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Summary. Acute exercise is a stressful stimulus that may lead to systemic apoptosis. No studies to date ad-
dress the apoptosis response to caffeine ingestion during acute resistance exercise (RE). The aim of this study
was to determine the effects of oral caffeine ingestion on biomarkers of apoptosis including Bax and Bcl-2
during strenuous RE in resistance trained men. In a randomized, double-blind, placebo-controlled, crossover
study, fourteen resistance trained men (20.6x2.3 years; 72.8+9.2 kg; 178.7+4.2 cm) ingested caffeine (6 mg/
kg body weight) or placebo one hour before acute RE with 85% of one-repetition maximum (1RM). Blood
samples were taken pre- (Pre), immediately post- (IP), and 15 min post- (15P) RE for measurement of serum
Bax and Bcl-2 concentrations. Data were analyzed with ANOVA with repeated measures (P<0.05). Bax and
percentage change of Bax/Bcl-2 ratio at IP RE were significantly lower in caffeine condition compared to
the placebo condition. Moreover, anti-apoptotic Bcl-2 levels were significantly increased at IP in both caf-
feine and placebo conditions (p=0.041 and 0.01 respectively), but no differences were observed between both
conditions at any time point (p>0.05). These results suggest that acute caffeine intake attenuated exercise-
induced apoptosis in resistance trained men, which was confirmed by attenuated percentage change of Bax/
Bcl-2 ratio in the caffeine condition.
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Introdution

To acquire training adaptation in many athletes,
progressive and intensive acute exercise is inevitable.
Vigorous exercise is a form of physiological stress that
promotes drastic homeostatic changes in the body
which in turn induce immune dysfunction. It was pre-
viously thought that these dysfunctions were largely
due to inflammatory and necrotic processes, however
recent studies have illustrated that apoptosis plays an
important role for in a variety of tissues (1, 2).

Apoptosis is a tightly coordinated biological pro-

cess that plays a vital role in monitoring a variety of

non-pathological cellular events, however deregulation
of apoptosis is now recognized as a mechanism funda-
mental to numerous pathologies (3, 4). Vigorous exer-
cise increases the production of reactive oxygen spe-
cies (ROS) and cytokine (i.e., tumor necrosis factor-o
(TNF-a), interleukin-6, etc.) levels, which can influ-
ence apoptotic signaling (2). The extrinsic and intrinsic
apoptotic pathways can be involved in the apoptotic
cascades. These include a cytokine/Fas receptor driven
pathway, an endoplasmic reticulum-sarcoplasmic re-
ticulum stress-induced pathway and a mitochondrial-
dependent pathway (5). The mitochondrial-mediated
pathway, including the Bcl-2 family, is believed to be
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critical in regulating apoptosis (4, 6). Cellular stresses
lead to cytochrome ¢ release from the intermembrane
space of mitochondria and activation of the caspase-3
(as critical effector caspase) (7, 8). Indeed, a group of
proteins that initiate apoptosis (i.e., Bax, Fas, p53, etc.)
and proteins that inhibit apoptosis (Bcl-2, Bcl-XL)
regulate the execution of apoptosis or the outcome for
the cell (death vs survival) (1). While the Bcl-2 protein
regulate apoptosis by blocking the mitochondrial re-
lease of cytochrome ¢, the Bax protein act by promot-
ing such release (9). In addition, Bcl-2 and Bax regulate
Ca” homeostasis at the endoplasmic reticulum—sarco-
plasmic reticulum (10). Increased Bax/Bcl-2 ratio up-
regulates caspase-3 and increases apoptosis in the cells
(11). Few studies have investigated apoptotic markers
in relation to acute eccentric exercise. Eccentric-type
exercise has been shown to elevate the expression of
Bcl-2, Bax, and caspase-3 staining in rat muscle fib-
ers (12). In humans, eccentric exercise has also been
shown to elevate muscle Bcl-2 and Bax protein levels
(13). Since caffeine (chemically, 1,2,3-trimethylxan-
thine) ingestion before exercise increases endurance
performance and speed and/or power output in the
human studies (14, 15) have become the most popu-
lar supplement proposed as an ergogenic aid. Caffeine
acts on various organs, in particular central nervous
system, skeletal muscles and cardiac muscle (16, 17).
Caffeine induces cells apoptosis in several cancer types
(18), however, the effects of caffeine on healthy cells
have not been fully elucidated. It is reported that caf-
feine did not vary the Bax/Bcl2 expression and so it
did not induce apoptosis (19). In another trial, caffeine
reduces the expression level of Bcl-2 and does not af-
fect expression of Bax (18). Hence, caffeine may influ-
ence tissue function modifying the cellular life-death
cycle.

Due to the possible effects of caffeine on ROS
(17), Ca* homeostasis (20) and cytokines (21), it may
affect cells apoptosis during intense exercise. No study
to date has addressed the effect of caffeine supplemen-
tation on exercise-induced apoptosis. Therefore, the
aim of this study was to examine the effect of caffeine
on apoptosis biomarkers including Bax (pro-apoptotic
protein) and Bcl-2 (anti-apoptotic protein) after in-
tense RE in athletes.

Methods

Subjects

Fourteen resistance-trained men voluntarily par-
ticipated in a randomized, double-blind, placebo-con-
trolled, crossover study which was approved by the In-
stitutional Review Board of the University. This study
was limited to males because of gender differences in
the response of apoptosis markers to eccentric exercise
(13). All subjects were low users of caffeine (<50 mg.d™).
The general characteristics of the subjects are presented
in Table 1. All the participants were resistance trained
(resistance training for at least 2 year). Exclusionary cri-
teria included use of androgens or nutritional supple-
ments within the previous 3 months, taking any type
of medication or smoking, neurological or chronic in-
flammatory disease, cardiac arrhythmia interfering with
physical function, peripheral vascular disease and any
absolute contraindications to acute exercise. All subjects
were informed of the purpose, procedures and possible
risks of the investigation before they gave written in-
formed consent to participate in the study.

Procedures

Subjects participated in a randomized, double-
blind, placebo-controlled, crossover study to evaluate
the influence of caffeine ingestion on serum biomark-
ers of apoptosis during acute RE. Subjects were asked
to attend three laboratory sessions which includes one
familiarization session and two testing sessions. At
least 7 days prior to the experiments, after anthro-
pometric data collection and 1 repetition maximum
(1RM) strength measurements, the participants were

Table 1. Subjects physical characteristics

Variable mean + SD

Caffeine Placebo
Age(y) 20.6+2.3 20.6+2.4
Weight (kg) 72.9+9.2 72.8+9.3
Height (cm) 178.7+4.2 178.7+4.3
BMI (kg/m?) 22.8+2.4 22.8+2.6
BMR (kcal/day) 2035.8+184 2049.1+193
Body fat (%) 12.1+4.1 12.1+4.3
Body fat (kg) 9.0:3.8 9.0£3.9
Fat-free mass (kg) 60.4+6.2 60.4+6.4
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familiarized with the exercise scheme during study
orientation. The 1RM test was perfected for each of
the four RE and 85% of 1RM selected as represented
workload used in the experimental sessions. The sub-
jects then completed three sets to failure repetitions of
four different RE at 85% of 1RM as a familiarization
session to acute exercise session. The order of RE was
as follows: supine bench press, shoulder press, lat pull-
down and leg press with an interval of 2 min between
sets and the exercises.

The following 2 sessions, upon arrival to the labo-
ratory, subjects consumed gelatin capsules containing
6 mg.kg” body mass of caffeine (CA, C0750 Sigma-
Aldrich, Germany) or Maltodextrin as placebo. After
60 minutes (22), subjects performed acute RE proto-
col with a short warm-up. The two trial periods were
separated by a 5 day wash-out period (14). Participants
were directed to avoid any intense exercise and from
consumption of caffeinated foods and beverages for 72
hours before the exercise sessions. Body composition
was determined with a Body Composition Analyzer
(InBody 3.0, Biospace, Seoul, Korea)

During the exercise sessions, blood samples (6
mL) were obtained via venipuncture at pre-exercise
(Pre), immediately post (IP), and 15 min post (15P)
RE for measurement of serum concentrations Bax and
Bcl-2 proteins. The tubes were kept in the dark and
refrigerated on ice until the end of the test. The blood
was processed and centrifuged at 3,000 revolutions per
minute for 20 minutes. The Bax and Bcl-2 serum levels
were determined using commercial kits by sandwich
ELISA (Human ELISA, Bioassay Technology labora-
tory, China) according to the manufacturer’s protocol.
The serum Bax sensitivity was 0.15 ng/ml and the in-
ter- and intra-assay variability were <10% and <8%,
respectively (23). The serum Bcl-2 sensitivity was 1.15
U/ml and the inter- and intra-assay variability were
<10% and <8%, respectively (23).

Statistical analyses

All data are expressed as means + SD. The Sha-
piro-Wilk test of the normality of distribution was
performed for all variables before the analysis. The
homogeneity of variance was calculated by the Lev-
ene test. Within-group (from pre- to post- exercise)
and between-group (caffeine vs. placebo) comparisons

were carried out using an analyze variance (ANOVA)
with repeated measure and post-hoc Bonferroni test.
A significance level of p<0.05 was accepted (3 time x
2 group) as statistically significant. Data analysis was
undertaken using the IBM SPSS software for Win-

dows, version 22.0.

Results

There were no significant baseline differences be-
tween caffeine and placebo conditions in Bax (p=0.26)
and Bcl-2 concentration (p=0.27). The effect of caf-
feine ingestion compared with placebo on serum Bax
concentrations are shown in Figure 1. Serum Bax con-
centration was significantly lower in the caffeine inges-
tion than in the placebo ingestion at IP (p=0.004) and
15P RE (p=0.04). Significant increase in Bax concen-
tration was seen in placebo condition at IP (p=0.001)
but returned to Pre concentrations by 15P (p=0.38).
Serum Bax concentrations were observed to decrease
from Pre at IP (p=0.019) and 15P (p=0.012) in caf-
feine condition. Changes in Bcl-2 concentrations can
be observed in Figure 2. Increases from Pre were seen
in caffeine and placebo conditions at IP (p=0.041 and
0.01 respectively), but no differences were observed
between both conditions at IP (p=0.19) and 15P
(p=0.34). In addition, the percentage change of Bax/
Bcl-2 ratio was significantly lower in caffeine condi-

tion than in placebo at IP (p=0.01) and 15P (p=0.032).
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Figure 1. Serum level responses of Bax to a bout of resistance
exercise after 30 min of caffeine or placebo supplementation.
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Figure 2. Serum level responses of Bcl-2 to a bout of resistance
exercise after 30 min of caffeine or placebo supplementation.
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Figure 3. percentage change of Bax/Bcl-2 ratio to a bout of
resistance exercise after 30 min of caffeine or placebo supple-
mentation.

Discussion

Caffeine is now appearing in many new products,
including energy drinks and sport gels. Moderate con-
sumption of caffeine may decrease the risk of a number
of muscular, neurological and cardiovascular diseases
(such as Dementia/Alzheimer’s disease, amyotrophic
lateral sclerosis, and Parkinson’s disease) in recent dec-
ades (24). Some studies have suggested that caffeine
could be an effective factor against exercise-induced
ROS (25) and inflammation (26). However, the role
of caffeine supplementation in exercise-induced apop-
tosis remains unclear. Indeed, Bax and Bcl-2 levels are
critical intracellular checkpoint of apoptosis within a

distal common cell death pathway (19). The goal of

the current study, therefore, was to examine the impact
of caffeine in healthy athletes exposed to acute RE on
serum Bax and Bcl-2 levels. For this purpose, Bax and
Bcl-2 proteins as important apoptotic regulators of
apoptosis were measured in response to caffeine inges-
tion during intense RE in a randomized, double-blind,
placebo-controlled, crossover study.

The main findings of the present study were that
caffeine ingestion 1h prior to RE inhibited the in-
crease in pro-apoptotic Bax protein and the percentage
change of Bax/Bcl-2 ratio induced by RE in resist-
ance trained men. Furthermore, intense RE resulted
to a marked raise in pro-apoptotic Bax protein and
the ratio of Bax/Bcl-2 in resistance trained men. Cor-
roborating to these findings, it was previously demon-
strated increases in pro-apoptotic proteins following
strenuous exercise in humans (27-29) and animals (30,
31). In this respect, Parke et al. (29) reported a signifi-
cant increases in Bax concentration and the Bax/Bcl-2
ratio at 24 and 48h post 40 min downhill running in
moderately trained subjects. Moreover, other investi-
gation observed an increase in the muscle Bax protein
and Bax/Bcl-2 ratio at 6h after performing 7 sets of 10
eccentric repetitions of the knee extensors at 150% of
1RM in recreationally active men (13). Also, recently
significant increases in muscle levels of Bax and Bcl-2
were observed after one set of (100 repetitions at 307/s)
eccentric exercise of the dominant knee extensors in
health active males.

Animal studies regarding to pro-/anti-apoptotic
proteins response to exercise show different findings
(30-32). Quadrilatero and Hoffman-Goetz (31) re-
ported a significant decrease in anti-apoptotic Bcl-2
protein level and an increase in pro-apoptosis cas-
pase-3 protein level after strenuous exercise in intes-
tinal lymphocyte of mice. Also, Lagranha et al. (30)
reported that strenuous exercise resulted significant
increases in the expression of the pro-apoptotic genes
Bax and Bcl-x, and decreases in the expression of the
anti-apoptotic gene Bcl-x; in mice neutrophils follow-
ing a 1 h wheel-running exercise. However, Podhor-
ska-Okolow et al. (32) observed a reduction in mouse
muscle Bcl-2 level with no change in Bax and Fas con-
centration after 16 h spontaneous wheel exercise.

Levels of Bcl-2 protein were also measured as im-
portant anti-apoptotic protein after RE. Bcl-2 protein
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can inhibit the mitochondrial apoptotic pathway via
binding to its pro-apoptotic protein Bax and permeabil-
ity transition pore, thereby preventing the release of
cytochrome ¢ and activation of the apoptotic cascade
(10). Bcl-2 protein level in the present study increases
in response to storehouse RE in resistance trained men.
Corroborating to these findings, Kerksick et al. (33)
found significant increases in muscle levels of Bcl-2 af-
ter eccentric exercise in healthy active men. In another
study by Kerksick et al.(13) eccentric exercise induced
significant increase in muscle Bcl-2 levels in women but
not in men. In contrast, Park et al. (34) found no change
in Bcl-2 immediately, 2h, 24h, and 48h after acute ec-
centric exercise in trained subjects. Also, no changes in
Bcl-2 were found after intense RE in healthy men (23).

Possible mechanisms underlying the resistance
exercise-induced apoptosis have not been fully clari-
fied, but it is apparent from the previous studies that
intense exercise can cause muscle damage, as well as
provoke increases in ROS, DNA damage, and con-
centrations of pro-inflammatory cytokines (1, 2, 29).
All of these ways can modulate exercise-induced ap-
optosis process. In this regard, previous studies have
shown that DNA damage triggers signal cascades in
the cytoplasm, which ultimately leads to the phospho-
rylation of p53, which, in turn, enhances pro-apoptotic
protein Bax concentration and reduces anti-apoptotic
protein Bcl-2 concentration (30, 32). Bax is transcrip-
tional target for the p53, which promotes apoptosis in
response to DNA damage, whereas, protein Bcl-2 pro-
tects cells against oxidative stress and apoptosis (35,
36). The role of Bax in promoting apoptosis attributed
to the release of cytochrome ¢ into the cytosol which
actively participate in the apoptosis process (7).

To date, there are no studies to evaluate the effect
of caffeine ingestion on pro-/anti-apoptotic proteins
following intense RE in athletes. To our knowledge,
this is the first study to show acute caffeine ingestion
inhibited RE-induced increase in pro-apoptotic Bax
protein and percentage change of Bax/Bcl-2 ratio.
Previous studies using different forms of antioxidants
have reported a beneficial effect of N-acetyl-1-cysteine
(NAC) (31), ascorbic acid (37), catalas (38) on lym-
phocytes apoptosis.

Based on previous study, it seems that attenuated
levels of Bax may be partially caused by suppression of

p53 induced by caffeine ingestion (39). Moreover, most
studies have found a preventive effect of caffeine on
ROS during acute exercise (17, 25). Combined, these
results suggest that caffeine may attenuate apoptosis by
inhibiting Bax in acute eccentric exercise. On the other
hand, the physiological studies reported that caffeine in-
dependently inhibits the proliferation, and induces ap-
optosis of tumour cells (40). Additionally, caffeine could
induce a dose-dependent apoptosis in Bax-overexpress-
ing normal cells (41). Caffeine may stimulate the mus-
cular apoptosis dose-dependently: low-dose caffeine
intake prevents apoptosis, whereas high-dose caffeine
intake stimulates it (42). Although we did not measure
the different caffeine doses and cancers cells, our novel
findings reveal that low caffeine does suppress Bax in
normal tissue cells after acute exercise.

In addition, RE-induced increase in Bax/Bcl-2
ratio was prevented by the ingestion of 6 mg of caf-
feine per kilogram of body. The ratio of Bax/Bcl-2
determine the susceptibility of a cell to apoptosis and
these ratio are a reliable index for apoptosis (43). Our
findings of elevated Bax/Bcl-2 ratio following acute
RE support previous research on healthy men (23).
Caffeine ingestion leads to significant decrease in per-
cent of Bax/Bcl-2 ratio after acute RE. Based on these
findings it could be concluded that caffeine appears to
attenuate susceptibility of cells to apoptosis, whereas
RE alone could accelerate apoptosis.

Our findings also indicate that caffeine ingestion
did not affect anti-apoptotic protein Bcl-2 level after
strenuous RE. There are very little data regarding the
Bcl-2 after acute caffeine consumption. Some studies
have reported that acute caffeine administration caused
a transitory decrease of anti-apoptotic Bcl-2 expression
in the skeletal muscle (18, 44). However, Corsetti et al.
(2008) observed that caffeine treatment did not affect
Bcl-2 in the heart (19). These data demonstrated that
possible effect of caffeine on Bcl-2 may most likely be
dependent on cell type (45). However, we assessed se-
rum Bcl-2 (as systemic anti-apoptotic protein), which
may be released from any cell types. It will be of interest
to do additional studies on different tissues after caffeine
intake in combination with acute RE.

The present study possesses some relevant limita-
tions. As previous studies (27, 46), major limitation is
that only serum Bax and Bcl-2 markers of apoptosis
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(which may be released from any cell types) in relation
to RE were assessed. Thus, further research should elu-
cidate the protective systemic and/or local effects of caf-
feine on different pro/anti-apoptotic factors in different
types of tissue exposed to RE. Second, we studied the
impact of 6 mg/kg caffeine on Bax and Bcl-2 markers
concentrations. It is known that caffeine doses might
influence apoptosis responses in certain situations (42,
47). Therefore, it is recommended that future studies
address the effect of varying dose of caffeine on Bax and
Bcl-2 proteins following intense RE in athletes.

To our knowledge, this is the first study to inves-
tigate Bax and Bcl-2 response to caffeine intake fol-
lowing RE in resistance trained men. In summary, the
data from the present study show that the ingestion of
6 mg.k’.BW caffeine 1h before the onset of intense
RE significantly decreased exercise-induced apoptosis.
Caffeine ingestion was associated with decreased Bax
concentration and Bax/Bcl-2 ratio immediately after
RE with 85% of 1RM, yet there were no significant
differences observed for anti-apoptotic Bcl-2 respons-
es following RE in resistance trained men.

This caffeine effect could be related to the modu-
lation of mitochondrial ROS production and p53. It
can be speculated that caffeine-mediated inhibition
of Bax may contribute to prevent cells apoptosis in
strenuous RE. Our data provide the experimental basis
for further studies of potential role of caffeine on the
exercise-induced apoptosis.
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