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ABSTRACT
Skeletal muscle may develop adaptive chaperone and enhancementdefense system through daily exercise
stimulation. The present study investigated resistance and exhaustion training alters the expression of chaper
one proteins. These proteins function to maintain homeostasis, facilitate repair from injury and provide protection.
Exercise-induced production of HSPs in skeletal muscle and peripheral leukocytes and, it may provide insight into
the mechanisms by which exercise can provide increased protection against stressors. The aim of this study was
WRH[DPLQHWKHHIIHFWRIW\SHVH[HUFLVHWUDLQLQJRQ+63H[SUHVVLRQ1LQHWHHQWUDLQLQJIHPDOHLQJURXSVWDNLQJ
part in the intervention volunteered to give blood samples. Levels of chaperone proteins weremeasured in response
WRUHVLVWDQFHDQGH[KDXVWLRQWUDLQLQJ+63OHYHOVZHUHLQFUHDVHGLPPHGLDWHO\DQGKDIWHU3URJUHVVLYHWUDLQLQJ
but decreased after resistance training. The data showed that human skeletal muscle responds to the stress of
a single period of Progressive trainingby up regulating and resistance training by down regulating expression of
+633K\VLFDOH[HUFLVHFDQHOHYDWHFRUHWHPSHUDWXUHDQGPXVFOHWHPSHUDWXUHVDQGWKHH[SUHVVLRQSDWWHUQRI
+63GXHWRWUDLQLQJVWDWXVPD\EHDWWULEXWHGWRDGDSWLYHPHFKDQLVPV
Keyword:+HDWVKRFNSURWHLQV([HUFLVHWUDLQLQJ,PPXQHV\VWHP6WUHVVRU,QÀDPPDWLRQ,QMXULHVFHOO

1. INTRODUCTION
Living cells are continually challenged by conditions
which cause acute and chronic stress. Heat shock proteins (HSP) are a class of functionally related proteins
ZKRVHH[SUHVVLRQLVLQFUHDVHGZKHQFHOOVDUHH[SRVHG
to elevated temperatures or other stress. Molecular
chaperones such as heat shock proteins (HSPs) are
(*) Corresponding Author - e-mail: farahnameni@yahoo.com.

known to contribute to reducing cellular damage. HSPs
havemultiple functions in maintaining intracellular integrity viaprotection, repair and even control of cell
death signaling [1-3]. They play an important role in
proteins interactions such as folding and assisting in the
establishment of proper protein conformation and pre-
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vention of unwanted protein aggregation. Heat shock
proteins (HSP) are increasingly seen as important
players in the response of our biochemistry to stresses
and damage. Few data have been reported concerning
H[SUHVVLRQRI+63VLQKXPDQWLVVXHDIWHUH[HUFLVH>@
HSP70 is associated with the protection of striated muscle from injury and the attenuation of skeletal muscle atrophy. Therefore enhancementof potenWLDOO\ FRQWULEXWHV WR WKH SURWHFWLRQ RI P\R¿EHUV DQG
WKH PDLQWHQDQFH RI PXVFOH PDVV 7KH H[SUHVVLRQ RI
HSP70 is reported to be enhanced by thermalstress
DQG H[HUFLVH >@ ,QKXPDQ OHXNRF\WHDQG VNHOHWDO
PXVFOHH[KDXVWLYHHQGXUDQFHH[HUFLVH>@DQGUHVLVWDQFH H[HUFLVH >@ PDUNHGO\ LQFUHDVH +63 H[SUHVVLRQ7RJHWKHUWKHVHVWXGLHVVXJJHVWWKDWWKHH[SUHVVLRQ
of molecular chaperone proteins may play important
roles in protection and repair of skeletal muscle
IURP  H[HUFLVH LQGXFHG VWUHVV >@ 3XQWVFKDUW H[DPLQHGWKHHIIHFWRIDQDFXWHERXWRIH[HUFLVHRQ+63
H[SUHVVLRQ DQG IRXQG WKH FRQWHQW RI +63 P51$
increased, but there was no change in the HSP70 protein content. HSP70 was selected because this protein typically demonstrates very large increases after
YDULRXVIRUPVRIFHOOXODUVWUHVV>@'HWHFWDEOHOHYHOV
of HSP70 are present in the systemic circulation of
healthy individuals. Previous studies have shown that
the systemic concentration of HSP70 is elevated after
H[HUFLVH>@
Several investigators have demonstrated the inGXFWLRQ RI +63 V\QWKHVLV LQ VSHFL¿F UHJLRQV LQ
response to hyperthermia [10], ischemia, and hySR[LDDQGHQHUJ\GHSOHWLRQ+63VDUHTXLQWHVVHQWLDOO\
viewed as intracellular proteins with a vital role in
PDLQWDLQLQJ FHOOXODU KRPHRVWDVLVLPSRUWDQW H[WUDFHOOXODU UROHV IRU +63V KDYH EHHQ LGHQWL¿HG7KH GHSOHWLRQRIHQHUJ\VWRUHVK\SR[LDDQGLVFKHPLDKDVEHHQ
shown to induce the synthesis of HSP70 [11]. Prior
H[HUFLVHWUDLQLQJDWWHQXDWHVFRQWUDFWLRQLQGXFHGLQMXU\
LQVNHOHWDOPXVFOHIROORZLQJDQDFXWHVLQJOHERXWRIH[ercise. The acquisition of muscle tolerance to contracWLRQLQGXFHG PXVFOHGDPDJH WKURXJK H[HUFLVH WUDLQing appears to be partially associatedwith molecular
mechanisms including chaperone functions in additionto neuromuscular and morphological adaptations.
6HYHUDOVWXGLHVKDYHUHSRUWHGWKDWSURORQJHGH[HUFLVH
training increases several molecular chaperone pro512
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teins in skeletal muscle, such as HSP25, HSP70 and
glucose-regulated protein (GRP) [2, 5 and 12]. HSPs
KDYHSURWHFWLYHIXQFWLRQV DQWLR[LGDWLRQDQWLDSRSWRVLV 
and helping protein formation [3]. These functions of
HSPs may potentially contribute to acquisition of a
muscledefense system with training [2]. HSPs are increasingly seen as important players in the response of
our biochemistry to stresses and damage.
'HWHFWDEOHOHYHOVRI+63DUHSUHVHQWLQWKHV\Vtemic circulation of healthy individuals. Previous
studies have shown that the systemic concentration of
+63LVHOHYDWHGDIWHUH[HUFLVH>@7KHGHSOHWLRQRI
HQHUJ\VWRUHVK\SR[LDDQGLVFKHPLDKDVEHHQVKRZQ
WRLQGXFHWKHV\QWKHVLVRI+63>@3ULRUH[HUFLVH
training attenuates contraction-induced injury in skelHWDOPXVFOHIROORZLQJDQDFXWHVLQJOHERXWRIH[HUFLVH

2. MATERIAL AND METHODS
1LQHWHHQKHDOWK\IHPDOHVSDUWLFLSDWHGLQWKHVWXG\ 
on Progressive training group with mean age 23 ± 2
\HDUV >6(0@ ERG\ PDVV    NJ DQG PD[LPDO
R[\JHQ XSWDNH >92PD[@    / PLQ DQG  RQ
UHVLVWDQFHWUDLQLQJJURXSZLWKDJH\HDUV
[±SEM], weight 57.3 ± 6.53, height 161.1± 3.21 cm,
ERG\ PDVV    NJ DQG PD[LPDO R[\JHQ
uptake[VOPD[] 5.1 ± 0.4 L /min). Subjects were informed as to the potential risks associated with participation in the study before obtaining their written
informed consent to participate.The study was carried
out in accordance with the IAU and approved by the
(WKLFDO&RPPLWWHH7KHLQÀXHQFHRIH[KDXVWLRQWUDLQing on HSP70 and glucose in peripheral leukocytes
HYDOXDWHG EHIRUH DQG DW  DQG  K DIWHU E\ ÀRZ F\tometry and RT/PCR, respectively and glucocard 01.
Progressive training subjects performed Bruce
3URWRFRO RQ D WUHDGPLOO 7  +57 86$  7KH
ODERUDWRU\WHPSHUDWXUHGXULQJDOOWULDOVZDV&
Resistance training Subjects performed 30 minute resistance training. The laboratory temperature during
DOOWULDOVZDV&3DLUHGVDPSOHVRIDQWLFXELWDO
venous blood were collected in heparinized syringes
and kept on ice until analysis for hematocrit on ABL
700 apparatus.
To determine the serum HSP70 protein concentra-
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tion were obtained and placed in a tube containing a
clot-inducing plug. This tube spun in a centrifuge at
 î J DW &$ KLJKO\ VHQVLWLYH HQ]\PHOLQNHG
immune sorbent assay method was used to determine
the concentration of HSP70 protein in serum. All samSOHVZHUHWHVWHGLQGXSOLFDWH$OOGDWDDUHH[SUHVVHGDV
means ± SEM. Statistical analysis was conducted by
using analysis of variance (ANOVA) repeated meaVXUHV DQG /6' WHVW ZDV XVHG IRU SRVW KRF PXOWLSOH
comparisons among means. A P value < 0.05 was conVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW

3. RESULTS
Figure 1: Mean HSP70 before exercise and in recovery in

After Progressive, the anticubital serum HSP70
concentration was elevated but after resistance
training serum HSP70 concentration was decreased
(Table and Figure 1). Repeated Measurers test were sigQL¿FDQWO\LQWZRJURXSV 7DEOH  3! 7KHFKDQJHVVHUXPJOXFRVHFRQFHQWUDWLRQ )LJXUH ZHUHVLJQL¿FDQWO\LQWZRJURXSV 7DEOH  3! %XW/6'WHVW
ZHUHQRWVLJQL¿FDQWO\$QDO\VLVRIYDULDQFH $129$ 
ZHUHQRWVLJQL¿FDQWO\LQWZRJURXSV 7DEOH  3! 

2 groups.

evation in constitutive levels of this protective protein
LQOHXNRF\WH>@'DWDVXJJHVWWKDW+HDWVKRFNSURteins (HSP) possibly have a systemic function, includLQJ PHGLDWLRQ RI WKH HIIHFWV RI H[HUFLVH RQ LPPXQH
IXQFWLRQ>@,QFUHDVHG+VSLQGLFDWHGWKDWWKHH[HUFLVHVWUHVVFDXVHGVXI¿FLHQWLQWUDFHOOXODUGLVUXSWLRQ
WRWULJJHUDQ+63UHVSRQVH>@$QLQFUHDVHGFRQWHQW
of HSPs will facilitate any cellular remodeling, that
RFFXUV DIWHU XQDFFXVWRPHG H[HUFLVH >@ 2[LGDWLYH
and other stresses are an important component of the
cellular protective response. These proteins facilitate
successful repair from injury and to aid adaptation and
remodeling of the cell to prevent the damage [4].Ac-

4. DISCUSSION
([HUFLVH LV DQ LPSRUWDQW LQWHUYHQWLRQ LQ PDLQWDLQLQJ
KHDOWK+RZHYHUH[KDXVWLRQWUDLQLQJUHVXOWVLQDQHO-

Table 1: Mean±Std. deviation HSP70 and glucose before exercise and in recovery.
Mean±Std. Deviation
Variables

Time

N

+63
(Ng/ml)

Glucose
(Mg/dl)









2h after





before













before
Progressive
training

Resistance
training

after

after
2h after

9

10
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Table 2: The results of (ANOVA) repeated measures
HSP70 and glucose in 2 groups.
Time

Sig.

F

before





after

0.099



2h after





Table 3: Table 3: The results of ANOVA HSP70 and
glucose in 2 groups.

Figure 2: Mean Glucose before exercise and recovery in 2
groups.

FXPXODWLQJHYLGHQFHVWURQJO\VXJJHVWVWKDWH[WUDFHOOXlar Hsp72 has potent immune regulatory effects [15].
7HPSHUDWXUH LQFUHDVHR[LGDWLYH VWUHVV DQG LQÀDPPDWRU\UHDFWLRQVDIWHUH[KDXVWLRQH[HUFLVHZHUHH[SHFWHG
to stimulate synthesis of HSPs in peripheral blood leuNRF\WHV6WUHQXRXVH[HUFLVHLQFUHDVHG+63H[SUHVVLRQ
in blood immediately at the end of running, which
shows a positive function of HSP in leukocytes of athOHWHV WR PDLQWDLQ IXQFWLRQ DIWHU KHDY\ H[HUFLVH >@
+63H[SUHVVLRQLVDOVRDOWHUHGGXULQJJOXFRVHGHSOHWLRQ DQG R[LGDWLYH VWUHVV &HOOV WKDW DUH VWDUYHG IRU
glucose over produce a set of proteins called glucoseregulated proteins (GRP). The functions of HSP, GRP
and OSP are incompletely understood, but evidence
suggests that many stress proteins are enzymes that
either provide immediate stress protection or conduct
cellular repair processes. Sustained physical activity
results in the progressive depletion of glucose and glycogen stores, a phenomenon that is highly correlated
ZLWKIDWLJXH,QFHOOVGHSULYHGRIJOXFRVHRUR[\JHQRU
treated with agents that perturb calcium homeostasis,
synthesis GRP and HSP70 [17].
The elevation of body temperature and depletion
of glycogen [11] are all regarded as factors that induce
+63H[SUHVVLRQLQVNHOHWDOPXVFOHGXULQJH[HUFLVH
>@:KHQERG\WHPSHUDWXUHZDVPDLQWDLQHGGXULQJ
H[KDXVWLRQ H[HUFLVH +63 DFFXPXODWHG LQ SHULSKHUDO
OHXNRF\WHV7KHVH¿QGLQJVVXJJHVWWKHSRVVLELOLW\WKDW
the treadmill running, as used in the present study,
PD\ VWLPXODWH VWUHVV UHVSRQVH WR LQGXFH +63 :H
514

Group

Factor

Sig.

F

Progressive
training

+63

0.04*



glucose

.000*



+63

0.002*



glucose

.000*



Resistance
training

FRQFOXGHGWKDWH[KDXVWLRQH[HUFLVHHOHYDWHVWKHUHVWing level of peripheral leukocytes HSP70 and that
the resultant accumulation of HSP70 helps to protect
stress-loaded cells from injury due to the elevation of
FKDSHURQHDFWLYLW\>@
However,comparison amongst studies is comSOLFDWHG E\ YDULDWLRQV LQ H[HUFLVH SURWRFRO PRGH
intensity, durationand damage), muscle group, and
differences in subject characteristics (training and nuWULWLRQDOVWDWXVDJHVH[ ,QUHVLVWDQFHWUDLQLQJJURXS
the down regulation of HSP-positive cells seems to
EHDUHVXOWRIDGDSWDWLRQPHFKDQLVPVWRWUDLQLQJ>@
6RWKHUHGXFWLRQRI+63DVDQLQGLFDWLRQWKDWH[HUFLVHWUDLQLQJUHGXFHVLQÀDPPDWLRQ7KHPHFKDQLVP
DUH LQYROYHG LQ V\VWHPLF ORZJUDGH LQÀDPPDWLRQ LV
QRWNQRZQ,WLVSRVVLEOH+63VDUHOHDNHGLQWRWKHH[WUDFHOOXODUFRPSDUWPHQWGXHWRQHFURWLFFHOOGHDWK>@
HSP70 can be released independently of necrotic cell
death in response to a number of stressful conditions
LQFOXGLQJH[KDXVWLYHH[HUFLVH>@)XWXUHLQYHVWLJDWLRQV ZLOO H[SORUH WKH SK\VLRORJLFDO VLJQL¿FDQFH RI
H[WUDFHOOXODU+63V

5. CONCLUSIONS
The data presented show that human leukocyte re-
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VSRQGVWRWKHVWUHVVRIDVLQJOHSHULRGRIH[KDXVWLRQ
training by up regulating and resistance training by
GRZQ UHJXODWLQJ H[SUHVVLRQ RI +63 ,W LV SRVVLEOH
WKH+63UHVSRQVHWRH[HUFLVHLQUHODWLRQWRWKHWLVsue assayed (skeletal muscle, lymphocyte, venous
and arterial serum). The differences observed when
HSP70 in the present study may be related to the mode
RIH[HUFLVHDQGWKHDPRXQWRISURWHLQGDPDJHDVVRFLDWHGZLWKWKHH[HUFLVH
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