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This is the first study on the effects of salinity as a stress on the 

differential expression of the aromatases (CYP19 a & b) in the Nile tilapia 

(Oreochromis niloticus) tissues (ovary, testis and brain of female). The 

experiment was conducted to study the effects of five different salinity 

levels (10‰, 15‰, 20‰, 25‰ and 30‰) as a stress on the expression of 

aromatase genes. The fish were transferred gradually from lower 

concentration to higher concentration of salinity for adaptation. The results 

of the expression of CYP19a in the gonads of O. niloticus as a response to 

the stress of salinity revealed the positive correlation between salinity and 

the relative CYP19a expression in the ovaries and testes of all treatments 

with marked higher values in ovaries than testes and this can be ranked in 

the order: 30‰ > 25‰ > 20‰ > 15‰ > 10‰. With the increase of salinity 

levels, the relative CYP19a expression in the ovaries varied from 0.8 with 

the treatment of 10‰ to 7.58 with that of 30‰, while the expression in the 

testes ranged from 0.65 to 3.48 respectively. Similarly, the direct 

relationship was observed between the relative expression of CYP19b in the 

brain of females (0.026 to 0.037) and the increasing levels of salinity. 
 

INTRODUCTION  

 

Cichlids are the most common species and highly economic fishes in most lakes 

in Egypt. It has many species at Lake Manzala like Oreochromis niloticus, 

Oreochromis aureus, Sarotherodon galilaeus and Tilapia zillii. Although O. niloticus 

is the most popular cultured fresh water species worldwide, it has the least salinity 

tolerance in contrast of other tilapia species (Kamal and Mair, 2005; El‐Saidy and 

Gaber, 2005; El-Zaeem et al, 2011). A previous study by Jaspe and Caipang, (2011) 

reported that Nile tilapia could tolerate brackish water with salinity up to 25‰.  

Aromatases are enzymes that shared in the production of estrogen that works by 

stimulating the conversion of testosterone (an androgen) to estradiol (an estrogen). 

Aromatases existed in estrogen-producing cells in the adrenal glands, ovaries, 

placenta, testicles, adipose (fat) tissue, and brain (Chang et al., 2005). They are 

essential proteins in the control of steroid balance through sexual differentiation, 

development, and reproduction (Diotel et al., 2010).  

Teleosts express two structurally and functionally P450 aromatase isoforms, 

named Cyp19a and Cyp19b. They illustrate special regulation mechanisms and tissue 

http://www.medicinenet.com/estradiol/article.htm
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distribution; cyp19a (ovarian aromatase) and cyp19b (brain aromatase), together 

synthesizing estrogens from androgens (Cheshenko et al., 2008). The gene that 

adjusted aromatase enzyme and correlated with sex-differentiation, reproduction and 

behavior regulates sex differentiation in fish. Its activities are exclusive in certain 

organs in fish that engaged with estradiol synthesis (Callard et al., 2001). 

 The present study aims to provide an overview describing the potential of Nile 

tilapia as a model to determine its response to environmental stress of salinity through 

studying the effect of different salinity treatments (10‰, 15‰, 20‰, 25‰ and 30‰) 

on the expression of CYP19a & b in the ovary, testis and brain of O. niloticus.  

 

MATERIALS AND METHODS 

 

Experimental fish 

Adult Nile tilapias (Oreochromis niloticus) of mixed sex with a mean weight 

ranging from 50-100 g were collected from a fish farm located at Lake Manzala. For 

adaptation with the laboratory conditions, the collected fish were acclimatized in 

rectangular fish holding fiberglass tanks (3m x 1m) for one month before starting the 

experiment. 

 

Experimental design for salinity as a stress response 

Five groups of fish were subjected to salinity increasing of 3‰ per hour from 

the reference control (1.5‰) until salinities of 10‰, 15‰, 20‰, 25‰ and 30‰. All 

the treatments including control were performed in triplicates. For increasing water 

salinities in experimental groups, underground water (28.8‰) and sea salt were 

added to adjust the highest concentration of salinity. The fish were transferred 

gradually from lower concentration to higher concentration of salinity for adaptation. 

There were ten fish for every 1 cubic meter of water. One-third of the tank water was 

changed every two days throughout the experimental period in addition to removing 

uneaten feed, feces or any foreign materials. 

Salinity was measured daily and adjustments were made if required to maintain 

the experimental conditions. The experiment was carried out at room temperature 

(25±2
o
C) under normal laboratory light conditions for one month as an experimental 

duration. 

 

Formulation and percentage of proximate composition of the diet used for fish 

feeding during the experimental period 

The diet was offered regularly 4% of fish wet body weight twice a day. The 

components and the proximate composition are mentioned in Table (1). 

 

Water quality analysis 

Reference water used in this experiment was collected from the reference site 

close to El-Matariya Research Station for aquatic resources, Dakahlia Governorate, 

Egypt. Water quality measurements for the reference and underground waters 

include physicochemical parameters, dissolved polyaromatic hydrocarbons (PAHs) 

according to Parson et al., (1985) and UNEP (United Nation Environment Program), 

(1991), extraction of the dissolved heavy metals according to the standard methods 

of APHA, (1989) and extraction of organochlorine pesticides (OCP) according to 

UNEP, (1988). The analysis of both sources of water is shown in Table (2). 
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Table 1: The formulation and proximate composition of the diet used for fish feeding. 

Ingredient Inclusion Level (%) 

Wheat Bran 30% 

Rice Bran 30% 

Fish meal 30% 

Yellow corn 6% 

Mineral mix 1.5% 

Yeast 1% 

Vitamin mix 1.5% 

Total 100% 

Proximate composition 

Crude Protein 25% 

Ether extract 12% 

Crude fiber 5.5% 

Moisture 8.76% 

Ash 12.84% 

 

Table 2: Water quality analysis of the reference and underground water  

Physicochemical parameters Reference water Underground water 

Salinity 1.5 28.8 

Temperature 22.4 22.4 

pH 8.25 7.12 

Conductivity 3.68 43.2 

PAHs Reference water Underground water 

Cu 1.33 2.65 

Cd 0.23 0.32 

Pb 1.32 3.75 

Zn 10.69 26.64 

PAHs Reference water Underground water 

                   ∑ PAHs 3.46 ND 

  OCP Reference water Underground water 

∑ OCP 17.58 5.12 

 

Total RNA isolation (AGPC method) with slight modification 

Samples of gonads and brain of O. niloticus were collected after scarification of 

fish, immediately stored in liquid nitrogen (-80 °C), then total RNA was isolated from 

the frozen tissues using Acid Guanidinium Thiocyanate Phenol Chloroform (AGPC) 

extraction method according to the principles of Chomczynski and Sacchi, 1987 and 

Chomczynski, 1993 with slight modification. 

Cloning of single cDNAs strand then double strands using PCR technique was 

carried out using SCRIPT RT-PCR two-step Kit (Jena Bioscience) according to the 

manufacturer protocol. 

 

Primer designing for CYP19 a & b 

For designing CYP19a & b specific primers to brain and ovarian aromatases of 

Oreochromis niloticus, cytochrome p450 brain aromatase mRNA; accession number: 

NM_001279590.1 and ovarian aromatase of Oreochromis niloticus cytochrome p450 

aromatase mRNA, complete cds; accession number: U72071.1 were retrieved from 

the Gene Bank and used as the reference sequence for CYP19a & b primers specific 

to Oreachromis niloticus. 

To measure the expression level of the target gene in cells, the RNA amount 

applied in the assay should be normalized to a fixed amount. This can be achieved by 

performing Quantitative Real Time PCR (QRT-PCR) and amplifying an internal 

reference template such as a housekeeping gene (Oris and Roberts., 2007). For 

http://www.ncbi.nlm.nih.gov/nucleotide/525506930?report=gbwithparts
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designing specific primers of β-actin of Oreochromis niloticus , Oreochromis 

niloticus β-actin mRNA; accession number: KJ126772.1 was used. The selected 

primers were designed and presented in Table (3). 

 
Table 3: Sequences, start, stop and GC% contents of CYP19a (ovarian aromatase), CYP19b (brain 

aromatase) primers and β-actin (internal control) primers for QRT-PCR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preparation and normalization of the QRT-PCR reaction 

The QRT-PCR reaction was performed using SYBR green with high ROX, 

(enzynomics kit, Korea). SYBR green participate with cDNA and specific primer of 

CYP19a or CYP19b of O. niloticus and react together in real time PCR according to 

the method of Bustin, 2004 to get specific gene expression; CT (TAR) that is 

normalized to non-targeted β-actin as a reference gene; CT (REF) within the same 

sample. To determine ΔCT, the following equation was applied: 

ΔCT = CT (TAR) – CT (REF) 

For biological replicates in this experiment, the average of ΔCT for replicates is 

exponentially transformed to the ΔCT Expression in a next equation as the following:  

ΔCT Expression = 2
–ΔCT

 

The mean is then normalized to the expression of ΔCT expression (TAR) from 

a separate well treated with non-targeting control of reference site to find ΔΔCT. This 

accounted for any effects associated with the experimental procedure and is 

expressed as the ratio of the targeted ΔCT expression to the non-targeted ΔCT 

expression. 

Percent knockdown was calculated by subtracting the normalized ΔΔCT 

Expression from 1 (defined by the level of expression for an untreated sample) and 

multiplying by 100, with the following equation: 

% KD = (1 – ΔΔCT) × 100 

RESULTS  

 

Relationship between salinity levels and percentage of survival rate  

As shown in Table (4) and Figure (1), the highest survival rate (100%) of O. 

niloticus was recorded with the reference water. On the other hand, the survival rate 

was inversely related to the increase of water salinity. The lowest value of survival 

rate (85%) was recorded at the highest salinity treatment (30‰). 
 

Table 4: Percentage of the recorded survival rates 

Salinity (‰) 1.5 10 15 20 25 30 

Survival rate (%) 100 97 93 93 91 85 
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Fig. 1: The survival rate of different salinity treatments 
 

Expression of ovarian and brain aromatases of O. niloticus of the reference 

water (1.5‰) 

As shown in Table (5), the replicates of CT values of CYP19a expression in the 

ovary and testis of O. niloticus and the replicates of CT values of CYP19b expression 

in brain of female for 1.5‰ concentration of salinity as a control was normalized to 

the replicates of CT values of β-actin gene as a reference gene (ΔCT Ref.). ΔCT 

expression (ΔCT Exp.) is normalized to a corresponding average of ΔCT of control 

samples. The obtained results recorded the relative expression (ΔΔCT) of CYP19a for 

ovary and testis which normally equals to 1. Also, the relative expression of cyp19b 

in the brain of female is equals to 1. 
 

Table 5: The values of multiple data points are with replicates of treatment 1.5‰ of salinity as 

reference water. 

 

Expression of aromatases as a response to environmental stress of salinity 

As shown in Tables: (6), (7), (8), (9), and (10), the relative expression of 

CYP19 a & b were studied by QRT-PCR analysis in female and male of O. niloticus 

with different salinity treatments (10‰, 15‰, 20‰, 25‰, and 30‰) respectively. 

The expression of the target gene (CT Target) was normalized to the expression 

of the reference gene; β-actin (CT Reference) to obtain ΔCT Expression. The 

normalization to the control was as the ratio of the targeted ΔCT Expression to ΔCT 

Expression of the control to find ΔΔCT. 

 
 

 

 

 

 

 

 

1
.5

‰
 

Organ 
CT 

Target 

CT 

Ref. 
ΔCT 

ΔCT 

Exp. 

ΔCT 

Exp. Std. 

Dev. 

ΔΔ 

CT 

ΔΔCT 

Std. 

Dev. 

% 

KD 

Ovary 

 

38.75 26.30 12.45 

0.00024 0.0001 1 0.47 - 
39.00 26.50 12.50 

38.06 26.86 11.20 

Average= 12.05 

Testis 34.88 26.53 8.35 0.003 0.0013 1 0.4 - 
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Table 6: The values of multiple data points are with the replicates of 10‰ treatment of salinity and the 

reference water. 

 

Table 7: The values of multiple data points are with replicates of 15‰ treatment of salinity and the 

reference water. 

 

Table 8: The values of multiple data points are with the replicates of 20‰ treatment of salinity and the 

reference water. 

 

1
0
‰

 

Organ  
CT 

Target 

CT 

Ref. 
ΔCT 

ΔCT 

Exp. 

ΔCT 

Exp. Std. 

Dev. 

ΔΔ 

CT 

ΔΔ 

CT Std. 

Dev. 

% 

KD 

Ovary  

 

36.40 23.30 13.10 

0.0002 7.7E-05 0.8 0.26 74.90 
36.00 24.00 12.00 

36.70 24.74 11.96 

Average = 12.35 

Testis  

 

33.91 24.10 9.81 

0.002 

 

7.7E-05 

 

0.65 0.03 34.60 
32.70 24.35 8.35 

33.20 24.38 8.82 

Average = 8.99 

Brain of 

female 

 

32.91 26.12 6.80 

0.008 0.0016 0.026 

 

0.006 

 

97.30 
33.70 26.30 7.39 

33.20 26.33 6.88 

Average = 7.02 

5
‰

 

Organ  
CT 

Target 

CT 

Ref. 
ΔCT 

ΔCT 

Exp. 

ΔCT 

Exp. 

Std. Dev. 

ΔΔ 

CT 

ΔΔ 

CT Std. 

Dev. 

% 

KD 

Ovary  

 

25.60 13.30 12.30 

0.0004 0.0002 1.65 0.66 -65.25 
24.90 14.10 10.80 

25.30 14.50 10.80 

Average = 11.30 

Testis  

 

37.50 29.80 7.70 

0.005 

 

0.0014 

 

1.56 0.47 -55.6 
36.53 29.20 7.33 

37.20 29.00 8.20 

Average = 7.74 

Brain of 

female 

 

33.50 26.40 7.10 

0.008 0.012 0.028 0.004 97.12 
33.12 26.00 6.12 

33.70 26.11 7.59 

Average = 6.90 

2
0
‰

 

Organ  CT 

Target 

CT 

Ref. 

ΔCT ΔCT 

Exp. 

ΔCT 

Exp. 

Std. Dev. 

ΔΔ 

CT 

ΔΔ 

CT Std. 

Dev. 

% 

KD 

Ovary  

 

32.60 22.01 10.59 0.0005  

2.6E-05 

 

2.19 0.09 -118.6 

32.50 22.00 10.50 

33.00 22.40 11.60 

Average = 10.90 

Testis  

 

37.50 30.00 7.50 0.006 0.0026 1.98 0.86 -98.7 

36.53 29.76 6.77 

37.20 29.30 7.90 

Average = 7.56 

Brain of 

female 

 

32.12 25.30 7.10 0.009 0.006 

 

0.029 0.019 97.11 

31.16 25.01 6.12 

33.04 24.73 7.59 

Average = 6.94 
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Table 9: The values of multiple data points are with the replicates of 25‰ treatment of salinity and the 

reference water. 

 

Table 10: The values of multiple data points are with the replicates of 30‰ treatment of salinity and 

the reference water. 

 

As shown in Fig. (2), the present study of the relative expression of CYP19a in 

the ovary of O. niloticus with different treatments of salinity reported that the highest 

relative expression of CYP19a in the ovary was 7.58 with the treatment of 30‰ of 

salinity, followed by 5.2 with the treatment of 25‰, 2.19 with the treatment of 20‰ 

and 1.65 with the treatment of 15‰.  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2: The relative expression of aromatase gene (CYP19a) analyzed by QRT-PCR in the ovary of O. 

niloticus with different salinity treatments. 

2
5

‰
 

Organ  
CT 

Target 

CT 

Ref. 
ΔCT 

ΔCT 

Exp. 

ΔCT 

Exp. 

Std. Dev. 

ΔΔ 

CT 

ΔΔ 

CT. 

Std. Dev. 

% 

KD 

Ovary  

 

32.15 22.20 9.59 

0.0014 0.0003 5.20 1.00 -939.6 
32.50 22.80 9.70 

32.69 23.40 9.29 

Average = 9.65 

Testis  

 

35.75 28.24 7.51 

0.007 0.002 2.40 0.56 -143 
35.08 28.21 6.87 

34.92 28.00 6.92 

Average = 7.10 

Brain of 

female 

 

31.37 24.21 9.16 

0.087 0.003 0.03 0.01 97 
31.53 24.51 6.12 

32.00 25.65 7.59 

Average = 6.84 

3
0
‰

 

Organ  
CT 

Target 

CT 

Ref. 
ΔCT 

ΔCT 

Exp. 

ΔCT 

Exp. 

Std. Dev. 

ΔΔ 

CT 

ΔΔ 

CT  

Std. Dev. 

% 

KD 

Ovary  

 

30.68 21.00 9.68 

0.0018 0.001 7.58 3.24 -657 
30.63 21.53 9.28 

30.04 21.69 9.35 

Average = 9.10 

Testis  

 

33.50 26.04 7.46 

0.01 0.005 3.48 

 

1.63 

 

-247.6 
32.10 26.01 6.09 

32.73 26.53 6.20 

Average = 6.58 

Brain of 

female 

 

35.43 28.90 6.53 

0. 01 0.003 0.037 0.01 96.23 
35.11 29.00 6.11 

35.70 28.80 6.90 

Average = 6.51 
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Finally, the lowest relative expression of CYP19a in the ovary (0.8) was 

recorded with the treatment of 10‰ that is the only treatment which recorded mRNA 

knockdown by 74.9%.  

Generally, the direct relationship was clearly observed between salinity and the 

relative gene expression of CYP19a in the ovary.  

The relative expression of CYP19a in the testis of O. niloticus under the stress 

of salinity with different treatments is shown in Fig. (3). The treatment of 30‰ 

recorded the highest relative expression of CYP19a in the testis (3.48), then 2.4 with 

25‰, followed by 1.98 with 20‰, while 15‰ showed 1.56. The lowest relative 

expression of CYP19a in the testis (0.65) was recorded with the treatment of 10‰ of 

salinity. The treatment of 10‰ is the only treatment which recorded mRNA 

knockdown by 34.6%. 

Generally, the relative expression of CYP19a in the testis is directly 

proportional to the increment of salinity. 

  

 

 

          

 

 

 

 

 

Fig. 3: The relative expression of aromatase gene (CYP19a) analyzed by QRT-PCR in the testis of O. 

niloticus with different salinity treatments. 

 

On the other hand, the relative expression of CYP19b in the brain of the 

females with different salinity treatments is shown in Fig. (4). The present study of 

the relative expression of CYP19b in the brain of female recorded its highest value 

(0.037) with the treatment of 30‰ of salinity, while the treatment of 25‰ recorded 

0.03, then 0.029 with the treatment of 20‰, followed by 0.028 with 15‰. Finally, 

the lowest relative expression of CYP19b in the brain of female (0.026) was recorded 

with 10‰. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The relative expression of aromatase gene (CYP19b) analyzed by QRT-PCR in the brain of the 

female of O. niloticus with different salinity treatments. 
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The relative expression of CYP19b in brain of females was accompanied with 

mRNA knockdown percentage which was inversely proportional to salinity 

increment. The recorded values were 97.3%, 97.12%, 97.11%, 97% and 96.3% with 

10‰, 15‰, 20‰, 25‰ and 30‰ respectively. 

In conclusion, the positive relationship was obviously observed between the 

relative expression of CYP19b in the brain of females and salinity.  

 

DISCUSSION 

 

Regarding the survival rates, what is well known among Tilapia spp. is that Nile 

tilapia is the least tolerant to high salinity levels. Previous studies indicated that the 

maximum capacity of Nile tilapia to survive in 25‰ (Jaspe and Caipang, 2011). 

However, in this study, we exceeded the limits of this range to be 30‰ and this 

affects the survival rate to become 85% in this treatment. Previous studies observed 

that the survival rate of fish is significantly varied with different salinity levels 

(Kang'ombe and Joseph, 2008). Watanabe et al., (2007) observed that growth and 

survival in fish are not affected at different salinity levels when the temperature 

exceeds 27°C but salinity has a pronounced effect at temperatures below 25°C. 

Contradictory to our and previous studies, Iqbal et al., (2012)  observed that the 

higher salinity (40‰) levels have a pronounced effect on fish growth which might be 

due to improved osmoregulation. 

Nowadays, gene expression is a biomarker to different biological responses 

studies that allow early detection of toxic effects occurring due to pollution charges 

(Contardo-Jara and Wiegand, 2008). In this study, the results of the expression of 

CYP19a in the gonads of O. niloticus as a response to the stress of salinity revealed 

the positive relation between salinity and the relative CYP19a expression in the 

ovary and testis of all treatments with marked higher values in ovary than testis. This 

finding is agreed with the previous studies that generally reported that CYP19 

transcripts are expressed in the gonads of females higher than those recorded for the 

male in teleost fishes, such as zebrafish (Tchoudakova and Callard, 1998), goldfish 

(Kishida and Callard, 2001), and tilapia (Kwon et al., 2001). Similarly, the direct 

relationship was observed between the relative expression of CYP19b in the brain of 

female and salinity. This may be an indication that different levels of salinity have a 

direct effect on the expression of CYP19 genes.  
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ARABIC SUMMARY 

 

الملوحة في البلطي النيلي ،  كاستجابة لمعاملات مختلفة مندراسة التعبيرالجيني لجينات الأروماتيس 

Oreochromis niloticus 

 

علي حسين أبو المعاطي
1

، محمد عبذ الحليم حجازى القاضي  
2

، هالة عبذ السميع عبذ الحميذ منصور 
3
  

:قغٌعيٌاىؾٍ٘اُ،ميٍخاىعيً٘،عبٍعخث٘سععٍذ,ث٘سععٍذ،ٍصش.1

 اىَعٖذاىقٍ٘ىىعيً٘اىجؾبسٗاىَصبٌذ،ٍصش.:ٍعَواى٘ساصخ،شعجخرشثٍخالأؽٍبءاىَبئٍخ،3ٗ2

 
 ، اىعشثٍخ ٍصش عَٖ٘سٌخ-اىذقٖيٍخ ثَؾبفظخ اىَطشٌخ ثَذٌْخ اىَبئٍخ اىضشح ثؾ٘س ثَؾطخ اىذساعخ ٕزٓ أعشٌذ

 (CYP19a & b) الأسٍٗبرٍض عٍْبد عيىرعجٍش اىجٍئٍخٍضواىَي٘ؽخ اىعغ٘غ ثعط رأصٍشاد دساعخ اىجؾش ٕزا ٗاعزٖذف

 أّغغخاىجيطً فً (CYP19a & b) ىلأسٍٗبرٍض اىْغجى اىغٍْى اىزعجٍش دساعخ ٍِخلاه O. niloticus اىٍْيً اىجيطً فى

اىجٍئخ اىع٘اٍو رأصٍش إَٕبه عذً ثَنبُ الإٍَٔخ ٍِ مبُ ، اىٖذف ٕزا الإّبس(.ٗىزؾقٍق ٍٗخ ، اىخصٍخ ، اىَجٍط( اىٍْيً

 اىعطشٌخ ٍزعذدح اىٍٖذسٗمشثّ٘بد اىَؾٍطخثغبّت ىيجٍئخ ٗاىنٍٍَبئٍخ خاىفٍضٌبئٍ اىخصبئص ثذساعخ قَْب فقذ ىزىل .اىَؾٍطخ

(PAHs) اىععٌ٘خ اَفبد ٍٗجٍذاد .(OCP) 

عٌ155إىى05ثَز٘عػٗصٌُزشاٗػٍِ ٍخزيػ عْظ ٍِ O. niloticus اىجبىغ اىٍْيً اىجيطً عٍْبد عٍرغَ رٌ

 أؽ٘اض فً اىَغَعخ الأعَبك رأقيٌ رٌ فقذ، اىَبئى عَواىَ ظشٗف ٍع ٗىيزنٍف .اىَْضىخ ثؾٍشح فً رقع أعَبك ٍضسعخ ٍِ

 . اىزغشثخ ثذء قجو ٗاؽذ شٖش ىَذح اىضعبعٍخ الأىٍبف ٍِ ٍصْعخ ٍغزطٍيخ

ثذاٌخ فً3 ‰ث٘اقع ٍزضاٌذح ىَي٘ؽخ الأعَبك ٍِ ٍغَ٘عبد خَظ رعشظذ  فى اىَ٘ع٘دح اىٍَبٓ ٍِ اىغبعخ

 إعشاء ٗرٌ‰35ٗ‰20ٗ‰25ٗ‰10ٗ15‰اىَي٘ؽخىزصوإىى إعزقشاس (ؽزى1.0‰) اىَشععٍخ اىَْطقخ

 .ٍنشسح أؽ٘اض صلاصخ فً اىَشععٍخ اىَْطقخ ٍٍبٓ رىل فً ثَب اىَعبٍلاد عٍَع

 ىيَي٘ؽخ رشمٍض أعيى اىجؾشىزعذٌو (ٍٗيؼ22.2‰) اىغ٘فٍخ اىٍَبٓ إظبفخ رٌ ، اىَعبٍلاد فً اىٍَبٓ ٍي٘ؽخ ٗىضٌبدح

 1 ىنو أعَبك عششح رٌٗظع.الأقيَخ غشٌق عِ اىَي٘ؽخ ٍِ رشمٍضأعيى إىى أقو رشمٍض ٍِ رذسٌغٍب الأعَبك ّقو ٗرٌ.

 إصاىخ إىى ثبلإظبفخ اىزغشثخ فزشح خلاه ٍْزظَخ ثص٘سح ٌٍٍِ٘ الأؽ٘اضمو ٍٍبٓ صيش رغٍٍش رٌ.اىَبء ٍِ ٍنعت ٍزش

 ىيؾفبظ الأٍش ىضً إرا رعذٌلاد إعشاء ٗرٌ ٌٍٍ٘ب اىَي٘ؽخ قٍبط رٌ . غشٌجخ ٍ٘اد أي أٗ ٗاىفعلاد غٍشاىَأم٘ىخ الأعلاف

 ٍِ %4 ٍْزظَخث٘اقع ثص٘سح اىغزائٍخ اىعيٍقخ رقذٌٌ اىغشفخ.ٗرٌ ؽشاسح دسعخ فً اىزغشثخ أعشٌذ.ظشٗفاىزغشثخ عيى

.ٌٍٍ٘ب ٍشرٍِ اىغغٌ ٗصُ

: مبَرى اىَأخ٘رح اىعٍْبد عيى ٍ٘ؽذح رغبسة اعشاء رٌ

 اىغبئو.ٗرٌ اىٍْزشٗعٍِ فً عيىاىف٘س ٗرخضٌْٖب ، ٗاىَخ اىزْبعيٍخ اىغذد ٗرغٍَع اىزغشثزٍِ فى الأعَبك رثؼ رٌ

 ثبعزخذاً رشمٍضٓ ٗؽغبة AGPC ثبعزخذاًغشٌقخ اىَغَذح الأّغغخ ٍِ (total RNA) اىشٌجً اىْ٘ٗي اىؾَط عضه

 ٍعشفخ ٘ةاىَطي ىيغٍْبد اعذادثبدئبد صٌ cDNA عَو فى لاعزخذأٍ total RNA رٌقٍبطرشمٍض.الاعجنزشٗف٘رٍٍ٘زش

QRT-PCR. ثبعزخذاً اىغًٍْ اىزعجٍش رؾذٌذ صٌ ٍشععى مغٍِ β-actin  ه ثبدئبد رغٍٖض ٗاٌعب رعجٍشٕباىغًٍْ

 ىيَي٘ؽخ اىجٍئى ىيعغػ اىَْبعومبعزغبثخ فً CYP19a عِ اىغًٍْ اىزعجٍش ّزبئظ أظٖشد ، اىذساعخ ٕزٓ فً

 أعيى قٌٍ ٍع اىَعبٍلاد ىغٍَع ٗاىخصٍخ اىَجٍط فً CYP19a اىْغجًىغٍِ ٗاىزعجٍش اىَي٘ؽخ ثٍِ الإٌغبثٍخ اىعلاقخ

 ٌزٌ CYP19 أُ أفبددعٍَ٘ب اىزً اىغبثقخ اىذساعبد ٍع الاعزْزبط ٕزا ٌٗزفق اىخصٍخ فى عْٖب اىَجٍط ٍٗيؾ٘ظخفً

 zebrafish ٗ goldfish ٗ tilapia ٍضو الأعَبك فً ىيزم٘س ريلاىَغغيخ ٍِ أعيى ىلإّبس اىزْبعيٍخ اىغذد فً عْٔ اىزعجٍش

 .الإّبسٗصٌبدحّغجخاىَي٘ؽخ ٍخ فً CYP19b ه اىْغجً اىزعجٍش ثٍِ الإٌغبثٍخ اىَجبششح اىعلاقخ فقذى٘ؽظذ ٗثبىَضو .
 


