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Markandey Misra and Kamleshwar Pandey (1985) Testicular steroidogenesis
and secondary sexual characters following testosterone propionate treatment in a
tropical freshwater fish Mystus (M) vittatus (Bloch). Bull. Inst Zool., Academia. Sinica
24(2): 187-194. The testosterone propionate injection does not initiate remarkable
change either in testicular histology or secondary sexual structures after one week
treatment in Mystus (M) vittatus. But after the second week of treatment the secre-
tory activity of Leydig cells is manifested in the increase of their size and number.
Their secretion has also activated the spermatogenesis by increasing the number of
germ cells. The signifcant change in secondary sexual characters after the second
week of treatment shows that the secretion of Leydig cells is now also involved in
the development of these characters and show further enhancement after the expiry
of the third week. Lastly, the high percentage of spermatids in the lobules and
well developed secondary sexual characters after fourth week indicate that the exo-
genous hormone in the M. (M) vittatus has activated the Leydig cells which in turn
has accelerated steroidogenesis and secondary sexual characters (SSC).

and Dodd, 1960).

Burger (1941) injected test-

The testes of teleost fishes have shown
frequent stimulation of spermatogenesis when
treated with testosterone, or methyl testoste-
rone (Pickford and Atz, 1957; Dodd, 1960
and Hoar, 1965). These techniques were less
successful in the analysis of endocrine control
of spermatogenesis and more so in the analysis
of endocrine control of the secondary sexual
characters. Results with the androgen treat-
ment on intact male fish have met a number
of reversal of opinion (Eversole, 1941 and

osterone propionate into hypophysectomized
male Fundulus and concluded that its effect
on the gametogenic function of the testes are
not impressive. Those who have described
the effect of androgen administration on the
secondary sexual characters in the hypophy-
sectomized teleost, have completely isolated
the hormone produced by the activated gland.
Lofts et al. (1966) have, however, shown the
development of nuptial colouration which
was attributed to the direct action of the
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androgen in the hypophysectomized Fundulus
heteroclitus. Present study has been under-
taken to testify the results of the Burger’s
experiment by using testosterone propionate
in the intact fish on which the results are
highly conflcting.

MATERIALS AND METHODS

M. (M) vittatus males possess a well de-
veloped genital papilla and a spear-shaped
thickening at the base of the caudal fin near
the level of lateral line (Swarup and Swaroop,
1975). Male fishes were collected mostly from
“Ramgarh Tal” Gorakhpur and brought alive
to the laboratory and acclimatized from three
weeks prior to the commencement of the
experiments. They were fed with the liver
and living earthworms at the rate of 5% of
their body wight.

Selected eighty specimens were weighed
and an exogenous hormone testosterone pro-
pionate was injected 3 mg/100g of fish body
weight intraperitonealy once in a week using
an one ml tuberculin syringe and twenty six
gauge needle. Controls were injected sterile
olive o0il on the same pattern. Both the
groups of fishes were equally fed half an hour
before changing the water of aquaria. For
histological and histochemical studies groups
of fifteen fishes were sacrificed for four weeks
at the regular weekly. intervals and small
pieces from the anterior, middle and posterior
regions of the testes were fixed in—

(1) Bouin’s fixatives (Aqueous, Alcoholic)
(2) Picro-mercuro-formol (Pandey, 1979)
(3) Baker's formol calcium.

Tissues sectioned at 5 um to 8 um were
stained with

(1) Delafield haematoxylin counterstain
vgith Eosin

(2) Heidenhain’s haematoxylin

(3) Heidenhain’s Azan

Sections from Baker’s Formaldehyde cal-
cium fixed tissues were stained in Sudan Black
B.
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Mean and stained error (M+SE) were
calculated for various testicular parameters.
Student’s ‘¥ test (Campell, 1974) was used to
test significant differences between experi-
mental and their respective control groups at
2<0.05 or less.

RESULTS

First week experimental

The interlobular septa measure 8.80%
0.56 um average in thickness containing 8.5+
0.27%; interstitial Leydig’s cells of 2.81 +0,064m
average diameter (Table 1) Leydig’s cells

- possess granular cytoplasm with: a nucleus in

the centre. ,
The average length of genital papilla and

‘caudal thickening has been recorded 0.55%+

0.0 cm and 0.52+0.01 cm respectively (Table
2).

Control

The average thickness of interlobular septa
has been recorded 9.10+0.73 um. The number
and size of interstitial Leydig’s cells has been
recorded 8.7+033% and 2.75+0.07 um re-
spectively (Tabble 1), They are marked with
granular cytoplasm and prominent nucleus in
the centre.

The average length of genital papilla and
caudal thickening has been recorded 0.53 +0.01
cm and 0.01+001cm respectively (Table 2).

Thus no noticeable change occurs after
first week of testosterone propionate injection
in M. (M) vittatus.

Second week experimental

The interlobular septa (7.50+0.75 um
average thickness) contains an increased
number and size (10.1+£0.28% and 289+
0.06 um average in diameter respectively) of
interstitial cells (Table 1). The cytoplasm of
the Leydig’s cells is more granular with a
well marked central nucleus.

A significant (p<0.001) increase in the
average length of genital papilla and caudal
thickening (0.59+0.003c¢m and 0.55+0.01cm
respectively (Table 2) has been observed in
this week.
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TABLE 2 :
Showing weekly changes in the secondary sexual characters of M. (M) vittatus following
testosterone propionate (3 mg/100g of body weight) administration

Observations Time

Average length of

Average length of

genital papilla caudal thickening

(weeks) (cm) (cm)

First { Experimental 0.5540.01 0.5240.01

s Control 0.53+0.01 0.514-0.01
Second Experimental 0.59-0. 003*+f 0.5540.01%%F

econ { Control 0.54+0.01 0.52-0.01
Third {Experimental 0.6240.006%*f 0.5840.01%*f

1 Control 0.5540.01 0.5340.01
Fourth { Experimental 0.66-0.01%f 0.61£0.01%%¢

our Control 0.56-£0.01 0.540.01

Weekly changes in secondary sexual characters (Mean+SE) of ten replicates of M. (M) vitiatus

following testosterone administration.

**f p<0.001 significantly different from corresponding control when r-test was applied.

‘ Control

The interlobular septa (9.00+0.72 um
average in thickness) contain the interstitial
Leydig’s cells of similar number, size and cyto-
logical features corresponding to those of the
previous week (Table 1). Likewise the SSC
do not show any change.

The average length of genital papilla and
caudal thickening has been recorded 0.54+0.01
cm and 0.52+0.01 cm respectively (Table 2).

Based on the above observations it may
be inferred that the testosterone propionate
has accelerated the activity of the Leydig’s
cells as is evident from their increasing size
and number. The significant change in the
SSC in this week shows that the secretion of
Leydig’s cells is now additionally involved in
the development of SSC.

Third week experimental

The interlobular septa have significantly
(p<0.001) declined in thickness (6.66+0.34 um
average). The number (13.2+0.36%) and the
size (2.95+0.05 um average in diameter) of
interstitial cells (Table 1) show significant
increase (p<<0.001) and (p<0.01) respectively.
The cytological features of Leydig’s cells are
more or less similar to those of the specimens
treated during the previous week.

The average length of genital papilla and
caudal thickening has significantly (p<0.001)
increased 0.60+0.006 cm and 0.58+0.01 cm
respectively (Table 2).

Control

The interlobular septa (8.80+0.43 um
average in thickness) incorporates 8.8+0.36%
of interstitial cells. Their average diameter
has been recorded 2.76+0.05 um (Table 1).
The detailed cytological features of the Levdig’s

cells are similar to those recorded in the
previous week.
An insignificant slight increase in the

average length of genital papilla and caudal
thickening (0.55+0.01cm and 0.53+0.01cm
respectively) has been recorded in this week
(Table 2).

It may be asserted that the testosterone
propionate has accelerated the activity of the
Leydig’s cells. Thus the enhanced secretion
has initiated the development and growth of
SSC increasing the length of genital papilla
and caudal thickening in this fish.

Fourth week experimental

There is significant (p<0.001) decline in
the thickness (5.2040.45 #m average) of inter-
lobular septa having a very high percent
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number of interstitial Leydig’s cells (14.0+
0.33%). A highly significant (p<0.001)
increase in the size of the Leydig’s cells
(3.20£0.04 um average in diameter) has been
recorded (Table 1). The granulation of the
cytoplasm and size of their nucleus increase
accordingly. Marked hypertrophy and hyper-
plasia is therefore, evident in these cells.

The average length of genital papilla and
caudal thickening is highly significant (p<
0.001) and increases 0.66+0.01 cm and 0.61 +
0.01 cm respectively (Table 2).

Control ,

There is a slight change in the average
thickness of interlobular septa (8.60+0.39 #m).
Also an increase in the number of size of
interstitial Leydig’s cells has been recorded
(89+0.29% and 2.81+0.07 um average in
diameter respectively) (Table 1). The granu-
lation of the cytoplasm and position of the
nucleus in the Leydig’s cells do not show any
remarkable difference from that of the pre-
vious week.

The average length of the genital papilla
and caudal thickening has been recorded 0.56 +
0.01cm and 0.54+0.01 cm respectively (Table
2).

Considering the high percentage and size of
interstitial Leydig’s cells developed and well SSC
it may be inferred that testosterone propionate
in the M. (M) vittatus has activated the
Leydig’s cells which in turn have performed
their aforesaid function.

DISCUSSION

The present state of our knowledge, re-
garding the relation of male sex hormone
with the testicular activity has been acquired
after a number of reversal of opinion. Exo-
genous androgens are known to stimulate
spermatogenesis in both the hypophysectomiz-
ed and intact mammals (Albert, 1961; Boc-
. cabella, 1963 and Harvey, 1963). However, the
results with androgen treatment on intact
male fish are conflicting (Eversole, 1941; Pick-
ford and Atz, 1957 and Dodd, 1960). Restora-
tion of spermatogenesis in the hypophysecto-
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mized teleosts have been demonstrated by
androgen treatment (methyl testosterone,
testosterone propionate, dehydroepiandroster-
one) (Sundararaj et al, 1971; Yamazaki and
Donaldson, 1968 and Billard, 1974). Besides
the effect of exogenous androgen on the sper-
matogenesis in M. (M) vittatus, its role on the
steroidogenesis has also been observed. The
testicular cytology with a view to study the
steroidogenesis and spermatogenesis was for
the first time recorded by Lofts et al. (1966)
and that remains the sole study of its kind.
In the M. (M) vittatus, Tables 1 and 2, sum-
marizes a functional parallelism between the
steroidogenesis, spermatogenesis and secondary
sexual characters. These cytological and nu-
merical variations to a certain extent differ
from those studies by the above workers and
also studied in hypophysectomized mammal by
Boccabella (1963). Eversole (1941) studied the
effect of various steroids on the sexual devel-
opment of Lebistes, and suggested that testo-
sterone propionate hastens the germ cells
maturation without stimulating replacement
by new cells. His findings were later on sup-
ported from the more recent work of Dodd
(1960), Lofts et al. (1966) who have shown
that exogenous androgen can produce initial
elevation of the spermatogenetic activity and
also of the interstitial cells which appear to

be in an inactive state in the hypophysecto-
mized F. heteroclitus. The present study shows
a significant increase in the diameter and
number of these cells from the second and
third week of treatment (Figs. 1 and 2) in
intact specimens and thus differ from the ob-
servations made by above workers and Pandey
(1969) in addition.

The nuptial colouration (SSC) in minnow
Phoxinus laevis was of the first time found
dependent to testicular hormone by Kopec
(1918, 1928). This was further confirmed in
stickle back (Gasterosteus pungitius and Gas-
terosteus aculeatus by Van Oordt (1923, 1924),
Van Oordt and Vander Mass (1927), Bock
(1928), Craig-Bennett (1931) and Ikeda ( 1933).
Burger (1942) and Lofts er al. (1966) noted
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that the nuptial colouration (regarded as SSC)
reappears in hypophysectomized Fundulus after
testosterone treatment, implicating possible
steroid control.

Egami (1959) has recorded the growth of
first dorsal spine in intact Gobid fish Prero-
gobius zonoleucus following treatment with
testosterone, while Pandey (1969) in the hypo-
physectomized guppy reported a moderate
recovery in the contents of lipophores after
testosterone treatment. The enhancement in
the size of genital papilla and the caudal
thickening in the M. (M) vittatus is rather
more appreciable and becomes significant
(p<0.001) even from sécond week of experi-
mentation (Fig. 2) pointing possible involve-
ment of exogenous androgen.

Under alike conditions of experimentation
with equal dose and duration, the above re-
sults are though fascinating yet it may be
-attributed to the specific species differences
and also the titre of endogenous androgen
present at the time of the experiments in the
respective fishes. The correlative changes in
the increased number and size of the inter-
stitial cells (Fig. 1) should also be implicated
in the advancement of the different secondary
sexual characters in M. (M) vittatus.

Acknowledgement:
is thankful to the University Grants Com-
mission, .New Delhi for awarding Teacher
Fellowship under Faculty Improvement Pro-
gramme.

REFERENCES

ALBERT, A. (1961) “Cyclic changes in the testi-
cular activity of the lake chub, Conesius plum-
beus (Agasbiz)”. Can. J. Zool. 44: 149-171.

BALLARD, R. (1974) Testosterone effects on the
maintenance of spermatogenesis in intact and
hypophysectomized gold fish (Carrassius auratus).
J. Int. Res. Comm. 2: 1231.

BoccABELLA, A.V. (1963) Reinitiation and restora-
tion of spermatogenesis with testosterone pro-
pionate and other hormones after a long-term
post-hypophysectomy regression period. Endo-
crinology. 72: 787-798.

Bock, F. (1928) Die Hypophyee des stichkings,

One of us (M. Misra) .

193

(Gasterosteus aculeatus 1..) unter ,besonderes
Berucksichtigung der Jahrescyklischen Ver-
anderungen. Z. Wiss. Zool. Leipzig. 131: 645-
709.

BURGER, J.W. (1941) Some experiments on the
effects of hypophysectomy and pituitary im-
plantations on the male Fundulus heteroclitus.
Biol. Bull. 80: 31-36.

BURGER, J.W. (1942) Some effects of androgens
on the male adult Fundulus. Biol. Bull. 82:
233-242,

CampBELL, R.C. (1974) Statistics for Biologists.
Cambridge University Press, London. pp. 385.

CRAIG-BENNETT, A. (1931) The reproductive cycle
of the three spined stickleback, Gasterosteus
aculeatus. Linn. Phil., Trans. Roy. Soc. London.
Ser B. 219: 197-279.

Dopp, J.M. (1960) Gonadal and gonadotrophic
hormones in lower vertebrates. “In Marshall’s
physiology of reptoduction” (Parkes, A.S. ed.).
Longmans Green, New York, pp. 417-582.

Ecawmi, N. (1959) Effect of testosterone on the
sexual characteristics of the gobiid fish, Prero-
gobius zonoleucus. Annotationes Zool. Japon. 32:
123-128.

EvERsOLE, W.J. (1941) The effects of pregnenino-
lene and related steroid on sexual development
in fish (Lebistes reticulatus). Endocrinology. 28:
603-610.

HarvEY, S.C. (1963) The effect of testosterone
propionate on germ cells number in the male
rat. Anat. Rec. 145: 227.

Hoar, W.S. (1965) Comparative physiology. Hor-
mones and reproduction in fishes. Ann. Rev.
Physiol. 27: 51.

Ikepa, K. (1933) Effect of castration on the

secondary sexual characters of anadromous
three spined stickle head, Gasterosteus aculeatus

aculeatus (L.). Japan J. Zool. 5: 135-157.

Koeec, S. (1918) Contribution to the study of the
development of the nuptial colours of fishes.
Sperawozdania posiedzen Towarz. Nauk Wers-
zaw. 3: 11.

Korkc, S. (1928) Experiment on depence of nuptial
hue in the gonads in fish. Biol. Generalis. 3:
259.

Lorts, B., G.E. PIiCKFORD and J. W. Atz (1966)
Effects of methyl testosterone on the testes of
a hypophysectomized cyprinodont fish, Fundulus
heteroclitus. Gen. Comp. Endocrinol. 6: 74-88.

PANDEY, K. (1979) Picro-mercuro-formol: A fixa-
tive for histochemical studies Micros. Aeza.
82: 45-46.



194 _ M. MISRA anp K. PANDEY

PANDEY, S. (1969) Effect of -methyl testosterone
on the testes and secondary sex. characters of
the hypophysectomized adult guppy Poecilia
reticulata Peters. Can. J. Zool. 47: 783-786.

PrckrForD, G.E. and J. W. ATz (1957)
siology of the pituitary gland of fishes. N.Y.
Zool. Soc. New York.

SUNDARARAJ, B.1., S. K. NAYYAR, T.C. ANAND and
E.M. DoNALDSON (1971) Effect of salmon
pituitary gonadotropin, ovine luteinizing horm-
one and testosterone on the testes and seminal
vesicles of hypophysectomized catfish, Hetero-
pneustes fossilis (Bloch). Gen. Comp. Endocrinol.
17: 73-82. )

SwaruUP, K. and A. Swaroor (1975) Sexual dimor-
phism in catfish Mpystus (M) vittatus (Bloch).
Curr. Sci. 44(1): 16-17.

VAN OORDT, G.J. (1923) Secondary sex characters

The phy--

and testis of the ten spined stickleback (Gas-
terosteus pungitius). Konirkl. Ned. Akad. Weten-
schap. Proc. Sect. Sci. 26: 309-314.

VAN OorDT, G.J. (1924) Die verenderung des
Hodens wahrend des Auftretens der sekundaren
Geschlechtsmerk-male bei Fischen, Gasterosteus
pungitius L. Arch. Mikroskop. Anat. Entwick-
lungsmech. 102: 379-405.

VAN OoRrDT, G.J. and C.J.J. VANDERMASS (1927)
Castration and implantation of gonads Xipho-
phoru;s,' helleri Heckel.  Koninkl. Ned. Acad.
Wetenschap. Proc. 29: 1172-1175.

Yamazakl, F. and E. M. DONALDSON (1968) Effects
of partially purified salmon pituitary gonado-
tropin on spermatogenesis Vitellogenesis and
ovulation in hypophysectomized gold fish
(Carassius auratus). Gen. Comp. Endocrinol.
11: 292-299.

52 [ i B BR BB R KR Miystus vittatus : B H
- EIE R A B LR

MARKANDEY MISRA AND KAMLESHWAR PANDEY

D2 E RIS Mystus vitatus » —3BH#S B 2 UM "Bz Bt - (HER 8
% BRFCMHE KB RN - BEE=ER - FMBERIABEERGE - FILBRAEREME D
T B e MR » BURES CERE (RN - BT EEEERRE

 RRB RS



