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Abstract This study was carried out between the March 2008 and February 2009 so as to search seasonal
changes of serum testosterone and cholesterol of 180 male individuals and estradiol and cholesterol of 180
female individuals belonging to Capoeta trutta population in Karakaya Dam Lake. Reproduction period of the
population was determined to be between May and June. The amount of testosterone which belongs to male
individuals of C. trutta population was reported to be changeable between 20.20 ng/dl and 1423 ng/dl and the
amount of cholesterol was found to be 112.62 mg/dl — 937.91 mg/dl. Amount of estradiol was determined to be
between 20.10 pg/ml — 3855 pg/ml and the amount of cholesterol was between 83.67 mg/dl — 984.71 mg/dl for
the female population.

Keywords Capoeta trutta, Testosterone, Estradiol, Cholesterol, Karakaya Dam Lake

Introduction

Gonadal steroid hormones can have profound influences on the central nervous system and behavior of
vertebrates either through organizational effects during early development or through activational effects in
adults [1]. The activational effects of gonadal hormones during reproduction are often associated with seasonal
cycles of steroid hormone production and gametogenesis. Such seasonal changes can ultimately influence
reproductive behaviors and are necessary for successful reproduction in all vertebrates. Cyclical changes in the
reproductive hormones of teleost fishes are widely known to occur in association with reproductive cycles and
have been investigated mainly to understand the mechanisms of reproductive behavior, gametogenesis, and
gonadal steroidogenesis [2]. Seasonal changes in circulating levels of gonadal steroid hormones during the
reproductive cycle was described for a variety of freshwater teleost species [3-12].

Cholesterol, a white, waxy, fat-like substance produced naturally in liver, triglyceride and other lipids are
transported by the same way in body fluids by a series of lipoprotiens [13]. According to Dindo and MacGregor
I11 [14] gonadal steroid hormones stimulate the development of gonads, and lipids play an essential role in
energy requirements during gonadal maturation. Seasonal changes in serum gonadal steroid hormones and
serum lipids have been correlated with seasonal gonadal changes in fish [9]. There have been a lot of study on
the level of cholesterol in fishes [9,13-25].

However, there have been not any study on the serum sex steroids and cholesterol in C. trutta. Fort this reason,
we investigated the annual cycle of serum testosterone, estradiol and cholesterol in C. trutta.

Material and Methods

Karakaya Dam Lake (Figure 1) is the third largest dam lake on the River Euphrates (in respect to the surface area
of lake) right after Keban Dam Lake and Karakaya Dam is situated 166 km downstream Keban Dam, in the
locality of Seki Baglari, near the county of Clinglis of Diyarbakir province. Apart from Euphrates as the main
river, Sultansuyu, Tohma Brook, and other small brooks and streams join Karakaya Dam Lake [26].
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Figure 1: Karakaya Dam Lake, Malatya-Turkey [27]

Fish samples were collected from Karakaya Dam Lake by gill nets. Total of 360 C. trutta (180 female and 180
male) were captured between March 2008 — February 2009. Blood samples were collected from the caudal vein
of each fish in the research field monthly. Immediately after collection, the blood samples were brought to the
laboratory by cold chain application and were centrifuged at 3500 rpm for 10 minute and serums were
separated. After, serum samples were stored at -25 °C until analysis. Body weight (g), gonad weight (g) and sex
were determined for each fish. In order to find out spawning period of the fish, the gonadosomatic index (GSI)
values were calculated by formula GSI=[gonad weight/(body weight-gonad weight)]x100 according to Avsar
[28]. Estradiol (in females) and testosterone (in males) were determined using an automatic system (Bio DPC-
Immulite® 2000; electrochemiluminescence) with Immulite® 2000 total testosteron and estradiol test Kits.
Serum cholesterol levels were measured previously described [29]. Microsoft Office Excel 2007 and SPSS 12.0
package programs were used to get the statistical analysis (t-test and one-way ANOVA-Duncan).

Results

In order to determine the reproduction period of C. trutta population, the average gonadosomatic index (GSI)
values of each sex and every individual were calculated on a monthly basis, and these values are shown in Table
1 and Figure 2. It has been found that the gonadosomatic index values of males ranged from 0.10 to 11.06 %,
while gonadosomatic index values of females ranged from 0.07 to 15.03 %. It has been observed that GSI
values of C. trutta population reached the peak level at the beginning and then they scattered their eggs and
sperms in May and June (Table 1 and Fig. 2). Also, secondary sex feature has been seen on the tip of the nose in
the male fishes during the reproduction period.

Table 1: Monthly alteration of gonadosomatic index (GSI) in C. trutta population

Months Gonadosomatic index (Male) Gonadosomatic index (Female)
Min. Max. Mean S.Error N Min. Max. Mean S. Error
March 15 0.10 1.30 0.56 0.098 15 0.25 3.30 1.16 0.218
April 15 0.22 3.78 1.41 0.337 15 0.28 2.40 1.09 0.183
May 15 3.36 11.06 6.66 0.601 15 0.35 15.03 5.19 1.151
June 15 0.14 7.31 1.98 0.572 15 021 9.04 1.86 0.626
July 15 0.16 3.14 0.59 0.186 15 053 5.62 1.53 0.414
August 15 0.19 0.58 0.36 0.027 15 0.26 0.91 0.53 0.053
September 15 0.24 0.98 0.48 0.051 15 0.23 1.47 0.67 0.087
October 15 0.13 1.13 0.54 0.072 15  0.07 1.27 0.74 0.117

November 15 0.28 0.94 0.52 0.055 15 0.30 1.69 0.87 0.125
December 15 0.19 1.17 0.55 0.065 15 021 2.25 1.01 0.156

January 15 0.27 1.14 0.56 0.064 15 0.15 3.27 0.96 0.260
February 15 0.34 1.74 0.81 0.104 15  0.07 2.36 0.91 0.213
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Figure 2: Monthly alteration of gonadosomatic index (GSI) in C. trutta population according to mean values

The average values of testosterone and esradiol were higher in May (testosterone: 754.67 + 94.679 ng/dl;
estradiol: 1516.60 = 301.230 pg/ml) than in other months (Table 2 and Figure 3). After the reproduction period,
the gonadal steroid hormone levels significantly decreased (P<0.05). The highest value of testosterone was
determined 1423 ng/dl in May, while the lowest value was 20.20 ng/dl in August and September. The highest
value of estradiol was determined 3855 pg/ml in May, while the lowest value was 20.00 ng/dl in February
(Table 2).

Also, there has been seen highly correlation (r = 0.87) between monthly average values of testosterone and
estradiol (Figure3).

Table 2: Monthly alteration of testosterone (ng/dl) and estradiol (pg/ml) in C. trutta population

Testosterone (ng/dl) Estradiol (pg/ml)

Months N Min. Max. Mean~ S.Error N Min. Max. Mean~ S.Error
March 15 51.90 304.00 13155® 15.822 15 59.20 947.00 186.72* 57.567
April 15 4420 1212.00 332.43° 77.801 15 39.80 2000.00 655.84° 163.889
May 15 308.00 1423.00 754.67° 94.679 15 175.00 3855.00 1516.60° 301.230
June 15 52.40 439.00 174.97° 36.798 15 162.00 1937.00 1010.87° 144.451

July 15 22.00 90.80 38.17° 5.665 15 14400 962.00 420.53" 66.836
August 15 2020 3580 21.97° 1.009 15 63.90  705.00 215.94* 44.125
September 15 2020 31.30 25.20° 0.945 15 48.00  461.00 134.23* 27.148
October 15 2040 115.00 38.55° 7.699 15 89.80  614.00 230.42% 39.877
November 15 2610 172.00 82.33* 12.455 15 4340 506.00 112.51* 30.004
December 15 20.80 257.00 79.57%®  20.135 15 2050  334.00 108.39% 25.389
January 15 20.60 142.00 63.46® 11.338 15 4160 833.00 274.17* 57.425
February 15 20.80 468.00 110.61% 31.448 15 20.00 608.00 133.31%° 51.364

* There is no statistical difference between the months indicated by the same letter (p>0,05).
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Figure 3: Monthly alteration of testosterone and estradiol in C. trutta population according to mean values
In both sexes the highest values of cholesterol were determined in April (937.91 mg/dl for male; 984.71 mg/dl
for female). While the lowest value of cholesterol was determined as 112.62 mg/dl in November for males, the
lowest value of cholesterol was 83,67 mg/dl (March) for females (Table 3). It has been observed that cholesterol
concentration reached the maximum level in the prespawning month (April). Also, it has been found that
cholesterol concentrations fluctuate throughout the year (Figure 4).

Table 3: Monthly alteration of cholesterol (mg/dl) in C. trutta population

Cholesterol (mg/dl)

Months Male Female
N  Min. Max. Mean" S.Error N  Min. Max. Mean  S.Error
March 15 216.80 492.69 344.39° 22.124 15  83.67 674.65 372.74" 40.232
April 15 383.15 937.91 741.80" 44213 15 14259 984.71 570.55° 50.740
May 15 404.06 840.56 578.74% 29.857 15 377.22 56537 43854" 15215
June 15 280.50 821.22  472.49°° 42794 15 22246 756.94 477.94  40.962
July 15 348.28 848.59 600.02° 38.902 15 23292 630.41 443.78" 26.295

August 15 299.84 64728 397.71® 29552 15 190.36 637.01 396.12* 32219
September 15 199.69 718.95 409.31%° 42408 15 136.52 644.07 308.52* 33.916
October 15 26851 665.13 48557™% 33373 15 251.00 718.28 464.31° 38.771
November 15 11262 672.31 522.34°® 37146 15 172.00 652.31 432.43° 36.671
December 15 22411 800.00 482.89"" 37576 15 263.37 65410 450.16° 33.681
January 15 276.68 754.93 50256™%* 32235 15 316.43 821.60 587.15° 40.213
February 15 176,91 71513 520,73°® 39,602 15 229,02 646,80 437,82° 36,968

* There is no statistical difference between the months indicated by the same letter (p>0,05).
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Figure 4: Monthly alteration of cholesterol in C. trutta population according to mean values

Discussion and Conclusion

The gonadosomatic index values for both sexes reached the maximum level in May. And GSI values were
higher in May and June than in other months. Similarly, it has been previously reported that the GSI values of
the Capoeta trutta population living in the Karakaya Dam Lake are higher in May and June than in the other
months [30].

Throughout the prespawning period, testosterone and estradiol levels were very low. Our data are consistent
with those of other researchers [9,14,31-33]. Testosterone and estradiol levels of both sexes were highest in
May. After the spawning period steroid hormone levels decreased significantly (P<0.05). The rapid increase in
serum gonadal steroids in both sexes of C. trutta is highly correlated with increases in the gonadosomatic index.
Seasonal patterns of correlation between serum steroids and gonadal maturation have been reported previously
[9,14,34,35].

Cholesterol concentrations for both sexes are fluctuate throughout the year. However, the highest values of
cholesterol were determined in April in C. trutta. Dindo and MacGregor [14] reported that serum total lipid
concentrations in females were often significantly higher than in males but the seasonal fluctuations were
similar. In addition, they also reported that cholesterol concentrations for both sexes were similar throughout the
year in the striped mullet. The same cholesterol result was reported in Salvenilus fontinalis [36], Capoeta
capoeta umbla [9]. Associated with an increase in serum cholesterol during April is the period of gonadal
enlargement and elevated serum estradiol and testosterone in C. trutta. According to Erdogan et al. [9],
cholesterol is also the precursor of steroid hormones [36]. Cholesterol decreased with the beginning of
reproduction activity in May. It is estimated that deposited energy was used for reproduction activity. Low level
of cholesterol at the time of spawning have been confirmed by Dindo and MacGregor [14], Cerda et al. [33],
Erdogan et al. [9] and Kocaman et al. [13]. Many researchers have reported that fish deposit the source of foods
in their tissue and liver. Then these deposited foods are used in reproduction and other activities [9].

In conclusion, it was seen that monthly alterations in gonadosomatic index, serum gonadal steroids and serum
cholesterol levels in both sexes were associated with the reproduction cycle.
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