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In recent years, professional exercise has been significantly expanded among the 
individuals, especially young ones. According to high-intensity exercise courses, 
which are necessary for professional exercise, we decided to investigate the effects 
of high-intensity exercise  on testosterone levels, heat shock proteins, and fertility 
potentials. Findings have shown that the levels of testosterone increase in moderate 
exercise; however, there are findings about the decrease of testosterone in the 
athletes who exercise with high intensity. In addition, because the high-intensity 
training is considered as a stressful condition, the heat shock proteins are activated, 
and their expression levels are increased that shows the vital role of these essential 
proteins in eliminating or weakening of that stress. Besides, the parameters, such as 
sperm quantity, sperm motility, and morphology determine the fertility potential of 
a person, and studies have shown that high-intensity exercise has harmful effects on 
these parameters.
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Introduction
Exercise is a two-edged sword, so that if the 

individuals do exercise with a normal and appro-
priate level, it will have positive effects on the re-
productive system; however, if the individuals do 
it in a higher level than normal, it will harmfully 
affect the reproductive system. It has been shown 
that the harmful effects of training are associated 
with the volume, type, and the style of training 
(1,2). The effects of aerobic training on the hor-
monal and reproductive system are different. In 
the individuals who exercise for a long time with 
high intensity, the levels of testosterone (testos-
terone is an important factor in regulating the 
hypothalamus-pituitary-testis axis) diminish and 
hypogonadism occurs (3). In these individuals, 
the parameters, such as sperm number, motility, 

and viability decrease and as a result, the fertility 
potential declines (1,3,4).

It has been reported that the high levels of train-
ing in young men lead to the increased concentra-
tion of immotile sperms, which is associated with 
age. Furthermore, it has been shown that in young 
men who exercise moderately, the concentration 
and total number of sperm increase (5). It has 
been reported that body mass index (BMI) in the 
range of 20-25 kg/m2 is important for maintain-
ing the health of the reproductive system and fer-
tility potentials of men. Like the individuals with 
normal BMI, in overweight people who exercise 
with a moderate intensity, the levels of testoster-
one, luteinizing hormone (LH), and follicle-stim-
ulating hormone (FSH) are decreased; however, 
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conditions, HSP70s contribute to the reconstruc-
tion of degenerated proteins and allow the cells to 
be improved from sub-lethal stresses.

The testis in most mammals is out of the body in 
the scrotum, which is cooled by counter-current 
process and is kept at 5° to 7 °C lower than the 
body temperature. Spermatogenesis is impaired 
by high temperature or other environmental dam-
ages (13-16), so that these heat shock proteins 
have different roles in spermatogenic cells, com-
pared to other cell types. It has been reported that 
the leptotene/zygotene spermatocytes, which 
have completed the transcription, synthesize 
the HSP70-2 protein. It has been shown that the 
concentration of HSP72 is decreased by training. 
It has been demonstrated that when the level of 
HSP72 in the serum increases, the expression of 
the muscle HSP72 gene or protein decreases. 

Furthermore, the important point is that HSP72, 
which is found in blood, is not released just from 
contracting skeletal muscle (17,18). The acute pe-
riodic exercise increases the expression of HSP72 
gene and protein in the organs, such as heart, liver, 
skeletal muscle, and brain. The exercise is associ-
ated with the stressor factors, such as tempera-
ture, oxidative stress/free-radical formation, the 
decreased levels of glucose/glycogen, Hypoxia/
ischemia, pH alteration, and increased levels of 
calcium, which induce the response of HSP72.

After training, the expression levels of messen-
ger RNA and protein change. Chronic exercise 
causes the increase of HSP72 in skeletal muscles, 
whereas high-intensity exercise increases the 
concentration of HSP72 and HSP27 in skeletal 
muscles (19). It has been shown that four weeks 
of aerobic exercise (three times a week) increases 
the levels of cortisol, free testosterone, and lactate 
dehydrogenase in young men. Heat stress inter-
feres with mitochondrial function and stimulates 
the oxidative damage, which is manifested in lipid 
peroxidation (20). Also, heat stress has increased 
the levels of many reactive oxygen species-scav-
enging proteins (21). It has been shown that in 
heat stress, which is produced by periodic exer-
cise, the level of HSP70 increases. Also, it has been 
shown that after 15 days of periodic exercising, 
the concentration of HSP70 inclines toward gen-
erating harmony to the heat.

Literature Review
Exercise and testosterone

Testosterone as a hormone has several func-
tions, such as increasing the quality of erection 
and secondary sexual features; however, be-
cause of its effects on the metabolic pathways, it 
affects the cardiovascular, neuromuscular, and 
central nervous systems (22). Hypothalamic-pitu-

along with an increase in the intensity of training, 
the positive effects are substituted by the adverse 
effects (6). 

Infertility is a significant problem,which at-
tracts considerable attention, and with regard to 
the increase of professional exercises, this issue is 
increasing, and that is why infertility specialists 
warn about it. There are several parameters, such 
as sperm quality, sperm quantity, sperm motility, 
sperm DNA integrity, and oxidative stress, which 
determine the fertility potential; nonetheless, one 
of the most important factors is the level of heat 
shock proteins (HSPs). According to the results 
of normal sperm analysis in some patients with 
unexplained infertility and due to the adverse ef-
fects of intense exercise on the fertility, HSPs can 
be considered as a factor causing infertility that by 
molecular methods, we can survey the expression 
rates of the HSPs in the organs. Furthermore, we 
can investigate the destructive effects of exercises 
with high intensity on the level of HSPs.

There is an absolute need for cells to repair their 
proteins. Chaperones are the factors which mend 
those proteins. Molecular chaperones and chap-
eronins are two groups that have different func-
tions (7). Molecular chaperones are present in the 
complexes with other proteins, which regulate 
ATPase activity. In 1962, Ferrucio Ritossa discov-
ered a cellular reaction that is called heat shock. 
It has been approved that the major feature of the 
heat shock response is the rapid or high induc-
tion of expression of genes, which encode HSPs, 
and these proteins diminish the harmful effects of 
environment or endogenous stress (8). The HSPs 
are divided into various classes, according to their 
molecular weights and amino acid sequences (9).

The overall function of HSPs as molecular chap-
erones is maintaining the intracellular homeo-
stasis, primarily by controlling the folding. Many 
HSPs function as molecular partners for other 
special proteins, such as signal transporters and 
transcription factors. Also, HSPs show anti-apop-
tosis feature; furthermore, they can regulate sev-
eral immune responses. These properties are ap-
plied in various medical fields as useful markers 
or for treatment (10,11). 

It has been shown that the largest group of heat 
shock proteins is HSPA (HSP70), which has at 
least 13 members in humans. There are two genes 
in HSPA family, namely HSPA2 and HSPA1L, which 
are special for spermatogenesis (9). It has been 
shown that HSP70 acts as a molecular chaperone. 
It is associated with the hydrophobic domains of 
ribosomal polypeptides, which contribute to re-
leasing cycles, ATP-dependent reattaching, fold-
ing, and transporting of proteins, as well as ag-
gregating them in the complexes (12). In stressful 
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itary-testicular axis controls the secretion level of 
testosterone by neuroendocrinological pathways. 
In general, the preoptic neurons of the hypothal-
amus produce gonadotropin-releasing hormone 
that induces the production of LH and FSH from 
the anterior pituitary. Testosterone is produced in 
Leydig cells by the LH stimulation (23).

The production of hormone in the endocrine tis-
sues is affected by the stress, which is created by 
physical activity. Gonadotropins (i.e., LH and FSH) 
are one of those hormones, which are increased 
in the acute exercise. The reaction and response 
that are produced by exercise stress are affected 
by factors, such as age, sex, puberty, and the in-
tensity of exercise (24,25). It has been shown that 
the level of testosterone is increased after exercise 
(F. Derbre et al., 2010), and the concentration of 
LH enhances during training (25). Therefore, as 
we mentioned the effect of LH on the leydig cells, 
the concentration of testosterone will increase. It 
has been observed that the concentrations of total 
and free testosterone are lower in high-mileage 
runners, compared to those in moderate-mileage 
runners and controls, which shows the effect of 
professional exercise on decreasing the level of 
testosterone.

Exercise and semen quality (Fertility Potential)
The quality of semen is determined by the pa-

rameters, such as the number, morphology, and 
motility of sperms. Studying the effects of the 
high-intensity exercise on the reproductive system 
is one of the important fields, due to the spreading 
of professional sports, which require endurance 
training. It has been reported that the morphology 
of sperm is more abnormal in cyclists.

Also, based on the evidence it was shown that 
10% of the population of marathon runners dis-
played severe oligospermia. Furthermore, accord-
ing to the results of a study, the triathletes who 
performed very high training volume had weaker 
seminal parameters compared to the physically 
active and water polo groups (26). There is infor-
mation about the alterations in the semen param-
eters of runners, so that the sperm concentration 
and total motile sperm were low in high-mileage 
runners. Also, the total normal sperm was low in 
these runners that shows the effects of profes-
sional exercise on semen quality.

Exercise and heat shock protein
The high increase in various types of HSPs can 

be stimulated in several tissues, such as heart and 
skeletal muscle by exercise. The HSPs are chaper-
ones and are considered as a part of cellular de-
fense system. The HSPs play different roles inside 
and outside the cells by preventing or weakening 

the level of denaturation stress and aggregation 
of cell proteins. Also, HSPs have effects on the 
appropriate refolding of proteins after stress. In 
general, exercise increases the expression of HSPs 
in the striated muscles (27); the alterations in the 
expression depend on several factors, such as the 
type of exercise (28), intensity of exercise (29), in-
volved muscles (30), sex (31), age (32), and condi-
tions of exercise (33).

It seems that exercise causes partial changes 
in the small HSPs (HSP 25/27 and αβ-crystallin) 
unless this exercise produces significant damage 
in the skeletal muscles (33). In these cases, small 
HSPs are rapidly phosphorylated and their siz-
es are decreased to the oligomer. Then, they are 
transported to selective myofibril proteins and 
cell membrane to protect the skeletal muscle. 
Many oxidative muscles show the high level of 
HSPs, especially HSP70. The increased stress in 
oxidative fibers is the result of special localiza-
tion of HSPs according to the type of muscle fiber. 
It has been shown that the chronic activation of 
muscle fibers can create intra-changes, such as 
the increase of temperature, metabolic distur-
bance, and stress oxidative, which may activate 
stress response (34).

It seems that HSP content is mostly associated 
with the myosin phenotype instead of alterations 
in activity, and high expression is observed in the 
fiber types I and IIa, whereas the expression level 
in the IIx and IIb fibers is low (35). So, in spite of 
the changes in HSPs that are the results of acute or 
chronic stresses, such as exercise, the expression 
level of HSP is related to the muscle phenotype 
and may be considered as a transcription regula-
tor (36).

It has been reported that the increased level of 
HSP70 in different muscles of rat  such as skeletal 
muscle is observed as the result of using treadmill, 
and the metabolic changes of exercise is like the 
stressor factors that are known in inducing the 
synthesis of stress protein (such as the production 
of lactic acid and pH change). The exercise may 
mediate the synthesis of HSP70 through a special 
way and there is a common mechanism between 
exercise and other metabolic stressors. The syn-
thesis of HSP70 in the muscle tissue showed that 
the production of stress protein may be associat-
ed with energy production. It seemed that meta-
bolic stress in the absence of hyperthermia could 
be enough for the synthesis of HSP70. 

Conclusion
Testosterone has several functions that we men-

tioned; however, the interesting point is that the 
level of testosterone increases in the individuals 
who exercise with a moderate level. When individ-
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uals exercise with high intensity like professional 
athletes, the level of this hormone diminishes. One 
of the functions of this important hormone is the 
increase of erection quality, then we could con-
clude that aside from some impairment in the se-
men quality and fertility potential of professional 
athletes, the process of erection in these individu-
als occurred with low intensity. Also, due to the ef-
fect of testosterone on the appearing of secondary 
sexual features, we could conclude that the young 
people, who exercise with high intensity, mature 
with delay.

The most important point about professional 
exercise is the effect of high-intensity exercise on 
the semen quality and fertility potential of ath-
letes. We mentioned that the parameters, such as 
morphology and motility, determined the quality 
of semen. In all the studies that we analyzed, the 
results have shown that high-intensity exercise 
has harmful effects on the morphology and fertil-
ity, so that for instance, the morphology of sperm 
in the cyclists and the number of motile sperms 
had decreased, then these athletes or their coach-
es should consider a plan to prevent this abnor-
mality or their infertility in future.

Considering exercise as HSPs inducers has cre-
ated a new research field. Available data show 
that various forms of acute and chronic exercise 
regulate several HSPs in the human skeletal mus-
cles. For resistance to the damage of exercise, the 
expression of HSP may begin by mechanical dam-
age to muscle proteins and its level may increase 
by the inflammation response, which occurs sev-
eral days later. After the tolerance of aerobic ac-
tivities, it is possible that the expression of HSPs 
is mediated with redox signaling, which induces 
the radicals. In general, as we mentioned before, 
HSP helps to the maintenance of organism health.

Acknowledgements
None.

Conflict of Interest
The authors declare no conflict of interest.

References
1.	 Sgrò P, Di Luigi L. Sport and male sexuality. J Endocrinol In-

vest. 2017 ;40:911-23.
2.	 Vaamonde D, Agarwal A, du Plessis SS, et al. Impact of phys-

ical activity and exercise on male reproductive potential: se-
men alterations. Exercise and human reproduction.Spring-
er: New York, NY, 2016 p. 101-124. 

3.	 Vaamonde D, Garcia-Manso JM, Hackney AC. Impact of phys-
ical activity and exercise on male reproductive potential: a 
new assessment questionnaire. Rev Andal Med Deport. 
2017;10:79-93.

4.	 Jóźków P, Rossato M. The impact of intense exercise on se-
men quality. Am J Mens Health. 2017;11:654-662.

5.	 Gaskins AJ, Mendiola J, Afeiche M, et al. Physical activity and 
television watching in relation to semen quality in young 
men. Br J Sports Med. 2015;49:265-270.

6.	 Barazani Y, Katz BF, Nagler HM, et al. Lifestyle, environ-
ment, and male reproductive health. Urol Clin North Am. 
2014;41:55-66.

7.	 Sontag EM, Samant RS, Frydman J. Mechanisms and func-
tions of spatial protein quality control. Annu Rev Biochem. 
2017;86:97-122.

8.	 Gidalevitz T, Prahlad V, Morimoto RI. The stress of protein 
misfolding: from single cells to multicellular organisms. 
Cold Spring Harb Perspect Biol. 2011;3(6). pii: a009704.

9.	 Kampinga HH, Hageman J, Vos MJ, et al. Guidelines for the 
nomenclature of the human heat shock proteins. Cell Stress 
Chaperones. 2009;14:105-111.

10.	 Ciocca DR, Arrigo AP, Calderwood SK. Heat shock proteins 
and heat shock factor 1 in carcinogenesis and tumor devel-
opment: an update. Arch Toxicol. 2013;87:19-48.

11.	 Kakkar V, Meister-Broekema M, Minoia M, et al. Barcoding 
heat shock proteins to human diseases: looking beyond the 
heat shock response. Dis Model Mech. 2014;7:421-434.

12.	 Georgopoulos C, Welch WJ. Role of the major heat shock 
proteins as molecular chaperones. Annu Rev Cell Biol. 
1993;9:601-634. 

13.	 Ahmadi Z, Ashrafizadeh M. Downregulation of Osteocalcin 
Gene in Chickens Treated with Lead Acetate II. IBBJ. 2018; 
4 (4)/;in press.

14.	 Rafiei H, Ahmadi Z, Ashrafizadeh M. Effects of Orally Admin-
istered Lead acetate II on Rat Femur Histology, Mineraliza-
tion Properties and Expression of Osteocalcin Gene. IBBJ. 
2018;4(3):in press.

15.	 Ashrafizadeh M, Rafiei H, Ahmadi Z. Histological Changes in 
the Liver and Biochemical Parameters of Chickens Treated 
with Lead Acetate II. Iran J Toxicol. 2018;12:1-5.

16.	 Rafiei H, Ashrafizadeh M. Expression of Collagen Type II and 
Osteocalcin Genes in Mesenchymal Stem Cells from Rats 
Treated with Lead acetate II. Iran J Toxicol. 2018;12:35-40.

17.	 Kregel KC. Invited review: heat shock proteins: modifying 
factors in physiological stress responses and acquired ther-
motolerance. J Appl Physiol (1985). 2002;92:2177-2186.

18.	 Febbraio MA, Ott P, Nielsen HB, et al. Exercise induces hep-
atosplanchnic release of heat shock protein 72 in humans. J 
Physiol. 2002;544:957-62.

19.	 Liu Y, Lormes W, Baur C, et al. Human skeletal muscle HSP70 
response to physical training depends on exercise intensity. 
Int J Sports Med. 2000;21:351-355.

20.	 Davidson JF, Schiestl RH. Mitochondrial respiratory electron 
carriers are involved in oxidative stress during heat stress 
inSaccharomyces cerevisiae. Mol Cell Biol. 2001;21:8483-
8489.

21.	 Rizhsky L, Liang H, Mittler R. The combined effect of drought 
stress and heat shock on gene expression in tobacco. Plant 
Physiol. 2002;130:1143-1151.

22.	 Ciocca G, Limoncin E, Carosa E, et al. Is testosterone a food 
for the brain?. Sex Med Rev. 2016;4:15-25.

23.	 Andersen ML, Alvarenga TF, Mazaro-Costa R, et al. The as-
sociation of testosterone, sleep, and sexual function in men 
and women. Brain Res. 2011;1416:80-104.

24.	 Di Luigi L, Guidetti L, Baldari C, et al. Heredity and pituitary 
response to exercise-related stress in trained men. Int J 
Sports Med. 2003;24:551-558.

25.	 Vaamonde D, Da Silva-Grigoletto ME, Garcí�a-Manso JM, et al. 
Response of semen parameters to three training modalities. 
Fertil Steril. 2009;92:1941-1946.

26.	 Noble EG. Heat shock proteins and their induction with 
exercise. Exercise and stress response: CRC Press; 2002.p. 
49-84.

27.	 Paulsen G, Ramer Mikkelsen U, Raastad T, et al. Leucocytes, 
cytokines and satellite cells: what role do they play in mus-
cle damage and regeneration following eccentric exercise?. 
Exerc Immunol Rev. 2012;18:42-97.

28.	 Fehrenbach E, Niess AM, Voelker K, et al. Exercise intensity 
and duration affect blood soluble HSP72. Int J Sports Med. 
2005;26:552-557.

29.	 Morton JP, MacLaren DP, Cable NT, et al. Time course and 
differential responses of the major heat shock protein fami-
lies in human skeletal muscle following acute nondamaging 
treadmill exercise. J Appl Physiol. 2006;101:176-182.

30.	 Milne KJ, Thorp DB, Melling CW, et al. Castration inhibits 



Rev Clin Med 2018; Vol 5 (No 4)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

145

Abdollahzadeh Soreshjani S et al.

the exercise-induced accumulation of Hsp70 in male rodent 
hearts. Am J Physiol Heart Circ Physiol. 2006;290:H1610-
1616.

31.	 Demirel HA, Hamilton KL, Shanely RA, et al. Age and attenu-
ation of exercise-induced myocardial HSP72 accumulation. 
Am J Physiol Heart Circ Physiol. 2003;285:H1609-1615.

32.	 Gjøvaag TF, Dahl HA. Effect of training and detraining on the 
expression of heat shock proteins in m. triceps brachii of un-
trained males and females. Eur J Appl Physiol. 2006;98:310-
322.

33.	 Koh TJ, Escobedo J. Cytoskeletal disruption and small heat 
shock protein translocation immediately after lengthening 

contractions. Am J Physiol Cell Physiol. 2004;286:C713-722.
34.	 Milne KJ, Noble EG. Exercise-induced elevation of HSP70 is 

intensity dependent. J Appl Physiol (1985). 2002;93:561-
568.

35.	 O’Neill DE, Aubrey FK, Zeldin DA, et al. Slower skeletal mus-
cle phenotypes are critical for constitutive expression of 
Hsp70 in overloaded rat plantaris muscle. J Appl Physiol 
(1985). 2006;100:981-987.

36.	 Helmbrecht K, Zeise E, Rensing L. Chaperones in cell cycle 
regulation and mitogenic signal transduction: a review. Cell 
Prolif. 2000;33:341-365.


