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Abstract—Like most psychoactive agents, cannabis and its active component delta-9-tetrahydrocan-

nabinol (A’-THC) have been reported to affect the

neuroendocrine axis in animals. The effect of A’-

THC on some of the functionally important enzymes of the male reproductive organs are reported. The
study indicates that A®>-THC reduces the activities of the enzymes, B-glucuronidase, a-glucosidase acid
phosphatase and fructose-6-phosphatase in a dose related manner in the testis, prostate as well as in

the epididymis. It may be concluded that A°>-THC
male reproductive organs.

Delta-9-tetrahydrocannabinol or A’>-THC is the
major active component of cannabis. Cannabis in
turn is used to make several kinds of psychoactive
drugs like Hashish, Charas, Ganja, Bhang, mari-
huana etc. Like many of the other psychoactive
agents A>-THC has also been reported to cause
prominent alterations on the reproductive physi-
ology of both male and female systems, possibly
through the neuro-endocrine axis. With regards to
male rats it has been documented that the drug
causes prominent biochemical changes in most of
the reproductive organs [1-5], depresses spermato-
genesis [6] causing spermatozoal changes [7, 8] and
also depresses circulating testosterone levels [9, 10].
In the present paper we report the effect of A>-THC
treatment to adult male rats, with regards to activities
of some of the functionally important enzymes of
the reproductive organs. The enzymes studied are
B-glucuronidase, a-glucosidase, acid phosphatase
and fructose-6-phosphatase, all of which are reported
to have a prominent action on the maintenance of
normal physiological functions of the male repro-
ductive organs.

MATERIALS AND METHODS

Adult male rats of Charles Foster strain weighing
about 100-150 g, obtained from the laboratory ani-
mal house were used for the study. The rats were
maintained at 12 hr light and 12 hr dark with tem-
perature set approximately at 26 + 2°. Laboratory
stock diet and water was given ad libitum.

Delta-9-THC obtained from the United Nations
Narcotics Laboratory, Geneva, was made into a
suspension in saline containing 6% tween-80. The
stock solution was kept at 20 mg THC per ml
concentration.

Delta-9-THC was injected subcutaneously at doses
of 10 mg, 25 mg, and 50 mg per kg body weight at
10 a.m. each morning, for ten consecutive days. The
control rats received an equivalent volume (approx-
imately 0.25 to 0.5 ml) of the vehicle each day. Each
group had at least six rats and all of them were killed
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by instant decapitation, 24 hr after the last injection
of THC.

The whole of the testis, epididymis and ventral
prostate were carefully dissected out, blotted in a
filter paper and weighed in an electric balance. The
tissues were kept in crushed ice till further treatment.

Enzyme estimations were made, using cell
debris-free supernatant, i.e. after cold centrifugation
at 3000 g in an International Centrifuge. S-Glucu-
ronidase activity was estimated according to the
method of Fishman ez al. [11] using PNP-g-d-glu-
curonide as the substrate. a-Glucosidase activity was
measured according to the method of Rao ez al. [12]
using PNP-a-d-glucoside as the substrate. The
acid-phosphatase activity was assayed by the method
of Lowry et al. [13] using PNP-phosphate as the
substrate at pH 5.0. Fructose-6-phosphatase activity
was measured according to the method of Baginski
et al. [14] and phosphate estimation was done using
the assay procedure of Fiske and SubbaRow [15]
using fructose-6-phosphate as the substrate. Protein
content was measured by the method of Lowry et
al. [16].

RESULTS

Figure 1 indicates the effect of A*THC on the
B-glucuronidase activities of testis, epididymis and
prostate, expressed as ug PNP liberated per mg of
protein per hour. It is evident from the figure that
THC reduces the activity of the enzyme in all the
three reproductive organs in a dose-related manner.

Figure 2 illustrates the role of A THC on the
enzyme a-glucosidase. In this case also the drug
appears to reduce the enzyme activity in prostate,
epididymis as well as the testis uniformly with the
increase in dose.

Figure 3 indicates the effect of A>~THC on the
acid phosphatase activity also signifying a uniformly,
dose-dependent reducing effect of the drug on the
enzyme action in all three organs.

In the case of fructose-6-phosphatase activity (Fig.
4) a similar decreasing action of the drug on the
enzyme activity is evident.
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Fig. 1. Delta-9-THC: effect on S-glucuronidase activity in male reproductive organs in adult male rats.
Left ordinate indicates activity in the testicular and epididymal tissues; right ordinate that in prostate
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Fig. 2. Changes in a-glucosidase activity of male reproductive organs by A°-THC treatment in adult
male rats. Left ordinate indicates activities in the prostate and epididymal tissue; right ordinate indicates
that in the testicular tissue.
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Fig. 3. Delta-9-THC induced changes in acid phosphatase activity of reproductive organs in adult male
rats. Left ordinate indicates activities in the testicular and epididymal tissues; right ordinate indicates
the activity in the prostate tissue.
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Fig. 4. Delta-9-THC induced changes of fructose-6-phosphatase activity of male reproductive organs

in adult male rats. Left ordinate indicates activities in the prostate and epididymal tissues; right ordinate
indicates that in the testicular tissue.
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Therefore, to sum up, A*>-THC appears to reduce
the activities of B-glucuronidase, a-glucosidase, acid
phosphatase and fructose-6-phosphatase in a dose-
related manner, in the prostate, epididymis and testis
in adult male rats.

DISCUSSION

Acid mucopolysaccharides and mucoproteins are
important constituents of the semen [17], which play
an important role with regard to attachment, pen-
etration and fertilization of the egg by sperm [18].
Hyaluronidase is the mucolytic enzyme which brings
about the depolymerisation and hydrolysis of hyalu-
ronic acid, an important mucopolysaccharide {19].
Mammalian testis and sperm are the richest animal
sources of hyaluronidase which have a prominent
role in the process of fertilization [19]. After the
action of hyaluronidase the free glucuronic acid is
formed due to the action of the enzyme f-glucuron-
idase. The level of B-glucuronidase has been reported
to be decreased by about 50 per cent in the epidi-
dymis after castration, and restored to normal after
administration of testosterone [20], indicating that
the enzyme activity is closely dependent on circu-
lating testosterone levels. Hence A’-THC induced
reduction of B-glucuronidase activity in the male
reproductive organs (Fig. 1) indicating that the cir-
culating testosterone level may be lowered [9, 10].

Accessory organs of reproduction and their secre-
tions in both rats and mice possess a high level of
glycosidase activity [21, 22]. The enzyme activity has
been demonstrated to be androgen dependent [23].
Castration reduces the enzyme level which is fully
restored to normal after testosterone injections to
both immature and mature rats [23]. Hence in this
case also A°THC induced reduction in the
a-glucosidase activity indicates an antiandrogenic
action of the drug.

Acid phosphatase activity is one of the important
male secondary sex characteristics. The level of the
enzyme is low in childhood in the accessory organs
but increases rapidly at puberty [24]. Administration
of androgenic hormone stimulated considerably the
phosphatase output from the accessory glands,
especially the prostate [25]. Hence reduction in both
acid-phosphatase (Fig. 3) as well as fructose-6-phos-
phatase (Fig. 4) activities further signify that A’-
THC has an antagonistic action on the androgen
secretion. From the foregoing work it is therefore
concluded that A°>-THC appears to alter the activity
of some of the functionally crucial enzymes of the
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male reproductive organs, which in turn may inter-
fere with the normal physiological processes of the
system.

REFERENCES

1. J. Harclerode, S. E. Nyquist, B. Nazar and D. Lowe,
in Advances in the Biosciences (Eds. G. G. Nahas and
D. M. Paton), p. 395. Pergamon Press, Oxford (1979).

. I. Chakravarty, IRCS Med. Sci. 8, 398 (1980).

. I. Chakravarty, IRCS Med. Sci. 8, 544 (1980).

. I. Chakravarty and J. J. Ghosh, Biochem. Pharmac.
30, 273 (1981).

5. G. R. Thompson, R. W. Flushman, H. Rosen Krontz
and M. C. Braude, Toxic. appl. Pharmac. 25, 373
(1973).

6. V. P. Dixit, V. N. Sharma and N. H. Lohiya, Eur. J.
Pharmac. 26, 111 (1974).

7. I. Chakravarty, G. Shah, A. R. Sheth and J. J. Ghosh,
J. Biosci. 1, 289 (1979).

8. C. N. Stefanis and M. R. Issidorides, M. R. in Mari-
huana Chemistry, Biochemistry and Cellular effects
(Eds. P. Zeibenberg and G. G. Nahas) p. 533. Springer
Verlag, New York (1976).

9. R. C. Kolodny, W. H. Masters, R. Kolodner, G. N.
Maud Toro, New Engl. J. Med. 290, 872 (1974).

10. S. Dalterio, A. Barke and S. Burstein, Science 196,
1472 (1977).

11. W. H. Fishman, B. Springer and R. J. Brunetti, J. biol.
Chem. 173, 449 (1948).

12. M. C. Rao, K. P. Gunaga, A. R. Shethand S. S. Rao,
Ind. J. Biochem. Biophys. 8, 232 (1971).

13. O. H. Lowry, N. J. Rosebrough, A. L. Farr and R.
J. Randall, J. biol. Chem. 193, 265 (1951).

14. E. S. Baginski, P. P. Faa and B. Zak, in Methods in
Enzymology (Ed. H. U. Bergmeyer), Vol. 2, p. 879.
Academic Press, New York (1974).

15. C. H. Fiske and Y. J. SubbaRow, J. biol. Chem. 66,
375 (1925).

16. O. H. Lowry, N. R. Roberts, N. Wu, W. S. Hixon
and E. J. Croford, J. biol. Chem. 207, 19 (1954).

17. L. Svennerholm, Acta. Chem. scand. 12, 547 (1958).

18. L. Warren, Biochim. biophys. Acta 44, 347 (1960).

19. A. Linker, K. Meyer and P. J. Hoffman, J. biol. Chem.
235, 924 (1960).

20. J. Conchie, J. Findlay and G. A. Levy, Nature, Lond.
178, 1469 (1956).

21. A. L. Beyler and C. M. Szego, Endocrinology 54, 334
(1954).

22. G. A. Levy, A. McAllan and A. J. Hay, J. Endocr.
23, 19 (1961).

23. A. R. Sheth and S. S. Rao, J. Reprod. Fert. 4, 267
(1962).

24. A. B. Gutman and E. B. Gutman, Proc. Soc. exp.
Biol. N.Y. 29, 529 (1938).

25. C. Huggins and P. S. Russell, Endocrinology 39, 1
(1946).

S~ LN



