Ta MeanKo-6ioNoriyuHi
npobnemu ¢isnyHoro

NEAATOlKA
NCUXonoria

BVIXOBaHHA i cnopTy

Effect of short-term caffeine supplementation on stress response

and immune system of male athletes
Asghar Tofighi!, Akram Ameghani?, Ali Jamali?, Bahram Jamali Qarakhanlou!

AHoTauii:

Vigorous exercise stress might be
leading cause of immune system
disorders and appearance of acute
and chronic inflammation in human
body. Caffeine supplementation
prior to exercise can be effective on
body immune response. This study
aimed to evaluate the effect of short-
term caffeine supplementation on
immune response and stress index
in male athletes after an exhaustive
aerobic exercise. Materials _and
methods: In a double-blind study
24 male athletes (endurance runner
and triathlon) randomly divided in
Caffeine supplementation (CAF)
and Placebo (CON) groups. One
hour prior to main exhaustive
treadmill test (Bruce test) CAF
group consumed caffeine (6 Mg/
BW) and CON group received
placebo. Blood samples were
collected before and immediately
after exercise test from anticubital
vein. After supplying serum; Cortisol,
leukocyte and serum Heat shock
protein 72 (Hsp72) concentrations
were determined using ELISA
method. Paired and independent t
student test was used for analysis
of inter and intra group differences
respectively. Results: serum cortisol
and Hsp72 concentrations in CON
group was significantly higher than
CAF group (P<0.05), However
serum leukocyte changes was not
statistically significant (P>0.05). In
addition Mean of variation in CON
group was significantly higher than
CAF group (P<0.05). Conclusions:
Based on study results caffeine
supplementation prior to short-term
exhaustive aerobic exercise has
positive effect on innate immunity
and body defensive system.

KnrouoBi cnoBa:
caffeine, hsp72, cortisol,
aerobic exercise.

athlete,

Urmia University, Urmia, Iran*

Tabriz University of Medical Sciences, Tabriz, Iran?

Awrxap Todpikxi, Akpam AmerxaHi, Ani

Dxamani, Baxpam Oxamani KBapakxaH-
noH. BnnuB kopoTko4yacHuUx [o6aBok
kodheiHy Ha peakuilo i Hanpyry imyH-
HOI CUCTEMMU CNOPTCMEHIB -4OJOBIKiB.
EHeprinHi Hanpy>xeHi Bnpasun MoXyTb OyTu
NPOBOAOM Ta MPUYMHOI MOPYLUEHb IMYH-
HOi CMCTEMM i NOSIBU FOCTPOro Ta XPOHiy-
HOro 3anarneHHsi B opraHiami noguHun. Jo-
6aBka KoheiHy nepen TPeHyBaHHAM MOXe
OyTM edeKTMBHOK Ha iMYHHY BiAnoBidb
opraHiamy. Mema 0ocniOeHHsI — OUHUTU
BNMB KOPOTKOYacHMX [o06aBok kodei-
Hy Ha peakLuito iMyHHOI cucTemu i cTpec-
iHOEKC y CMOpPTCMEHIB — YOrOBIiKiB micns
BUYEprHUX aepobHux Brnpas. Mamepiaau
i Memodu: Y nopgiiHoMy cninomy [ocri-
DPKEHHI 24 cnopTcmeHa (40noBiku — BiryHu
Ha BUTpMBanNICTb i TpuaTnoH ) 6ynn poapai-
NeHi BUNagkoByM YnHoM. 3acToCOByBanv-
cs pobasku kodpeiHy (CAF ) i nnauebo (
CON ). 3a rognHy 40 OCHOBHOMO BMYepn-
Horo Tpeamin -Tecty (Tect bptoca ) rpyna
CAF BxuBana kodeiH ( 6 mr / BW ), CON
rpyna otpumysarna nnawuebo. 3pasku Kposi
BioGupanu o i Bigpa3y nicns TpeHyBanb-
HOro TEeCTy 3 BEHWU. 3 BUKOPUCTaHHAM Me-
Toay ELISA 6ynu Bn3HayeHi koHUeHTpaLii
— KOpTW3omy, nerkouuTie i Binka B cupo-
BaTui 72 ( Hsp72 ). byB BukopuctaHum t
— kpuTepin CTblogeHTa Ansa aHanisy Mix- i
BHYTPILLUHBOIPYNOBUX BiAMIHHOCTEN BIAMNO-
BiAHO. Pe3ysibmamu: KOpTU30Mn i KOHLEH-
Tpauii Hsp72 y CON rpynu 6yna 3HayHO
Bule, Hix y CAF rpynun (P < 0,05), npo-
Te 3MiHWN NerKouMTIB y cupoBaTtui He Bynun
cTaTcTnyHoO 3Havywmm (P> 0,05). Kpim
TOro cepefHe 3HaveHHs Bapiauii B CON
rpyni 6yna 3Ha4Ho BuLle, Hix B CAF rpyni
(P < 0,05). BucHosgku: Ha niacraBi pesyrnb-
TaTiB gocnimkeHHs fobaBok KodeiHy B
KOPOTKOCTPOKOBI NepcnekTuBi B BUCHa-
XKYKOUMX aepobHMX BNpaBax BCTAHOBMEHO
X MO3UTUBHWUI BNIMB Ha IMYHITET i iIMyHHY
CUCTEMY B LinioMy.

KogbeiH , Hsp72 , kopmu30s1 , CHOPMCMEH,
aepobHi srpas.

Awrxap Todwmkxu, Akpam AmerxaHu, Anu
Dxxamanu, Baxpam [Dxamanu KBapakxaH-
1noH. BnusiHne kpaTkoBpeMeHHbIX [06aBOK
KkodeMHa Ha peakuuio U HanpskeHue UM-
MYHHOM CUCTEeMbl CMOPTCMEHOB-MYX4MH.
OHEpPrnYHbIE  HAaMpPSPKEHHbIE  YMpaXHEHUs
MOryT ObITb BeAyLUe MPUYMHON HapyLUEHWIA
UMMYHHOW CUCTEMbI U MOSIBMIEHUSI OCTPOro U
XPOHUYECKOrO BOCMANEHUsi B OpraHu3me 4e-
noseka. [lobaBka KogevHa nepes TPEHUPOB-
KO MOXeET BbITb 3PHEKTUBHON HA UMMYHHBIV
OTBET opraHuama. Lless uccnedosaHusi — oue-
HUTb BIUSIHWE KPaTKOBPEMEHHbIX [06aBOK
KodpenHa Ha peakumio UMMYHHOW CUCTEMbI U
CTPECC-MHAEKC Y CMIOPTCMEHOB-MY>X4YUH Nocne
MCYEPMbIBAOWNX  a3POOHbIX  YMPaKHEHWN.
Mamepuarnbl u Mmemookl: B gBoHOM crienom
nccnefoBaHny 24 crnoptcMeHa (MyXXYuHbl —
©eryHbl Ha BbIHOCIMBOCTb U TPUATMOH) Obinn
pasfeneHbl crnyyanHelM obpasom. [lpume-
Hanucb gobaskn kodenHa (CAF) n nnauebo
(CON). 3a yac gO OCHOBHOrO McYepmnbiBato-
wero Tpeamun-tecta (Tect Bptoca) rpynna
CAF ynotpebnsna kodenH (6 mr / BW), CON
rpynna nonyyana nnaue6o. O6pasubl KpoBu
oTbupanu 4o 1 cpasy nocne TPEHUPOBOYHOTO
Tecta u3 BeHbl. C UCMoNb3oBaHNeM MeTofa
ELISA ©Obinn onpepeneHbl  KOHUEHTpauum-
KopTu3ona, NenkoumnToB 1 6enka B CbIBOPOTKE
72 ( Hsp72 ). Bbin ncnonb3oBaH t-kputepui
CTblofeHTa Ans aHanusa Mex- 1 BHYTpUrpyn-
MOBbIX Pa3nNU4nii COOTBETCTBEHHO. Pesynnbma-
Mmbl: KOPTM30I U KOHUeHTpauum Hsp72 y CON
rpynnbl 6bina 3HaunTenbHO Bbilwe, Yem y CAF
rpynnbl (P <0,05 ), ogHako n3aMeHeHus nemko-
LUMTOB B CbIBOPOTKE HE ObINIO CTAaTUCTUYECKU
3HaummbiM (P> 0,05). Kpome TOro cpegHee
3HaveHue Bapuauun B CON rpynne Gbina 3Ha-
4nTeEnbHO Bbilwe, Yem B CAF rpynne (P <0,05).
Bbigodbi: Ha ocHoBaHMM pe3ynbTaToB Uccre-
noBaHus fobaBok koderHa B KpaTKOCPOY-
HOW MepcrneKkTMBe B MCTOLLAKLMX adPOOHbIX
YMPaXKHEHMAX YCTAHOBMEHO WX MOMOXMWTElb-
Hoe BNUsiHWE Ha UMMYHUTET U UMMYHHYIO CU-
CTEMY B LIENOM.

KogbeuH, Hsp72, kopmu3on,
aspobHble yrnpaxHeHuU.

crnopmcmeH,

Introduction

The immune system is very complex and is essential
for health. Dysfunction of this system can lead to a wide
range of disorders (Brolinson, & Elliott, 2007). Positive
or negative interactions between physical activity
on immune system have gained scientists and sport
researcher’s interest (Smith, Anwar, Fragen, Rananto,
Johnson, & Holbert, 2000). Researches show that
moderate and light physical activity may increase the
performance aspects of the immune system (Smith et
al., 2000), but exhaustive exercise and long term activity
such as marathon, ultra marathon, triathlon and etc. may
bring about different complications in immune system
function and components like antibodies and lymphocytes
(Lee, Paffenbarger, & Hennekens, 1997). In addition,
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release of stress proteins due to vigorous exercise and
proceeding stress may disturb immune system and
increase possibility of acute and chronic inflammation
(Smith et al., 2000; Lee et al., 1997). Cells and tissues
respond to protein damaging stressors by increasing the
content of highly conserved proteins known as “stress”or
“heat shock proteins”(HSPs). A substantial amount of
literature suggests an elevated intra-cellular HSP content
confers protection to cells and tissues, including skeletal
mus-cles (McArdle et al., 2004; Touchberry et al., 2012).
In response to physiological stress, Heat shock proteins
(Hsps) can accumulate within the cell. There is clear
evidence that this proteins act as “danger” signals to alert
the immune system during times of stress (Matzinger,
2002). Among heat shock proteins, Hsp72 family is
the most important (Desplanches, Ecochard, Sempore,
Mayet-Sornay, & Favier,2004; Whitham, & Fortes, 2006),
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and in stress conditions appear in blood circulation of
healthy subjects (Ganter, Ware, Howard, Roux, Gartland,
Matthay et al., 2006; Lennon, Van Gammeren, Clements,
Mehta, & Powers, 2002; Milne, & Noble, 2002). Hsp72
will facilitate immunity in normal physiological condition
while in pathophysiological status such as atherosclerosis,
Alzheimer, chronic lung disease, inflammatory disease
of urinary bladder and etc, this protein can exacerbate
inflammatory diseases (Fleshner, & Johnson, 2005). Thus
manipulating its levels in stress conditions is considered
as a therapeutic strategy.

Exercise as a stressor can activate the immune
system and leave positive affect on Hsp72 (Febbraio, &
Koukoulas, 2000). However, induction of Hsp72 is not
only a simple answer to the cellular stress, But also it
improves longevity subsequent to inflammatory response
or cellular damage (Febbraio et al., 2000).

Major outcomes of Hsp are regulated by the
sympathetic nervous system (Peker, Goren, Ciloglu,
Karacabey, Ozmerdivenli, & Saygin, 2005). This
course can be influenced by various stimulants such as
caffeine (Whitham, Walker, & Bishop, 2006). Caffeine
as a synergistic factor via releasing of catecholamines in
physical activity improves the performance of athletes
(Whitham et al., 2006). Researchers believe that caffeine
increases blood content of free fatty acids and decreases
glycolysis and lactate and delays exhaustion threshold
in intense physical activity (Peker et al., 2005). Caffeine
as well has been reported to protect cells from oxidative
damage (Whitham et al., 2006). The possibility that
caffeine could improve sports performance without
oxidative cell damage has became scientists’ interest
(Peker et al., 2005; Machado, Breder, & Ximenes, 2009).
In this context Olcina et al. revealed that caffeine intake
during a progressive exercise could restrain oxidative
damage (Olcina, Mufoz, Timé6n, Caballero, Maynar,
Cérdova et al., 2006).

Short-term and severe muscular activity increase
number of blood stress hormones such as cortisol.
Changes in level of stress hormones may alter the immune
response (Cinar, Mogulkoc, Baltaci, & Polat, 2008).
Cortisol is released specially in response to the stress and
its alteration is concurrent with the HSP72 response as
innate immune response (Whitham et al., 2006). Peker
in a study on 20 endurance runners in supplement and
control groups showed that the Caffeine induces blood
cortisol increment after exercise, But the percentage of
increase in caffeine group were lower than the control
group (Peker et al., 2005). Moreover, Vimercatti in a
study showed that the caffeine intake during aerobic
exercise is associated with an increase or no change in
leukocyte count (Vimercatti, Zovico, Carvalho, Barreto,
& Machado, 2008).

Considering the potential relationship among
vigorous physical stress, hormones, Hsp changes and
ensuing complications with regarding the disparity in
many investigations, necessity of new extensive studies
are undeniable. The present study attempted to clarify
the effect of caffeine supplementation prior to exhaustive

aerobic exercise on the immune system and serum
concentrations of cortisol and Hsp72.

Methods

Subjects: The study group included 24 male endurance
runners and triathlon athletes between 19-24 years of
age, healthy, non-smokers, who used no drugs or dietary
supplements, or anabolic steroids, and participated
voluntarily. Subjects were instructed to the procedures of
the study and written consent was obtained. Because the
habituation can alter the caffeine effects (Graham, 2001),
we select athletes who reported no usage of caffeine. All
subjects submitted their written consents to participate and
the study was approved by the local committee of ethics.

Experimental protocol: In a randomized double-blind,
placebo-controlled design, the subjects were divided into
2 groups: experimental (CAF; n=12) and control (CON;
n=12). No caffeine, xanthines, or other substance that
could mask the results were ingested by the athletes for
12 h before blood collection. A morning blood specimen
was collected 1h (PRE) after a standardized breakfast.
Ten minute of warm up (jogging, joint mobilization and
stretching) was carried out 35 minute after receiving the
supplement.

Diet supplementation: The different supplements
were in identical capsules so that the subjects were not
aware of which substance they were ingesting. Caffeine
(Merck, Germany) was given to the group CAF at a dose
of 6 mg-kg? in one 500 mg capsule (Dose confirmation
WADA), which also contained enough cellulose to fill
the capsule. This dose was chosen because it is within
the supplementation range shown (3.0-9.0 mg-kg* body
weight at 30-60 minute prior exercise ingestion) to
improve athletes’ performance (Graham, 2001; Jones,
2008). The control group (CON) received one capsule
with 500 mg cellulose only. The supplements were
ingested immediately after the blood sample collection.

Test protocol: all subjects performed exhaustive
aerobic tests (Bruce test) on treadmill and were continued
to reach exhaustion. The intensity of exercise was
controlled by coaches in accordance with protocol of
Bruce test. The athletes were allowed to ingest water ad
libitum throughout their test.

Data collection: Venous blood samples were collected
from the forearm while the subjects were in a seated
position. The first sample (PRE, 0) was collected in the
morning and other sample immediately after the test. After
collection, the blood samples were divided in two tubes
(one heparinised tube for hematological measures and
the other for serum). After centrifugation, the separated
serum was quickly frozen and stored at -70°C. From each
heparinised sample the following hematological measures
were obtained; Heat shock protein 72 (eHsp72) and Cortisol
levels were measured by ELISA method and with kits
(stress gene — Canada) and (IBL — Germany), respectively.
In addition, Changes of leukocytes were determined with
cell counter (Mindray-USA) by H1 method.

Statistical analyses: Statistical analysis was performed
on SPSS version 15.0, performing the two way ANOVA
test, in which the within group factor corresponds to the
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exhaustive aerobic tests and the between group factor
corresponds to the caffeine effect. The p value of < 0.05
was used to determine statistical significance.

Results

The anthropometric and performance characteristics
of groups are identical (Table 1). Normal distribution of
data was confirmed by Kolmogrov-Smirnov test (Table
2). statistical analysis showed that leukocyte count
increased after exercise in CON and CAF groups (Table
3), however this increment in caffeine treated group was
not statistically significant (P>0.05) (Table 4).

Exhaustive exercise caused significant elevation in
Serum Hsp72 and cortisol levels in both groups (Table 3).
However, according to the t test results, average of this
increase in the CON group was significantly higher than
CAF group (P <0.05) (Table 4).

Discussion

Results of present study showed that leukocyte
count increased significantly after exhaustive exercise
in both groups, but no difference was observed between
groups. Scientists believe that leukocyte count is elevated
with physical activity-induced muscle damage. Then
exhaustive physical activity causes cellular damage,
stimulates the immune system and consequently leukocyte
accumulation, especially neutrophils (Machado et al.,
2009; Olcina et al., 2006). Therefore less muscle damage
in supplement group could be a possible mechanism
involved in lower leukocyte increment.

Caffeine consumption is accompanied by further
oxidation of fatty acids in muscle cells, maintained
intramuscular amino acid stores and reduced protein
catabolism rate in this stance (Peker et al., 2005).
Subsequently cellular and muscular damage Indexes
release such as creatine kinase in blood stream is reduced
which pledge less stimulation of immune system and less
activity-induced leukocytosis (Machado et al., 2009).
Decrease of muscular damage Indexes in the supplement
group are in agreement with some reports (Vimercatti et
al., 2008; Bassini-Cameron, Sweet, Bottino, Bittar, Veiga,
& Cameron, 2007).

In the present study, after exhaustive aerobic exercise
significant increase was observed in serum HSP72
concentration of male athletes in both groups and
amount of increase in control group was higher than the
supplement group. However, it is clear that exercise and
physical activity as a stress factor has an important role
in stimulating the immune system (Campisi, & Fleshner,
2003). Therefore, HSP72 after exercise and physical
activity as the most sensitive response to the body’s innate
immune system for protection of stress injuries begins to
increase (Febbraio et al., 2000). Researchers believe that
there are certain thresholds for this protein in response
to stress. Hence, optimal increment of this protein as a
danger signal leads to augmented inflammatory agents
summon and environmental immune components
whereas its amplification leads to Apoptosis and cell
death, especially in tumor species (Matzinger, 2002;
Febbraio et al., 2000). Therefore, modulation of HSP72
response to stress condition is a considerable approach
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that interests many scientists (Febbraio et al., 2000). In
accordance with other studies (Whitham et al., 2006)
our results demonstrate that caffeine supplementation
modulates serum HSP72 response to physiological stress
and exhaustive aerobic exercise. However, less increased
percentage of this protein was observed in the supplement
group in comparison to control group (26/66% vs.
33/33%). It can be elucidated that less increase in HSP72
response succeeding physical activity in supplement group
is due to caffeine in comparison with control group. In
another study, Whitham reported increased HSP72 levels
in both control and supplement groups following exercise
on ergometer. They observed that immediately after
exercise concentration of this protein was significantly
higher in caffeine group (Whitham et al., 2006). It should
be mentioned that Whitham carried out a long-term
exercise (90 minutes) and subjects were accustomed to
caffeine consumption. Furthermore, majority of studies
declare that athletes versus non-athletes express more
response to caffeine (Peker et al., 2005; Machado et al.,
2009). Olcina reported that after a progressive exercise
on ergometer caffeine supplementation reduces cellular
damage (Olcina et al., 2006). Due to mechanism of
action on catecholamine release, caffeine can improve
performance and endurance. As well, antioxidant trait
is attributed to caffeine which vindicates its protective
effect on cellular damage (Whitham et al., 2006). The
present study confirms that accompanying caffeine and
exercise could lower HSP72 concentrations during short
term activities and is beneficial for cells. Howevere,
caffeine consumption during long-term aerobic activity
have been associated with high cellular damage; because
this supplement with increasing the longevity of exercise
could increase oxidative damage (Whitham et al., 2000).

It has been reported that exhaustive exercise with
activating the hypothalamic-pituitary-adrenocortical
axis could has direct influence on central nervous system
(Karcz-Kubicha, Antoniou, Terasmaa, Quarta, Solinas,
Justinova et al., 2003). Physical activity with increasing
the production of adrenocorticotropic hormone from
pituitary leads to increased cortisol secretion (Karcz-
Kubicha et al., 2003). Cortisol secretion during exercise
is largely dependent on exercise intensity and individual’s
capacity. Moreover, athletes response to glucocorticoids
and exercise differs especially in intensive training
(Gleeson, 2007). In agreement with similar studies
(Peker et al., 2005; Nieman, Henson, Smith, Utter,
Vinci, Davis et al., 2001) our data showed that plasma
cortisol concentration after exhaustive aerobic activity
had increased in both groups, although this increase in
caffeine group was lower than the control group. Less
increment in cortisol secretion might be the reason
for immunity and long-term health effects (Lovallo,
Al’absi, Blick, Whitsett, & Wilson, 1996). The possible
mechanism of caffeine in Beaven et al. opinion is that
supplementation prior to endurance exercise prevents the
protein catabolism and consequently by inhibiting the
cortisol secretion, concentrations of growth hormone is
increased which cause testosterone levels maintenance.
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Table 1
Participant characteristics
CAF Group (n=12) CON Group (n=12)
Age (years)
21.943.6 22.8+2.3
173.3£5.2 175.6+3.8 Height (cm)
72.7£3.4 70.8+4.7 Weight (kg)
60.1£2.3 61.5+1.8 VO2max(ml-kg-1-min-1)
116+ 17 120+ 12 Systolic blood pressure(mm Hg)
83+ 0.9 82+ 0.7 Diastolic blood pressure(mm Hg)
5444 52+ 5 Heart rate (per minute)
Data are mean + S
Table 2
Results of Kolmogrov — Smirnov test
CAF Group (n=12) CON Group (n=12)
Sig Statistic Z Sig Statistic Z
0.110 1.204 0.110 1.203 Hsp72 (ng/ml)
0.786 0.654 0.962 0.503 Cortisol (pg/ml)
0.916 0.557 0.893 0.557 Leukocyte (ml/1000)
(P>0.05)
Table 3
Mean changes of serum Hsp72, cortisol and leukocytes during an exhaustive aerobic exercise
CAF Group CON Group
Sig Post test Pre test Sig Post test Pre test
0.014* 0.36+0.06 0.28+0.09 *0.003 0.62+0.44 0.27+0.12 Hsp72 (ng/ml)
0.036* 98.15+£27.2 55.47+23 0.022* 114.8+£15.2 54.18£11.1 Cortisol (pg/ml)
0.046* 11.62+2.43 7.23+£1.24 0.035* 12.78+£3.13 7.11£2.04 Leukocyte(ml/1000)

*significant compared to pre test values (P >0.05)

Table 4
Comparison of mean serum Hsp72, cortisol and leukocyte levels between the CAF and CON groups.
Sig df Group
0.021* 22 CAF Hsp72 (ng/ml)
. s ng/m
CON P &
0.039* 22 CAF Cortisol (pg/ml)
. ortiso m
CON pe
CAF
0.063 29 Leukocyte (ml/1000)
CON
*(P >0.05)
Therefore anabolic processes will continue (Beaven, Acknowledgment

Hopkins, Hansen, Wood, Cronin, & Lowe, 2008).
Conclusion

Results of present research indicate that ensuing

exhaustive aerobic exercise,
immune system markers have been mitigated in the
caffeine group. It is supposed that caffeine consumption
preceding exhaustive aerobic exercise would reduce the
susceptibility to immune challenges.

fluctuations of innate
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