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Abstract

The present paper describes the effects of Tribulus terrestris, a masculinization agent, on the
sex reversal of African catfish, Clarias gariepinus. One-day-old hatchlings were immersed in
water containing an extract of T. terrestris at a rate of 0, 3, 6, or 9 g/30 | water for 30 days. The
9 g treatment resulted in 80.42% male populations. Morphological and histological examinations
of the gonads in all groups revealed no intersex fish. Histological examination of fish treated with
T. terrestris revealed no damage to the testes or ovaries. Despite differences in sex ratio, growth
rate, ovaries, and testes, fish treated with T. terrestris were histologically similar to fish from the
control groups. Survival ranged from 72% in the 3 g group to 80% in the 9 g during treatment
and did not significantly differ from the control (p>0.05). The best growth was obtained in the 9
g treatment.

Introduction

Tribulus terrestris L. (Zygophyllaceae), also
called gokshura, is a medicinal herb used in
Bulgaria, eastern Europe, the Far East,
China, and India to treat sexual deficiencies
(Bucci, 2000). Tribulus terrestris has been
reported to enhance libido sexualis, increase
testosterone and LH levels, improve athletic
performance, and increase the number and
motility of spermatozoa (Adimolja, 2000;
Bucci, 2000; Gauthaman et al.,, 2002).
Tribulus terrestris contains a number of sub-
stances known as steroidal saponins. The

saponin in T. terrestris thought to be respon-
sible for its effect on testosterone levels is
known as protodioscin (Adimolja and Adaikan,
1997; Ganzera et al., 2001). It is believed that
T. terrestris affects androgen metabolism, sig-
nificantly increasing testosterone or testos-
terone precursor levels (Neychev and Mitev,
2005).

Oral administration of T. terrestris
increased sexual behavior in male rats
(Gauthaman et al., 2003) and had a proerec-
tile effect on rabbits (Adaikan et al., 2000).
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New-born guppies (Poecilia reticulata) treated
with T. terrestris were sex reversed, under-
went spermatogenesis, and had a better
growth rate than untreated progeny (Cek et
al., 2007a). Administration of T. terrestris
extract to the zebra cichlid (Cichlosoma nigro-
fasciatum) also produced successful sex
reversal (Cek et al., 2007b).

The sex of fish can be significant in aqua-
culture because of differences between males
and females in growth rate, size, behavior pat-
terns, and breeding time. In African catfish,
Clarias gariepinus, males grow faster and
reach a larger final size than females (De
Kimpe and Micha, 1974). Therefore, it would
be commercially advantageous to produce all-
male catfish populations.

Administration of exogenous steroids can
be effective in controlling sexual development
(Al-ablani and Phelps, 2002). The synthetic
steroid 17a-methyltestosterone is a male-spe-
cific hormone commonly used to induce sex
reversal in teleost fish. However, steroid treat-
ments have the disadvantages of being costly
and suppressing growth in teleosts (Hunter
and Donaldson, 1983), or producing sterile
populations and occasional paradoxical femi-
nization with prolonged duration at early
stages of gonadal development in African cat-
fish (Van Den Hurk et al., 1989; Turan 2005),
channel catfish (Ictalurus punctatus; Goudie
et al., 1983), rainbow trout (Salmo gairdneri;
Solar et al., 1984), and cichlid (Oreochromis
mossambicus; Varadaraj et al., 1994).

The aim of the current study was to inves-
tigate the effects of T. terrestris as an alterna-
tive masculinization agent in the African cat-
fish.

Material and Methods
Experimental fish. The fish used in this study
were one-day-old hatchlings of African catfish
(mean wt 0.0028+0.0003 g), produced in the
Mustafa Kemal University Fisheries Research
Unit from gametes collected from sexually
mature individuals. The hatchlings were ran-
domly divided into twelve groups and stocked
at a density of 100 fish per 30-I aquarium. The
experiment was conducted in a controlled
temperature of 25+1°C and photoperiod of 12-

h light:12-h dark. After absorption of the yolk
sac, catfish larvae were fed Tubifex tubifex
(Muller) provided ad libitum. At ten days, the
larvae were fed a trout diet (Aquamaks,
Turkey: 48% protein, 18% lipid) three times a
day ad libitum.

Tribulus terrestris treatment. From the age
of one day, the hatchlings were subjected to
sex-reversal treatment by immersion in water
containing a T. terrestris commercial extract
(supplied by Dietharmonie Medicinal Plants,
France) for 30 days (Van Den Hurk et al.,
1989) at levels of 0 (control), 3, 6, or 9 g
extract per 30 | water. The extract was poured
in the aquaria and the aquaria were aerated
strongly to spread the solution throughout the
water. The extract treatment was repeated
three times weekly for 30 days. Before each
treatment, the water in the aquaria was entire-
ly replaced. After the four-week treatment
period, the fish were kept in 100-l aquaria for
further growth.

Sampling and histological procedures.
Growth and survival were monitored through-
out the experiment. Fish were individually
anesthetized with 300 mg/l lidocaine-
HCL\1000 mg/ NaHCO3 (Park et al., 1988),
weighed to the nearest 0.0001 g, and mea-
sured (total length) to the nearest 0.01 cm.

When the fish reached four months (mean
wt 9.44+2.10 @), the age at which gonads in
male and female catfish can clearly be distin-
guished, 50 randomly sampled fish from each
group were sacrificed. The animals were
anesthetized with 300 mg/l lidocaine-
HCL\1000 mg/l NaHCO3 (Park et al., 1988)
and decapitated. The gonads were removed
and examined to determine the sex ratio. For
histological examination, the gonads were
fixed in 10% neutral formalin and processed
by routine dehydration and paraffin embed-
ding procedures. Cross-sections (4-6 p thick)
were stained with Mayer’'s hematoxylin and
eosin phloxine B solution, examined, and
microphotographed. Testes were classified by
developmental stage based on histological
criteria adapted from Grier (1981).

Statistical analysis. Chi-square (x2) test
was used to determine whether the observed
sex ratios differed from an expected 1:1.
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Differences in growth were assessed by one-
way ANOVA. The Duncan test was used to
analyze which dosage caused the differences
(Norusis, 1993).

Results

An approximately equal number of males and
females was observed in the control (Table
1). However, the number of males was signif-
icantly higher than the number of females in
all extract-treated groups with the best sex
reversal in the 9 g/30 | treatment, indicating
that masculinization is a dose-dependent
process.

Morphological and histological examina-
tion of the gonads revealed no intersex fish
and histological examination of the extract-
treated testes and ovaries revealed no dam-
age to the organ structure. Male gonads con-
tained round premeiotic germ cells (primary
spermatogonia) with round nucleii including
several nucleoli (Fig. 1). There were many
Leydig cells in the interstitium between the
germ cells. Some of the germ cells of extract-
treated fish lined up in small seminiferous
tubules. Lobules containing numerous early
stage spermatocytes (spermatogonia) were
observed. Despite differences in sex ratio,
growth rate, ovaries, and testes, fish treated
with the extract were histologically similar to
fish from the control groups.

At the end of four months, survival and total
length in the extract-treated groups did not dif-
fer from the control (Table 2). The largest gain
in body weight was observed in the 9 g/30 |

group, indicating that T. terrestris has no nega-
tive effect on survival rate and does not seem
to inhibit growth in African catfish.

Discussion

The present study revealed that an extract of
T. terrestris was effective in increasing the
proportion of males and improving growth per-
formance in African catfish. Thus, it seems
that T. terrestris could successfully be used as
a natural alternative to synthetic hormones for
sex reversal in fish culture. Prior to this study,
our group obtained similar results using T. ter-
restris extracts to produce a male population
in P. reticulata and C. nigrofasciatum (Cek et
al. 2007ab).

Although the present research provides
evidence that T. terrestris resulted in a high
rate of masculinization, we cannot conclude
that this potency was caused by an increase
of testosterone since we did not measure
plasma testosterone levels. The T. terrestris
extract did not produce 100% males; a higher
dose may have generated better results. Most
literature on T. terrestris treatments in
humans (Adimolja, 2000; Bucci, 2000) and
rats (Gauthaman et al., 2002, 2003) demon-
strate that it strongly affects androgen metab-
olism, significantly increasing testosterone or
testosterone precursor levels. To our knowl-
edge, this is the first report regarding the
potential of T. terrestris as a masculinization
agent in cultured food fish.

Survival rates were not influenced by the
extract. Similarly, survival was high in studies

Table 1. Effects of Tribulus terrestris treatment on the sex ratio of African

catfish (Clarias gariepinus).

Dose Sex distribution Sex ratio X2

(9/30 1) (male:female) (% male:% female) (compared to control)
0 125:100 55.56:44.44 -

3 161:55 74.54:25.46 52.02*

6 183:48 79.22:20.78 78.90*

9 193:47 80.42:19.58 88.82*

* p<0.001
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Fig. 1. Transversal sections of a testis from a 120-day-old African catfish treated with Tribulus terrestris,
a masculinization agent: (a) general view of the bilobed testis, removed from the posterior region of the body
cavity, (b) close-up of a testis containing primary spermatogonia (PS), many Leydig cells (LC), and germ
cells lined up in small seminiferous tubules (T). Stained by hematoxylin and eosin.

Table 2. Effects of Tribulus terrestris treatment on
survival and growth of African catfish (Clarias gariepi-
nus) at four months.

Dose Survival Total length Body wt
(9/3011) (%) (cm) ()]

0 75+4.58a 10.92+0.52a 8.60+1.31a
3 72+3.21a 11.57+0.58a 9.19+1.29a
6 77+3.22a 10.81+0.67a 8.96+0.762
9 80+2.89a 11.46+0.82a 13.21+0.90b

* Values in a column with different superscripts are sig-
nificantly different at p<0.05.
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on P. reticulata and C. nigrofasciatum (Cek et
al., 2007ab). The growth rate of extract-treat-
ed fish was faster than that of the control, sim-
ilar to results obtained by Georgiev et al.
(1988) in immature sheep, Gauthaman et al.
(2002) in rats, and our group in P. reticulata
and C. nigrofasciatum (Cek et al., 2007ab)

In summary, T. terrestris significantly
enhanced sex reversal and growth in African
catfish. Future studies should measure testos-
terone levels after T. terrestris treatment to
provide more conclusive evidence of the
effects of the herb on the sex ratio and
whether it can successfully be used as a mas-
culinization agent in fish culture.
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