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Resistance Exercise With Herbal Supplements Improv-
ing the Sperm Status of Infertile Men

Background: Infertile men have higher levels of sperm reactive oxygen species (ROS) compared to 
fertile men. The high level of free radicals in semen can disrupt sperm function, damage sperm DNA, 
and reduce male fertility. We investigated the effect of resistance exercise alone or together with ginger 
and date palm pollen (DPP) supplements, as well as these two supplements alone, on sperm quality in 
infertile men with oligoasthenotratospermia (OAT).
Materials and Methods: This randomized, single-blinded trial was conducted on 48 infertile men 
with OAT. The volunteers were randomly assigned to 6 groups: Exercise (8 people), DPP (8 people), 
ginger (8 people), DPP+exercise (8 people), ginger+exercise (8 people) and control (placebo) (n=8). 
Participants in the ginger and ginger+exercise groups were taken two capsules (250 mg ginger) and 
also in DPP and DPP+exercise, two capsules (DPP 250 mg) daily for two months. Before and after 
the treatment, semen and blood samples of the participants were collected. Also, the semen was 
analyzed according to World Health Organization (WHO) reference value. DNA fragmentation and 
hormonal profile (luteinizing hormone [LH], follicle stimulating hormone [FSH] and testosterone) 
were determined by TUNEL and ELISA kit.
Results: The sperm motility increased significantly in the supplements alone and supplements with 
exercise groups compared to before the treatment (DPP: P=0.006; ginger=0.04; DPP+exercise: 
P=0.001; ginger+exercise: P=0.002). Sperm concentration had a significant increase in the supplement 
alone and supplements+exercise groups (DPP: P=0.013; ginger=0.005; DPP+exercise: P=0.001; 
ginger+exercise: P=0.01), while no significant difference was observed in the normal morphology of 
sperm. The DNA fragmentation index level in all studied groups, except the control group, showed a 
significant decrease. Also, a significant increase in the levels of the studied hormones was observed 
in all groups except the control group (DPP: P=0.016; ginger=0.007; DPP+exercise: P=0.025; 
ginger+exercise: P=0.008 and exercise=0.006). FSH and total testosterone (TT) increased after 
consuming the DPP or ginger or doing exercise alone or along with supplements. While the increase of 
LH in all of groups was significant except exercise group and control.
Conclusion: Ginger, DPP and exercise have positive effects on the sperm quality of infertile men.
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Introduction

hysical inactivity may be associated with 
increasing infertility among families. To-
day, evidence shows that approximately 
15% of all couples of childbearing age 
are infertile. Also, in more than half of in-

fertile couples who undergo assisted reproductive tech-
niques, disruption of spermatogenesis and sperm func-
tion mainly contribute to infertility, which is called male 
factor infertility [1]. Spermatogenesis can be affected by 
testicular thermal stress, oxidative stress, obesity, mod-
ern lifestyle, endocrine disease, unhealthy diet, side ef-
fects of drugs, and radiation. Today, due to the invasive-
ness of most male infertility treatment methods and their 
high costs, researchers look for easier and less expen-
sive methods with fewer complications. Sport training is 
prescribed by physicians as an efficient and inexpensive 
method for diseases, particularly for the cardiovascular 
system [2].

Some studies demonstrate that the combination of a 
healthy diet and exercise in obese mice improves the 
core parameters of sperm, including motility, morphol-
ogy, DNA fragmentation, and mitochondrial reactive 
oxygen species (ROS). It has been documented that 
sports protocols, depending on the method of exercise 
or intensity of physical activity, can have a positive or 
negative impact on the quality of semen. Some studies 
have shown that regular physical activity improves pa-
rameters of semen quality and sperm DNA integrity in 
both fertile and infertile populations through the increase 
in anti-inflammatory markers and reduction of free radi-
cals [3]. Similarly, some research on moderate-intensity 
physical activity has revealed an improvement in anti-
oxidant capacity, testosterone level, and male reproduc-
tive potential [4]. On the contrary, it has been observed 
that exercising with high intensity and duration increases 
the damage to testicular tissue and sperm parameters 
by causing disturbances in the process of spermatogen-
esis and fertility through dysregulating the level of sex 
hormones [5]. Some studies have shown that hormonal 
changes are influenced not only by the amount of train-
ing but also by the intensity of the training [6]. Previ-
ous research has shown that doing resistance exercises 
increases sex hormones such as testosterone (T), lutein-
izing hormone (LH) and follicle-stimulating hormone 
(FSH), as well as improves sperm parameters [7].

Research on the effects of herbal medicines on sperm 
parameters has shown their effectiveness in improving 
fertility [8]. The ginger root (Zingiber officinale L., Fam-
ily Zingiberaceae), commonly used as a spice, is also 

medically used for its immunomodulatory, anti-tumori-
genic, anti-inflammatory, anti-apoptotic and antioxidant 
properties [9]. Also, the administration of ginger signifi-
cantly improved the sperm parameters, total testosterone 
(TT), LH and FSH levels in plasma [4, 10, 11]. On the 
other hand, date palm pollen (DPP) is the male reproduc-
tive dust of palm flowers used as a dietary supplement in 
treating male infertility [12]. DPP contains compounds 
such as amino acids, fatty acids, flavonoids, saponins, 
and stroles [13]. It has also been reported to improve 
sperm parameters, including motility and viability, acro-
some reaction, and lipid peroxidation [14, 15].

Since DPP and ginger are medicinal plants with posi-
tive effects on fertility, especially accompanied by ex-
ercise, they may have useful effects compared to cur-
rent treatment methods. However, there are still many 
contradictions about the effect of exercise and physical 
activity on male fertility. So, the purpose of this study 
was to investigate the effect of resistance exercises and 
consuming ginger and DPP on sperm parameters, DNA 
integrity, and LH, FSH and TT hormones in infertile men 
with oligoasthenoteratozoospermia (OAT).

Materials and Methods

Study design

This study was a prospective randomized, single-blind-
ed trial (based on the CONSORT guidelines) [16] con-
ducted between July 2020 and February 2021. This clini-
cal trial was conducted in the IVF unit of the Infertility 
Treatment Center of the Academic Center for Education, 
Culture, and Research (ACECR) (Qom, Iran).

Forty-eight infertile men with OAT (according to 
World Health Organization (WHO) criteria, men with 
low sperm count, low motility [<40%] and normal 
sperm morphology <4% are diagnosed as OAT) [17] and 
an average age of 25-40 years took part in this study. 
The participants were randomly divided into 6 groups: 
Resistance exercise (n=8), DPP supplement (n=8), gin-
ger supplement (n=8), resistance exercise+DPP (n=8), 
resistance exercise+ginger (n=8), and control (placebo) 
(n=8). In this study, capsules containing flour were pro-
vided to patients in the control group.

Participants in the groups with resistance training prac-
ticed the designed protocol in a sports club under the su-
pervision of a trainer. Patients in the treatment groups 
took ginger supplement twice daily, 250 mg capsules 
each time (Zintoma, Goldaru, Iran) and pollen powder 
250 mg in gelatinous capsules twice daily (in the morn-
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ing and one hour before exercise) for two months [15, 
18]. Semen and blood samples of the participants were 
collected before and after the treatment.

The inclusion criteria included infertility with concen-
tration and motility of sperm lower than normal set by 
the WHO in 2010 [17]. The exclusion criteria included 
pathological features such as leukocytospermia, varico-
cele, hormonal disorders, presence of cryptorchidism, 
vasectomy, liver disorders, smoking and alcohol con-
sumption, Klinefelter syndrome, cancer and total sperm 
count less than 10×106.

Intervention and assessment

Age, duration of infertility, height (m), weight (kg) and 
body mass index (BMI, kg/m2) of infertile men partici-
pating in the study before and after the intervention were 
recorded and compared. Variables such as sperm param-
eters, DNA fragmentation index (DFI) and hormonal 
parameters (LH, FSH and TT) were measured and com-
pared before and after the intervention.

Semen analysis

After 3 to 4 days of sexual abstinence, sperm samples 
were obtained through masturbation in sterile containers. 
The samples were collected and liquefied for 20 min-
utes at room temperature. Semen parameters, including 
sperm concentration, progressive and non-progressive 
motility, normal morphology and viability, were evalu-
ated according to the WHO guidelines for fresh sperm. 
Sperm motility was assessed using a computer-aided 
sperm analysis (CASA) system (LABOMED, SD-
C313B, Germany). Motility of sperm was classified into 
progressive, non-progressive and immobile. Normal 
morphology was assessed through Papanicolaou stain 
and sperm concentration was assessed by sperm count-
ing chamber (Rohm, India) and recorded as million/mL 
[17].

DNA fragmentation assessment

Fragmentation of DNA was assessed using the termi-
nal deoxynucleotidyltransferase nick end labeling (TU-
NEL) assay in an in situ cell death detection kit (Roche, 
Mannheim, Germany). According to the manufacturer’s 
instructions, briefly in this method, 200 spermatozoa 
were randomly selected and evaluated with an Olympus 
fluorescent microscope (BX51, Tokyo, Japan) with a 
magnification of 100. Sperm with a red head was consid-
ered as sperm with intact DNA and sperm with a green 
head as sperm with fragmented DNA [19].

Hormonal analysis

Blood samples were taken from each participant before 
and after the intervention and centrifuged at 3000 rpm for 
10 minutes (Hettich, EBA20, UK). Serum samples were 
stored at -70 °C for future analysis. In all samples, serum 
levels of LH (mIU/mL, Cat.N.DE1289), FSH (mIU/mL, 
Cat.N.DE1288) and TT (ng/mL, Cat.N.DE1559) were 
measured by using ELISA method (Demeditec Diagnos-
tics GmbH, Germany) for hormonal profiling [20].

Exercise protocol 

The resistance training protocol was as follows. One 
week before the research began, the samples participated 
in a familiarization session. Next, they received an expla-
nation of the safety measures related to weight training 
and the correct techniques for exercising. To familiar-
ize themselves, the participants performed submaximal 
repetitions for each movement, and then measured the 
one-repetition maximum (1RM) for the movements un-
der consideration. The training program consisted of 24 
sessions, 3 sessions per week for 8 weeks [21].

Resistance training started at 60% 1RM and increased 
by 5% every two weeks, ending at 75% 1RM in the final 
week. The amount of training weight and 1RM were cal-
culated based on the maximum repetition record with the 
Berzensky formula [22], (Equation 1):

1. 1RM=Amount of weight/[1.0287-(Repetitions to 
failure×0.287)]

The exercises in each session included chest press, 
deadlift, squat, lat pull-down, and barbell shoulder press. 
However, the control and supplementary groups did not 
have any activity during the research period [21] (Table 
1).

Statistical analysis

The data were evaluated with SPSS software, version 
16. The normal distribution of data was assessed by the 
Kolmogorov-Smirnov test. Data were compared by the 
paired t-test before and after the treatment. Mean differ-
ences were considered statistically significant at P≤0.05. 
All data were presented as Mean±SEM.

Result

Clinical and demographic characteristics

The average age and duration of infertility of the par-
ticipants were 34.6±4.17 and 2.4±0.2 years, respectively. 
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The average height and age of men did not change signif-
icantly after the intervention (Table 2). Our data showed 
that BMI decreased significantly in the exercise training 
groups (Table 3).

Comparing seminal parameters before and after 
the intervention

Our results showed that the total motility in the sup-
plemented groups and supplemented+exercise groups 
were significantly increased compared to before the 
intervention (DPP: 19.375±2.57% vs 35.62±4.47%; 
P=0.006, ginger: 25±3.89% vs 35.50±3.77%; P=0.04, 
DPP+exercise: 23.75±2.23% vs 35.13±2.20%; P=0.001, 
ginger+exercise: 23.12±2.97% vs 31.87±2.09%; 
P=0.002, exercise: 29.37±2.20% vs 33.12±2.66%; 
P=0.265 and control: 23.12±2.48% vs 23.75%±2.26%; 
P=0.59) (Figure 1). Progressive motility increased 
significantly in DPP and ginger groups after treat-
ment (6.875±2.302% vs 16.875±4.323%; P=0.037 
and 6.25±2.79% vs 13.75±2.4 7%; P=0.040, respec-
tively). However, this increase was not significant 
in other groups (Figure 2). Sperm concentration sig-
nificantly increased in the supplemented and supple-
mented with exercise groups (DPP: 14.375×106±1.58 
vs 21.87×106±3.44; P=0.013, ginger: 12.62×106±1.83 
vs 17.12×106±1.85; P=0.005, DPP+exercise: 
13.25×106±1.73 vs 22.87×106±1.99; P=0.00, 
ginger+exercise: 15.5×106±1.30 vs 19.87×106±1.05; 
P=0.01) (Figure 3). Based on the results sperm morphol-
ogy did not change significantly in our study (Figure 4).

Evaluation of DNA fragmentation

Comparison the mean percentage of DFI before and 
after the intervention showed that the use of supple-
ments and supplements with exercises and also exer-
cises have significant reduced DFI (DPP: 17.578±2.07% 
vs 12.57±1.63%; P=0.016, ginger: 19.62±1.01% vs 
13.50±0.73%; P=0.007, DPP+exercise: 23.25±2.51% vs 
15.75±1.84%; P=0.025, ginger+exercise: 25.50±2.29% 
vs 15.25±1.29%; P=0.008, exercise: 25.62±2.29% vs 
18.25±1.70%; P=0.006 and control: 20.85±2.21% vs 
20.28±1.99%; P=0.68) (Figure 5).

Comparing hormonal profile before and after the 
intervention

All hormonal parameters of patients under study are 
summarized in Table 4. Our data showed that mean val-
ues of FSH and TT increased after consuming the DPP 
or ginger or doing exercise alone or along with supple-
ments but The level of LH showed a significant increase 
in all groups, except for the exercise and control groups 
(Table 4).

Discussion

In recent years, antioxidants, nutritional regimens, and 
several medicinal plants have been proposed as comple-
mentary treatments to solve fertility problems in infertile 
couples. Some of these herbs improve sperm count and 
motility, while others affect the secretion of hormones by 
the testicles [23]. Flavonoids and phenolic compounds 

Table 1. Resistance training protocol with an intensity of 70% to 60% of maximum repetitions

Week (Intensity of Training) Type of Movement Sets and Repetition Rest Between Repetitions (s) Rest Between Sets (s)

1st and 2nd (1RM 60%) Chest press

3(8×10) repetitions 30 120
3rd and 4th (1RM 65%) Dead lift squat

5th and 6th (1RM 70%) Lat pull down

7th and 8th (1RM 75%) Barbell shoulder press

�

Table 2. Comparing age, duration of infertility and height, before and after the intervention

Variables
Mean±SEM

P
Before After

Duration of infertility (y) 2.4±0.2 2.4±0.2 0.234

Age (y) 34.6±2.33 34.6±2.33 0.324

Hight (cm) 166.43±3.33 166.43±3.33 0.111

Notes: Analysis was performed by the paired t-test.�
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in some plants act as strong antioxidants against oxy-
gen free radicals. They actually protect sperm against 
free radicals and improve sperm quality and fertility pa-
rameters [24]. Meanwhile, according to the WHO, de-
spite the widespread use of herbal medicines, scientific 
knowledge about their properties has not yet reached the 
optimal level, and studies on herbal medicines should 
continue.

On the other hand, resistance training has been linked 
to a modulation in male infertility through antioxidant 
and anti-inflammatory pathways [1]. Since recent guide-
lines for oxidative stress-derived male infertility propose 
that lifestyle management should be done in a way that 
minimizes the causes of oxidative stress, exercise is re-
garded as one of the suggested therapies [25]. However, 

there is still debate regarding whether exercise enhances 
semen quality. Therefore, given the limited scientific re-
search on medicinal herbs, as well as conflicting findings 
about exercise’s impact on male fertility, the effects of 
oral DPP and ginger consumption without or with resis-
tance training were assessed in infertile men with OAT 
in this study.

The obtained sperm parameter results showed that 
the sperm count and motility significantly increased 
after receiving the respective interventions in the ex-
perimental groups of DPP, ginger, DPP+exercise and 
ginger+exercise (P≤0.05). In contrast, these parameters 
did not significantly increase in the control and exer-
cise groups (P>0.05). However, only the two groups 
receiving DPP and ginger showed a significant improve-

Table 3. Comparing BMI before and after the intervention 

Group/Variables
Mean±SEM

P
Before the Intervention BMI After the Intervention

DPP 29.1±0.23 29.1±0.34 NS

Ginger 28.9±0.14 29.03±0.22 NS

DPP+exercise 26.65±1.60 24.13±1.53 0.001

Ginger+exercise 26.68±1.34 24.81±1.20 0.003

Exercise 29.23±3.08 27.15±2.98 0.002

Control 28.87±1.06 28.89±1.87 NS

DPP: Date palm pollen; NS: Not specified. 

Notes: Analysis was performed by the paired t-test. �

Table 4. Comparing hormonal profile before and after the intervention

Parameters

Mean±SEM

P

Mean±SEM

P

Mean±SEM

PFSH (mUL/mL) LH (mUL/mL) TT (ng/mL)

Before After Before After Before After

DPP 3.06±0.53 4.27±0.66 0.001 3.29±0.28 4.04±0.46 0.02 3.54±0.22 4.29±0.22 0.001

Ginger 3.47±0.62 4.65±0.66 0.001 3.16±0.13 4.1±0.20 0.001 3.01±0.20 3.77±0.23 0.004

DPP+exercise 3.26±0.47 4.34±0.45 0.001 3.25±0.25 3.96±0.32 0.04 3.01±0.27 3.55 ±0.30 0.023

Ginger+exercise 3.03±0.64 4.08±0.71 0.001 3.46±0.28 4.14±0.30 0.003 3.07±0.39 3.76±0.33 0.001

exercise 2.67±0.69 3.27±0.80 0.012 3.33±0.24 3.64±0.20 0.06 3.21±0.34 3.64±0.32 0.013

Control  2.92±0.78 2.87±0.75 0.45 3.35±0.26 3.39±0.26 0.33 3.57±0.52 3.54±0.53 0.44

Abbreviations: LH: Luteinizing hormone; FSH: Follicle stimulating hormone; TT: Total testosterone; DPP: Date palm pollen.
Notes: Analysis was performed by the paired t-test. 
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ment in the rate of sperm progressive motility (P≤0.05). 
These findings are in line with a clinical trial in which 
40 infertile men received 120 mg/kg of DPP in a gelatin 
capsule once a day for two months, resulting in a sig-
nificant increase in sperm count, total and progressive 
motility, and overall sperm quality [15]. Additionally, in 
a recent clinical trial, 250 mg of DPP was administered 
twice a day for two months in men with OAT. These 

men also showed a notable improvement in both total 
and progressive sperm motility [26]. 

It has been discovered that ginger has a positive im-
pact on the reproductive performance of male rats, and 
this finding is supported by other studies showing an 
increase in sperm count, motility, and testosterone level 
along with a decrease in malondialdehyde activity. Addi-
tionally, similar results regarding the effect of ginger on 

Figure 1. Comparing total motility between study groups before and after the intervention 
*P<0.05, **P<0.001.
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the count and motility parameters in animal models have 
also been previously reported [27-30]. Several studies 
have investigated how ginger affects human fertility [31, 
32]. Hosseini et al. investigated how ginger extract af-
fects infertile men’s sperm DNA fragmentation and 
fertility potential [32]. In this trial, capsules containing 
250 mg of ginger powder were taken twice daily for two 
months. The findings demonstrated that the proportion 
of sperm DNA damage was significantly lower in the 
ginger extract-treated infertile patients than in the con-
trol group. Contrary to the results of the present study, 
there was no statistically significant change in the total 
number and motility of sperm between the treatment and 
control groups [32].

The results in the exercise group are generally in line 
with those of earlier research. For instance, in a study, 
556 infertile men were randomly assigned to resistance 
and aerobic exercise for 60 minutes three times a week, 
and they were compared to men who did not exercise for 
24 weeks. Exercise resulted in weight loss and decreased 
belly fat in these individuals, as well as improved semen 
parameters, decreased sperm DNA fragmentation, oxi-
dative stress, and pro-inflammatory cytokines, and in-
creased pregnancy and live birth rates [33].

The anti-apoptotic properties of palm pollen in the 
genitourinary system, particularly in the testis and pros-
tate, can be attributed to improving sperm motility in 
the current study [34]. In fact, palm pollen decreases the 

19 
 

 * P < 0.05; ** P < 0.001. 

 

Figure 3. Comparing Sperm Concentration Between the Study Groups Before and After the Intervention 

 * P < 0.05; ** P < 0.001. 

 

 

 

Figure 4. Comparing Normal Morphology Between the Study Groups Before and After the 
Intervention 

0

5

10

15

20

25

30

DPP ginger exercise +
DPP

exercise +
ginger

exercise control

Co
nc

en
tr

at
io

n 
x1

06

............................groups............................. 

before

after

*

**

***

*

0

0/5

1

1/5

2

2/5

3

DPP ginger Exercise + DPP exercise +
ginger

exercise control

No
rm

al
 m

or
ph

ol
og

y%

..................groups......................

before

after

Figure 3. Comparing sperm concentration between the study groups before and after the intervention
*P<0.05, **P<0.001.

19 
 

 * P < 0.05; ** P < 0.001. 

 

Figure 3. Comparing Sperm Concentration Between the Study Groups Before and After the Intervention 

 * P < 0.05; ** P < 0.001. 

 

 

 

Figure 4. Comparing Normal Morphology Between the Study Groups Before and After the 
Intervention 

0

5

10

15

20

25

30

DPP ginger exercise +
DPP

exercise +
ginger

exercise control

Co
nc

en
tr

at
io

n 
x1

06

............................groups............................. 

before

after

*

**

***

*

0

0/5

1

1/5

2

2/5

3

DPP ginger Exercise + DPP exercise +
ginger

exercise control

No
rm

al
 m

or
ph

ol
og

y%

..................groups......................

before

after

Figure 4. Comparing normal morphology between the study groups before and after the intervention
*P<0.05, **P<0.001.

The Effect of Exercise and Herbal Supplements on Sperm Quality

Res Mol Med, 2023; 11(2):137-148

http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


144

denaturation of sperm DNA, which results in apoptosis 
and, subsequently, higher sperm DNA quality. Much re-
search on the role of apoptosis in male infertility reveals 
a connection between elevated cell death and reproduc-
tive issues [35]. Because antioxidants are crucial for pre-
serving semen from ROS and can enhance basic sperm 
parameters in patients with idiopathic OAT, the antioxi-
dant activity of palm pollen likely contributed to the en-
hanced sperm motility parameters in the current study 
[36]. Vitamins E and C have antioxidant properties and 
an inhibitory effect on ROS generation, also are found in 
palm pollen [37-39]. The regulation of sperm DNA frag-
mentation, as demonstrated in the current study, may be 
one of the factors driving the enhancement of sperm mo-
tility with palm pollen treatment. This, in turn, enhances 
the index of sperm DNA fragmentation and chromatin 
integrity by lowering sperm DNA damage [40, 41].

On the other hand, the presence of vitamins C and E in 
DPP can considerably boost glutathione levels, superox-
ide dismutase levels, and catalase activity while lower-
ing levels of total protein, nitric oxide, and products of 
lipid peroxidation. This condition explains why sperm 
motility parameters in patients with OAT improves fol-
lowing DPP administration [42-44]. Additionally, the 
effect of DPP on sperm tail abnormalities, which is re-
lated to sperm motility [45], can be used to explain this 
significant improvement in sperm motility. The sperm 
tail (flagella), which contains the primary components 
regulating sperm movement, gives sperm motility [46]. 
In addition, this significant improvement in sperm motil-
ity can be explained by the effect of DPP on sperm tail 

abnormalities. DPP reduces the number of sperm with 
tail abnormalities, which is related to sperm motility 
[45]. Additionally, due to the antioxidant properties of 
primary active phenolic compounds extracted from gin-
ger, it has been shown that ginger enhances sperm motil-
ity in treated groups of animal models [23].

The percentage of sperm DNA fragmentation in vari-
ous experimental groups was another variable examined 
in this study. In light of the earlier discussion regarding 
the impact of palm pollen and ginger on sperm motility, 
the results obtained in this study are fully justified, as a 
significant reduction in DNA fragmentation was seen in 
all experimental groups (P≤0.05). 

The amount of LH, FSH and testosterone hormones 
also increased in all experimental groups following the 
intervention, which was statistically significant (P≤0.05), 
with the exception of LH in the group having exercise 
alone. These findings are consistent with those of ear-
lier research, which revealed that palm pollen elevates 
testosterone, LH, and FSH levels in males [15]. By pre-
venting the creation of free radicals, inhibiting oxidative 
chain reactions, lowering oxidative stress, and altering 
the levels of sex hormones and gonadotropin hormones 
(LH and FSH), ginger enhances the quality of semen 
and boosts sperm fertility [47]. Additionally, it has been 
demonstrated that participating in sports of moderate in-
tensity increases male fertility [48]. 

Numerous randomized controlled trials have linked 
both resistance training and aerobic exercise of moder-
ate and high intensity to improvements in sperm param-
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eters in infertile men, suggesting an improved testicular 
function in these patients [49]. In fact, regular exercise 
raises testosterone and lowers estrogen levels in humans. 
Exercise directly affects male fertility by raising levels 
of blood sex hormones LH, FSH and testosterone, which 
are closely related to the characteristics of semen.

Conclusion

In conclusion, the findings of this clinical trial study 
support the beneficial and protective effects of DPP, gin-
ger, and resistance training on sperm parameters, sperm 
DNA fragmentation rate, and sex hormones. However, it 
appears that conducting clinical trials with more patients 
in a multicenter manner can provide additional and use-
ful information, especially in light of the contradictory 
results that exist, particularly regarding sports activity 
and its impact on male sexual performance.

Study limitations

One of the restrictions of this study was the number of 
participants who must undergo 24 sessions of resistance 
training. So, it was important to identify these people 
and guarantee their dedication to attend all sessions and 
finish the movements. Furthermore, doing a study with 
a bigger sample size will produce more generally appli-
cable and accepted results.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of the 
University of Qom (Code: IRCT20191210045681N2). 
Informed consent was obtained from all participants.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors.

Authors contribution's

Conceptualization: Elham Asa, Amir Delshad, Fe-
reshte Salimi, Atefeh Verdi and Mehdi Azadpour; Data 
acquisition: Elham Asa and Fereshte Salimi; Data analy-
sis and interpretation: Elham Asa; Writing: Elham Asa 
and Hoda Fazaeli; Final approval: All authors.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgements

Authors would like to thank Academic Center for Edu-
cation, Culture, and Research Center for Infertility Treat-
ment (Qom Branch) and University of Qom for support-
ing this research project.

References

[1] Hajizadeh Maleki B, Tartibian B. Resistance exercise modu-
lates male factor infertility through anti-inflammatory and 
antioxidative mechanisms in infertile men: A RCT. Life Sci. 
2018; 203:150-60. [DOI:10.1016/j.lfs.2018.04.039] [PMID]

[2] Giménez-Meseguer J, Tortosa-Martínez J, Cortell-Tormo JM. 
The benefits of physical exercise on mental disorders and 
quality of life in substance use disorders patients. Systematic 
Review and meta-analysis. Int J Environ Res Public Health. 
2020; 17(10):3680. [DOI:10.3390/ijerph17103680] [PMID] 

[3] Hajizadeh Maleki B, Tartibian B. Moderate aerobic exercise 
training for improving reproductive function in infertile pa-
tients: A randomized controlled trial. Cytokine. 2017; 92:55-
67. [DOI:10.1016/j.cyto.2017.01.007] [PMID]

[4] Vaamonde D, Da Silva-Grigoletto ME, Fernandez J, Algar-
Santacruz C, García-Manso J. Findings on sperm alterations 
and DNA fragmentation, nutritional, hormonal and antioxi-
dant status in an elite triathlete. Case report. Rev Andal Med 
Deporte. 2014; 7(4):143-8. [DOI:10.1016/j.ramd.2014.07.001]

[5] Khosravi Sadr M, Nasiri E, Khalili M. [The effect of resistance 
training on testicular function and spermatogenesis pro-
cess and sperm parameters of adult male Wistar rats (Per-
sian)]. Daneshvar Med. 2020; 29(5):11-22. [DOI:10.22070/
daneshmed.2020.3052]

[6] Ibañez-Perez J, Santos-Zorrozua B, Lopez-Lopez E, Irazusta 
J, Prieto B, Aparicio V, et al. Impact of physical activity on 
semen quality among men from infertile couples. Eur J Ob-
stet Gynecol Reprod Biol. 2019; 237:170-4. [DOI:10.1016/j.
ejogrb.2019.04.024] [PMID]

[7] Mehmandoost R, Safarzade A, Mir-Mohammadrezaei F. The 
effects of resistance training with two different volumes on 
some semen parameters and serum levels of sex hormones 
in male rats. J Pract Stud Biosci Sport. 2019; 7(14):19-30. 
[DOI:10.22077/jpsbs.2017.690.1246]

[8] Nantia E, Moundipa P, Monsees T, Carreau S. Medicinal 
plants as potential male anti-infertility agents: A review. 
Basic Clin Androl. 2009; 19(3):148-58. [DOI:10.1007/s12610-
009-0030-2]

[9] Lim TK. Glycyrrhiza glabra. In: Lim TK, editor. Edible me-
dicinal and non-medicinal plants. Berlin: Springer; 2016. 
[DOI:10.1007/978-94-017-7276-1_18] 

[10] Ali AHA, Al-Ghamdi S, Alanazi GG, Alsomait MA, Alaskar 
AN, El-Enazi AK, et al. Protective effects of ginger extract 
against the toxicity of cyclophosphamide on testes: An ex-
perimental laboratory-based study. Int J Med Res Health Sci. 
2020; 9(1):27-33. [DOI:10.24911/IJMDC.51-1558600986]

The Effect of Exercise and Herbal Supplements on Sperm Quality

Res Mol Med, 2023; 11(2):137-148

http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://en.qom.ac.ir/
https://jd-qom.ac.ir/fa/page/305/%D9%85%D8%B1%DA%A9%D8%B2-%D9%81%D9%88%D9%82-%D8%AA%D8%AE%D8%B5%D8%B5%DB%8C-%D8%AF%D8%B1%D9%85%D8%A7%D9%86-%D9%86%D8%A7%D8%A8%D8%A7%D8%B1%D9%88%D8%B1%DB%8C-%D8%AC%D9%87%D8%A7%D8%AF%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87%DB%8C-%D9%88%D8%A7%D8%AD%D8%AF-%D8%A7%D8%B3%D8%AA%D8%A7%D9%86-%D9%82%D9%85-%D8%B1%D9%88%DB%8C%D8%A7-
https://jd-qom.ac.ir/fa/page/305/%D9%85%D8%B1%DA%A9%D8%B2-%D9%81%D9%88%D9%82-%D8%AA%D8%AE%D8%B5%D8%B5%DB%8C-%D8%AF%D8%B1%D9%85%D8%A7%D9%86-%D9%86%D8%A7%D8%A8%D8%A7%D8%B1%D9%88%D8%B1%DB%8C-%D8%AC%D9%87%D8%A7%D8%AF%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87%DB%8C-%D9%88%D8%A7%D8%AD%D8%AF-%D8%A7%D8%B3%D8%AA%D8%A7%D9%86-%D9%82%D9%85-%D8%B1%D9%88%DB%8C%D8%A7-
https://en.qom.ac.ir/
https://doi.org/10.1016/j.lfs.2018.04.039
https://www.ncbi.nlm.nih.gov/pubmed/29698651
https://doi.org/10.3390/ijerph17103680
https://www.ncbi.nlm.nih.gov/pubmed/32456164
https://doi.org/10.1016/j.cyto.2017.01.007
https://www.ncbi.nlm.nih.gov/pubmed/28092795
https://doi.org/10.1016/j.ramd.2014.07.001
https://daneshvarmed.shahed.ac.ir/article_3052_en.html?lang=en
https://doi.org/10.1016/j.ejogrb.2019.04.024
https://doi.org/10.1016/j.ejogrb.2019.04.024
https://www.ncbi.nlm.nih.gov/pubmed/31063967
https://jpsbs.birjand.ac.ir/article_1109.html?lang=en
https://doi.org/10.1007/s12610-009-0030-2
https://doi.org/10.1007/s12610-009-0030-2
https://doi.org/10.1007/978-94-017-7276-1_18
https://doi.org/10.24911/IJMDC.51-1558600986


146

[11] Seif M, Abd El-Aziz T, Sayed M, Wang Z. Zingiber officina-
le ethanolic extract attenuates oxidative stress, steroidogenic 
gene expression alterations, and testicular histopathology 
induced by sodium arsenite in male rats. Environ Sci Pol-
lut Res Int. 2021; 28(16):19783-98. [DOI:10.1007/s11356-020-
11509-1] [PMID]

[12] Tahvilzadeh M, Hajimahmoodi M, Rahimi R. The role 
of date palm (Phoenix dactylifera L) pollen in fertil-
ity: A comprehensive review of current evidence. J Evid 
Based Complementary Altern Med. 2016; 21(4):320-4. 
[DOI:10.1177/2156587215609851] [PMID]

[13] Bagherzadeh Karimi A, Elmi A, Zargaran A, Mirgha-
fourvand M, Fazljou SMB, Araj-Khodaei M, et al. Clinical 
effects of date palm (Phoenix dactylifera L.): A system-
atic review on clinical trials. Complement Ther Med. 2020; 
51:102429. [DOI:10.1016/j.ctim.2020.102429] [PMID]

[14] Abdi F, Roozbeh N, Mortazavian AM. Effects of date palm 
pollen on fertility: Research proposal for a systematic re-
view. BMC Res Notes. 2017; 10(1):363. [DOI:10.1186/s13104-
017-2697-3] [PMID] 

[15] Rasekh A, Jashni HK, Rahmanian K, Jahromi AS. Effect 
of palm pollen on sperm parameters of infertile man. Pak 
J Biol Sci. 2015; 18(4):196-9. [DOI:10.3923/pjbs.2015.196.199] 
[PMID]

[16] Rimmer MP, Howie RA, Subramanian V, Anderson RA, 
Bertolla RP, Beebeejaun Y, et al. Outcome reporting across 
randomized controlled trials evaluating potential treat-
ments for male infertility: A systematic review. Hum Re-
prod Open. 2022; 2022(2):hoac010. [DOI:10.1093/hropen/
hoac010] [PMID] 

[17] Tocci A, Lucchini C. WHO reference values for human se-
men. Hum Reprod Update. 2010; 16(5):559. [DOI:10.1093/
humupd/dmq020] [PMID]

[18] Tatar T, Akdevelioğlu Y. Effect of pollen, pit powder, and 
gemmule extract of date palm on male infertility: A system-
atic review. J Am Coll Nutr. 2018; 37(2):154-60. [DOI:10.1080
/07315724.2017.1364183] [PMID]

[19] Asa E, Ahmadi R, Mahmoodi M, Mohammadniya A. Sup-
plementation of freezing media with alpha lipoic acid pre-
serves the structural and functional characteristics of sperm 
against cryodamage in infertile men with asthenoteratozoo-
spermia. Cryobiology. 2020; 96:166-74. [DOI:10.1016/j.cryo-
biol.2020.07.001] [PMID]

[20] Jannatifar R, Piroozmanesh H, Sahraei SS, Asa E. Combina-
tion of alpha lipoic acid and metformin supplement improve 
assisted reproductive technologies outcomes in polycystic 
ovary syndrome patients. Anat Cell Biol. 2022; 55(2):239-46. 
[DOI:10.5115/acb.21.242] [PMID] 

[21] Gaeini AA, Pournemati PA, Moghadam BH. [Interactive 
effect of saffron supplementation and resistance training on 
serum levels of sex hormones in young men (Persian)]. Razi 
J Med Sci. 2018; 25:20-30. [Link]

[22] Nouri Y, Mirzaie B, Rahmani-Nia F, Arazi H. [The effect of 
resistance and endurance training on resting metabolic rate 
and body composition in sedentary males (Persian)]. J Adv 
Med Biomed Res. 2013; 21(89):51-63. [Link]

[23] Khaki A, Fathiazad F, Nouri M, Afshin Khaki A, Ozanci 
CC, Ghafari-Novin M, et al. The effects of ginger on sper-
matogenesis and sperm parameters of rat. Int J Reprod Bi-
oMed. 2009; 7(1):7-12. [Link]

[24] Rekka EA, Kourounakis AP, Kourounakis PN. Investiga-
tion of the effect of chamazulene on lipid peroxidation and 
free radical processes. Res Commun Mol Pathol Pharmacol. 
1996; 92(3):361-4. [PMID]

[25] Agarwal A, Parekh N, Panner Selvam MK, Henkel R, Shah 
R, Homa ST, et al. Male oxidative stress infertility (MOSI): 
Proposed terminology and clinical practice guidelines for 
management of idiopathic male infertility. World J Mens 
Health. 2019; 37(3):296-312. [DOI:10.5534/wjmh.190055] 
[PMID] 

[26] Saeed HS, Osman B, El-Hadiyah TMH, Mohamed MS, 
Osman WJ, Abdoon IH, et al. Date palm pollen grains as 
a potential manager for male sub-fertility: A clinical trial. J 
Pharm Res Int. 2020; 32(6):83-95. [DOI:10.9734/jpri/2020/
v32i630451]

[27] Akhlaghi A, Ahangari YJ, Navidshad B, Pirsaraei ZA, 
Zhandi M, Deldar H, et al. Improvements in semen qual-
ity, sperm fatty acids, and reproductive performance in aged 
Cobb 500 breeder roosters fed diets containing dried ginger 
rhizomes (Zingiber officinale). Poult Sci. 2014; 93(5):1236-44. 
[DOI:10.3382/ps.2013-03617] [PMID]

[28] Bordbar H, Esmaeilpour T, Dehghani F, Panjehshahin MR. 
Stereological study of the effect of ginger's alcoholic extract 
on the testis in busulfan-induced infertility in rats. Iran J Re-
prod Med. 2013; 11(6):467-72. [PMID] [PMCID]

[29] Sutyarso S, Muhartono M, Busman H, Kanedi M. Testicular 
function of rats treated with water extract of red ginger (Zin-
giber officinale var. Rubrum) combined with zinc. J Food 
Nutr Res. 2016; 4(3):157-62. [DOI:10.12691/jfnr-4-3-5]

[30] Hafez DA. Effect of extracts of ginger goots and cinna-
mon bark on fertility of male diabetic rats. J Am Sci. 2010; 
6(10):940-7. [Link]

[31] Saeid J, Shanoon A, Marbut M. Effects of Zingiber officinale 
aqueous extract on semen characteristic and some blood 
plasma, semen plasma parameters in the broilers breeder 
male. Int J Poult Sci. 2011; 10(8):629-33. [DOI:10.3923/
ijps.2011.629.633]

[32] Hosseini J, Mardi Mamaghani A, Hosseinifar H, Sadighi 
Gilani MA, Dadkhah F, Sepidarkish M. The influence of gin-
ger (Zingiber officinale) on human sperm quality and DNA 
fragmentation: A double-blind randomized clinical trial. 
Int J Reprod Biomed. 2016; 14(8):533-40. [DOI:10.29252/
ijrm.14.8.533] [PMID] 

[33] Hajizadeh Maleki B, Tartibian B. Combined aerobic and re-
sistance exercise training for improving reproductive func-
tion in infertile men: A randomized controlled trial. Appl 
Physiol Nutr Metab. 2017; 42(12):1293-306. [DOI:10.1139/
apnm-2017-0249] [PMID]

[34] Burtis CA, Ashwood ER, Bruns DE, Tietz NW. Tietz NW 
fundamentals of clinical chemistry. Philadelphia: Saunders 
Elsevier; 2011. [Link]

[35] Ahmed MB, Hasona NAS, Selemain HAH. Protective ef-
fects of extract from dates (Phoenix dactylifera L.) and ascor-
bic acid on thioacetamide-induced hepatotoxicity in rats. IJ 
Pharm Res. 2008; 7(3):193-201. [DOI:10.22037/ijpr.2010.765]

Delshad A, et al

Res Mol Med, 2023; 11(2):137-148

http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1007/s11356-020-11509-1
https://doi.org/10.1007/s11356-020-11509-1
https://www.ncbi.nlm.nih.gov/pubmed/33405108
https://doi.org/10.1177/2156587215609851
https://www.ncbi.nlm.nih.gov/pubmed/26438718
https://doi.org/10.1016/j.ctim.2020.102429
https://pubmed.ncbi.nlm.nih.gov/32507440/
https://doi.org/10.1186/s13104-017-2697-3
https://doi.org/10.1186/s13104-017-2697-3
https://www.ncbi.nlm.nih.gov/pubmed/28764804
https://doi.org/10.3923/pjbs.2015.196.199
https://www.ncbi.nlm.nih.gov/pubmed/26506651
https://doi.org/10.1093/hropen/hoac010
https://doi.org/10.1093/hropen/hoac010
https://www.ncbi.nlm.nih.gov/pubmed/35386119
https://doi.org/10.1093/humupd/dmq020
https://doi.org/10.1093/humupd/dmq020
https://www.ncbi.nlm.nih.gov/pubmed/20542895
https://doi.org/10.1080/07315724.2017.1364183
https://doi.org/10.1080/07315724.2017.1364183
https://www.ncbi.nlm.nih.gov/pubmed/29087245
https://doi.org/10.1016/j.cryobiol.2020.07.001
https://doi.org/10.1016/j.cryobiol.2020.07.001
https://www.ncbi.nlm.nih.gov/pubmed/32652098
https://doi.org/10.5115/acb.21.242
https://www.ncbi.nlm.nih.gov/pubmed/35501295
https://www.sid.ir/paper/10684/en
https://www.researchgate.net/publication/289611771_The_effect_of_resistance_and_endurance_training_on_resting_metabolic_rate_and_body_composition_in_sedentary_males
https://www.sid.ir/en/vewssid/j_pdf/100720090102.pdf
https://pubmed.ncbi.nlm.nih.gov/8827832/
https://doi.org/10.5534/wjmh.190055
https://www.ncbi.nlm.nih.gov/pubmed/31081299
https://doi.org/10.9734/jpri/2020/v32i630451
https://doi.org/10.9734/jpri/2020/v32i630451
https://doi.org/10.3382/ps.2013-03617
https://www.ncbi.nlm.nih.gov/pubmed/24795317
https://pubmed.ncbi.nlm.nih.gov/24639780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941314/
https://www.sciepub.com/JFNR/abstract/5868
https://www.researchgate.net/publication/265874146_Effect_of_Extracts_of_Ginger_Goots_and_Cinnamon_Bark_on_Fertility_of_Male_Diabetic_Rats
https://doi.org/10.3923/ijps.2011.629.633
https://doi.org/10.3923/ijps.2011.629.633
https://doi.org/10.29252/ijrm.14.8.533
https://doi.org/10.29252/ijrm.14.8.533
https://www.ncbi.nlm.nih.gov/pubmed/27679829
https://doi.org/10.1139/apnm-2017-0249
https://doi.org/10.1139/apnm-2017-0249
https://www.ncbi.nlm.nih.gov/pubmed/28820950
https://www.google.com/books/edition/Tietz_Fundamentals_of_Clinical_Chemistry/kPxLAQAAIAAJ?hl=en&gbpv=0&bsq=Fundamentals%20of%20clinical%20chemistry
https://brieflands.com/articles/ijpr-128591


147

[36] Williams DH. Sperm banking and the cancer patient. Ther 
Adv Urol. 2010; 2(1):19-34. [DOI:10.1177/1756287210368279] 
[PMID] 

[37] Quill TA, Garbers DL. Sperm motility activation and chem-
oattraction. In: Hardy DM, editor. Fertilization. Edinburgh: 
Elsevier; 2002. [DOI:10.1016/B978-012311629-1/50004-8]

[38] Hirsh A. Male subfertility. BMJ. 2003; 327(7416):669-72. 
[DOI:10.1136/bmj.327.7416.669] [PMID] 

[39] Elussein EA, Magid YM, Omer MM, Adam I. Clini-
cal patterns and major causes of infertility among Suda-
nese couples. Trop Doct. 2008; 38(4):243-4. [DOI:10.1258/
td.2007.070125] [PMID]

[40] Olatunji AO, Sule-Odu AO. The pattern of infertility cases 
at a university hospital. West Afr J Med. 2003; 22(3):205-7. 
[DOI:10.4314/wajm.v22i3.27950] [PMID]

[41] Larsen U, Masenga G, Mlay J. Infertility in a community 
and clinic-based sample of couples in Moshi, Northern Tan-
zania. East Afr Med J. 2006; 83(1):10-7. [DOI:10.4314/eamj.
v83i1.9355] [PMID]

[42] Jungling ML, Bunge RG. The treatment of spermato-
genic arrest with arginine. Fertil Steril. 1976; 27(3):282-3. 
[DOI:10.1016/S0015-0282(16)41718-8] [PMID]

[43] Uehling DT. Low-dose cortisone for male infertility. Fertil 
Steril. 1978; 29(2):220-1. [DOI:10.1016/S0015-0282(16)43104-
3] [PMID]

[44] Hellstrom WJ, Schachter J, Sweet RL, McClure RD. Is there 
a role for Chlamydia trachomatis and genital mycoplasma in 
male infertility? Fertil Steril. 1987; 48(2):337-9. [DOI:10.1016/
S0015-0282(16)59370-4] [PMID]

[45] Wang C, Chan CW, Wong KK, Yeung KK. Comparison 
of the effectiveness of placebo, clomiphene citrate, mester-
olone, pentoxifylline, and testosterone rebound therapy for 
the treatment of idiopathic oligospermia. Fertil Steril. 1983; 
40(3):358-65. [DOI:10.1016/S0015-0282(16)47300-0] [PMID]

[46] Dawson EB, Harris WA, Teter MC, Powell LC. Effect of 
ascorbic acid supplementation on the sperm quality of 
smokers. Fertil Steril. 1992; 58(5):1034-9. [DOI:10.1016/
S0015-0282(16)55456-9] [PMID]

[47] Mares AK, Abid W, Najam WS. The effect of Ginger on se-
men parameters and serum FSH, LH & testosterone of infer-
tile men. Tikrit Med J. 2012; 18(2):322-9. [Link]

[48] Vaamonde D, Da Silva ME, Poblador MS, Lancho JL. Re-
productive profile of physically active men after exhaus-
tive endurance exercise. Int J Sports Med. 2006; 27(9):680-9. 
[DOI:10.1055/s-2005-872906] [PMID]

[49] Matos B, Howl J, Ferreira R, Fardilha M. Exploring the ef-
fect of exercise training on testicular function. Eur J Appl 
Physiol. 2019; 119(1):1-8. [DOI:10.1007/s00421-018-3989-6] 
[PMID]

The Effect of Exercise and Herbal Supplements on Sperm Quality

Res Mol Med, 2023; 11(2):137-148

http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1177/1756287210368279
https://www.ncbi.nlm.nih.gov/pubmed/21789080
https://doi.org/10.1016/B978-012311629-1/50004-8
https://doi.org/10.1136/bmj.327.7416.669
https://www.ncbi.nlm.nih.gov/pubmed/14500443
https://doi.org/10.1258/td.2007.070125
https://doi.org/10.1258/td.2007.070125
https://www.ncbi.nlm.nih.gov/pubmed/18820200
https://doi.org/10.4314/wajm.v22i3.27950
https://www.ncbi.nlm.nih.gov/pubmed/14696941
https://doi.org/10.4314/eamj.v83i1.9355
https://doi.org/10.4314/eamj.v83i1.9355
https://www.ncbi.nlm.nih.gov/pubmed/16642745
https://doi.org/10.1016/S0015-0282(16)41718-8
https://www.ncbi.nlm.nih.gov/pubmed/1254025
https://doi.org/10.1016/S0015-0282(16)43104-3
https://doi.org/10.1016/S0015-0282(16)43104-3
https://www.ncbi.nlm.nih.gov/pubmed/624427
https://doi.org/10.1016/S0015-0282(16)59370-4
https://doi.org/10.1016/S0015-0282(16)59370-4
https://www.ncbi.nlm.nih.gov/pubmed/3609348
https://doi.org/10.1016/S0015-0282(16)47300-0
https://www.ncbi.nlm.nih.gov/pubmed/6411497
https://doi.org/10.1016/S0015-0282(16)55456-9
https://doi.org/10.1016/S0015-0282(16)55456-9
https://www.ncbi.nlm.nih.gov/pubmed/1426355
https://www.iasj.net/iasj/download/7aaaca050441ca8b
https://doi.org/10.1055/s-2005-872906
https://www.ncbi.nlm.nih.gov/pubmed/16944397
https://doi.org/10.1007/s00421-018-3989-6
https://www.ncbi.nlm.nih.gov/pubmed/30196449


This Page Intentionally Left Blank


	[PMID]



