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Abstract

Background: Exercise-induced apoptosis occurs in a variety of tissues.
Objectives: This study aimed to determine the effects of strawberry extract supplementation on circulating apoptosis biomarkers
following a single bout of resistance exercise.
Methods: Eighteen healthy young untrained women were enrolled in a randomized, double-blind, placebo-controlled crossover
research. The subjects participated in one resistance exercise session (at 80% 1RM) and underwent 2 wk strawberry extracts (700
mg daily) or maltodextrin. The washout period that separated the treatment periods was 4 wk. Blood samples were taken before
supplementation and after 2 wk of the post-resistance exercise session to determine cytochrome c and caspase-3 serum markers.
Results: Resting cytochrome c and caspase-3 concentrations were not significantly different for any strawberry extract supplemen-
tation and placebo groups (P > 0.05). Cytochrome c and caspase-3 were significantly elevated after exercise in a placebo (P < 0.05)
but not strawberry extract supplementation.
Conclusions: Supplementation with strawberry extract attenuates intense acute exercise-induced apoptosis in healthy women.
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1. Background

Some studies have suggested that the acute effects of
exercise can induce programmed cell death (apoptosis)
in various tissues (1-3). Evidence indicates that exercise-
induced apoptosis mechanisms are related to neuro-
endocrine system stimulations (catecholamines, cortisol),
free radical species, production of reactive oxygen species
(ROS), and cytokine (i.e., tumor necrosis factor-α (TNF-α),
interleukin-6, etc.) levels, which can influence several ex-
tracellular and intracellular signaling pathways (4).

Apoptosis mainly consists of two main pathways, in-
cluding the extrinsic pathway and the intrinsic pathway.
Mitochondria play an essential role in the mechanism of
apoptosis, when mitochondria are exposed to apoptotic
stimuli, cytochrome c is released from the mitochondria
to the cytoplasm (5). Cytochrome c appears to be primarily
mediated by direct or indirect ROS function. Bax protein
oligomerizes and forms pores on the surface of the outer
mitochondrial membrane to release cytochrome c (6). This
cytochrome c promotes Apaf-1 in dATP or ATP, apoptosome
formation, and caspase-9 activation (4). Activated caspase-
9 activates caspase-3, causing apoptotic cell death (5). The

Bcl-2 (B-cell lymphoma 2) regulates apoptosis by inhibiting
cytochrome c release from the mitochondria (4).

Besides mechanical damage to cytoskeletal proteins,
eccentric exercise induces more significant apoptosis and
oxidative stress than concentric exercise (7). Various types
of eccentric exercise evoked an increased circulating con-
centration of cytochrome c, caspase-9, caspase-3, and Bax
(1, 2, 8). Bax and caspase-3 mRNA were significantly in-
creased after a single bout of eccentric exercise in rat skele-
tal muscle (9). Circulating levels of caspase-3 increased sig-
nificantly after a bout of intense resistance exercise in un-
trained subjects (3). Furthermore, resistance exercise has
been shown to elevate serum caspase-9 in athletes (2). Con-
trolling cellular balance during acute exercise is essential
to preventing excessive or unexpected apoptotic cell death
(10). Therefore, antiapoptotic therapy in normal cells may
benefit those involved in moderate to severe exercise.

The benefits of berries over other fruits include vita-
mins, minerals, dietary fiber, and fatty acids, as well as
polyphenolic phytochemicals (phenolic acids, flavonoids,
tannins, and lignans) (11). Among the popular sources
of dietary berries, strawberries are rich in polyphenols,
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especially anthocyanins, ellagic acid, and ellagitannins,
which have antioxidant and anti-inflammatory proper-
ties and prevent oxidative stress-related diseases, obesity,
metabolic syndrome, cardiovascular diseases, some can-
cers, and neurological diseases (11-14). No study has been
conducted to evaluate the effects of strawberry supple-
mentation on exercise-induced apoptosis.

2. Objectives

The current study aimed to investigate the results
of the strawberry extract on resistance exercise-induced
apoptosis in untrained healthy women considering the
protective antioxidative property of strawberries, protec-
tive effects against free radicals (11), oxidative stress (12),
DNA damage (15), and proinflammatory cytokines (16).
This hypothesis was tested in the present study to examine
whether strawberry supplementation can attenuate sys-
temic markers of exercise-induced apoptosis.

3. Methods

3.1. Subjects

In a randomized, double-blind, placebo (PL)-controlled
crossover study, sixteen subjects were matched based on
age and maximum strength and randomly divided into
two groups of the strawberry extract supplementation
(SES) or the PL. Only untrained females (early follicular
phase of the menstrual cycle) were recruited due to the
possible effect of gender on exercise-induced apoptosis
(17). In addition, it seems that trained subjects with high
fitness levels experienced a low level of oxidative stress and
subsequently encountered less exercise-induced apopto-
sis (3). Table 1 shows the physiological characteristics of
the study subjects. The subjects who were free of any
chronic diseases used any medication/androgens or nutri-
tional supplements for the preceding six months, tobacco
products and antibiotics taken eight weeks before, sup-
plements containing polyphenols, consuming foods with
high polyphenols, or adverse reactions to strawberries.

Table 1. Physical Characteristics of Subjects

Variables Strawberry Extract,
Mean ± SD

Placebo, Mean ± SD P-Value

Age, y 24.7 ± 4.6 23.5 ± 3.2 0.17

Weight, kg 68.9 ± 8.7 66.6 ± 7.4 0.21

Height, cm 163.3 ± 4.8 164.4 ± 4.2 0.23

BMI, kg/m2 25.9 ± 5.2 24.7 ± 4.6 0.18

Fat, % 20.4 ± 3.7 20.1 ± 4.3 0.24

3.2. Preparation of Extract of Strawberry

Ripe strawberries were collected from the farm, cut
into small pieces, and dried in shadow to extract the prepa-
ration. The strawberries were utterly crushed, and wa-
ter solvent was used to prepare the phenolic extract after
cleaning at ambient temperature and removing impuri-
ties. The resulting solution was kept in the dark, closed en-
vironment for 24 hours at room temperature. After wip-
ing with Whitman No. 1 filter paper, the powder was ex-
tracted by the Heidolph (Germany) vacuum operator (45°C
and 270 r/min) using a vacuum funnel. Subsequently, all
existing water was removed by freeze-drying (-70°C), thor-
oughly dried, and powdered. Then, the strawberry extract
was stored at 22 - 25°C under sterile conditions for other
measurements.

3.3. Pilot Experiment

The administration of strawberry extract supplemen-
tation (100 mg/day for 14 days) decreased inflammatory
markers after acute exercise in overweight women (18).
However, no human study has provided consistent in-
formation for identifying a minimum dose to attenuate
serum apoptosis markers following acute exercise. There-
fore, a pilot test (n = 8) was performed to compare the ef-
fect of three doses of strawberry extract (300, 500, and
700 mg) against PL to identify an optimal dose required
to lower serum apoptosis markers. In this pilot experi-
ment, the 300 mg/day dose did not significantly attenuate
caspase-3 at 14 days following strawberry extract supple-
mentation compared to the placebo (15%; effect size = 0.14,
95% confidence interval [-0.06 – 0.79]). Caspase-3 attenu-
ating with the 500mg/day dose was significantly less (19%)
with a small effect size (0.27; 95% confidence interval [-0.13
– 0.63]). The strawberry extract dose of 700mg/day resulted
in at least a 28% attenuating serum caspase-3 (effect size =
0.49; 95% confidence interval [0.07 – 0.95]). Therefore, a
700 mg/day dose was selected for the present research de-
sign.

3.4. Muscle Strength Testing and Familiarization

At least ten days before the experiments, anthropomet-
ric and 1-repetition maximum (1RM) measurements were
collected, and the subjects were familiarized with the exer-
cise scheme. The ratio of total muscle strength (the sum
of six different resistance exercises, consisting of supine
bench press, sitting shoulder press, leg press, hamstring
curl, two-arm biceps curl, and lat pull-down) to body mass
(kg) was used to measure relative muscle strength.
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3.5. Supplement and Dietary Conditions

The subjects were provided either gelatin capsules con-
taining strawberry extract or an identical powdered mal-
todextrin placebo containing 250 mL of water. Two cap-
sules (each containing 350mg) were taken after lunch and
dinner each day for 14 days. Four weeks washout period
was applied, then the groups were replaced. The subjects
confirmed the use of the supplement by sending a text
message to the researcher during the 14 days of supple-
mentation.

All subjects were asked to avoid vigorous physical ac-
tivity and maintain normal dietary patterns and consump-
tion of caffeine or alcohol in the 72h before the resistance
exercise test. Table 2 presents an average of the values for
food intake during the study. The subjects completed diet
records, beginning on the week before the study and dur-
ing the study (using a 7-day food record). The Singleton and
Rossi method determined the total polyphenol contents in
food products (19). Dietary intakes included all three pro-
vided energy (carbohydrates, proteins, fats; measured in
calories) and vitamins A, C, and E (as an antioxidant), which
were evaluated by the Nutritionist IV software (The Hearst
Corporation Bayhill Dr, San Bruno, CA 94066). The body fat
percentage was estimated using a bioelectrical impedance
analyzer (BIA; TBF-770, South Korea).

3.6. Exercise Protocol

Women repeated the same bout resistance exercise test
after two weeks of supplementation (on day 15). The proto-
col began with a short warm-up. The subjects then com-
pleted four sets to failure repetitions of six different resis-
tance exercises at 80% of 1RM with an interval of 60s be-
tween sets and 120s between the exercises. All subjects re-
ceived verbal encouragement during exercise. This proto-
col has already been shown to significantly increase serum
apoptosis biomarkers (3, 20).

3.7. Ethical Approval

This study was approved by the Institutional Review
Board of the University of Kurdistan (IR.UOK.REC.1399.007)
and completed based on the standards set by the latest re-
vision of the Declaration of Helsinki. All subjects gave their
written consent before their inclusion in the study.

3.8. Blood Sampling

The blood samples from the antecubital vein (10 mL)
were obtained by Vacutainer pre-supplementation (after 12
h fasting) and after two weeks (it was repeated). Blood sam-
ples were collected immediately following resistance exer-
cise on the 15th day, as a potential decrease in serum apop-
tosis marker concentrations post-exercise (8). The serum

samples were placed at room temperature for 20 min after
being transferred to the tubes. The serum was obtained af-
ter 20 min of centrifugation (3,000 rpm, 4°C) and stored at
-20°C until further analysis. The cytochrome c and caspase-
3 concentrations were measured for ELISA by special kits
(Human ELISA, Bioassay Technology Laboratory, Shanghai
Crystal Day Biotech Co., Ltd. China). The detection limit of
this method was 0.09 ng/mL. The intra- and inter-assay CV
were less than 10% for blood cytochrome c and caspase-3.

3.9. Statistical Analysis

The statistical analysis was performed by SPSS soft-
ware Version 22.0 in Windows. Normal distribution for
all variables was verified with the Shapiro-Wilk test. The
independent-sample t-test was used to compare the means
of values in Tables 1 and 2. The effect sizes as small (d =
0.2), medium (d = 0.5), and extensive (d = 0.8) were based
on benchmarks suggested by Cohen (21). Cohen indicated
that d = 0.2 be considered a ‘small’ effect size, 0.5 repre-
sents a ‘medium’ effect size, and 0.8 a ‘large’ effect size. η2

measures effect size and reflects the percentage of the vari-
ance in the dependent variable explained by the indepen-
dent variables in a sample. All parameters were compared
using two groups (supplemented vs. placebo) × 3 times
(pre-supplementation vs. post-supplementation vs. post-
exercise), repeated measures analysis of variance (ANOVA),
and post hoc Bonferroni test. For all repeated-measures
ANOVAs, Mauchly’s test of sphericity was performed to as-
sess the equality of variances between groups. All the data
were expressed as means ± SD, and the statistical signifi-
cance was accepted for P < 0.05.

4. Results

All subjects completed the acute resistance exercise
session. The data had a normal distribution, and the as-
sumption of homogeneity of variance was violated. No dif-
ferences were observed in resting levels of cytochrome c
and caspase-3 between PL and SES groups (P > 0.05; Fig-
ures 1 and 2). No significant differences were observed in
cytochrome c and caspase-3 levels before and after a two-
week supplementation in both groups of PL and SES (P >
0.05).

Figure 1 illustrates responses of caspase-3 levels to
acute resistance exercise after PL or SES supplementation.
Significant time effects (F = 66.42, P = 0.001, η2 = 0.82),
group (F = 19.47, P = 0.001, η2 = 0.58) and interaction (F =
46.46, P = 0.001, η2 = 0.76) were found for caspase-3 levels.
Serum caspase-3 increased in the PL group (2.39 ± 0.3 vs.
4.48 ± 0.4 ng/mL by 87.4 ± 8.3%; P = 0.001) after acute re-
sistance exercise protocol compared to pre-resistance ex-
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Table 2. Comparison of Dietary Intake Variables Between Strawberry Extract and Placebo Groups

Variables Strawberry Extract, Mean ± SD Placebo, Mean ± SD P-Value

Energy intake, kcal 2102.8 ± 402.9 2264.3 ± 553.4 0.184

Protein, g 61.4 ± 24.6 64.2 ± 43.7 0.255

Carbohydrate, g 375.2 ± 87.8 401.6 ± 136.1 0.341

Fat, g 39.6 ± 28.9 45.3 ± 32.4 0.182

Vitamin A, RE 41.5 ± 11.2 36.5 ± 11.4 0.354

Vitamin C, mg 275.4 ± 98.1 215.7 ± 96.8 0.551

Vitamin E, mg 36.5 ± 15.3 41.6 ± 23.5 0.367

Mean polyphenol intake, mg/person/day 1793.5 ± 395.8 963.3 ± 436.7 0.001 a

a A significant difference between strawberry extract and placebo groups (P < 0.05)

ercise. However, changes in caspase-3 did not reach statis-
tical significance for the SES group (2.48 ± 0.4 vs. 2.95 ± 0.5
ng/mL by 18.9 ± 7.8%; P = 0.149).

There were a significant time effects (F = 103.38, P =
0.001, η2 = 0.88), group (F = 79.46, P = 0.001, η2 = 0.85) and
interaction (F = 76.97, P = 0.001, η2 = 0.84) for cytochrome
c levels. Cytochrome c was significantly higher after acute
resistance exercise protocol (5.50 ± 0.2 vs. 7.66 ± 0.1 ng/mL
by 39.2 ± 4.5%; P = 0.001), compared to pre-resistance exer-
cise (Figure 2). In the SES group, cytochrome c concentra-
tions were slightly higher (but not significantly) compared
to pre-resistance exercise (5.40 ± 0.2 vs. 5.91 ± 0.3 ng/mL by
9.4 ± 3.7%; P = 0.108).

A significant difference was observed between the PL
and the SES in caspase-3 (P = 0.001) and cytochrome c
(P = 0.001) concentrations immediately after the post-
resistance exercise protocol (Figures 1 and 2).

5. Discussion

The intense resistance exercise increased serum apop-
tosis biomarkers in healthy women. Strawberry extract
modulated exercise-induced caspase-3 and cytochrome c
levels.

Apoptosis is considered a vital component of various
processes including normal cell turnover, proper develop-
ment and functioning of the immune system. However, in-
appropriate apoptosis (either too little or too much) had
a negative role in maintaining the function, wasting, atro-
phy, or sarcopenia of skeletal muscle, which could yield tis-
sue degeneration (i.e., lymphocytes, heart) (22, 23). There
may be a basis for this phenomenon in the concept of
hormesis, which can be described as a dose-response rela-
tionship in which a low dose is stimulatory and a high dose
is inhibitory.

The strawberry extract had higher natural antioxidant
effects than plums, tomatoes, red grapes, oranges, and ba-

nanas (24). Strawberry is a good source of extra nutritional
constituents (such as carotenoids, polyphenols, and glu-
cosinolates), vitamins, and minerals. These compounds
can effectively reduce ROS, DNA damage, and inflamma-
tory markers (11). The strawberry phenolics could stabi-
lize free radicals (including superoxide radicals, hydrogen
peroxide, hydroxyl radicals, and singlet oxygen) and regu-
lates the expression of genes involved in cell growth and
proliferation (11, 25). Etemad and Rasouli showed that
2 wk strawberry extract supplementation attenuated fib-
rinogen concentrations, as inflammatory markers, follow-
ing endurance exercise within 75 - 80% of the maximum
heart rate in inactive women (18). Basu et al. observed a sig-
nificant increase in antioxidant biomarkers in obese men
receiving dietary freeze-dried strawberries supplementa-
tion (12).

To the best of our knowledge, this is the first research
describing the effect of two-week strawberry extract in-
take on circulation apoptosis markers after resistance exer-
cise in nonathletic subjects. Administration of strawberry
attenuated ROS and inflammatory factors (12, 15). There-
fore, it was expected that strawberry extract could atten-
uate cell death pathways, which modify exercise-induced
apoptosis. For this purpose, cytochrome c and caspase-
3 were measured in two groups of women: one group
consumed a supplement (strawberry extract), while the
other group received a placebo (maltodextrin). The re-
search demonstrated that a single bout of eccentric exer-
cise evoked apoptosis markers, and intake of strawberry
extract supplements could reverse exercise-induced apop-
tosis in women.

An eccentric contraction of resistance exercise induces
cell damage, increases ROS and inflammatory markers,
and alters immune parameters and cell survival (8, 26).
Some previously reviewed studies’ results provided evi-
dence that an increase in apoptotic markers marks resis-
tance to exercise-induced apoptosis. Results from a study
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Figure 1. Changes in serum caspase-3 levels at pre- to post-supplementation and after the acute resistance exercise protocol. Values are means ± SD. The P-values indicate
the results of a Bonferroni post-hoc analysis. # Significant difference between strawberry extract (SES) and placebo (PL) groups (P < 0.05). * Significantly different from
pre-resistance exercise values (P < 0.05)
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Figure 2. Changes in serum cytochrome c levels at pre- to post-supplementation and after the acute resistance exercise protocol. Values are mean ± SD. The P-values indicate
the results of a Bonferroni post-hoc analysis. # Significant difference between strawberry extract (SES) and placebo (PL) groups (P < 0.05). * Significantly different from
pre-resistance exercise values (P < 0.05)
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reported that caspase-9 and p53 protein were increased
following high-intensity resistance exercise in untrained
individuals (2, 20). Furthermore, resistance exercise in-
creased blood caspase-3 levels after one bout of resistance
exercise in nonathletic. A single bout of intense exercise
increased muscle caspase-3 (27) and Bax concentrations
(28). The underlying mechanism(s) of eccentric exercise-
induced apoptosis was not fully clarified. However, it has
been proposed that ROS has an essential role (8). Exces-
sive ROS can limit cell life by activating the death receptor
signal or disrupting the regulation of the mitochondrial
membrane potential (7). Nevertheless, the acute resistance
exercise at 80% 1RM was a sufficient stimulus to evoke ex-
ercise induced-apoptosis via increased cytochrome c and
caspase-3 in untrained women.

The release of cytochrome c from mitochondria is a
key initial step in the apoptotic process (4). Serum cy-
tochrome c has been measured as an apoptosis marker
(10). The current study demonstrated that cytochrome c,
a circulatory marker, increased after resistance exercise in
the PL subjects. Sheikholeslami-Vatani et al. reported that
high-intensity resistance exercise (80% of 1RM) increased
cytochrome c in older adults (8). Moreover, acute intense
exercise increased cytosolic cytochrome c levels (29).

There were no significant changes in cytochrome c
response in the SES subjects. Therefore, the strawberry
extract prevented mitochondrial stress by preventing cy-
tochrome c release. The possible mechanism(s) of straw-
berry on cytochrome c level remains unclear. As men-
tioned earlier, mitochondrial structures are exposed to
high concentrations of oxidative injury and may be par-
ticularly susceptible to their attack. Cytochrome c is re-
leased from the intermembrane space of the mitochondria
into the cytoplasm in response to excess apoptotic stimuli
(i.e., ROS, TNF-α, Bax, FasL, and caspases-2), subsequently
leading to apoptotic cell death (30). A possible mecha-
nism(s) for these results may be related to the exercise-
induced apoptotic stimuli. Based on a study, that pretreat-
ment with strawberry phenolics suppressed PC12 cell apop-
tosis by oxidative stress (24). ROS could directly induce the
segregation of cytochrome c from the inner mitochondrial
membrane and subsequently release it from the organelle
(5). The ROS production was decreased by strawberry ex-
tract in myometrial normal cells.

In contrast, ROS production and the percentage of
apoptotic cells were significantly higher in strawberry-
treated of leiomyoma cells (31). On the other hand, straw-
berry was accompanied by a decrease in TNF-α and free
radicals (32). However, strawberry extract, rich in antho-
cyanins and polyphenols, protected cells from cell death
by blocking caspase-9 and -3 activation, restraining mito-
chondrial membrane potential dissipation, and prevent-

ing intracellular ROS as elevating cytoplasmatic Bax levels
and inactivating the PI3 K/Akt pathway (32).

Theoretically, caspase-3 is a hallmark of apoptosis and
the terminal event preceding cell death (33). The caspase-
3 multiple pathways (by the upstream caspase-8, 9, or 12)
play a role in triggering the caspase-3 activation. The re-
sults showed that the strawberry extract prevented the
exercise-induced increase of serum caspase-3 in healthy
women compared to the control session. The findings of
elevated caspase-3 after one bout of extreme exercise sup-
ported previous research. Circulating levels of caspase-3 el-
evated following intense resistance exercise in untrained
men (3). One bout of strenuous treadmill running (12% in-
cline) at 70% of HRmax for 40min increased serum caspase-
3 levels in middle-aged men (34). Moderate-intensity re-
sistance exercise (65% 1RM) increased caspase-3 mRNA in
untrained subjects (35). Nevertheless, the caspase-3 lev-
els were not significantly altered (slight increase) in the
SES trial. No study to date has investigated the effects of
strawberries on caspse-3 with or without acute exercise.
Only one study reported a significant protective effect of
the methanolic strawberry extract by activating the intrin-
sic pathway of apoptosis (activating p73, p53, caspase-3,
and caspase-9) to induce cell death in cancer cells (36).
However, this study did not assess their effect on normal
cells. The current data proved that the strawberry extract
could favor caspase-3 (relative to placebo) by attenuating
cytochrome c. In addition, some studies have shown atten-
uated effects of strawberries on intrinsic or extrinsic path-
ways of apoptosis initiators and increased IL-10 (an anti-
inflammatory cytokine) (37) and Bcl-2 (anti-proapoptotic
protein) (16). Although more study is needed, the results
suggest that cell protection by strawberries is partially due
to the mitochondrial protection mechanisms (32).

The current study has some advantages, but there
are no limitations. The sample size is relatively small
and includes healthy young untrained women. Therefore,
the results cannot be generalized to unhealthy, older, or
trained adults, and the results might not represent the
metabolic/hormonal changes in men. In this study, mark-
ers of oxidative stress were not determined. Only one in-
trinsic pathway factor was considered to better measure
extrinsic pathway-related factors of cell death.

Furthermore, tissue biopsies were not obtained, but
the effects of cell apoptosis can be detected by measur-
ing the circulation by measuring serum cytochrome c (as
apoptosis initiator) and caspase-3 (as effector caspase) (38).
Based on previous studies (39), mixtures of ethanol/water
were more efficient in extracting phenolic compounds.
Considering that the goal was not to separate the contents
of the extract and the overall effect of the extract with the
placebo on the research variables were only compared, sol-
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vents were not used. This case was another limitation of
our research. Today’s method of measuring total phenol
is based on the Folin–Ciocalteu method; however, we used
another technique for extraction.

Similar to topics related to oxidative stress and
exercise-induced inflammation, the optimal amount of
apoptosis is not precise due to strenuous acute activity for
cellular adaptation. However, uncontrolled cell death can
lead to decreased exercise performance and optimal mus-
cle adaptation. Elevating the intracellular antioxidants
should be protected against these oxidizing agents and
reduce fatigue (40).

5.1. Conclusions
In conclusion, 14 days of strawberry extract supple-

mentation inhibited increased cytochrome c (as apopto-
sis initiator) and caspase-3 (as the execution of apopto-
sis) induced by resistance exercise in young women. Al-
though the mechanism by which the strawberry extract ex-
erts its cellular protection effect against cellular apoptosis
was not understood at the molecular level, the cell protec-
tion by strawberries was partially due to the mitochondrial
protection mechanisms. These novel findings suggested
the ability of the strawberry extract to maintain homeo-
static conditions in normal cells.

Acknowledgments

The authors would like to thank the study subjects for
their hard work.

Footnotes

Authors’ Contribution: Study concept and design: M. R.
R., and H. F.; Analysis and interpretation of data: M. R. R,
and S. R.; Drafting of the manuscript: H. F.; Critical revision
of the manuscript for important intellectual content: M. R.
R, S. R., and H. F.; Statistical analysis: H. F.

Conflict of Interests: There is no conflict of interest in
this study.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author dur-
ing submission or after its publication. The data are not
publicly available due to Acceptance for publication.

Ethical Approval: This project was reviewed by the Uni-
versity of Kurdistan Institutional Review Board and was
approved according to compliance with the Ethical Stan-
dards in Research of the Ministry of Science, with the code
IR.UOK.REC.1399.007.

Funding/Support: There was no funding for this study.
Informed Consent: All subjects gave their written con-
sent before their inclusion in the study.

References

1. Rahimi MR, Khabiri P, Faraji H. Effects of caffeine ingestion on resis-
tance exercise-induced apoptosis in athletes: A randomized, double-
blind, placebo-controlled, crossover study. Prog Nutr. 2018;20(4):563–
9.

2. Faraji H, Rahimi R, Sheikholeslami VD, Jafaari A. Apoptosis response
to different rest periods after resistance exercise in athletes. Med del
Sport. 2016;69(2):173–83.

3. Sharafi H, Rahimi R. The effect of resistance exercise on p53,
caspase-9, and caspase-3 in trained and untrained men. J
Strength Cond Res. 2012;26(4):1142–8. [PubMed ID: 22446679].
https://doi.org/10.1519/JSC.0b013e31822e58e5.

4. Phaneuf S, Leeuwenburgh C. Apoptosis and exercise. Med
Sci Sports Exerc. 2001;33(3):393–6. [PubMed ID: 11252065].
https://doi.org/10.1097/00005768-200103000-00010.

5. Cho SG, Choi EJ. Apoptotic signaling pathways: caspases and stress-
activated protein kinases. J BiochemMol Biol. 2002;35(1):24–7. [PubMed
ID: 16248966]. https://doi.org/10.5483/bmbrep.2002.35.1.024.

6. Hou Q, Cymbalyuk E, Hsu SC, Xu M, Hsu YT. Apoptosis modulatory
activities of transiently expressed Bcl-2: roles in cytochrome C re-
lease and Bax regulation. Apoptosis. 2003;8(6):617–29. [PubMed ID:
14739607]. https://doi.org/10.1023/A:1026187526113.

7. He F, Chuang CC, Zhou T, Jiang Q, Sedlock DA, Zuo L. Redox correlation
in muscle lengthening and immune response in eccentric exercise.
PLoSOne. 2018;13(12). e0208799. [PubMed ID: 30589838]. [PubMed Cen-
tral ID: PMC6307742]. https://doi.org/10.1371/journal.pone.0208799.

8. Sheikholeslami-Vatani D, Ahmadi S, Faraji H. The Effects of Omega-
3 and Branched-Chain Amino Acids Supplementation on Serum
Apoptosis Markers Following Acute Resistance Exercise in Old
Men. J Aging Phys Act. 2019;27(2):1–23. [PubMed ID: 30117365].
https://doi.org/10.1123/japa.2017-0404.

9. Sudo M, Kano Y. Myofiber apoptosis occurs in the inflamma-
tion and regeneration phase following eccentric contractions
in rats. J Physiol Sci. 2009;59(6):405–12. [PubMed ID: 19636670].
https://doi.org/10.1007/s12576-009-0049-3.

10. Kavathia N, Jain A, Walston J, Beamer BA, Fedarko NS. Serum mark-
ers of apoptosis decrease with age and cancer stage. Aging (Albany
NY). 2009;1(7):652–63. [PubMed ID: 20157546]. [PubMed Central ID:
PMC2806040]. https://doi.org/10.18632/aging.100069.

11. Giampieri F, Forbes-Hernandez TY, Gasparrini M, Alvarez-Suarez JM,
Afrin S, Bompadre S, et al. Strawberry as a health promoter: an
evidence based review. Food Funct. 2015;6(5):1386–98. [PubMed ID:
25803191]. https://doi.org/10.1039/c5fo00147a.

12. Basu A, Morris S, Nguyen A, Betts NM, Fu D, Lyons TJ. Effects of
Dietary Strawberry Supplementation on Antioxidant Biomarkers
in Obese Adults with Above Optimal Serum Lipids. J Nutr Metab.
2016;2016:3910630. [PubMed ID: 27429802]. [PubMed Central ID:
PMC4939384]. https://doi.org/10.1155/2016/3910630.

13. Deayu Putri M, Wiboworini B, Dirgahayu P. The effect of straw-
berry on type 2 diabetes mellitus: A review. Int J Nutr Sci. 2020;5:1–6.
https://doi.org/10.30476/ijns.2020.84050.1041.

14. Zary-Sikorska E, Fotschki B, Jurgonski A, Kosmala M, Milala J,
Kolodziejczyk K, et al. Protective Effects of a Strawberry Ellagitannin-
Rich Extract against Pro-Oxidative and Pro-Inflammatory Dys-
functions Induced by a High-Fat Diet in a Rat Model. Molecules.
2020;25(24). [PubMed ID: 33322602]. [PubMed Central ID:
PMC7763312]. https://doi.org/10.3390/molecules25245874.

15. Xue H, Aziz RM, Sun N, Cassady JM, Kamendulis LM, Xu
Y, et al. Inhibition of cellular transformation by berry ex-
tracts. Carcinogenesis. 2001;22(2):351–6. [PubMed ID: 11181460].
https://doi.org/10.1093/carcin/22.2.351.

J Kermanshah Univ Med Sci. 2022; 26(4):e126940. 7

http://www.ncbi.nlm.nih.gov/pubmed/22446679
https://doi.org/10.1519/JSC.0b013e31822e58e5
http://www.ncbi.nlm.nih.gov/pubmed/11252065
https://doi.org/10.1097/00005768-200103000-00010
http://www.ncbi.nlm.nih.gov/pubmed/16248966
https://doi.org/10.5483/bmbrep.2002.35.1.024
http://www.ncbi.nlm.nih.gov/pubmed/14739607
https://doi.org/10.1023/A:1026187526113
http://www.ncbi.nlm.nih.gov/pubmed/30589838
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6307742
https://doi.org/10.1371/journal.pone.0208799
http://www.ncbi.nlm.nih.gov/pubmed/30117365
https://doi.org/10.1123/japa.2017-0404
http://www.ncbi.nlm.nih.gov/pubmed/19636670
https://doi.org/10.1007/s12576-009-0049-3
http://www.ncbi.nlm.nih.gov/pubmed/20157546
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2806040
https://doi.org/10.18632/aging.100069
http://www.ncbi.nlm.nih.gov/pubmed/25803191
https://doi.org/10.1039/c5fo00147a
http://www.ncbi.nlm.nih.gov/pubmed/27429802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939384
https://doi.org/10.1155/2016/3910630
https://doi.org/10.30476/ijns.2020.84050.1041
http://www.ncbi.nlm.nih.gov/pubmed/33322602
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7763312
https://doi.org/10.3390/molecules25245874
http://www.ncbi.nlm.nih.gov/pubmed/11181460
https://doi.org/10.1093/carcin/22.2.351


Rahimi MR et al.

16. Liu C, Lin J. Protective effects of strawberry and mulberry
fruit polysaccharides on inflammation and apoptosis in
murine primary splenocytes. Food Drug Anal. 2014;22(2):210–9.
https://doi.org/10.1016/j.jfda.2014.01.015.

17. Kerksick C, Taylor L, Harvey A, Willoughby D. Gender-related
differences in muscle injury, oxidative stress, and apoptosis.
Med Sci Sports Exerc. 2008;40(10):1772–80. [PubMed ID: 18799987].
https://doi.org/10.1249/MSS.0b013e31817d1cce.

18. Etemad Z, Rasouli Z. Effect of Endurance Exercise Along with Straw-
berry Supplementation on Lipid Profile and Inflammatory Markers
in Overweight and Inactive Young Women. J Kerman Univ Medical Sci.
2019;23(3). https://doi.org/10.5812/jkums.89331.

19. Singleton VL, Rossi JA. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic.
1965;16(3):144–58.

20. Boroujerdi S, Rahimi R. The apoptotic response to resistance exercise
with different intensities in athletes. Med Sport. 2011;64(1):31–44.

21. Cohen J. Statistical power analysis for the social sciences. Lawrence Erl-
baum Associates; 1988.

22. Ji LL, Kang C. Role of PGC-1alpha in sarcopenia: etiology and potential
intervention - a mini-review. Gerontology. 2015;61(2):139–48. [PubMed
ID: 25502801]. https://doi.org/10.1159/000365947.

23. Elmore S. Apoptosis: a review of programmed cell death. Toxicol
Pathol. 2007;35(4):495–516. [PubMed ID: 17562483]. [PubMed Central
ID: PMC2117903]. https://doi.org/10.1080/01926230701320337.

24. Heo HJ, Lee CY. Strawberry and its anthocyanins reduce
oxidative stress-induced apoptosis in PC12 cells. J Agric
Food Chem. 2005;53(6):1984–9. [PubMed ID: 15769124].
https://doi.org/10.1021/jf048616l.

25. Bowtell J, Kelly V. Fruit-Derived Polyphenol Supplementation for
Athlete Recovery and Performance. Sports Med. 2019;49(Suppl
1):3–23. [PubMed ID: 30671906]. [PubMed Central ID: PMC6445811].
https://doi.org/10.1007/s40279-018-0998-x.

26. Fisher-Wellman K, Bloomer RJ. Acute exercise and oxidative stress:
a 30 year history. Dyn Med. 2009;8:1. [PubMed ID: 19144121]. [PubMed
Central ID: PMC2642810]. https://doi.org/10.1186/1476-5918-8-1.

27. Kerksick CM, Kreider RB, Willoughby DS. Intramuscular adap-
tations to eccentric exercise and antioxidant supplementa-
tion. Amino Acids. 2010;39(1):219–32. [PubMed ID: 19967420].
https://doi.org/10.1007/s00726-009-0432-7.

28. Park KS, Sedlock DA, Navalta JW, Lee MG, Kim SH. Leukocyte
apoptosis and pro-/anti-apoptotic proteins following downhill run-
ning. Eur J Appl Physiol. 2011;111(9):2349–57. [PubMed ID: 21424274].
https://doi.org/10.1007/s00421-011-1907-2.

29. Kocturk S, Kayatekin BM, Resmi H, Acikgoz O, Kaynak C, Ozer E. The
apoptotic response to strenuous exercise of the gastrocnemius and
solues muscle fibers in rats. Eur J Appl Physiol. 2008;102(5):515–24.
[PubMed ID: 18030491]. https://doi.org/10.1007/s00421-007-0612-7.

30. Gogvadze V, Orrenius S, Zhivotovsky B. Multiple pathways of
cytochrome c release from mitochondria in apoptosis. Biochim
Biophys Acta. 2006;1757(5-6):639–47. [PubMed ID: 16678785].
https://doi.org/10.1016/j.bbabio.2006.03.016.

31. Islam MS, Giampieri F, Janjusevic M, Gasparrini M, Forbes-Hernandez
TY, Mazzoni L, et al. An anthocyanin rich strawberry extract in-
duces apoptosis and ROS while decreases glycolysis and fibrosis
in human uterine leiomyoma cells. Oncotarget. 2017;8(14):23575–
87. [PubMed ID: 28212568]. [PubMed Central ID: PMC5410328].
https://doi.org/10.18632/oncotarget.15333.

32. Giampieri F, Alvarez-Suarez JM, Mazzoni L, Forbes-Hernandez TY, Gas-
parrini M, Gonzalez-Paramas AM, et al. An anthocyanin-rich straw-
berry extract protects against oxidative stress damage and improves
mitochondrial functionality in human dermal fibroblasts exposed
to an oxidizing agent. Food Funct. 2014;5(8):1939–48. [PubMed ID:
24956972]. https://doi.org/10.1039/c4fo00048j.

33. Brentnall M, Rodriguez-Menocal L, De Guevara RL, Cepero E, Boise LH.
Caspase-9, caspase-3 and caspase-7 have distinct roles during intrinsic
apoptosis. BMC Cell Biol. 2013;14:32. [PubMed ID: 23834359]. [PubMed
Central ID: PMC3710246]. https://doi.org/10.1186/1471-2121-14-32.

34. Sheikholeslami-Vatani D, Faraji H. Influence of Creatine Supplemen-
tation on Apoptosis Markers After Downhill Running in Middle-
Aged Men: A Crossover Randomized, Double-Blind, and Placebo-
Controlled Study. Am J Phys Med Rehabil. 2018;97(11):825–31. [PubMed
ID: 29863586]. https://doi.org/10.1097/PHM.0000000000000977.

35. Yang Y, Jemiolo B, Trappe S. Proteolytic mRNA expression in response
to acute resistance exercise in human single skeletal muscle fibers.
J Appl Physiol (1985). 2006;101(5):1442–50. [PubMed ID: 16840578].
https://doi.org/10.1152/japplphysiol.00438.2006.

36. Somasagara RR, Hegde M, Chiruvella KK, Musini A, Choud-
hary B, Raghavan SC. Extracts of strawberry fruits induce in-
trinsic pathway of apoptosis in breast cancer cells and in-
hibits tumor progression in mice. PLoS One. 2012;7(10). e47021.
[PubMed ID: 23071702]. [PubMed Central ID: PMC3468438].
https://doi.org/10.1371/journal.pone.0047021.

37. Liu CJ, Lin JY. Anti-inflammatory and anti-apoptotic effects of straw-
berry and mulberry fruit polysaccharides on lipopolysaccharide-
stimulated macrophages through modulating pro-/anti-
inflammatory cytokines secretion and Bcl-2/Bak protein ratio.
Food Chem Toxicol. 2012;50(9):3032–9. [PubMed ID: 22721979].
https://doi.org/10.1016/j.fct.2012.06.016.

38. Kangas R, Tormakangas T, Heinonen A, Alen M, Suominen H, Ko-
vanen V, et al. Declining Physical Performance Associates with
Serum FasL, miR-21, and miR-146a in Aging Sprinters. Biomed Res
Int. 2017;2017:8468469. [PubMed ID: 28127562]. [PubMed Central ID:
PMC5239835]. https://doi.org/10.1155/2017/8468469.

39. Boeing JS, Barizao EO, E. Silva BC, Montanher PF, de Cinque Almeida
V, Visentainer JV. Evaluation of solvent effect on the extraction
of phenolic compounds and antioxidant capacities from the
berries: application of principal component analysis. Chem
Cent J. 2014;8(1):48. [PubMed ID: 25246942]. [PubMed Central ID:
PMC4158270]. https://doi.org/10.1186/s13065-014-0048-1.

40. Gomez-Cabrera MC, Domenech E, Vina J. Moderate exercise is
an antioxidant: upregulation of antioxidant genes by train-
ing. Free Radic Biol Med. 2008;44(2):126–31. [PubMed ID: 18191748].
https://doi.org/10.1016/j.freeradbiomed.2007.02.001.

8 J Kermanshah Univ Med Sci. 2022; 26(4):e126940.

https://doi.org/10.1016/j.jfda.2014.01.015
http://www.ncbi.nlm.nih.gov/pubmed/18799987
https://doi.org/10.1249/MSS.0b013e31817d1cce
https://doi.org/10.5812/jkums.89331
http://www.ncbi.nlm.nih.gov/pubmed/25502801
https://doi.org/10.1159/000365947
http://www.ncbi.nlm.nih.gov/pubmed/17562483
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2117903
https://doi.org/10.1080/01926230701320337
http://www.ncbi.nlm.nih.gov/pubmed/15769124
https://doi.org/10.1021/jf048616l
http://www.ncbi.nlm.nih.gov/pubmed/30671906
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6445811
https://doi.org/10.1007/s40279-018-0998-x
http://www.ncbi.nlm.nih.gov/pubmed/19144121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2642810
https://doi.org/10.1186/1476-5918-8-1
http://www.ncbi.nlm.nih.gov/pubmed/19967420
https://doi.org/10.1007/s00726-009-0432-7
http://www.ncbi.nlm.nih.gov/pubmed/21424274
https://doi.org/10.1007/s00421-011-1907-2
http://www.ncbi.nlm.nih.gov/pubmed/18030491
https://doi.org/10.1007/s00421-007-0612-7
http://www.ncbi.nlm.nih.gov/pubmed/16678785
https://doi.org/10.1016/j.bbabio.2006.03.016
http://www.ncbi.nlm.nih.gov/pubmed/28212568
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5410328
https://doi.org/10.18632/oncotarget.15333
http://www.ncbi.nlm.nih.gov/pubmed/24956972
https://doi.org/10.1039/c4fo00048j
http://www.ncbi.nlm.nih.gov/pubmed/23834359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3710246
https://doi.org/10.1186/1471-2121-14-32
http://www.ncbi.nlm.nih.gov/pubmed/29863586
https://doi.org/10.1097/PHM.0000000000000977
http://www.ncbi.nlm.nih.gov/pubmed/16840578
https://doi.org/10.1152/japplphysiol.00438.2006
http://www.ncbi.nlm.nih.gov/pubmed/23071702
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3468438
https://doi.org/10.1371/journal.pone.0047021
http://www.ncbi.nlm.nih.gov/pubmed/22721979
https://doi.org/10.1016/j.fct.2012.06.016
http://www.ncbi.nlm.nih.gov/pubmed/28127562
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5239835
https://doi.org/10.1155/2017/8468469
http://www.ncbi.nlm.nih.gov/pubmed/25246942
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4158270
https://doi.org/10.1186/s13065-014-0048-1
http://www.ncbi.nlm.nih.gov/pubmed/18191748
https://doi.org/10.1016/j.freeradbiomed.2007.02.001

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Subjects
	Table 1

	3.2. Preparation of Extract of Strawberry
	3.3. Pilot Experiment
	3.4. Muscle Strength Testing and Familiarization
	3.5. Supplement and Dietary Conditions
	Table 2

	3.6. Exercise Protocol
	3.7. Ethical Approval
	3.8. Blood Sampling
	3.9. Statistical Analysis

	4. Results
	Figure 1
	Figure 2

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

