As far ss the transaminase sctivity



levels are concerned it was observed that there is a
reduction in GOT/GPT level after androgen deprivation.

TP administration brought back the enzyme activity to
normality by lst hour, however, at 2nd hour of treastment
a transient decrease in the activity was observed. Thus
this result indicate that probably the reduction in the
transeminase activity levels facilitstes some how the
protein synthesizing mechaniém leading to the increasse in

totsl protein content of the liver lobes (Chapter-3).

Additionally, androgen sdminisgstration in three
different doses viz.- 0.1, 0.25 and 0.5 mg of TP to normal
intact male rats were studied. Hepatic ascorbic scid level
was observed Lo show an esarly influence of androgen when
in excess of normal physiological concentration. It is
quite obvious from the work of Ambadkar and Gangsramani
(1981, 1987) that not only the contents of protein and
carbohydrate molties snd levels of some of the concerned
enzymic activities are influenced by vsristions in
correlating androgen level, but even such important constitu-
ents as DNA and RNA also get affected. This situation
naturslly demands further extensive as welliéntensive
investigations 1n order to understand thevissue in a hetter
perspective. However, within the limited scope snd time

available, it was thought desirable to atleast make an

attempt to help solve the igsue a bit more. With this view,



a pilot project was undertaken to elucidate the possible
early metsbolic response of the hepatic pissue of normsl
intact sdult rats to exogenous administration of TP. Three
arbitrarily chosen dose levels of the hormone viz.- O.1
0.25 and 0.5 mg were sdministered intramuscularly as a
single injection per head in 0.5 ml volume of tributyrin’
(vehicle). Rats were sacrificed st 30, 60, 90 and 120
minuteg after the hormoﬁe sdministration. Quantitative
biochemical analyses of the two hepatic lobes (Median and
Spigelian - Chapter-l) were carried out to evsluaste the
early sndrogen affects in the normal, healthy, intact rats.
The main objective of taking up this pilot project was to

be forwarned of the metabolic disturbances that the hormones
may inducé, and hence, of the subsequent interference with
the over all body welfare. This wag gpecifically thought

of in the light of the fact that recent trends in clinical
practice tend towards frequent use of natursl and synthetic
sex-horménes to deal with fertility disbturbsnces, carcinomas

and even as anti-fertility drugs.

The data collected during this study were quite
confusing and contrary to expectations that would normally
be based on already existing knowledge concerning the
effects of androgenic hormores. It is a well known fact
that the androgens exert an ansbolic influence in genersl,
but the present investigation clearly showed that the early
response of hepatic tissue wss quite contrary, ss was

evident from blochemical evaluastion of the total hepatic



protein content, and the enzymes involved in the protein/
nucleic acid metsbolism. It seems probsble from the
present findiungs, considered along with the previous
observationsg, that normally expected TP-induced generation
of c¢c-AMP through activabtion of adenylcyclase system,
especially at the early intervels employed here, is
apperently nullified very fast due to observed high levels
of c-AMP-gspecific phosphddiesi?ase. This in its turn
possibly leads to a transient disturbance in the well known
'coascade' effect. Becondly, the raised levels of
transiaminases might carry such an influence further
through accelersted process of deamination leading to
formetion of more carboxylic aclds and there by reducing the
normally available pool of smino acids for protein

synthesis (Chaptern-5 and 6).

On the basis of these observstions such tentative
suggestions only could be made which need be desl with
further before any thing could be ssid with confidsnce.

A consgistent induction of 2 hyperglycsemic state after all
the three doses of TP at slmost a2ll intervels studied

here is noteworthy. This is further subsbtantisted by a
general-rise in the level of glucose—6—éhosphatase, which

is known to be resvonsible for relesse of glucose from

the liver into the blood. Further, the observed alterations
in the carbohydrate metabolic pattern might tangentislly

point to 8s yet unnoticed influence of TP on the regulation



of hepatic carbohydrate metabolism, perhsps of different
etiology than that of either insulin or glucagon

(Chapter-4).

Further, an interrelationship between the circu-
lating level of testosterone snd ascorbic scid (A.A. -
Vitemic C) metabolism has been suggested (Stubbs et al.,
1967; Chinocy and Parmar, 1975; and Chinoy et al., 1975
a and b). Ascorbic acid is synthesized in the hepstic
tissue of mammels and plays an importsnt role in the
oxydation-reduction processes of the tissues. It was
evident from the report of Ambadkar snd Gangarsmsni (1981)
that the A.A. levels in the hepatic tissue of male rat
registered 2 significant rise after orchidectomy snd that
it showed a time-dependent fall after the initial increase.
These workers also reported that in cese of Z24-hour
castrates the effect of replacement therapy was contrsry
to expected reparative effect of androgen administretion.
Taking all these points into consideration an investigation
was carried out so as to bring oub possible reflections
on the whole blood and hepstic tissue A.A. levels due to
androgen deprivation and replacement (not incorporated in

thesis but sepsrately published: Ambadkar et al., 1987).

The results obtained in Chapter-7 revesled that
exogenous administration of TP to intact male albino rats,
did alter the bloocd and hepatic 4.A. levels. Marked reduc-

tion in hepatic A.A.level was noted in both the liver lobes,



irrespective of dose and time~interval under consideration.
Results reported were indicative of the fact that even
small elavation in circulating sndrogen level exXerts
regulatory effect on hepatic A.A. synthesis as well as its
concentration. Further,it brings sbout intrahepatic and
perigheral utilization of A.A. It is suggested there, that
hepatic A.A. synthesis and its retention are influenced by

TP in sn independent and different manner.

Finslly an attempt was made to compare the
influence of normons in normal and 48-hour orchidectomized
animals. This was carried out st different time intervals
and with different dosages of TP. This could help in
understanding the mechsunlsm of hormone action on hepatic

tissue (Chapter-8).

Enother noteworthy aspect that was kept in the
lime-light during the entire study wss to investigate the
medisn and the Spingelisn lobes (nomenclsture of Green,
1959 of the hepstic gland sepsrately, because the Spigelian
lobe of rat liver was found to exhibit decidedly different
responses than the remsining lobes to sndrogen deprivstion
as well as replacement (Ambasdksr and Gangaramsni)1980, 1981,
1982). Such functional differences in metabolic response
of the two different lobes of liver has slso been vreported
in respect of some other physiologicsl adjustments but ounly
by few workers like Hems et al. (1972) snd Tyagi and
Mishrs (1977).



The chapters presented in this thesis are
prepared as separate entitlies only for the soke of con-
veniénce and clarity of explesnations. Specisl efforts
have been made to avoid repetitions. The last chapber
"General Considerations" is an attempt to interlink the
entire data represented herein so 2s to have an integrated

pilcture of the ssne.



