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Abstract:

BACKGROUNDS: There are some evidences that cholesterol
can affect fishreproductivesystem. OBJECTIVES: Inthisstudy the
effect of high diet cholesterol on fish sex hormones and gonads
weight was investigated. METHODS: A randomized experiment
was conducted on 90 immature common carp. The fishes were
divided into three groups with three replicates each (control, 0.5%
cholesterol diet, and 1% chol esterol diet). After one-monthfeeding,
progesterone, estrogen and testosteroneweremeasured. RESULTS:
Thelevel of progesteroneincontrol group, 0.5% chol esterol and 1%
cholesterol diet were 1.83+0.42, 2.45+0.38 and 2.62+0.52 ng/ml,
respectively. Also thelevel of estrogenin control group, 0.5 % and
1% cholesterol diet were 3670.34+186.26, 3791.20+98.48, and
3836.78+81.74 pg/ml, respectively., while those of testosterone
levels were 1.75+0.319, 2.09+0.425, and 2.25+0.321 ng/ml,
respectively. The highest and the lowest body weight and gonad
weight were observed in fish fed %1 cholesterol and the control,
respectively. The results showed positive effects of cholesterol on
sexua hormones, the 0.5 % chol esterol diet and the 1% chol esterol
diet did not show any significant differencein the sexual hormones
levels. CONCLUSIONS: The results indicated that the effect of
cholesteral on the these sex hormones, gonad weight, body length
and body weight was significant (p<0.01). We can conclude that
diets of 0.5% cholesterol can be used to increase the amount of
sexual hormonesin common carp.

I ntroduction

Theproduction of common carp and Chinesecarp
isthelargest formof aquacultureinlran.Althoughwe
do not have access to recent and precise production
figures, because they are not published, Common
carp and threespeciesof Chinesecarp, arealmost the
only kinds of aquaculture system in the Khuzestan
province. Cholesterol isanaturally occurring steroid
which is mainly produced by animal cells. Thereis
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some evidence that cholesterol can affect a fish's
reproductive system (Diazfontdevila,and Bustosobregon,
1993; Bjerkeng et al., 1999; Montoudis et al., 2004,
Leroy et a., 2010). Much research has been
undertakento control and managethereproductionof
cultured species by means of exogenous steroid, or
non-steroids, administered by immersion or in the
diet at various stages of development (Burzawa-
Gerard, and Dumas-Vidal, 1991; Carwell and Liley
and Kroon, 1995; Christians, J.K.; Williams, T.D.
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1999; Bennetau-Pelissero et a., 2001; Engehardt,
2004). Although a few studies have involved
cholesterol asasex hormoneprecursor (Rainieetal.,
2006), thereisno study ontheeffect of cholesterol on
steroid productionin common carp.

Sex hormonesaresteroidssecretedfromthetestes
and the adrenal glands in both male and female
animals. Asin other vertebrates, cholesterol acts as
precursor for the biosynthesis of sex steroidsin fish.
Steroid biosynthesis mainly occurs in the somatic
cells of the testis and ovary, which results in the
production of an array of sex steroids (Kumakura et
al., 2004). Thepathway initiateswith the synthesisof
the steroid precursor pregnenolone, via cleavage of
cholesteral, is followed by the production of
progesterone. In the ovary, thecal steroids (mainly
testosterone), aremadeintogranulosacellswherethe
enzyme aromatase is expressed, resulting in the
conversionof testosteronetoestradiol-17h. Thelatter
steroid is necessary for oocyte growth (Devlin and
Nagahama 2002).

Sex steroids are not only essential for bone
growth, but also for maintenance of skeletal integrity
as shown by skeletal changes following sex steroid
deficiency in humans and rodents. Cholesterol may
appear to be involved in the feedback control of sex
hormone levels in fish. Some experiments showed
that adding cholesterol to the food of females
reversibly reduces circulating estradiol, or may play
a role in increasing their hormone production by
stimul ating and modifying steroid level s(Vandenput
et a., 2004, Riggs et a., 2002, Calewaert et a.,
2009). Thereforeinaninitial gpproach,weinvestigated
sex hormone(testosterone, progesteroneand estrogen)
levelsin the serum of common carp as afish model.
Thefactor condition, or length-weight rel ationship of
anindividual fish, can beanother important response
tohormones. Thisraisesthepossibility that thiseffect
may be found due to the impact of sex hormones on
the body metabolism of the fish. In this study, we,
aso, investigated the influence of cholesterol on a
fishes gonad and body weight.

Materialsand M ethods

Experimental groups: Ninety common carp,
weighing 65+5.1 g, wereobtained fromafishfarmin
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Khuzestan Province, Iran. Thefishweredividedinto
three groups (control, 0.5% cholesterol and 1%
cholesterol) with three replicates for each group
(n=10). All fishwerefed 3% body weight, daily. Two
groups were fed a high-cholesterol diet (0.5%
cholesterol and 1% cholesterol added to commercial
fish food) for 4 weeks, and one group receiving only
commercia diet (control group, under 0.01%
cholesterol). The water quality consisted of
temperature22 °C, dissolvedoxygen6-7mg/l,pH 7.6
and salinity 1.3 ppt.

Blood sampling: After a one-month period,
blood sampleswerecollected fromfishviathecaudal
vein. After clotting (in refrigerator, 4°C), blood
sampleswere centrifuged (2000g for 5 minutes) and
theobtai ned seruawerestored at -20°C until hormone
assay. All 30 fish in each group were sampled
individualy.

Biometry and gonad weight measurement:
After blood sampling, the fish were euthanized and
body length and total weight, gonad weight and the
sex of fish, were determined.

Radioimmunoassay: Progesterone, estrogen
and testosterone were measured by radioimmunoassay
(RIA) technique and the concentrations of these sex
steroidsinthefish serum samplesweredetermined as
described by Shimizu et a., 1985. Hormone kits
(BiosourceEuropeS.A., Belgium) andgammacounter
(Gamma-1, LTiGenesys) wereusedforthemeasurements.
All ssampleswere measured in duplicate.

Satistical analysis: Data were analized using
analysis of variance (PROC GLM) in the SAS
statistical program and LSD test at probability level
of 5%. The Pearson Correlation Test was used for
correlation testing between parameters (weight and
hormone concentrations). Results with a p<0.05,
wereregarded assignificant.

Results

The levels of progesterone were 1.83+0.42;
2.45+0.38; and, 2.62+0.52 ng/ml, in the control
group, the 0.5% cholesterol and 1% cholesteral,
respectively. Thelevel of estrogenin control group,
0.5% and 1% cholesterol diet were, 3670.34+186;
26,3791.20+98.48; and, 3836.78+81.74 pg/ml
respectively. For testosterone these levels were,
1.75+0.355; 2.09+0.425; and, 2.25+0.321 ng/ml
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Figure 1. Comparison of progestrone levels (MeantSEM)
between maleand femalefishinthestudied groups.* a, b, c, d-
differentletterineachbar meanssignificant differencebetween
parameters.C0 Malem Female
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Figure 3. Comparison of testosterone levels (MeantSEM)
between maleand femalefishinthestudied groups.* a, b, c, d-
differentletterineachbar meanssignificant differencebetween
parameters. O Malem Femae

respectively. The results indicated that the effect of
cholesterol onthesex hormones(estrogen, progesterone
and testosterone), gonad weight, length, and body
weight was significant (p<0.01). No significent
difference was found in the contents of testestrone
and progestrone between 0.5% and 1% cholesterol
groups (p>0.05).

The mean levels of estrogen and progesteronein
femal esweresignificantly higher thaninthemalesin
al groups. However, themeanlevel of testosteronein
al malesgroupsfoundto besignificantly higher than
inthefemales(p<0.05) (Figure 1, 2 and 3).

Correlation analyses revedled a significant
positive correlation (r =0.623) between body weight
and gonad weight in al groups (Table2).Furthermore,
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Figure 2. Comparison of estrogen levels (MeantSEM)
between maleand femalefishinthestudied groups.* a, b, c, d-
differentletterineachbar meanssignificant differencebetween
parameters.C0] Malem Female

gonad weight showed asignificant positive correlation
withhormonesleve inbothcholesterol groupsaswell as
inthe control group. No correation wasfound between
estrogen and progesterone level inthe groupsthat were
studied.

Discussion

There have been many investigations on sex
manipulation in fish, using exogenous steroids
(Piferrer, 2001; Devlin and Nagahama, 2002). The
vast majority of thisresearch has been undertaken to
control thereproductionof cultured species, although
afew studies have al so explored the mechanisms of
exogenous deroid action some experiments have
involved in different androgens,estrogens,or precursor
steroids administered by immersion or in the diet at
various stages of development (Wonnacott et al.,
2010). Different dosages and durations of treatment
have been employed and summarized by Devlinand
Nagahama2002.

Theresults of these studiesindicated that thereis
a significant effect from cholesterol on the sex
hormonesof estrogen, progesteroneand testosterone.
The mechanismsfor raising hormone levels may be
due to raising its precursor in the blood. The extra
cholesteral level infood may act as precursor for the
biosynthesis of sex steroids. Some experiments
showed that adding it to the food for females,
reversibly reduces circulating estradiol, or may play
aroleinincreasing hormoneproduction by stimulating
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Tablel. Hormonelevels, body length and gonad weight (M eantS.E.M) of control and experimental groupsincommon carpinboth sexes
(number of fish in each group: n=10 with 3 replicate). * a, b, c- Different lettersin each column show significant difference between
parameters.

Group Body length Body weight Gonad weight Estrogen Testestron Progestron

(cm) () () (ng/ml) (pg/ml) (pg/ml)
Control 1952+1.062°°  95.00+11.64°  158+0.486°" 3670/34+186.26"" 1.75+0.319”"  1.83+0.42"
05% cholestrole  19.92+0.998°  105.05+11.24°  228+0622%  3791.20+98.48%  2.09+0.425% 2.45+0.38°
1% cholestrole  20.63+0.835%  117.75+8.98° 2.39+0.584%  3836.78+81.74%  2.25+0.321° 2.62£0.52%

Table 2. Summery of correlation between hormonal level and some of the body characteristics of common carpin al groups of the data
pool. The figures show the r values between studied parameters in each column and raw values. *- correlated in 90% confidence
(Significant) **- correlated in 95% confidence (Significant)***- correlated in 99% confidence, (Significant)ns- Non-correlated
significantly (non Significant).

Body weight Gonad weight Body length Testosterone Estrogen Progesterone
Body weight (gr) 1 0.623*** 0.465*** 0.609*** 0.567*** 0.396***
Gonad weight (gr) 1 0.316** 0.581*** 0.237* 0.555%**
Body length (cm) 1 0.282** 0.402%** 0.297**
Testosterone (ng/ml) 1 0.250* 0.457***
Estrogen (pg/ml) 1 0.214ns
Progestron (ng/ml) 1

and modifying steroid levels (Riggs et al., 2002,
Callewaert et a., 2009). However, without doing
repeated experiments and to gain knowledge of the
specific mechanisms, it is difficult to know whether
the changing of steroid biosynthesis will occur by
administrating these steroids, or their precursors.

Bothfemae, andmale, carp, respondedtothehigher
levels of cholesterol via increasing in the estrogen,
progesterone and testosterone levels. As expected,
the mean testosterone hormone in the females was
lessthan that foundinthemales. Thisresultindicates
that common carp canrespond to the high cholesterol
diet by at least increasing androgen secretion, or
decreasing androgen clearance. Testosterone, secreted
by Leydig cellsin the testis, is the primary steroid
hormone that maintains mae fertility. Serum
testosterone levels might be a good marker of the
Leydig cell function. Cholesterol is a typica food
ingredient that can be used as a processor for this
hormone and for increasing plasma levels of
testosterone.

According to our results, it becomes evident that,
due to the elevation in serum hormones during
exposure to the high cholesterol diet, there was a
significant effect onbody andgonadweight (Tablel).
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Wefound that the maximum and minimum body and
gonad weight was observed asaresult of theuseand
lack of cholesterol, respectively. The level of sex
hormone in Zebra fish strongly affected the
embryonic offspring survival. This might be related
to sex-specific effectsof the hormone on eggweight,
offspring development, and parental behavior
(Engelhardt et al., 2004). Estradiol can stimulatethe
liver to produce albumin and yolk precursors and
affect egg composition (Christians and Williams
1999). Albumen enhances embryonic protein
synthesis and structural growth of the embryo
(Muramatsu et al ., 1990).

Although the comparison of the mean results
suggests a positive effect of cholesterol on the sex
hormones (estrogen, progesterone and testosterone),
no significant difference was seem in the sexua
hormone level. Therefore, diet concluding 0.5 %
cholesterol can increase the levels of sexual
hormones in common carp. The Mukhi et a., 2007
observations suggested an important role for
thyroxin in the process of gonad sex differentiation
and reproductive function. Thyroid function may be
affected by cholesteral, directly or indirectly, dueto
sex hormone changes. Changesin steroid biosynthesis

1JVM (2012), 6(1):23-28
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during maturationin femalesare mediated in part by
a reduction in the amount of ovarian aromatase
enzyme,and consequently the reduced conversion of
testosterone to estradiol in the follicle (Young et
a.,1983). Kubokawa et al. (1999) reported salmon,
themeaninitial testosteronelevel infemales(159.3+
66.0 ng/ml) was significantly higher than that in the
males (34.9£6.2 ng/ml).

Although our study showed that application of
steroids' precursors may influence the course of
gonadal development. Sex receptorswereidentified
in the early stages of a fish's gonads development
(Chang et a.,1999). Therefore, steroids can have an
effect in early stages of the growth of fish and on
gonad activity (Dulkaet al.,1987). If sufficient levels
of sex steroids are provided, particul arly at stages of
gonad development, early maturity may occur.The
present study demonstrated a significant effect of
0.5% and 1% chol esterol diet over sex hormonelevel
and gonad weight. Theincreasing of gonad weight is
an interesting finding in the context of maturity
considerations.

Cholesterol supplementation can be suggested as
a promising method to use for brood stock feeding,
because it seems to accelerate growth in fish, and
avoidsthe undesired effects of hormone therapy. On
theother hand, thecholesterol treatment, by changing
the hormonal status, may induce vitellogenesis,
oocytematurationand eventually ovarian devel opment.
The recent report by Horner 2009, concludes that
follicle estrogen can regulate bone mass. In the
present study using younger juvenile carp (one year
old) wewerenotableto show that they werereceptive
and able to induce maturation via cholesterol
overfeeding. Our study showed that during sex
maturationalittleshiftinsteroidbiosyntheticactivity
occurred in both sexes, which may have had effects
on both somatic (body weight) and gonad tissues
(gonad weight).

There are no reports on the normal values of sex
hormonesof common carp and other cyprinid species.
Unfortunately, most of the biological and physiological
studies on these topics have been done on other fish
species (Kubokawa et al.,1999). The environmental
conditions in the Khuzestan province are different
fromother regions. Inthisarea, thefishgrowthrateis
high and thefish mature sooner than expected period.
Therefore, thisstudy of sex hormones changesisthe
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firstfor thisfish speciesinthisregion.

In conclusion, cholesterol overfeeding is associated
with high serum sex hormone concentrations. This
treatment seems to induce changes in reproductive
endocrine functions in maturing common carp.
Therefore, wecanreasonably assumethat chol esterol
overfeeding, for 1 month can result in maturity
inducing effectsin thisfish species.
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