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Abstract

Aim: The present study aimed to investigate the combined effect of
citrulline, caffeine, and creatine supplementation on muscular strength
and power in female athletes.

Method: In this randomized, crossover, double-blind, placebo-controlled
quasi-experimental study, 15 female track and field athletes in throwing
events (age: 24.40 ± 3.29 years, weight: 71.46 ± 4.76 kg, height: 172.66 ±
4.70 cm, BMI: 24.02 ± 1.13) were placed under seven conditions:
baseline, acute citrulline consumption (8 g), acute creatine consumption
(20 g), acute caffeine consumption (6 mg per kg of body weight),
combined citrulline and caffeine consumption, combined citrulline and
creatine consumption, and placebo consumption (maltodextrin). The
interval between each condition was one week, and in each condition,
the supplements and placebo were consumed 60 minutes before
performing the activities (RAST test, squat, and bench press). Data were
analyzed using repeated measures analysis of variance (ANOVA).

Results: The results showed that the use of caffeine, citrulline, creatine
alone and the combination of supplements (citrulline + caffeine and
citrulline + creatine) significantly increased anaerobic power (peak
power, average power, minimum power) and upper limb muscle
strength (chest press) and lower limb muscle strength (squat) in female
track and field athletes working in throwing disciplines (p<0.05).
However, there was no significant difference between the combined use
of supplements (citrulline + caffeine and citrulline + creatine) and the use
of supplements alone in any of the measured variables (p<0.05).

Conclusion: In general, the results of the present study showed that the
use of L-citrulline, caffeine, and creatine supplements alone can affect
the anaerobic power and muscular strength of female track and field
athletes in throwing disciplines, and the combined use of these
supplements did not have an additive effect on the subjects' anaerobic
power and muscular strength compared to their use alone
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strength. 
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Extended abstract (1000 words

Problem Statement and Research Significance (100- 150 words) 

Anaerobic power and muscular strength are key determinants of performance in high-intensity sports. Rapid 

depletion of energy substrates and early fatigue during explosive activities have led athletes to seek ergogenic 

supplements to enhance performance. Citrulline, caffeine, and creatine are commonly used supplements with 

potential benefits for anaerobic performance through different physiological mechanisms, including nitric oxide 

production, central nervous system stimulation, and enhanced ATP resynthesis. However, limited evidence 

exists regarding the combined effects of these supplements. Therefore, this study aimed to examine the effects 

of citrulline, caffeine, and creatine supplementation, both individually and in combination, on muscular power 

and strength in female athletes. Understanding the synergistic or additive effects of these supplements may 

provide practical insights for optimizing performance during high-intensity and short-duration activities. 

Methodology Overview (Research Methods, Study Population, Instruments), (150- 200 words) 

This study adopted a randomized, double-blind, controlled, quasi-experimental design with a pretest–posttest 

approach. The statistical population consisted of female athletes aged 18–30 years who participated in throwing 

events in the city. Participants were recruited through announcements in sports clubs, relevant sports 

federations, and virtual groups. Inclusion criteria included full health status, no use of medications or dietary 

supplements during the previous six months, at least one year of regular training experience (minimum three 

sessions per week), and no smoking or substance use .From 21 eligible volunteers, 15 female athletes were 

randomly selected to participate in the study. After familiarization sessions and obtaining written informed 

consent, anthropometric measurements and one-repetition maximum strength in the bench press and squat 

exercises were assessed. Participants completed seven experimental conditions in a within-subject, 

counterbalanced design: baseline, placebo, creatine, caffeine, citrulline, creatine plus citrulline, and caffeine plus 

citrulline, with a one-week washout period between sessions .In each session, participants performed the 

Running-Based Anaerobic Sprint Test (RAST) followed by bench press and squat tests, separated by 

standardized rest intervals. Anaerobic power indices and maximal strength were recorded and analyzed using 

repeated-measures statistical procedures. 

Key Findings and Results Analysis (300-400 words)  

Preliminary statistical analyses confirmed that the data were normally distributed and that variance homogeneity 

assumptions were satisfied, allowing the use of parametric tests. Analysis of peak anaerobic power revealed a 

significant main effect of supplementation condition (F(6,84) = 8.74, p < 0.0001, η² = 0.384). Both individual 

and combined supplementation protocols led to meaningful improvements compared with baseline and placebo 

conditions. The observed increases following caffeine, creatine, and citrulline intake indicate that each 

supplement independently enhanced maximal power output. Moreover, the combined conditions also produced 

significant improvements; however, the magnitude of these changes did not exceed those observed with single-

supplement ingestion, suggesting a lack of additive or synergistic effects. Similarly, mean anaerobic power 

differed significantly across conditions (F(6,84) = 8.24, p < 0.0001, η² = 0.371). All supplementation strategies
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resulted in higher mean power values relative to placebo, reflecting an improved capacity to sustain power

throughout repeated high-intensity efforts. This improvement in mean power suggests that supplementation may

have attenuated fatigue development during the RAST protocol, thereby supporting more consistent 

performance across successive sprints. The analysis of minimum anaerobic power demonstrated a significant 

effect of supplementation (F(6,84) = 10.44, p < 0.0001, η² = 0.427). Notably, all supplement conditions

significantly increased minimum power output compared with placebo, indicating a protective effect against

performance decline during the final stages of the test. This finding is particularly relevant, as minimum power 

is a key indicator of fatigue resistance during repeated sprint activity. Regarding muscular strength, both lower- 

and upper-body strength showed significant improvements following supplementation. Squat one-repetition 

maximum displayed a significant main effect (F(6,84) = 10.44, p < 0.0001, η² = 0.427), while bench press

maximal strength also differed significantly among conditions (F(6,84) = 12.51, p < 0.0001, η² = 0.472). These

results suggest that acute supplementation enhanced neuromuscular performance, likely through mechanisms 

related to increased energy availability and improved neural activation. Importantly, no significant differences 

were detected between individual supplement conditions and their combined forms across any performance 

variable (p > 0.05). This indicates that although each supplement effectively improved anaerobic power and 

muscular strength, combining them did not yield superior performance benefits, implying overlapping or non-

synergistic physiological mechanisms. 

Innovation and Practical Implications (150- 200 words) 

The present study offers novel insights into the acute effects of citrulline, caffeine, and creatine 

supplementation—both individually and in combination—on anaerobic power and muscular strength in female 

athletes engaged in throwing events. A key innovation of this research lies in the inclusion of female athletes, a 

population that remains underrepresented in supplementation studies, particularly in high-intensity and power-

based sports. Additionally, the within-subject, randomized, double-blind design allowed for a precise 

comparison of individual versus combined supplementation strategies under controlled conditions. 

From a practical perspective, the findings demonstrate that acute supplementation with citrulline, caffeine, or 

creatine can effectively enhance anaerobic power and upper- and lower-body strength. However, combining 

these supplements did not produce additional performance benefits beyond those achieved with single

supplementation. This has important implications for athletes and coaches, suggesting that the use of a single, 

well-chosen supplement may be sufficient to improve performance, thereby reducing unnecessary supplement 

intake and potential side effects. 

These results provide evidence-based guidance for optimizing supplementation strategies in female athletes 

involved in explosive, high-intensity sports and highlight the importance of individualized and cost-effective 

nutritional interventions in athletic performance enhancement. 

Conclusions and Recommendations (100- 150 words)

The findings of the present study indicate that acute supplementation with citrulline, caffeine, and creatine,

whether consumed individually or in combination, significantly enhances anaerobic power and upper- and 

lower-body muscular strength in female throwing athletes. Improvements were observed in peak, mean, and 
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minimum anaerobic power, as well as maximal strength performance, highlighting the effectiveness of these 

supplements in supporting high-intensity and explosive athletic activities. Notably, the absence of significant 

differences between individual and combined supplementation conditions suggests that combining these 

supplements does not provide additional ergogenic benefits beyond those achieved with single supplementation. 

Based on these results, athletes and coaches are encouraged to adopt targeted and individualized 

supplementation strategies rather than relying on multiple supplement combinations. Selecting a single 

supplement according to the specific demands of training or competition may be sufficient to enhance 

performance while minimizing cost and potential side effects. 

Future research is recommended to examine the chronic effects of these supplements, investigate different 

dosages and timing strategies, and explore potential sex-specific responses in larger and more diverse athletic 

populations. Additionally, examining these supplementation effects across various sports disciplines may further 

clarify their practical applicability and optimize performance-enhancing interventions.
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مقدم

ا و وعیا وهمرثردکرم

اتفانگا -اتراااد.

و،کاندوومیاور

روقددثرندشاو:ستند

قباعی(1)فجا و دثرتیار)؛

ودانعکند)تقاو

اوفثردوااداا.فو-

اویررویا

،ختًیقااتفااثرآدل،دا

ادسیاایسریاند،یق

ویدیرر(2,3)یعا .د ا  ا-

 ماند ا ایشتر  ید  ار ا

ست سفا ر وآ اا یزستند 

تگا ر  ا ااسفا ایزیکو-

 جا (4)ویکوویز د یعا و  نا  .

یعا نی  ستند. جد اا  یخ اتنا ا

ر ناا ر یخ ،د او  دد فجا ا

ستگ ر و م  تی ید جم ز  ر

قاسا    و  ر  آ با   

مکر،ستند   ا ر . کا  سیا

م و غذ ،تصا نامر ث یشما نند

کم تفا  انند(5).

 ییترینویدآندر

یاویآ.ار،صر

وییترظیآوساز-

مکا(6)د  وا .1(2013مکا  یا  )2

(2012 شا )ند ییتر کم  رفیدرد

یستبرکرمیادازیدوسید

یتر(7,8)جمو .دوادیزشا

دصرییترسازادو 

کرمریدویتر ,(9دزسید

10).،رناییتردویاصوکوویز

1 - Yabuki et al

2 - Ochiai et al

یترآیطوورواد رسید

هبویردما عد(11).

ئیاکرکماا

تاوتفاریر.یسکااسئور

ا ئیا یویرأرا،ادایستاخت

دسابر.یستصب ئیا ،زر

رعاادیراوآمندراآ

،یاآو،یاتییویوریرأذ

(12)،تیجکرمضلزد(13).

زعادضلدونجرزصر

رو،ورنانجراعترر

استرورواضلو(14)ر .

از ر ئیاکرمد د ز(15-18).

کم گر  یر ، ر لد    ای ا

یئر  ،یر . و یار  کا و و

 نتز د      ریری بد، ( و

یسی ،یآ بی  ینآ اید ر ر  کرا 

 تا یر ،یتیو  ذ و ر   ،)و

 د  ا  رز و بییر ز ،ر

 د یرسفو اا او ز  نجر د یر

 دد یعا و  سفا ر وآ نتز کاو

 ر یعا   ا نا ر    اند

 ر دد  د اوصر و  عاطا .ا

اود  د جا  کرم ر یر کم

ر یر کم صر با  ثبت ر عاطا یشتر

ر ز   کرمد(19).گر عاطا ر بت

کا  و  شز کم  صر  

کر دشاد(20).

کمشاآاوا ی  و ا، آد

کم   یبر آا   یز یشترا هبو ا ود

کم صر ار عطا  رنا .ر کا ا-

 یر و   نها  )یر ،ئیا ،ییتر( -ا

  یر ا ییتر-د  و ر ئیا ا ییتر

د. ر  کا ضل

نا
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عطااویم،جرنترداریوآ-

،وآ صاو وو.عااآحقیرا

یکاا تارهر(18ا30ا)دو.

انند رعطارارا لگاا

ا،هرا یئورا رجا

تخادداواعیات اتل

،اود18ثرد30،اتفاکر

ورکماذ6ا،تذت

 )ا نظ مر کسا د قاسمر

)فتدصریااا،کمیدادد.

یا21د،رمواآا15کا

:(29/3±40/24: د:76/4±46/71، ،70/4±66/172،BMI:

13/1±02/24)ا تارصوصاارر

عطاراتخادد.زر  اناآ سا

ر د ا ا یحاو عطاذا

)ر د ، )د، کوویز ا یر د ،تب ا

سکر ور ا یشین کر  کرم 1ستگا 

ین ر ا.د یر د کاواآ

رراامترتقاوآیعاتقا

ف،ا عیصر،ما،یر ،ئیا

،ییتریریر+یر  ییتر

ئیا+ییترتندر ر.وآ س ر  ا وآ

و  و2RASTا ا  کا  ین ر ،10

د. جا   یقکروآRASTا6ر35

رریترای10اردثرادتر

و.رروآRAST،تدا وآد10یق

دـوـردمو.داروآRASTر

،ررسیاد،یاـا35تـرا

بد.وآتاررر

ذ.دتونااا،بـوـا

10یاوآـدردر .ر

ا، وآسا35تر،اارما

بر.دبررروامود

تفااروایشینو.تندضووا

1.  ( /0278/1-(خستگتاتکررتعدد×0278/0) وزنۀ(
بیشینهتکرری(=یلورم)شدجابهجا

2 . Running-Based Anaerobic Sprint Test 

یشترقـدـدـاـروآRAST،ر

س،دآ.راطةسبر

سـاـدرکعاپردرر

سا35ترتفاد.و،دمترقدد

اـرـوآRAST،ـرسـ،اتفا

طرسبرسادرکعا

پردسا35ترو.جمورا و

دآررقسیرد6شاند

گییـاـوـرورو.ردیرد

یشینرینکاثرد وآ دیشین

تفادر.یرساراتامترتقا

ووسیعاا،ا عیس

یرئیا+،ییترسو،)سترتوا( ما

سها( ییتر8)ر(21)،سنجیر+

( ئیا ش س ،ییتر6رویر   ر ی

)د (22)( یر فت س 20)ر(23)رد.

،ر   ر  .و فت  ر   ر ی ا

ما ا کم صر60یعا جا  ب یق.و ا

کم-ییترر حصو ،تفا وو-

یشیتسوشو ا  و او هیرز

کم .(Creavitااشواریرد. VITAP

Nutrition. Canada )ویداهدر

تاووهیدر.ر حصو یز ئیا

یزوا3.و تاجا ا

آما 

وبیعاجاااتفا آوا

یراورد.وآیحااد

یرکروآعقیبنفرا  یح هتفا

ا.د ارزSPSS22طا05/0آ>pو

جزیحرر.

افتها

اوبیعااامسادو.تا

اآصوعطا اتغیرما امو1ا5

شاد. و ی   شا تا :و

کم صر  یبر  نها صر،ییتر ائیا

3. GALVANIZE 
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یر و  ر ما  ا ر کاا و

عن فا (  و 384/0=η2،0001/0=sig،

74/8=6،84F).  شا نفر وآ تاصر ر

( ئیا کم021/0p=( یر ،)012/0p=ییتر  ،)

(01/0p=( ئیا  ییتر  امز صر ،)009/0p=)

( یر  ییتر  امز صر 002/0p=سقا  )

عن هبو ا ما ر ا و  ر و-

مو(  در انند1.)

مو1 و  قار .و

ا  ما عی ا عنا فا *(05/0>p)

 و گییای :وصرنهایبرصر

ا کم،ییترئیایرارامار

گییاوو کافا عنو

( 371/0=η2،0001/0=sig،24/8=6،84F).صر ر

( ئیا005/0p=( یر صر ،)008/0p= صر ،)

( ییتر008/0p=ئیا  ییتر  امز صر ،)

(006/0p=( یر  ییتر  امز صر  )001/0

p=عن هبو ا ما ر ا سقا  )گییا 

 ور و. در انند

مو2 و گییا قار .و

ا  ما عی ا عنا فا *(05/0>p)

دوی :و صرنهایبرصر

ا کم،ییترئیایرارامار

ددحتاکافا عنو

(427/0=η2،0001/0=sig،44/10=6،84F).ئیا صر ر

(03/0p=گییا تل ا ،46/39( یر صر ،)004/0

P=گییا تل ا ،66/36( ییتر  صر ،)001/0

P=گییا تل ا ،60/42 ییتر  امز صر ،)

( ئیا004/0p=گییا تل ا ،30/34امز صر  )

( یر  ییتر 001/0p=گییا تل ا ،06/29 )

عن هبو ا ما ر ا سقا و د -

ر ومو(  در انند3.)

مو3 و د قار .و

ا  ما عی ا عنا فا *(05/0>p)

ی : حتا د دصرنهایبرصر

ا کم،ییترئیایرارامار

ددحتاکافا عنو

(427/0=η2،0001/0=sig،44/10=6،84F).کم صر ر

( ئیا005/0p=( یر کم صر ،)011/0p=صر ،)

( ییتر  کم002/0p= کم امز صر ،)

( ئیا  ییتر004/0p= کم امز صر  )

( یر  ییتر017/0p=ا ما ر ا سقا  )

عن هبور حتا د د . در انند

مو(4.)
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مو4حتا د د قار .

ا  ما عی ا عنا فا *(05/0>p)

ی : او د دصرنهایبرصر

کما،ییترئیایرارامار

دداوکافاعنو

(472/0=η2،0001/0=sig،51/12=6،84F).نفر وآ تا

( ئیا صر ر   شا037/0p=یر صر ،)

(018/0p=( ییتر  صر ،)014/0p=امز صر ،)

( ئیا  ییتر 001/0p= امز صر  )

( یر  ییتر011/0p=ا ما ر ا سقا  )

عن هبور او د د  در انند

مو(5.)

کم نها  صر ر ی  ئیا ،یر ا

و اتغیر  یچکد  آها یبر صر  ییتر

ودداوحتاکافا

عن( د و 05/0<p.)

5نموانفو ند دت قایر .

ا  ما عی ا عنا فا *(05/0>p)

بحث

کم ا صر   شا ار عطا  تا

،ییتر،ئیاهاآ یبر  یر و ر و

  و مر  کا حتا  او د د

شد. دشا آها یبر ا نها ذر ی عنا فا

ییتر  ار عطا ازوو 

دداوحتاکادر.ا،ا

معاطاوکم  ازودد.ر

عاطاشاداصروییتر 

کرمهبومخشد(24,25)سقا ا .ر3

9ر-ییترا ما دیشر وآیر

راعادشادا ا ایر

صرییترواهومترو(24).

( مکا  طاع2015ارو  أیر( ر  کم-

ا-ییترآندرکرما

وییتر  صر   شا تا رتند. و

عن ایر ی ند آ عد ر ،اکرا

،ستگmax2VO،تاآواشادرا

طاروتندد(25). شا عاطا گر دا

6-7کمییتر اکرم هبو

و(9,10)( مکا  ی ،و   .2015عطا  )-

 کم صر  رتند وو  ر  -

هبو  دد نا مر کرم  صر سیژ ییتر

خشد(9)کم د او صر   شا عطا تا .

-ییترا-،یآدوشا،وینتی

2OV̇کرمسازاهبوخشد.

( مکا  و ،مچنی2016 کم  د شا )-

ییترواهوط-یماآلز

اماسقااما5/1ا د

(10).رل یا ار، عطا( مکا2016)

یعا کرم ر ییتر د او ا کم أیر ر

د ا و رار ز  تر 12د

  و  ییتر ا کم رر یرأ ،

د ر مر ر و  ر(26) ک .

ار، عطا ا تا  مسواتمایز  ا

وآ اآیشر ر  و  ؛ ا

یا اآ  کار مر ر  یشتر د، ر

.( مکا  اایر ،مچنی1399 د شا )
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کم فت  ا-ییترر ووشت-

عن ایر یرد (27)ًتما .مخوا  

 و نج ر د تفا وآ و وود

( مکا  اایر عطا  و آو1399اد  )

بی.در تفا شت د احد  و ا ، 

و و ر ییتر ا کم ر و  حقیقا و،

و ضل د تیج   تیا طع؛ یر

 یشتر حقیقا  یا  و و، و  .لر

- ،یآ- شد یر بد یسوتا  ییتر

زآ وم خر ناآ انحصر نبة  .ور

سید ز  ررؤ    آ  مک ییتر

  سب یتر–ند بد ی(24)آ.کت   و

 ییتر   می ااویساز  یرو ا نها

 حو  یآ- یآ یستمی قد ،یو

 ز ییتر نک  و ا ک د، نوود

هاتر  مک ند، م ناآ تروآ نند

د ز یز  یآ ست(28). دو  و ا

شایرأ عد ند ییتر و ر ا ا

ةیسیدیتر  و کا  ،

ییتریرأ  ارد ا ط   یآ یز تود

ر   آ ثب سیدیترعد س ر .ند

،مچنیییتریتر ساا ر   )آویو)ود

ا  بد، تادینجا یدو  ز  یدو. 

 یکویز ز ا یووآ ظ ز،تیج   و

ید زتیستگ ضل  . مر،

کم ییتر ا ایاوآ ساا ز ا ود

،آ با   یووآ جم ا  ، ر  د وید

 ا  و  کاء اوژ (یزیکو)

جم  وید ا ،طباتانجر  و(18)ل .

، ای)ر ید )ا ار جیا  نو 

ا  رتا و ا  و ز ا ود

ر زتاجم  وید ا ا ،تا 

 و ز ،آ باستگ ا  وضل

و(25).

و ر ئیا ا صر  و  ار عطا گر تا

ت  کا حتا  او د د  وا

عن ایر ید ارو ز ا   

 و ،وکا حتا  او د د  و

یی ،مخو حقیق  رد. -مکا  تنا

(2021عطا  )  د شا ائیاب

مر،تقاگییاو درتورا

وکرمریمکرندریصر-

انندفیئیازد(29). تی ،مچنی

( مکا2019 د شا )5یئیا ر60یق

 نا ،یکا( ی ر کرم هبو ا ،یعا  ب

 )کار(30)گوی ، ر ل .-مکا  آسو

(2019عطا  د( شا ر کمئیاز

یوشارکرمواستگ

راکاجاند(31).ا،ور

ئیااوصرئیار کسایدوو  د

ماوادمکرهبوزیشتر،

ریشتراکا،و.،رناریو

صرائیارکرمومکر

.ادایشتر عاطا تا ا ار حقی تا ا

( مکا 2010( مکا  رر  )2021 مخوا )-

)(32,33)اد مکا   و   .2010عطا  )

ا ایر ر کمئیاردضلتقا

ا صر   شا تا رتند. ضلکمئیا

واهودضلاتقاضلهبو

مخشد(32).تا و  مک مخوا ا

یحدارعاطادایرأئیار

کرمطعدبا.رثرددافسیر،تا

عاطادامآکپاااو

وواائیا(نو،ثاداصر)

ااکوویزرر.وآ نک  و -ا

ید ار عطا ا  حقیقا تا  ود ا

( مکا2010( مکا  رر  )2021وآ ر )ا

و تقا مر ر مر(32,33) تما ،و ا و

.مو یو  مخوا تا   ت و  و ا

نکئیا،ن ا ا ر   و یر اآ

ور ز ،یاو  مرز ز ،ستگ ایر

 میلوا بکة  سی ا ز ،ر اید

قبا هبویکوا ر ز ،تک ضة رذ،ا

هبو  ضل صب تقا ز ر  یر وید ز
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ما ر  ا  ض یعا دثر اوید ند.

ذر تما  اا   د یشنها ،ا 

ئیایعا او ام دد،  دئیانو 

دیر تا یسوتاد.آا وآ ائیا صا ا

دیر وآ ا CNS اد تر د  و

 یشتر تر ز یز صب خیة  ور  اد

 ز  یدو یر   قبا و اا ند.

ذر ر   ائیر اا  ر 

ر ،یس یا وویز قار  یشتر ویدقار ثا 

 هو نجا .دا ت مر   یرأ  ود

مچنیئیا،مر شا   غییر ر  ود

،)ار  یاو ز( ر  عی ا ن ا

و کرم ز و(34). جمو دظر

ر و  یبر در  ئیا زیر اآ وند

یعا   کرمیعا اند دد،  د او ا-

تما رند ند، یو ار حقی  تفا و ا

قئیادیر تا یسوتاآ نو  وآ ا 

CNS و گر  رگتر ، ر ل . ر تقا

کا  یسکرمئیاک ما 

وتایآسیدروآ  ا و  A1اردی،

A2A غز خت نا  یا م ،و ند.

 ظر  ،ا و A1آواردید ب

سینا یاپوو خچ   شر ، ود.

 ظر  ،قا حدA2Aآواردید و 

  سینا خط س یادو(35) . صو

وا وئیاو ری یداروآستگ 

وریز ا تعاباً  رتر کرمت یج

زصب تقااینرصب تقا .و

اینرروریس ریستقرییترواGpe

 م،ندرناعایترقو ند(36)ا .

کایسئیا یشنهارأ ستگری تد

زتر کرمنو   مک  م

یورزکرمتقا مر.ند مکت

ر  و د    حقی   و ا

ئیا صر رنا . تا زر تیج و

ئیا صر وآ جا ی RASTر ف  ،

ین   یکا  . و ور ا اا حظا ا و

یو ر یشنها یسکا . بو ور ما صر

ئیا ارآ  و گییا  و د ز 

تا پتو ر سد زر صا یست حر

ا   یدئوو وآ . وآ

 ها  ورسمیترا ظر  ائیند. آود ا

دیر  صا را تیز  سا نوآ ا

ئیا یکنگا ،رنا آونیردند. اA1A2

 و  ز ورسمیترا اا ند اد.

ئیا تیجتی اا ز ب  مکینو

سینا کا ر   ضل صب تقا  و

 سهیا(37)ئیا را ررسمیترا. ا می

 ز حر  ا  و ا ا   رد

دیرنوآ ا A1A2 ور یکا  یر

تقاوح ییام ر گرایر تما یو .یر

 و گییا  و د هبو ریعا ز ود

Na-K ATPaseد  شا اد. ضل ا 

یوتا  ک ،تیزائیا ایعا ، Na-K 

ATPase ز د(38)د  شا گر، و  .

ئیا بک  و یر گاا   سی ا

 حر میلواد قید حققی  عض ند.

ئیا ذا ور ب سی ا حر جا

 میلوا بک  سیقبا ر    ر

 سهی  ضلند(39).حققیگر تقادر 

ئیاو ر اآ  ًتما ضل ا  ار

یز ا ،ض  میلوا بک  سی

و  وا رذفو  ز  سی و ر

وو ر سا ر  شاء گکپا    ،سی-

طو ز  میلوا بک اAMPقو

ور و و.ئیا   و یز تما 

 زر صب یست  حی   کاحر ر ر

 ور اسا اآ ا اند گذ؛ ایر ود،

اآ   سمت د .ض ستگ  عوا و

و  سی ظ ز  ا ا ،ضل ا

و  یتا .ر یو کر اقبا رآند نگا ا،

 تما اآ  ماتد ایر   ضل ستگ ود

وآ  و گییا  و د هبو ب ا.ر
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ا یز یر ا صر   شا ا عطا ا 

 و زکا حتا  او د د  و

ا ،و   رد. زراPCRضلر

،یر کم صرتااًسبتااو

کمیر(0-14)اهبو ،عد5ا15د

اتراختکرمًعموزو(20,40).

صرایرظPCrواضل

یزاهوزد.زکااا

رATPوااویعاااد،ا

.(41)ندرنگیسارنداراند

تروATPًستقیماازورد

وکرموبا[1[]2.]شاد

اایر(نوثا0.3رر

روید)کرمتدجربمر

تقاهبوخشد.شاددویر

ورر مررکر مر

داوصردشار(42)عطا .و

( مکا2009)یشرااهوگییا

دوواآنگیدکوش

دکرکمیر5مراار

مرتقازد(43).  ،مچنی

( مکا2021عطا  )کم  د شا ر 

یردوراکرجاند

مککاکرمرزد(41).بت

و  شز کم  صر   گر عاطا ر

کر دشا کا د(20)مخوا   .

مو نسی  ووآ  و  مو.ا ا ا

( مکا  یاز  و  کم1999ا  رد نو )

ر کرم ر  یر م   مک یر

اد ی ند(44):1 یرسفو مر یر کم )

 زض یرسفو ار تد ظ  د.

ند، م ض اقبا ف   مک2یر کم )

 ز  یرسفو جد اریطود.نتز

یراا نگا یرسفو یشتر نتز   مک

ند، م3 ا  ض تید یر کم د.(

نتز رآند  ا  و پوا  نو  یرسفو

جدATPADP،+H صر   مک  ند.

 و ما دد.  یشتر تی ید تبا ا ض

  ستگ جا  ر خ و  ک یا

ز تیج نو  ضل  ید دآ وو دد

یکتر تقا  یتییکو ار زا اد.

 ید و ظا  راد ا ن عو  ود

یعا  یرو ی   ض یکوویز

ر یر ر  نار د. ا لسفو ا یناتورسفو

ا  ض تید +Hت ر  ثبت ر ود 

م ی  دآ وو ستگ  د.+Hاد ا 

ظر  ستگ ا  ر  ز د ر  نار

 و ا م، و  وااد. صرکم د

ثا ر( یر7-5ًباقر 20 ) رنجر ود

 شا ،عاطا ثر .ر کرم هبو صر  د

   ار ضل و ا یر وید یا یر کم

عن و  و ساز  دد نامر او ا-

 ز وآ اد. کا  عاطا  ا

یاطخت نمر ر  قرباً،ا کا ا بتد

 شکی شگا تا کا طو  د.

 ظر  کرم  یشر یشتر با   د

مر  د دشا ا یدو و ا کر ا.

   مر کرمثا ر(    عد ا

 )نجمی  یها ، یودو%20-5د  -یشتر

کر  اد. ز ما ر اًعمو شاآ ا

ل ا و ر :ثا ر( ا یدو و ا

  در و ا  د ادثر ر ق ود

ًعمو او)و ف ،یا اند ترتا ا

او تناثا ر( د60-20آ ی  )یاا

 تفاننما د. د ح ا   ور ا

  نمرتقا رPcr مه ی  یر

مر ی تر  او ا مچنی ارًاد. ا

ی ا  شر ا ا  ای   یشتر

ظ زpcrضکم ه .دد

یبـر صـر ـی ـ  شـا اـر حقیـ تا گر

کمــ )یــر +یــیتر   ئیــا +یــیتر ( ــا

کم نها  صر و  ضـلا ـد  ـو

عن فا حقـ سـتجو ـا ـر .ـد ـو 
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گااعـطا ال اـا یـیتر  یبـر ـر ـا 

ـ  و و ر ئیا  یرضـل ـد  ـو

د ا گرد اورزنگایر

کماشادیسکاامهاآمکـ

طوآییندکمـگرکـدـندبا.ـنـو

،ثاائیـاـاـحریسـتصـبـزر

کرمزـ،ـدیـیترــر

سارهبوـحوـوغـذمــنـد.ـر

اسیرهایرآأدذاـدـاسـتق،ـندا

یرهاآمکازیشترسبتفااد

هاآتددا(45).

تیجگیر

صر نها  می ر ار عطا تا  و 

کم،یشین و و ر یر  ئیا ،ییتر  ا

 وید  کا ضل د  وا

تکم  یبر صر   اید ار ا ا

کم  نها  صر ا سقار رریبا فضا 

 و ،یشین و وضل د  وکا

ید ت ا. کر جا ار ا

مقا پیا

کما،ییترئیایرز وور

،یشینوودضلکا

یداتاار اور زا اآ یر 

.یس مر ضا ز  ر

د   شکر

وآ اد ار عطا.ر

منافعاض

دد. عنا عا اسندو
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