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Abstract 

Tilapias are widely recognized as one of the most 

important fish species for freshwater aquaculture. Temperature 

is one of the most important factors affecting the metabolism  

or Nile tilapia (Oreochromis  niloticus).The present study  

was conducted to evaluate the effect of low temperature 

(hypothermia) on some enzymes activity in brain of  

(O. niloticus) such as succinate dehydrogenase, pyrovate and 

lactate temperature was decreased by permanently used colder. 

Total number of 50 fish were distributed into 5 groups; each 

group contain 10 fish, group (1) control group reared at optimal 

temperature (24-26°C) group (2) fish reared at 15°C for 24 

hours. Group (3) fish exposed to 15°C for 30 days. Group (4) 

fish reared at 17°C for 24 hours. Group (5) fish reared at 17°C 

for 30 days. The brain tissues were kept in liquid nitrogen tank 

until analysis. 

The results revelated  that the brain tissues show a 

significant decrease in succinat dehydrogenase and pyrovate 

level in the group subjected to hypothermia and this decrease 

was clear in group 3. While there a significant increase in lactate 

level in group 3 subjected to hypothermia and this increase was 

clear in the group subjected to 15°C for 30 days. . The results 

showed that the brain tissues of O. niloticus show a decrease in 

the level of Gene expression of Hexokinase enzyme (HK) in 

group exposed to low temperature at group 3 and 5 when 

compared to control group. The same results were obtained of 

Gene expration cytochrome oxidase enzyme (COXII). 
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Hypothermia has effect on activity and gene expression 

of metabolic enzymes in brain of Nile tilapia. 

Keywords: Nile tilapia, Oreochromis niloticus, hypothermia, gene 

expression, enzymes activity, succinate 

dehydrogenase,pyrovate and lactate, temperature. 

INTRODUCTION 

Temperature is one of the most important environmental factors, 

as it determines the distribution, behaviors and physiological responses of 

animals. Temperature also affects longevity in insects (Sohal and Allen, 

1986), fish (Malek et al., 2004), primates and humans (Buffenstein, 

2005) Temperature is one of the most important factors affecting the 

physiology, growth, reproduction and metabolism of tilapia. Temperature 

is of prime importance in temperate and tropical regions, which are 

characterized by seasonal fluctuations in water temperature. Tilapias are 

hemophilic fish and known to tolerate a wide range of water 

temperatures. Extensive research has been conducted on the effect of 

water Temperature on tilapia performance. The Temperature range for 

the normal development reproduction and growth of tilapia is about 20°C 

to 35°C, depending on fish species, with on optimum range of about 

25°C -30°C (Balarin and Haller, 1982 and Chervinsk, 1982).Tilapia can 

life in optimum temperature 27-28 °C (El-Sayed and Kawanna, 2004). 

In contrast to endothermic mammals, ectothcrmic vertebrates 

such as fish can survive in a wide range of thermal environments, and 

thus fish cells may utilize different strategies to cope with thermal 

fluctuations. Many physiological responses, including changes in lipid 

composition (Hazel, 1979), increases in pump activity and specific 

Na
+
/K

+
 -ATPase activity (Sehwarzbaum et al., 1992) and oxygen 

consumption have been extensively reported when fish are exposed to 

hypothermia (Raynard and Cossins, 1991).  
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Tilapia can also tolerate Temperature as low as 7°C -10°C, but 

only for brief periods (Balarin and Haller, 1982 Chervinskl,1982; 

Jennings, 1991 and Sifa et al., 2002) longer exposure of tilapia to this 

low temperature will certainly lead to mass mortality. Tilapia feeding is 

sharply reduced below 20°C, and they stop feeding at about 16°C, while 

severe mortality occurs at 12°C (Balarin and Haller,1982 and 

Chervinski,1982).  

Hypothermia may have effect on fish especially on growth, 

reproduction and metabolism , so this study aim to determination the 

effect of hypathermia on gene expression of some metabolic enzymes 

and values of some metabolites in brain tissue of Nile tilapia fish. 

AIM OF THE WORK 

This study amid to determine the effect of hypothermia on gene 

expression of some metabolic enzymes   such as Hexokinase (HK),and 

Cytochrome oxidase (Cox II)and determine the  levels of lactate 

,pyruvate and activity of Succinate dehydrogenase in  brane tissueof Nile 

tilapia fish, (Oreochromis niloticus). 

MATERIAL AND METHODS 

Fish: 

Nile tilapia were obtained from local fish hatchery in Abbassa, 

Abu hammad Skarkia Egypt. Fish were maintained for 1 month in 150 

liter tanks under laboratory conditions in normal temperature (24-26°C). 

Fish were divided into five groups, every group contains 10 fish which 

into 5 aquarium. The fish fed on diet 25% protein. 

Group (1): Fish reared at optimal temperature at 24°C - 26°C 

(control group) all over the experiment. 

Group (2): Fish reared at 15°C for 24 hours. 

Group (3): Fish reared at 15°C for 30 days. 

Group (4): Fish reared at 17°C for 24 hours. 

Group (5): Fish reared at 17°C for 30 days. 
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Sampling: 

Brain tissues were isolated from fish samples of all groups by 

cutting off the head of fish, set the head on its cut surface with snout 

facing upward and use the cutter to cut from the nostrils to the upper 

edge of the eye and remove the front partial pone then remove the brain 

tissues of fish by forceps. Immediately, the brain tissues isolates were 

kept in liquid nitrogen tank . 

Brain tissues were grinded with a ceramic motor and pestle under 

approximately 2ml of saline solution under colling and pour the 

suspension into Homogenization Spin Column.Centrifuged at 12000  x g 

for min.at room temprature. Samples were kept until analysis at - 168°C 

Biochemical Determination: 

(1): Determination of brain tissue succinate dehydrogenase according to 

(Kramer, 1971) 

(2): Determination of brain tissue, pyruvate by Enzymatic UV-Test kits 

according to (George and Peter, 1971). 

(3): Determination of brain tissue lactate by enzymatic colorimetric 

method (LOX | PAP) with lactate oxidase and 4-aminoantipyrine 

kites according to (Wieser et al. 2003). 

 Molecular determination: 

(1) Determination of (Hexokinase and Cytochromeoxidase) Gene 

Expression: Using a semi-quantitative RT-PCR according to 

(Meadus, 2003). 

(a) Protocol of RNA extraction from tissue; Using Gene JETtm RNA 

purification Kit (Fermentas). 

(b) One step (PCR) Kits: Using beads (Fermentas). 
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Table (1): The thermal cycler conditions used during PCR. 

Gene 
Initial 

denaturation 
Denaturation Annealing Extension 

Final 

extension 
Cycles 

Hexokinase 94|5 min 94|1 min 60|1 min 72|1 min 72|10min 35 

cytochro- 

neoxidase (II ) 
95|2 min 94|30 sec 54|30 sec 72|1 min 72\10min 35 

GAPDH 95|5 min 94|30 sec 60|30 sec 72|1 min 727ا min 30 

 

Table (2): Primers used in determination of the expression of   the 

pervious genes. 

Gene Primers Organ 
Annealing

Temp. 

Expected 

size 

Hexokinase 
5'- GCATCTCCGACTTCCTG 3’ 

5'- GCAGCTTGTACAGGGTG 3' 

Brain 

Tissue 
72 447 

Cytochrome- 

oxidase (II) 

5'-CGACTAATCATAAAGATATCGGCAC3' 

5’-ACTTCAGGGTGACCGAAGAATCAGAA3' 

Brain 

Tissue 
72 655 

GAPDH 
5-CCCGTAGACAAAATGGTGAAGG-3 

5-GCCAAAGTTGTCATGGATGACC-3 

Brain 

Tissue 
60 215 

 

PCR products were separated on a 1.5% Eithidum bromide 

treated agarose gel electrophoresis in Tris acetate EDTA buffer with 0.5 

mg|ml ethdium bromide. The gel examined by UV transilluminator. The 

electrophoretic picture was taken by digital camera 12 mega pixels and 

quantified with image J software. 
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Statistical analysis of results: 

The data obtained in the study, were statistically analyzed 

according to the methods described by Dixon and Massey (1983) and 

Snedecor (1980). 

RESULTS AND DISCUSSION 

The results in tables 3 present values for brain tissue Succinate 

dehydrogene enzyme activity of Nile tilapia fish exposed to 15°C and 

17°c for 24 hours and 30 days. The results show that there in a 

significant decrease in the activity succinate dehydrogenase enzyme was 

clear in the groups subjected to hypothermia for 30 days. 

Our results mentioned above are in close agreement with the 

values reported by other worker as Campbell and Davies (1978) reported 

that the aerobic enzymes activities are found to be lower at the cold 

temperature in blennies (Blemmios phalis) acclimated to 10°C compared 

to 20°C; the activities of aerobic enzymes reman mach lower at cold 

then warm temperature Johnston and Dunn (1987). Yasuyuki et al. 

(1985) reported that in carpmeat, the enzyme a activities at optional 

temperature (30°C) because 8.5 fold higher there at 25 degree of 

temperature. 

The data obtained in tables 4 revealed that the pyruvate value in 

brain tissue of Nile tilapia fish exposed to 15°C and 17°C for 24 hours 

are decreased; while the pyruvate content in brain tissue of Nile tilapia 

fish exposed to 15°C and 17°C for 30 days decreased significantly. 

Our findings mentioned above are similar to many findings of 

other researcher; pyruvate decreased in both muscle and liver of some 

fishes at low temperature (Zakhartsev et al., 2004); levels of pyruvate 

decreased in rainbow trout (oncorhynchus mykiss) when fish exposure to 

low temperature from till 8°c (George and Peter, 1971).)  
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Our investigation in table 5 showed that the lactate values in bran 

tissue of Nile tilapia fish exposed to 15°C and 17°C for 24 hours are 

increased, while the lactate levels in brain tissue of Nile tilapia fish 

exposed to 15°C and 17°C for 30 days were increased significantly. 

Our results obtained are agreed with finding of Trygve and Bengt 

(2003) who said that exposure Atlantic salmon (Salmo Salar) to low 

temperature leads to increase in lactate level; lactate level were 

determined in rainbow trout (Salmo gairdneri) acclimated to 8°c 12°C 

and 16°C; the 8°C acclimated fish had the highest lactate level . At 20°C 

gold fish survive anaerobic conditions for only a few hours while at 4°C 

survival in extended to several days, during the course of low 

temperature anaerobiosis these was a rise in blood glucose and lactate, a 

decline in liver glycogen concentration and an increase in liver water 

content. It is concluded that liver glycogen is a necessary energy source 

during cold an  aerobiosis (Walker and Johansen, 1977). 

Findings of other authors are not in agreement with our result, on 

in (Rutilus rutilus L.) fish acclimated to 4°C , lactate accumulation after 

activity were only half those in fish to 12 and 20°c (Wieser et al., 2003), 

also changes in blood lactate and glucose concentration was monitored in 

common carp (Cyprinus carpio) exposed to decreasing temperatures 

(from 24°C to 4°C), blood lactate decreased in the cold treated common 

carp in both rapid and slow change experiments (Guan, 2010). 

Crockett and Sidell (1990) found that low lactate level when 

exposure polar fish such as (Antarctic notothenioids) to low temperature. 

As illustrated in table 5 appeared that elevation of temperature 

increased the lactate level of fish exposed for 24 hours; slight differences 

in elevation was noticed between both group exposed for 30 days and 

this findings are in agreement with conclusions of may authors 

mentioned before. 
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In response to differences in environmental temperature, 

however, significant changes in the levels of activity of fructose 

biphosphate aldolase, pyruvate kinase. Succinate dehydrogenase, 

cytochrome oxidase and cytochrome oxidase were observed in one or 

more tissue. One group of enzymes increased in the cold while the other 

group decreased, indicating that major metabolic reorganizations were 

occurring, the patterns of change among tissues were distinctly different, 

therefore changes observed in one tissue can not readily be generalized 

to other tissue (James et al., 2005). 

Table (3): Showed  succinate dehydrogenase  activity (m/u/ml) in Nile 

tilapia (O. niloticus) reared at different levels of temperatures 

for different periods. 

Treatme

nt   

15
°
C/ 24h. 15

°
C/ 30 day. 17

°
C/ 24h. 17

°
C/ 30 day. 

Contro

l 

Grop

2 

Contro

l 

Grop

3 

Contro

l 

Grop

4 

Contro

l 

Grop

5 

Minimum  7.94 3.06 7.67 4.23 7.44 4.76 7.76 4.88 

Maximum 14.53 11.18 14.34 10.71 14.53 11.23 11.34 11.54 

Mean 11.64 8.26 10.84 5.66 11.64 4.18 10.84 6.733 

±SE 0.68 0.57 0.86 0.57 0.68 0.83 0.68 0.38 

*T. test 2.572 3.667 3.742 2.874 

* P<0.01 

Table (4): Showed Pyruvate content (mg/dl) in Nile tilapia (O. niloticus) 

reared at different levels of temperatures for different periods. 

Treatment   
15

°
C/ 24h. 15

°
C/ 30 day. 17

°
C/ 24h. 17

°
C/ 30 day. 

Control Grop2 Control Grop3 Control Grop4 Control Grop5 

Minimum  73.00 2.58 2.81 1.71 3.00 3.17 2.81 2.35 

Maximum 8.71 7.24 8.32 4.32 8.71 7.31 8.32 5.17 

Mean 5.34 4.11 5.53 2.76 5.34 4.68 5.53 3.31 

±SE 0.96 0.43 0.48 0.63 0.96 0.85 0.98 0.68 

*T. test 2.53 3.21 2.74 2.36 

 *P<0.01 
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Table (5): Showed lactate content (mg/dl) in Nile tilapia (O. niloticus) 

reared at different levels for temperatures for different 

periods. 

Treatme

nt   

15
°
C/ 24h. 15

°
C/ 30 day. 17

°
C/ 24h. 17

°
C/ 30 day. 

Contro

l 

Grop

2 

Contro

l 

Grop

3 

Contro

l 

Grop

4 

Contro

l 

Grop

5 

Minimum  11.0 10.0 11.6 11.3 11.0 10.3 11.6 11.7 

Maximum 12.5 12.0 13.8 14.2 12.5 13.4 13.8 14.4 

Mean 10.5 10.75 11.60 12.25 10.50 11.25 11.6 13.0 

±SE 0.30 0.70 0.30 0.28 0.30 0.73 0.30 0.46 

*T. test 1.17 1.38 0.98 2.98 

 *P<0.01 

In the study, the brain tissue showed a decrease in level of gene 

expression of Hexokinase gene in both group (3) and (5) exposed to 

hypothermia for long duration comparing with control group (Table 6 

and Fig. 1 )  o n  fending support the opinion of Dawn et al., (1991) who 

stated that there in a decrease in
 
the activities of Hexokinase in tissue 

removed from cold – acclimated fish , also our result was in agreement 

with foundation of Johnston (1977) that said , low temperature 

acclimation, the activities of hexokinase was approximately 2-3 time 

lower in carp (Cyprinus carpio ) than rainbow trout ( Salmo gairdneri) 

white muscles. 

When exposure fish to low temperature in our study, we found a 

significant decrease in level of Cox II gene expression in both group (3) 

and (5) that exposed to hypothermia for 30 days comparing with control 

group (Table 7) and ( Fig. 2); these results are in agree with others 

findings and disagrees with others. At hypothermia, Antarctic eelpout 

(Pachycara bracephalum) failed to reflect such a compensatory increase 

in the cox II activities, whereas cold acclimated eelpout from the north 

sea show lower enzyme activities then expected on the basis of 

mitochondrial m RNA level (Hardewig et al. 1999); transfer of green 
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sunfish (Lepomis cyanellus) from 25°c to 5°c resulted in a rapid decrease 

of approximately 40% in rates of synthesis of skeletal muscle 

cytochrome c and a concomitant decrease in the degradation rate 

constant for this molecule of approximately 60% (Sidell, 1977). 

Cold acclimation of the eurythermic carp is acrapanied by a 

partial compensation of the acute effect of decreasing temperature on the 

activity of cytochrome oxidase in red muscle mitochandria (Ekkehart, 

2003). 

Leigh (2011) measured metabolic enzyme activity in terrapin 

muscle tissue to assess thermal dependence and the role of temperature 

in seasonal metabolic down regulation in this species. Activity of 

cytochrome c oxidase was assayed at 10, 20, 30 and 40°c for tissue 

collected during summer and winter; he found that the activity of 

cytochrome oxidase was significantly lower in winter collected tissue 

compared with summer collected tissues. Results indicate that 

temperature affects contribute to seasonal metabolic down regulation and 

dormancy in terrapins. 

 Low temperature leads to low citrate synthase / cytochrome 

oxidase ratio that reflect the energy surplus available (Ibarz et al., 2010); 

Juvenile lake white fish (Coregonus clupeaformis), a species while is 

extensively distributed in northern latitudes and which experiences a 

fairly wide range of temperature acclimated at 5 and 18°c , cold 

acclimation during six months do not increase the levels of cytochrome 

oxidase and citrate synthase (Blier and Guderley, 1988). 

Acclimated goldfish for 2-4 weeks to either 10°c or 30°c and 

found that activities of cytochrome c oxidase in gill tissue were higher at 

all temperature between 10°C - 40°C in the cold acclimated. 

Flounder (Platichthys flesus L.) were acclimated in sea water for 

1-2 month to either 5°C or 23°C; activities of marker enzymes for 
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mitochondrial metabolism, cytochrome oxidase and hexokinase are 1.5-

2.8 times higher in muscles of cold - acclimated compared to worm 

acclimated flounders. Increases in the activities of these enzymes with 

cold acclimation may serve to offset the effects of low temperature on 

aerobic ATP supply. Glycolylic enzyme activities as lactate 

dehydrogenase, however, are similar at both acclimation temperature 

(Johnston and Wokoma, 1986). 

Table (6): Analysis of PCR product of Hexokinase gene in brain tissue 

of Nile tilapia fish. 

Group Area Mean Stadev Min Max XM YM Medium %area 

G1 130 158.038 1.116 155 161 110.987 392.502 158 100 

G2 130 1570146 10.107 153 160 156.991 391.5 157 100 

G3 130 145.731 1.385 142 160 200.001 390.499 157 100 

G4 130 157.754 2.359 149 169 149.987 389.497 146 100 

G5 130 151.23 1.146 143 158 231.874 318.348 150 100 

The brain tissue showed a decrease in level of gene expression of (HK) 

gene in both group (3) and (5) that exposed to hypothermia for long time 

comparing with control group. 
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Figure (1): The electrophotography of m RNA of Hexokinase gene in 

brain tissue of Nile tilapia fish. 

Where:  
M: Marker.  (1) Group (1)   (2) Group (2)   

(3) Group (3)   (4) Group (4)   (5) Group (5)  

 

Table (7): Analysis of PCR product of Cox II gene in brain tissue of 

Nile tilapia fish. 

Group Area Mean Stadev Min Max XM YM Medium %area 

G1 175 121.966 3.905 116 138 442.703 266.502 124 100 

G2 175 118.72 2.465 114 123 383.357 265.507 121 100 

G3 175 107.017 1.101 99 119 324.495 266.494 111 100 

G4 175 120.177 11.568 117 124 269.514 269.543 122 100 

G5 175 110.132 4.103 104 118 214.87 227.131 131.117 100 
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The brain tissue showed significant decrease in level of gene 

expression of (Cox II) gene in both group (3) and (5) the exposed to 

hypothermia for long time comparing with control group. 

 

Figure (2): The electrophotography of m RNA of GK gene of 

(Cytochrome oxidase) in brain tissue of Nile tilapia fish. 

Where:  
M: Marker.  (1) Group (1)   (2) Group (2)   

(3) Group (3)   (4) Group (4)   (5) Group (5)  
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Table (8): Analysis of PCR product of GAPDH gene in brain tissue of 

Nile tilapia fish. 

Group Area Mean Stadev Min Max XM YM Medium %area 

G1 250 267.5 3.146 166 186 140.43 318.004 174 100 

G2 250 165.304 2.968 159 171 188.033 320.025 166 100 

G3 250 162.592 2.562 155 167 241.497 320.001 159 100 

G4 250 163.648 2.668 164 181 289.497 320.002 173 100 

G5 250 164.67 3.138 163 184 291.497 321.002 175 100 

The internal control gene showed almost stable pattern of 

expression in brain tissue of Nile tilapia. 

 

Figure (3): The electrophotography of Glyceraldhyde 3 phosphate 

dehydrogenase m RNA (GAPDH) expression in brain tissue 

of Nile tilapia fish. 

Where:  
M: Marker.  (1) Group (1)   (2) Group (2)   

(3) Group (3)   (4) Group (4)   (5) Group (5)  
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تأثير انخفاض درجت الحرارة على التعبير الجينى لنشاط بعض الإنسيماث 

 نيليالمىجىدة بالمخ لأسماك البلطي ال

محمد فهمي دويذار
1
محمد عبذالسلام علي،  

2
 ، 

يذ متىليعمحمد 
1

سىزان عثمان محمد ،
2 

 جاٍعت اىشقاسٝق. –ميٞت اىطب اىبٞطزٛ  –قسٌ اىنَٞٞاء اىحٞ٘ٝت  1 

، مركز البحوث السمكيهاىَعَو اىَزمشٛ ىبح٘د اىززٗة  –قسٌ اىخفزٝخ ٗفسٞ٘ى٘جٞا اىخنارز  2
 الزراعية، القاهرة، مصر.

  ىــــص العربــــلخالم 

حعخبز أسَاك اىبيطٜ ٍِ إٌٔ الأسَاك اىخٜ حصيح ىيخزبٞت فٜ اىَشارع اىسَنٞت ٗدرجت 

اسخٖذفج ٕذٓ اىحزارة ٍِ إٌٔ اىع٘اٍو اىَؤرزة عيٚ اىعَيٞاث اىحٞ٘ٝت لأسَاك اىبيطٜ اىْٞيٜ. 

سَاك اىذراست حأرٞز اّخفاض درجت اىحزارة عيٚ ّشاط بعط الإّشَٝاث اىَ٘ج٘دة باىَخ لأ

اىبيطٜ اىْٞيٜ ٍزو إّشٌٝ اىسنسْٞل دٖٝٞذرٗجْٞش ٍٗسخ٘ٙ اىبزٗفاث ٗاىلامخاث ٗقذ حٌ خفط 

سَنت بيطٜ ّٞيٜ ٗقسَج ٕذٓ  05درجت اىحزارة عِ طزٝق م٘ىذٝز ٗاسخخذً فٜ ٕذا اىبحذ 

، اىَجَ٘عت الأٗىٚ ٕٜٗ كاسَا 05ٗححخ٘ٛ مو ٍجَ٘عت عيٚ  ٍجَ٘عاث 0الأسَاك إىٚ 

ً(، اىَجَ٘عت اىزاّٞت ٕٜٗ ٍجَ٘عت ٍعاٍيت الأسَاك ححج حأرٞز °22-24ٍجَ٘عت اىنْخزٗه )

ً ىَذة °00يت الأسَاك ححج حأرٞز ٍساعت، اىَجَ٘عت اىزاىزت ٕٜٗ ٍجَ٘عت ٍعا 24ً ىَذة 00°

ساعت،  24ً ىَذة °01ًٝ٘، اىَجَ٘عت اىزابعت ٕٜٗ ٍجَ٘عت ٍعاٍيت الأسَاك ىذرجت حزارة 05

ًٝ٘، ٗقذ 05ً عيٚ الأسَاك ىَذة °01اىَجَ٘عت اىخاٍست ٕٜٗ ٍجَ٘عت حأرٞز درجت حزارة 

ٗىبٞزٗفاث فٜ ٍخ دٖٝٞذرٗجْٞش أظٖزث اىْخائج اّخفاض ٍعْ٘ٛ فٜ ٍسخ٘ٙ إّشٌٝ سنسْٞل 

أسَاك اىبيطٜ اىْٞيٜ فٜ جَٞع اىَجَ٘عت باىَقارّت بَجَ٘عت اىنْخزٗه، بَْٞا ماُ ْٕاك ارحفاع 

 .5فٜ ٍسخ٘ٙ اىلامخاث ىجَٞع اىَعاٍلاث باىَقارّت بَجَ٘عت اىنْخزٗه ٍعْ٘ٛ

دٖٝٞذرٗجْٞش ٍَا ٝذه عيٚ أُ اّخفاض درجت اىحزارة ٝؤرز عيٚ اّشٌٝ اىسنسْٞل 

، ٗأظٖزث اىْخائج أٝضا اّخفاض ٍيح٘ظ فٜ ٍسخ٘ٙ اىخعبٞز اىجْٜٞ لإّشٌٝ ٗاىبزٗفٞل

حؤرز عيٚ اىخعبٞز اىجْٜٞ لإّشٌٝ  اىٖنس٘مْٞٞش ٍَا ٝذه عيٚ أُ اّخفاض درجت اىحزارة

مَا أّٔ ى٘حع اّخفاض فٜ اىخعبٞز اىجْٜٞ لإّشٌٝ اىسٞخ٘مزًٗ أمسٞذٝش فٜ ٍخ  اىٖنس٘مْٞٞش.

سَنت اىبيطٜ اىْٞيٜ فٜ اىَجَ٘عت اىزاىزت ٗاىخاٍست ٍَا ٝذه عيٚ أُ اّخفاض درجت اىحزارة 

 ٘مزًٗ أمسٞذٝش.خحؤرز عيٚ اىخعبٞز اىجْٜٞ لإّشٌٝ اىسٞ

ً عيٚ اىخعبٞز ٍِ ٕذٓ  اىذراست ّجذ أُ اّخفاض درجت اىحزارة ٝؤرز حأرٞزاً ٍيح٘ظا

  اىجْٜٞ ىبعط إّشَٝاث اىخَزٞو اىغذائٜ لأسَاك اىبيطٜ اىْٞيٜ.


