
Egyptian J. Anim. Prod., 59, Suppl. Issue, January (2022):9-17 

Issued by The Egyptian Society of Animal Production (ESAP) 

MOLECULAR RESPONSES OF HEAT STRESS DURING EARLY EMBRYONIC 

DEVELOPMENT AND ALLEVIATION STRATEGIES  
 

N. Ghanem
1,2

, G. Ashour
1
, Romysa Samy

1
 and B.S.F. Khalil

2
 

 

1- Department of Animal Production, Faculty of Agriculture, Cairo University, Giza, Egypt, 2- Cairo 

University research Park, Faculty of Agriculture, Cairo University, Giza, Egypt 

 

SUMMARY 

 

 It is well-known that exposure of female farm animals to heat elevation negatively affects all biological 

activities required to establish pregnancy. The reduction in pregnancy rate during the hot season can approach 

50% in dairy cows and 60% in dairy buffaloes. Indeed, earlier investigations done in buffalo indicated seasonal 

fluctuations of oocyte quality and most studies confirmed a significant reduction in morphological oocytes 

quality when recovered during hot season. In vivo studies have reported a clear reduction in meiotic maturation 

of oocytes exposed to heat stress due to decreased blood flow to reproductive tract, low progesterone level and 

increased glucocorticoids profile. Buffalo oocytes recovered during summer had a lower percentage of nuclear 

maturation in vitro (42.9%) compared to those collected in winter (85%). Heat shock at 42 °C for 6 hours 

during in vitro maturation of camel oocytes significantly decreased the polar body extrusion rate (20.7%) 

compared to control group (32.3%). At the cellular level, decreased nuclear maturation during heat stress was 

coupled with reduction in mitochondrial activity, protein biosynthesis and impairment of cellular microstructure 

system organizing nuclear progression to accomplish maturation such as spindle formation, microfilament and 

microtubule distribution. Heat-induced alterations in cytoplasmic as well as nuclear maturation were coupled 

with down-regulation of oocyte transcripts such as GDF9, POU5F1, and C-MOS and genes involved in 

metabolism (GLUT1) and antioxidant defense (SOD2) that regulate maturation process and preimplantation 

development. These cellular and molecular defects led to compromising early cleavage and blastocyst 

formation. Blastocyst rate was lower (42%) for camel oocytes exposed to heat shock compared with control 

counterparts (48%). The rate of developed buffalo blastocyst was lower during summer (13%) than winter 

(28.3%) which explained by high rate of chromosome abnormalities and alteration of genes regulating key 

molecular processes that compromise viability of embryos. Providing females farm animals with optimum 

management system including housing is the first strategy to reduce environmental heat load. Changing 

composition of animal feeds is a second possible way to alleviate heat stress. Genetic selection for heat 

tolerance is long term breeding goal with continuous global warming that ensure good productive as well as 

reproductive performance. 
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INTRODUCTION 

 

 Large attention is paid internationally to the 

global warming, especially in tropical and subtropical 

regions. Climate change represents a great threat for 

human and animals’ life (Pasqui and Di Giuseppe, 

2019). In this context, scientists searched for 

solutions to overcome or alleviate the negative 

impacts of climatic change. Rather than 

strengthening stress resistance, the cattle industry has 

spent the last quarter-century focusing on increasing 

output, altering the environment, and enhancing 

nutritional management. Domestic animals' 

productivity was greatly boosted as a result of this 

strategy, but their susceptibility to high temperature 

was increased (Bernabucci, 2019). One of the ways 

to cope with the results of the climatic change is to 

enhance the productivity and reproductivity of 

animals, which are already adapted to extreme 

environmental conditions. The vulnerability of farm 

animals to drastic effects of heat stress varies 

according to biological factors (species, genetic 

background, life stage and coat characteristics), 

environmental factors (duration, humidity, and wind), 

management or production system and nutritional 

status (Das et al., 2016).  

 Heat stress may be defined as an elevation of 

environmental temperature that caused an increase in 

the animal body temperature above its normal set-

point (Hansen 2009). Indeed, heat elevation or 

increasing temperature-humidity index (THI) has 

caused retardation of animal growth (Baumgard et 

al., 2012), meat production (Archana et al., 2018), 

milk yield (Das et al., 2016), and reproductive 

performance (Rhoads et al., 2009). Noteworthy, the 

upper critical ambient temperature of lactating dairy 

cattle is approximately 25–28°C, which assumed 

relative to 78.2 THI (Dikmen and Hansen, 2009). In 

addition, when the measured THI increases beyond 

the upper critical value, the conception rate declined 

sharply to reach 20 to 30% (Collier et al., 2017; 

Wolfenson et al., 2019). The pregnancy rate after 

artificial insemination in dairy cattle has dramatically 

reduced during summer season (De Rensis et al., 

2017). An estimation of pregnancy rate in 20,606 

cows managed under seven farms was done (Lozano 

et al., 2005) at different THI levels and indicated that 

it was recorded to be 39.4% (THI<72.0), 38.5% (72.0 

https://www.cambridge.org/core/journals/animal/article/review-adaptation-of-animals-to-heat-stress/B4C14198D392C6548D162B540A524093#ref19
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to 73.9), 36.9% (74.0 to 75.9), 32.5% (76.0 to 77.9), 

and 31.6% (>78.0). 

 When dairy cows are exposed to heat stress 

subsequently the body temperature increases which is 

considered detrimental impacts to the reproductive 

capabilities of dairy cows (Sakatani 2017). Indeed, 

hot summer season is associated with elevation in 

vaginal temperature, which might cause irregular 

ovarian activity and silent heat incidence (Barkawi, 

1981), disturbing uterine environment (Sakatani 

2017), oviduct environment (Kobayashi et al., 2013), 

reducing oocyte competence (Abdoon, 2014). 

Additionally, elevated ambient temperatures also 

negatively increased incidence of embryo loss prior 

to attachment which resulted in low conception rate 

(Ealy et al., 1993; García-Ispierto et al., 2006; 

Sakatani 2017). So, according to global warming 

changes, the animal productivity is susceptible to be 

reduced leading to economical loss especially in 

dairy farms especially those raising temperate breeds 

such as Holstein because its limited ability to adapt to 

heat stress compared with tropical cattle. Therefore, 

adopting nutritional, management and breeding 

strategies are the possible future solutions to mitigate 

global warming (Sejian et al., 2018). 

 The cumulus-oocyte complexes could be 

negatively influenced by heat stress depending on the 

duration of exposure (Roth, 2017; Islam et al., 2018). 

The exposure of oocytes to heat shock during 

maturation under in vitro condition caused an 

increase in percentage of apoptotic oocytes (Camargo 

et al., 2019). Recently, it was demonstrated that 

camel oocytes are more sensitive to heat stress when 

exposed to short acute heat shock, and subsequently 

this was coupled with decreased the diameter of the 

cytoplasm and reduction in nuclear maturation rate as 

well as increased incidence of chromosomal 

abnormalities (Islam et al., 2018). Therefore, the 

decline of pregnancy rate of female farm animals 

during the periods of heat stress may be due to the 

decline in quality of oocytes and changing the 

environment of reproductive tract to be unfavorable 

for the developing embryos. 

 

Effect of heat stress on reproductive performance: 

 Heat stress has negative effects on the 

reproductive efficiency of dairy cows. Female sexual 

behavior and fertility were negatively affected by 

heat stress, so the reproductive efficiency of buffalo 

is decreased during hot months because of silent 

estrus (Singh et al., 2013). It has been reported that 

heat stress increased ovarian inactivity which 

manifested by anestrous (Wolfenson et al., 2000; 

Oseni et al., 2003). It was observed that majority of 

heat signs were more incidence throughout the hot 

season in Indian (Zakari 1981) and Baladi cows 

(Barkawi et al. 2001), while cows that displayed 

standing behavior reached 50% in hot months 

(Folman et al. 1979). Noticeably, the elevation of 

ambient temperature during summer season reduced 

follicular growth which reflected in reduction of 

circulating estradiol (Wolfenson et al. 1995) and 

subsequently, this led to silent heat or reduction in 

symptoms of estrus behavior (Abilay et al., 1975; 

Gwazdauskas et al., 1981; Thatcher and Collier 

1986). The level of estradiol hormone was also 

reduced in the follicular fluid of preovulatory 

follicles (Ozawa et al., 2005). The reduction of 

steroid secretion was caused by the abnormal 

expression of their synthetic genes in ovaries under 

heat stress (Argov et al. 2005). 

 It was reported that there is a reduction in signs of 

estrus in Egyptian cows during summer season 

(Damarany, 2017). Noteworthy, increased of high 

temperature humidity index (THI) has negatively 

influenced the incidence of cow's heat symptoms 

(Peralta et al., 2005). The reduction in estradiol 

biosynthesis is the mechanism by which heat stress 

deteriorates ovarian follicle development and 

impaired expression of estrus (Badinga et al. 1993; 

Wolfenson et al. 1988a, b). This sharp reduction in 

circulating estradiol hormone has resulted in 

decreasing expression of cow's estrus signs, 

ovulation, and the development of corpus luteum 

(Wolfenson et al., 1988a, b). Moreover, low level of 

estradiol caused reduced intensity and duration of 

estrus as well as increased occurrence of silent 

ovulation. Heat elevation during the hot months of 

the year decreased growth of corpus luteum and 

delayed its regression (Wilson et al. 1998; Wolfenson 

et al. 1988a, b).The mechanism by which 

hyperthermia induces infertility depends on 

disturbing the surge center of GnRH in the 

hypothalamus, and thus, reducing release of the 

circulating levels of gonadotropin hormones (LH and 

FSH) from anterior pituitary (Howell et al., 1994; 

Wolfenson et al., 2000). Using binding assay, it was 

observed that gonadotropin receptors (FSH-R and 

LH-R) was reduced in granulosa cells recovered from 

rats exposed to heat stress (Shimizu et al., 2005). 

Administration of flunixin meglumine (FM) to dairy 

cows inseminated during heat stressed has resulted in 

maintaining of corpus luteum (Kaveh et al. 2011). 

Recently, administration of Egyptian local cows with 

FM or aspirin at 14 and day 15 post-mating increased 

pregnancy rate of heat stressed animals (60% and 

40%) compared to untreated group (30%).  

 Early embryonic development in cows relies on 

progesterone secretion by the corpus luteum. The 

decline in pregnancy rate in dairy cattle was 

attributed to low circulating progesterone 

concentrations or a delay in the rise of progesterone 

concentrations post-ovulation (Mann and Lamming 

1999; Khodaei-Motlagh et al., 2011; Masoumi et al., 

2017) Researchers have suggested that prolonged 

lifespan of the corpus luteum by administration of 

agents that suppress release of prostaglandin F2α to 

improve pregnancy in cattle (Elli et al. 2001; Geary 

et al. 2010). Wilson et al., (1998) reported that dairy 

heifers exposed to heat stress led to delay in corpus 

luteum regression. Kaveh et al. (2011) reported that 

treatment of heat stressed dairy cows with FM after-

insemination between days 2-5 or 10-13 led to 

maintaining of corpus luteum. Higher concentration 

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=V.%20Sejian&eventCode=SE-AU
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of circulating progesterone immediately after 

conception has been linked with an advancement of 

conceptus elongation and increased interferon tau 

(IFN-τ) production which subsequently improved 

cattle pregnancy rate (Inskeep 2004; Stronge et al., 

2005; McNeill et al., 2006). Clemente et al. (2009) 

suggested that progesterone concentrations -induced 

fluctuated in the uterine environment are answerable 

for the advancement in embryo elongation in cattle. 

 Moreover, an increase by 0.5
o
C in uterine 

temperature during hot days lead to a decrease in 

fertilization rate (Schuller et al., 2014).). In addition, 

high THI will cause an increase in rectal temperature 

from 38.5
o
 C to 40.5

o
 C during 72 hour after 

insemination, which decreased pregnancy rate to 

50% in cows (Schuller et al., 2014) and 59% in 

Murrah buffalos (Dash, 2013). Heat stress during 0-3 

days or 0-7 days of pregnancy commence increased 

the risk of embryonic losses (Das et al., 2015) 

because the blood flow in the heat-stressed animals 

decreased in the deep vessels to increase the flow to 

the superficial vessels affecting the blood circulation 

and female reproductive system causing an 

impairment of its function (Hufana-Duran & Duran, 

2020). 

 Assessment of dairy cattle THI in addition to 

measurement of animal stress parameters such as 

rectal temperature and respiration rate are considered 

useful tools to predict the exact heat load on animals 

(Herbut et al., 2018; Liu et al., 2019). Sammad et al. 

(2020) have summarized the strategy that could be 

applied to mitigate heat stress in dairy cattle by (1) 

Proper management which includes sufficient 

shading, sprinklers and monitoring of animal health 

and hygiene (2) feeding management which include 

supplementation of minerals, additions of rumen 

buffer, balanced energy and protein content. Indeed, 

traditional breeding for genetic selection of dairy 

cattle can be used for selecting tolerant animals for 

heat stress however it requires several generations to 

obtain good results due to its slow rates to get 

tangible genetic gain as a result of long generation 

intervals. Garner et al. (2016) have suggested that 

application of genomic selection of dairy cattle for 

functional traits including immunity and heat 

tolerance is a key step towards selecting animals that 

could cope with future global warming.   

 

Effect of heat stress on preimplantation 

development: 

 The climate change has raised tangible concerns 

about global warming which represents a significant 

threat to the feasibility and sustainability of livestock 

farming worldwide particularly in regions located in 

tropical and subtropical zones. Egypt is located in 

subtropical area where heat stress is intense during 

summer months, which usually accompanied with 

high ambient humidity that make the situation worse 

and represent a constraint to farm animal welfare, 

productivity and reproductive performance (Marai 

and Habeeb, 2010). In this regard, cumulus-oocytes 

complexes are highly affected when the female is 

exposed to environmental heat stress during follicular 

development, ovulation and in vivo events of oocyte 

maturation (Al-Katanani et al., 2002; Gendleman and 

Roth, 2012; Sadeesh et al., 2016).  

 Buffalo cumulus-oocyte complexes that were 

collected during hot season had a high percentage of 

arrested oocytes in metaphase I stage of nuclear 

progression after invitro maturation (Abdoon et al., 

2014). Interestingly, bovine oocytes that have been 

exposed to increased temperatures at 40.0°C and 

41.0°C recorded lower rates of nuclear and 

cytoplasmic maturation that was linked with reduced 

in vitro embryo development (Maya-Soriano et al., 

2013). Similarly, El-Sayed et al. (2018) have 

indicated that exposure of buffalo COCs to heat 

shock reduced the percentage of in vitro matured 

oocytes at temperature of 39.5°C and 40.5°C 

compared with that of non-treated control group 

(38.5°C). Subsequently, the percentage of buffalo 

embryos that arrested at early stages of cleavage (2- 

or 4-cell) or at late stages of cleavage (8-cell, 16-cell 

and blastocyst) was significantly higher in heat-

shocked groups than the counterparts developed in 

control group.  

 In support to previous observation, experimental 

exposure of COCs to heat shock during the 

maturation has revealed reduced cleavage rate as well 

as blastocyst development (Edwards and Hansen 

1997). In addition, in vivo experiments have reported 

reduced pregnancy rate by 25% for each 1°C 

elevation in body temperature which is due to the 

negative impact of heat stress on preimplantation 

development of embryos (Nabenishi et al., 2011). 

Therefore, it could be implicated from our results and 

of other studies that exposure of animals or the 

preimplantation developmental stages to heat stress 

has a negative impact on their ability to continue 

normal growth and development.  

 Ashour et al., (2020) have demonstrated that 

exposure of COCs to heat stress at 41°C and 42°Cfor 

the first 6 hours significantly decreased the ratio of 

good PB (31.44±0.92%; 31.63±0.47%) and bad 

(20.73±0.49%; 20.30±0.52%) compared to the 

control good and bad oocytes (32.31±0.54%; 

30.98±1.36%). Indeed, buffalo cumulus-oocyte 

complexes that were collected during hot season had 

a high percentage of arrested oocytes in metaphase I 

stage after in vitro maturation (Abdoon et al., 2014). 

Interestingly, bovine oocytes that have been exposed 

to heat shock at 40.0°C and 41.0°C recorded lower 

rates of nuclear and cytoplasmic maturation (Maya-

Soriano et al., 2013). Similarly, El-Sayed et al. 

(2018) have indicated that exposure of buffalo COCs 

to heat shock reduced the percentage of in vitro 

matured oocytes at temperature of 39.5°C and 40.5°C 

compared with that of non-treated control group 
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(38.5°C). Bovine oocytes exposed to heat stress at 

40.0°C and 41.0°C reduced embryo development rate 

(Maya-Soriano et al., 2013). Saadeldin et al. (2018) 

demonstrated that camel oocytes exposed to short 

acute heat shock at 45°C for 2, showed reduction in 

maturation rate, linked with decreased ooplasmic 

diameter and increased percentage of chromosomal 

abnormalities. Ovine oocytes that in vitro matured 

after exposure to heat stress at 41°Cfor the first 12 h 

have remained at the germinal vesicle breakdown 

(GVBD) stage, and they showed an aberrant 

chromatin configuration (Gharibzadeh et al., 

2015). Immunofluorescence of heat-shocked oocytes 

indicated an uneven distribution pattern of cortical 

granules beneath plasma membrane (Gharibzadeh et 

al., 2015).  Heat shock reduced nuclear maturation by 

inducing alterations in the configuration of chromatin 

microtubules, and microfilaments (Ju et al., 2005). 

Heat elevation (40–41°C) during in vitro maturation 

of bovine oocytes may cause DNA damage and 

enhance induction of apoptosis (Roth and Hansen, 

2004). 

 Ashour et al. (2020) have reported that the 

blastocyst rate was significantly lower for good 

quality oocytes exposed to heat stress at 41°C (6 ± 

0%; 2 ± 0.2%1), compared with control groups (15 ± 

0.22%; 9 ± 0.22%). This reduction in blastocyst rate 

was more noticeable when oocytes exposed to heat 

stress at 42°C (0, 3 ± 0.22%;0%). In support to 

previous observation, experimental exposure of 

COCs to heat shock during maturation has revealed 

reduced cleavage rate as well as blastocyst 

development (Edwards and Hansen 1997). In 

addition, in vivo experiments have reported reduced 

pregnancy rate by 25% for each °C elevation in body 

temperature, which is due to the negative impact of 

heat stress on preimplantation development of 

embryos (Nabenishi et al., 2011). Recently, heat 

shock at 40°C for 24 h during IVM of bovine COCs 

had no effect on PB extrusion rate however; it 

reduced the rate of embryo cleavage and blastocyst 

development (Pöhland et al., 2020). 

 It was reported (Li et al., 2016) that addition of 

resveratrol (2.0 μmol/L) to maturation medium 

relieved the adverse effects of heat stress on porcine 

oocytes by increasing the proportion that reached 

nuclear maturation which may be attributed to its 

antioxidant capability in alleviation of oxidative 

stress (Liu et al., 2015).In addition, resveratrol has a 

direct protecting and enhancing effect on the nuclear 

maturation of porcine oocytes during heat stress, by 

inducing GSH synthesis and preventing accumulation 

of intracellular ROS (Liu et al., 2015). At the 

molecular level, resveratrol increased the expression 

of SIRT1gene, which linked with improving 

mitochondrial function under oxidative stress (Ou et 

al., 2014). Indeed, several antioxidants have 

supplemented to preimplantation culture media in 

order to alleviate the adverse effects of heat stress 

including dithiothreitol (de Castro e Paula and 

Hansen, 2008) and anthocyanin (Sakatani et al., 

2007), while other researchers demonstrated little 

effect of some chemical agents such as vitamin E 

(Paula-Lopes et al., 2003) and glutathione (Ealy et 

al., 1995). 
 

Molecular responses of preimplantation 

development to heat stress 

 Maya-Soriano et al. (2013) indicated that heat 

stress induces a series of cellular alterations affecting 

nuclear and cytoplasmic maturation. Also, heat stress 

compromise oocyte cytoskeleton, impair 

mitochondrial activity and induce cell apoptosis 

(Roth and Hansen, 2004 and Paula-Lopes et al., 

2012). Impairment of mitochondrial activity under 

heat stress leads to a reduction of ATP availability at 

the oocytes level and failure of embryonic 

development (Roth, 2015). Apoptosis is considered 

one of the causes of impaired developmental 

competence of mammalian COCs. In addition, 

cytoskeletal changes and apoptosis were observed in 

oocytes after heat stress during the first 12 h of 

maturation, which might trigger the impairment of 

further embryo development (Roth and Hansen, 

2005).  It was demonstrated that heat elevation had a 

negative impact on maturation of porcine oocyte due 

to increasing ROS and reducing GSH content 

(Nabenishi et al. 2012). Similarly, Ozawa et al., 

(2002) have observed reduced developmental ability 

of mouse embryos when zygotes were exposed to 

heat shock that led to an increase in the level of 

intracellular ROS causing oxidative stress on 

preimplantation embryos. The induction of oxidative 

stress caused by heat stress in the oviduct of mice 

was possibly involved in heat stress-induced early 

embryonic death (Ozawa et al., 2005). 

 Heat stress, either short-term or long-term, 

triggers the expression of HSP (Hassan et al., 2019). 

HSPs promote survival by suppressing apoptosis. 

Pöhland et al. (2020) have observed that the highest 

expression of HSP70 gene was in cumulus cells of 

Zebu cattle COCs in vitro matured at 40°C while the 

expression of HSP90 gene was the highest in 

cumulus cells and their corresponding oocytes 

matured at 37°C. This data provide evidence that 

there is a differential regulation of heat shock genes 

(HSP70 and HSP90) in COCs in response to heat and 

cold stress (Pöhland et al., 2020). Exposure to heat 

stress enhanced elevation of ROS accumulation, 

thereby inducing cellular oxidative stress (Kim et al., 

2005). 

Down regulation of maternal transcripts GDF9, C-

MOS and POU5F1 was reported in bovine oocytes 

during hot season (Gendelman, and Roth, 2012). 

Similarly; reduction in the relative abundance 

of OCT4,(IGF2R), GDF9 (MnSOD) and GLUT1 was 

observed in buffalo oocytes recovered during the hot 

season (Sadeesh et al., 2016). 

  

CONCLUSION  
In conclusion, global warming represents a real threat 

for livestock farming. It has tangible negative effect 

on animal productivity and their reproductive 

efficiency. Apoptosis inducing oxidative stress is the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7534571/#B034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7534571/#B034
https://onlinelibrary.wiley.com/doi/full/10.1002/mrd.23045#mrd23045-bib-0119
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one main molecular mechanism that negatively 

compromised oocytes and embryo viability under 

heat stress  conditions. Monitoring farm 

environmental factors such as ambient temperature, 

humidity, THI, wind is a prerequisite for providing 

suitable mitigation strategy. The management 

practices through selecting housing type, bedding, 

and sprinklers are essential tools for alleviating 

seasonal heat stress. In addition, nutritional 

management by balancing mixed ration that has 

suitable composition of energy and protein is also 

key element for successful mitigation of heat stress. 

Finally, long-term breeding strategy for selecting 

animals that cope well with scenario of climate 

change is a prerequisite for sustainable dairy cattle 

farming. Application of new technologies such as 

genomic selection and reproductive biotechnologies 

will help in speeding up the process of animal 

selection that fitted for climate change scenario. 
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 -1، سم الإنتبج انحيىانً، كهيت انزراعت، جبمعت انقبهرة، انجيزة، مصرق-2
 

 كهيت انزراعت، جبمعت انقبهرة، انجيزة، مصر مجمع انمعبمم انبحثيت،
 

 يٍ انًؼشٔف جيذا ئٌ رؼشض ئَبس انحيٕاَبد انًضسػيخ لإسرفبع انحشاسح يإثش ثبنغهت ػهٗ كم الأَشطخ انحيٕيخ انًطهٕثخ لإحذاس انحًم. اٌ 

% فٗ انجبيٕط انحابة.انذساعبد انًجكشح 05ثابس انحابثخ ٔ ئنٗ َغجخ % فٗ الأ05الاَخفبض فٗ يؼذل انحًم فٗ انًٕعى انحبس قذ يصم ئنٗ َغجخ 

ثيُذ رغيشاد يٕعًيخ فٗ جٕدح انجٕيعبد، ٔ يؼظى انذساعبد أكذد ٔجٕد اَخفبض يهحٕظ فٗ جٕدح انجٕيعبد ػُذ  ػهٗ انجبيٕط انزٗ أجُشيذ

الاَعبج  اٌ ُْبك اَخفبض ٔاظح فٗ يؼذل ػهٗ الاَبس أجشيذ الاثحبس انزٗ راييًٓب يٕسفٕنٕجيبخابل انًٕعى انحبس.ثبلاظبفّ انٗ رنك اثجزذ

نلإجٓبد انحشاسٖ كُزيجخ نزُبقص رذفق انذو نهًغبس  نهجٓبص انزُبعهٗ ٔ ئَخفبض يغزٕٖ ْشٔيٌٕ  انًيٕصٖ نهجٕيعبد  ػُذ رؼشض ْزِ   الاَبس

ثٕيعبد انجبيٕط انًغزخشجخ خابل انصيف كبَذ راد  انجشٔجيغزيشٌٔ ٔصيبدح َشبغ ْشيَٕبد انغذِ انكظشيّ. فٗ أحذٖ ْزِ انذساعبد ٔجذ اٌ

 %. كًب ئٌ رؼشض50% يابسَخ ثُظيشرٓب انًغزخشجخ فٗ انشزبء ثُغجخ رصم انٗ 4..9يؼذل يُخفط فٗ ئَعبجٓب انُٕٖٔ يؼًهيب ثُغجخ رصم انٗ 

اَخفبض يؼذل  بج انًؼًهٗ أدد ثشكم انٗعبػبد خابل ػًهيخ الإَع 0يئٕيخ نًذح  .9ثٕيعبد انجًبل نصذيخ حشاسيخ يؼًهيب ػهٗ دسجخ حشاسح 

%. ػهٗ انًغزٕٖ انخهٕٖ، اَخفبض الإَعبج انُٕٖٔ خابل فزشح 3..3انغيش يؼبيهّ ثُغجخ  % يابسَخ ثبنًجًٕػخ5.2.رحشس انجغى اناطجٗ ثُغجخ 

انٓيكهيّ انذقياّ نهجٕيعبد. ثبلاظبفّ انٗ  الإجٓبد انحشاسٖ يزابصيب يغ رعبؤل فٗ َشبغ انًيزٕكَٕذسيب ٔ انزخهيق انحيٕٖ نهجشٔريٍ ٔ ئظؼبف انجُيخ

انُٕٖٔ. ئٌ انزغيشاد فٗ الإَعبج انغيزٕثابصيٗ ٔ  نلإَعبج انًُظًّ رٕصيغ كاب يٍ الأَُيجيجبد انذقياّ ركٕيٍ انخيٕغ انًغضنيخ ٔاخزابل اخزابل

انًغإٔنّ ػٍ انؼًهيبد انحيٕيّ  ل انزؼجيش انجيُٗانُٕٖٔ يكٌٕ رابصيب يغ حذٔس رغيشاد ػهٗ يغزٕٖ انجيٕنٕجيب انجضيئيّ يثهًب يحذس فٗ أخزاب

انزٗ رُظى ػًهيبد الإَعبج ٔ انزطٕس فٗ يشاحم انزطٕس انجُيُٗ يب قجم  (GDF9ٔPOU5F1 ٔC-MOS  ٔGLUT1 ٔSOD2 ) ثبنجٕيعّ

ركٕيٍ انجُيٍ انكبيم انزطٕس  الإَغشاط. ٔ ْزِ انؼيٕة / الإخزابلاد انخهٕيخ ٔ انجضيئيخ رإدٖ نهزأثيش انًجبشش ػهٗ الإَاغبيبد انًجكشح ٔ
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% نجٕيعبد انجًبل انزٗ .9ٌ يؼذل انٕصٕل نًشحهخ الأجُخ كبيهخ انزطٕس )ثابعزٕعيغذ( كبٌ يُخفعب ثُغجخ ا )ثابعزٕعيغذ(. نزا يابحع

نجبيٕط يُخفعب %. ٔ كبٌ يؼذل الأجُخ كبيهخ انزطٕس )ثابعزٕعيغذ( فٗ ا95ػُشظذ نصذيخ حشاسيخ يابسَخ ثُظيشارٓب انغيش يؼبيهّ ثُغجخ 

انجيُبد انًُظًخ  صيبدِ يؼذل انزشْٕبد انصجغيخ ٔ رغييشاد فٗ ػضٖ انٗ % ، ٔانزىي5.3.% ػُّ فٗ انشزبء ثُغجخ 33خابل انصيف ثُغجخ 

انحظبئش  نؼًهيبد جضيئيخ سئيغيخ رًظ ثحيٕيخ الأجُخ. يٍ رنك يزجيٍ أٌ رضٔيذ ئَبس انحيٕاَبد انًضسػيخ ثُظبو ئداسح أيثم، شبياب انزغكيٍ فٗ

زخفيف الإجٓبد انًُبعجّ، ْٕ الإعزشاريجيخ الأٔنٗ نزاهيم انحًم انجشاسٖ انجيئٗ. كًب اٌ رغييش انزشكيجخ انؼهفيخ نهحيٕاَبد ْٕ غشياخ ثبَيخ يحزًهخ ن

ذ ػابٔح ػهٗ الأداء انحشاسٖ. ٔ فٗ انُٓبيّ يزعح أٌ الإَزخبة انٕساثٗ نزحًم انحشاسٖ ْٕ ْذف غٕيم انًذٖ نهزشثيخ، ٔ رنك نعًبٌ ئَزبج جي

 .ٔرنك يغ ئعزًشاسيخ ظبْشِ الإحزجبط انحشاسٖ انزُبعهٗ


