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Abstract 
 
Background: The purpose of this research was to investigate the effect of four 
weeks of moderate aerobic training and nanocurcumin supplementation on IGF-
1 gene expression and its receptor in the soleus muscle of rats. 

Materials and Methods: 32 male Wistar rats, approximately eight weeks old, 
with a weight range of 200±10 grams, were prepared and kept for one week 
under standard conditions of light, temperature, and humidity. Rats were 
randomly divided into 4 groups of 8 series: healthy control group, aerobic 
training group, nanocurcumin group and aerobic training + nanocurcumin 
group. The training protocol was for 4 weeks, 5 days a week, in the first week, 20 
minutes of activity with a speed of 18 meters per minute, and finally in the 4th 
week, it reached 35 minutes of activity with a speed of 20 meters per minute. 
Nanocurcumin supplement was also used for each animal at 80 mg / kilogram of 
body weight. One-way analysis of variance and Bonferroni's post hoc test was 
used at the significance level (P<0.05). 

Results: The results showed an increase in IGF-1 and IGF-1R gene expression 
levels in the soleus muscle in all groups compared to the control group. 

Conclusion: The combination of training and nanocurcumin supplementation 
probably increases the antioxidant capacity of the body and causes a greater 
increase in the expression of the IGF-1 gene and IGF-1R in skeletal muscles, 
which indicates more anabolic effects. 
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Inactivity due to industrial life or injury can be 

associated with an increase in the loss of 

muscle mass and increase the level of disability 

in people. Two important factors in improving 

body composition are daily sports activity and 

nutritional interventions. The best and biggest 

changes in the body happen when proper 

nutrition programs are implemented at the 

same time as regular sports activities (1). 

Improving body composition, which means 

increasing muscle mass and reducing 

unnecessary fat mass, is one of the most 

important elements of physical fitness, which 

improves sports performance and prevents 

people from suffering from diseases related to 

chronic inflammation caused by obesity and 

overweight (2). The production of free radicals 

and oxidants is an inevitable necessity of 

running sports programs, and many sports 

adaptations are the result of the release of 

these destructive molecules that make the 

body stronger against them (3). All kinds of 

sports activities increase the secretion of 

insulin-like growth factor (IGF-1) and increase 

the size of muscles as well as the strength and 

power of skeletal muscles. Insulin-like growth 

factor-1 is one of the best growth factors and 

has many beneficial results of physical activity. 

One of the most important functions of IGF-1 is 

regulating protein synthesis in skeletal 

muscles and promoting body growth (4). IGF-1 

after binding to the IGF-1R receptor, 

phosphorylates an insulin receptor substrate 

intracellular adapter protein (IRS-1), which 

phosphorylates Phosphoinositide 3-kinase 

(PI3K), followed by Akt phosphorylation (5). 

Mammalian target of rapamycin (mTOR) is a 

target Downstream of Akt, mTOR activity is 

closely related to anabolic/catabolic balance. 

The IGF-1/Akt/mTOR pathway is essential in 

promoting muscle hypertrophy (6). 

Skeletal muscle cell size is determined by the 

balance between the synthesis of new proteins 

and the degradation of old proteins. Under 

physiological conditions, the rate of protein 

synthesis and degradation is balanced and 

myofiber size is maintained. Under 

physiological conditions, the rate of protein 

synthesis and degradation is balanced and 

myofiber size is maintained. In the condition of 

weight loss, on the contrary, myofiber protein 

degradation is accelerated and the rate of 

protein synthesis is suppressed, resulting in 

muscle weakness and fatigue (7). IGF-1 can 

regulate protein synthesis and degradation 

pathways (6). In a study conducted on young 

healthy subjects, high levels of circulating IGF-1 

were negatively associated with body fat, body 

mass index, and total cholesterol, and positively 

associated with aerobic fitness and muscular 

endurance, In contrast, lower levels of IGF-1 

were associated with various pathological 

conditions including chronic diseases, 

inflammation and malnutrition (3). 

 Recently, the complementary role of curcumin 

in the anti-atrophy effects of skeletal muscles 

has been shown. Taking this supplement by 

increasing the antioxidant capacity and 

reducing the oxidants leads to the development 

of muscle hypertrophy processes. This 

polyphenol has anti-inflammatory, antioxidant 

and anti-tumor effects and inhibits aging 

processes in skeletal muscles by directly 

removing ROS. Curcumin interacts with various 

molecular targets including cytokines, growth 

factors, proteins, enzymes and receptors (8). 

The results of a study showed that curcumin 

improved hypoglycemia in rats by increasing 

IGF-1 gene regulation and improving oxidative 

stress caused by diabetes (9). 

1. Introduction 
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2. Materials and Methods 

Although curcumin has been investigated in 

various clinical conditions, studies to evaluate 

its effect on muscle changes caused by exercise 

training are rare. 

 Considering that so far, there is no study on the 

simultaneous role of curcumin and aerobic 

training with moderate intensity and has not 

investigated the changes in the expression of the 

IGF-1 gene and its receptor in skeletal muscle, 

and considering the existence of contradictions 

in the results of previous researches, in this 

study, the effect of moderate aerobic training 

and nanocurcumin supplementation on the 

expression of the IGF-1 gene and its receptor 

IGF- 1R was investigated in soleus muscle of 

rats. 

Estimation of maximum running speed 

For the test to determine the maximum speed, 

the animals performed the warm-up program at 

a speed of 5 meters per minute for 5 minutes. 

Then they started the test with a speed of 9 

meters per minute (5 minutes for each of the 

speeds). Next, the speed of the conveyor belt 

was increased by 2 meters per minute until the 

animal reached a stop. The criterion of the 

animal's disability was the inability to return to 

running on the treadmill within 10 seconds 

(10,11,12). 

 

In this experimental and fundamental research, 

32 Wistar male rats, approximately eight weeks 

old and weighing 200±10 grams, were obtained 

from the Pasteur Laboratory Animal Breeding 

and Reproduction Center (Tehran, Iran) and 

then transferred to the Animal Sports 

Physiology Laboratory. Animals had free access 

to standard laboratory food and water. Rats 

were kept for one week under standard 

conditions in terms of proper ventilation and 

12-hour dark and light period, temperature of 

22 ± 3 degrees Celsius and humidity of 50 ± 3%. 

Then the rats were randomly divided into 4 

groups of 8 series. Healthy control group, 

aerobic training group, nanocurcumin group, 

aerobic training + nanocurcumin group. 

First, for one week, the rats were prepared to 

perform aerobic activities and familiarize 

themselves with a special treadmill. The training 

protocol for 4 weeks, 5 days a week, in the first 

week was 20 minutes of activity at a speed of 18 

meters per minute and finally in the 4th week, 

35 minutes of activity at a speed of 20 meters 

per minute (Table 1) (13). 

Exercise protocol 
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Frequency  duration intensity week  type of training 

5 day/week 20 min/day 18 m/min 1 

 

5 day/week 25 min/day 18 m/min 2 

5 day/week 30 min/day 20 m/min 3 

5 day/week 35 min/day 20 m/min 4 

Table 1 : Aerobic training protocol 

 

Nanocurcumin supplementation 

Chitosan (500 mg) was dissolved in 2% acetic 

acid solution (50 mL) and mixed with curcumin 

in ethanol (1 mg/mL). 15 ml of 1% TPP solution 

was added drop by drop under constant 

magnetic stirring. Then the solution was stirred 

for 1 hour and centrifuged at 10,000 rpm for 30 

minutes.The obtained pellet was resuspended in 

water and further lyophilized to obtain chitosan 

nanoparticles encapsulated in curcumin. The 

size and morphology of formed nanoparticles 

were analyzed using scanning electron 

microscope (SEM), particle size with Zeta sizer 

device and product stability with DLS device. 

Commercially manufactured nano curcumin by 

Exir Nano Sina Company (Tehran, Iran) was 

used as a comparative sample of product 

quality. After preparing the solution, 80 mg per 

kilogram of body weight was gavage for each 

animal (14). 

Gene expression evaluation method 

All stages of keeping and slaughtering rats were 

done according to the criteria of Pasteur 

Laboratory Animal Ethics Committee (Tehran, 

Iran). 48 hours after the end of the research and 

supplementation protocol, all rats were 

anesthetized by intraperitoneal injection of a 

combination of ketamine (70 mg/kg) and 

xylazine (3 mg/kg) and the soleus muscle was 

removed with a surgical kit by a specialist. It 

was taken out and after washing, it was frozen 

in a saline solution and stored in a refrigerator 

at -80. The expression of genes was measured 

by designing the primers of the studied genes 

whose sequence is in Table 2. 
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 Gene Sequence 

1 

IGF1 

 

Forward: GGTAGGGTAGGTTGGAAATG 

Reverse: GCGAAGGTCTTGGTCACATC 

2 IGF-1R 

Forward: AAGTSGGTAATGGCATGAGA 

Reverse: GTTTGGTTTCCCACGGCTTC 

Table 2 : Sequence of genes 

 

Statistical analysis 

In order to analyze the data, descriptive and 

inferential statistics were used. At the level of 

descriptive statistics, indicators such as mean, 

standard deviation, and in the inferential 

statistics section were used to analyze the data, 

one-way Anova and Bonferroni's post hoc test 

were used at the significance level (P<0.05). 

 

3. Results 

According to the results of the Kolmogorov-

Smirnov test, the distribution of the data 

related to the research variables is normal. 

Moderate aerobic training and nano curcumin 

supplementation had a significant effect on 

IGF1 gene expression in rat muscle cells. The 

results of Bonferroni's post hoc test showed 

that there was a significant difference between 

the control group and the experimental groups 

and the training group and the nanocurcumin 

group with nanocurcumin + training group 

(p=0.000). The figure1 shows the comparison 

of IGF1 values. 
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Figure 2: Comparison of IGF-1R expression in four groups: 

control, training, nanocurcumin, nanocurcumin + training 

 

 

Figure 1: Comparison of IGF1 expression in four groups: control, 

training, nanocurcummin, nanocurcumin + training 

 

The result of moderate aerobic traning and nano 

curcumin supplementation has a significant 

effect on the expression of the IGF-1R receptor 

gene in rat muscle cells. 

 

The results of Bonferroni's post hoc test showed 

that there is a significant difference between the 

control group and all the groups. The figure2 

shows the comparison of IGF-1R values. 
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4. Discussion 

In the present research, the IGF-1 gene 

expression values of soleus muscle increased in 

all groups compared to the control group 

Sports training and nanocurcumin supplement 

alone are a suitable and sufficient intervention 

to increase muscle IGF-1 gene expression. In 

the case of lack of training, the level of IGF-1 

gene expression in the soleus muscle will 

decrease, which can be prevented to a 

significant extent only by taking nanocurcumin 

supplements, and as a result, muscle wasting 

can be prevented (15). There is evidence that 

curcumin increases the serum activities of 

antioxidants such as superoxide dismutase 

(SOD). Curcumin can destroy various forms of 

free radicals such as reactive oxygen and 

nitrogen species (ROS and RNS, respectively) 

and regulate the activity of GSH, catalase and 

SOD enzymes in neutralizing free radicals. Also, 

it can inhibit ROS-producing enzymes such as 

lipoxygenase/cyclooxygenase and xanthine 

hydrogenase/oxidase (15). In this research, it 

seems that nanocurcumin supplementation 

alone has prevented the reduction of IGF-1 by 

developing the antioxidant capacity of the body 

and especially skeletal muscles، caused by 

injuries or skeletal problems, it has useful and 

significant effects that should be further 

investigated in other researches. When 

nanocurcumin supplementation was combined 

with moderate aerobic training, IGF-1 gene 

expression reached the highest level and 

showed an increase of 8.17 times compared to 

the control group. 

Although all kinds of sports activities can 

increase the expression levels of the growth 

hormone gene as well as IGF-1, studies have 

shown that strength training increases the 

levels of IGF-1 more than other sports training 

(16). 

It seems that due to the high production of 

oxidants, aerobic training moderates IGF-1 

gene expression to some extent compared to 

resistance training. For this reason, resistance 

training creates a greater increase in muscle 

mass. Maybe combining an effective substance 

in reducing oxides and free radicals along with 

sports training with the development of 

antioxidant defense will reduce the modulatory 

effects of IGF-1, which seems to have played 

such a role in the present research. In the 

present study, the increase in IGF-1R gene 

expression in the soleus muscle of Wistar rats 

was significantly increased in all three 

intervention groups compared to the control 

group. All of the effects of IGF-1 are induced by 

binding to its specific cell surface receptor, the 

IGF-1R. If the IGF-1 receptor is not expressed 

or upregulated, none of the anti-apoptotic or 

anti-proteolysis pathways will be established 

and the breakdown of cellular proteins will 

begin (17). The amount of proteins in the body 

is the result of a homeostasis between the 

analytical and anabolic regulatory genes, and 

one of the most important and key pathways is 

IGF-1, which without its receptor will not have 

any effect on the cell and subsequent 

processes. . So binding of IGF-1 to its receptor 

is one of the most necessary and important 

cellular pathways to maintain muscle mass 

(17). 

In chronic diseases such as metabolic 

syndrome or diabetes mellitus, the IGF-1 

receptor expression levels decrease on the cell 

surface, which in the long run leads to the loss 

of a large amount of muscle tissue in sick 

people. Sports activity of any kind has the 

ability to increase the expression of IGF-1R on 

the cell surface. In fact, the increase of cellular 

receptors is one of the most important effects 

of training, especially aerobic training (18).  

 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2023; 3 (7): 12-22 

19 
 

 

 

 

 

 

  

Acknowledgements 

Compliance with ethical standards 

Conceptualization: H.V., M.H.; Methodology: H.V., M.H.; 

Software: H.V., M.H.; Validation: H.V., M.H.; Formal 

analysis: H.V., M.H.; Investigation: H.V., M.H.; 

Resources: H.V., M.H.; Data curation: H.V., M.H.; 

Writing - original draft: H.V., M.H.; Writing - review 

& editing: H.V., M.H.; Visualization: H.V., M.H.; 

Supervision: H.V., M.H.; Project administration: H.V., 

M.H.;  Funding acquisition: H.V., M.H.; 

 

Funding 

This study did not have any funds. 

The obtained results indicate that aerobic 

training and nanocurcumin consumption alone 

increased the expression of IGF-1R and IGF-1 

genes in muscle, but the combination of training 

and nanocurcumin supplementation probably 

caused a greater increase in IGF-1R and IGF-1 

genes expression by increasing the body's 

antioxidant capacity, which indicates more 

anabolic effects. According to the positive effect 

of aerobic training and the consumption of nano 

curcumin in the subjects of this research and 

based on the similar results of past human 

research, it is suggested to implement the 

aerobic training method used in this research to 

increase the anabolic power and for synergistic 

effects, nano curcumin supplement be 

consumed in the amounts used in this research. 

 

 

Conclusion  

 

The researchers hereby express their gratitude 

to the respected officials of Laboratory in who 

helped us in the implementation of the research 

protocol. 

Conflict of interest None declared. 

Ethical approval the research was conducted 

with regard to the ethical principles. 

Informed consent Informed consent was 

obtained from all participants. 

 

 
Author contributions 

 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2023; 3 (7): 12-22 

20 
 

 

 

  

References 

1. Stein, Angelica Miki et al. Physical exercise, IGF-1 and 

cognition A systematic review of experimental studies in 

the elderly. Dementia & Neuropsychologia [online]. 

2018, v. 12, n. 2 [Accessed 19 December 2022], pp. 114-

122. Available from: <https://doi.org/10.1590/1980-

57642018dn12-020003>. ISSN 1980-5764. 

https://doi.org/10.1590/1980-57642018dn12-020003. 

2. Majorczyk M, Smoląg D. Effect of physical activity on 

IGF-1 and IGFBP levels in the context of civilization 

diseases prevention. Rocz Panstw Zakl Hig. 

2016;67(2):105-11. PMID: 27289505. 

3. Nindl BC, Santtila M, Vaara J, Hakkinen K, Kyrolainen 

H. Circulating IGF-I is associated with fitness and health 

outcomes in a population of 846 young healthy men. 

Growth Horm IGF Res. 2011 Jun;21(3):124-8. doi: 

10.1016/j.ghir.2011.03.001. Epub 2011 Apr 2. PMID: 

21459641. 

4. Puche JE, Castilla-Cortázar I. Human conditions of 

insulin-like growth factor-I (IGF-I) deficiency. J Transl 

Med. 2012 Nov 14;10:224. doi: 10.1186/1479-5876-10-

224. PMID: 23148873; PMCID: PMC3543345. 

5. Rommel C, Bodine SC, Clarke BA, Rossman R, Nunez L, 

Stitt TN, Yancopoulos GD, Glass DJ. Mediation of IGF-1-

induced skeletal myotube hypertrophy by 

PI(3)K/Akt/mTOR and PI(3)K/Akt/GSK3 pathways. Nat 

Cell Biol. 2001 Nov;3(11):1009-13. doi: 

10.1038/ncb1101-1009. PMID: 11715022. 

6. Peng XD, Xu PZ, Chen ML, Hahn-Windgassen A, Skeen J, 

Jacobs J, Sundararajan D, Chen WS, Crawford SE, 

Coleman KG, Hay N. Dwarfism, impaired skin 

development, skeletal muscle atrophy, delayed bone 

development, and impeded adipogenesis in mice lacking 

Akt1 and Akt2. Genes Dev. 2003 Jun 1;17(11):1352-65. 

doi: 10.1101/gad.1089403. PMID: 12782654; PMCID: 

PMC196068. 

7. Bodine SC, Latres E, Baumhueter S, Lai VK, Nunez L, 

Clarke BA, Poueymirou WT, Panaro FJ, Na E, 

Dharmarajan K, Pan ZQ, Valenzuela DM, DeChiara TM, 

Stitt TN, Yancopoulos GD, Glass DJ. Identification of 

ubiquitin ligases required for skeletal muscle atrophy. 

Science. 2001 Nov 23;294(5547):1704-8. doi: 

10.1126/science.1065874. Epub 2001 Oct 25. PMID: 

11679633.. 

8. Sahebkar A. Are curcuminoids effective C-reactive 

protein-lowering agents in clinical practice? Evidence 

from a meta-analysis. Phytother Res. 2014 

May;28(5):633-42. doi: 10.1002/ptr.5045. Epub 2013 

Aug 7. PMID: 23922235.. 

9. Mohammadi A, Sahebkar A, Iranshahi M, Amini M, 

Khojasteh R, Ghayour-Mobarhan M, Ferns GA. Effects of 

supplementation with curcuminoids on dyslipidemia in 

obese patients: a randomized crossover trial. Phytother 

Res. 2013 Mar;27(3):374-9. doi: 10.1002/ptr.4715. Epub 

2012 May 21. PMID: 22610853.. 

10. Hedayati S, Riyahi Malayeri S, Hoseini M. The Effect 

of Eight Weeks of High and Moderate Intensity Interval 

Training Along with Aloe Vera Consumption on Serum 

Levels of Chemerin, Glucose and Insulin in 

Streptozotocin-induced Diabetic Rats: An Experimental 

Study. JRUMS 2018; 17 (9) :801-814. URL: 

http://journal.rums.ac.ir/article-1-4209-en.html. 

11. Hosseini M, Eftekhar B, Riyahi Malayeri S. Effect of 

Interval Training with Curcumin Consumption on Some 

Adipokines in Menopausal Obese Rats. JRUMS 2017; 16 

(6) :505-516. URL: http://journal.rums.ac.ir/article-1-

3644-en.html. 

12. Riyahi Malayeri S, Abdolhay S, Behdari R, Hoseini M. 

The combined effect of resveratrol supplement and 

endurance training on IL-10 and TNF- α in type 2 

diabetic rats. RJMS 2019; 25 (12) :140-149. URL: 

http://rjms.iums.ac.ir/article-1-5526-en.html 

13. Arabzadeh E, Shirvani H, Ebadi Zahmatkesh M, Riyahi 

Malayeri S, Meftahi GH, Rostamkhani F. Irisin/FNDC5 

influences myogenic markers on skeletal muscle 

following high and moderate-intensity exercise training 

in STZ-diabetic rats. 3 Biotech. 2022 Sep;12(9):193. doi: 

10.1007/s13205-022-03253-9. Epub 2022 Jul 26. PMID: 

35910290; PMCID: PMC9325938. 

14. Osali A. Effect of six -week aerobic exercise and 

consumption of nanocurcumin on TNF-α and memory in 

60-65 years old women with metabolic syndrome. 

Koomesh. 2018; 20 (3) :503-509. 

https://doi.org/10.1590/1980-57642018dn12-020003
http://journal.rums.ac.ir/article-1-4209-en.html
http://journal.rums.ac.ir/article-1-3644-en.html
http://journal.rums.ac.ir/article-1-3644-en.html


Research article                        Journal of Sports Physiology and Athletic Conditioning. 2023; 3 (7): 12-22 

21 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15. El-Bahr S M. Curcumin regulates gene expression of 

insulin like growth factor, B-cell CLL/lymphoma 2 and 

antioxidant enzymes in streptozotocin induced diabetic 

rats. BMC complementary and alternative medicine 2013; 

13(1): 1-11. 

16. Rashidi E, Hosseini Kakhak S A R, Askari R. The Effect 

of 8 Weeks Resistance Training With Low Load and High 

Load on Testosterone, Insulin-like Growth Factor-1, 

Insulin-like Growth Factor Binding Protein-3 Levels, and 

Functional Adaptations in Older Women. Salmand: Iranian 

Journal of Ageing 2019; 14 (3) :356-367. URL: 

http://salmandj.uswr.ac.ir/article-1-1498-en.html. 

17. Vakili J, Sari Sarraf V, Khanvari T. Effects of High-

intensity Interval Training on Body Composition and 

Hormone Growth Agents in Overweight Adolescent Boys. J 

Arak Uni Med Sci 2021; 24 (1) :136-149. 

18. Sarmadiyan M, Khorshidi D. Effect of combined 

training on body composition, lipids levels and indicators 

of metabolic syndrome in overweight and obesed 

postmenopausal women. joge 2016; 1 (2) :36-44 

URL: http://joge.ir/article-1-100-en.html 

 


