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ABSTRACT

It is known that the dehydration is a major factor of onset of the heat stroke during
sports activity under high-temperature environment. However, the relationship between
the dehydration and the profiles of water molecule within the skeletal muscles are
poorly understood during sports activity under high-temperature. The present study
examined the effects of the dehydration on the characteristics of water molecule and its
related factors in the skeletal muscles during running exercise under high-temperature.
In slow muscles, in running group, both the muscle water content and free water
content were significantly lower than that in control group, respectively (p<0.05). On
the other hand, in fast muscles, there were no significant differences in these factors
between both groups. Neither expression levels of AQP4 nor AQP1, that were the
selective water channel, were changed in the skeletal muscles during running exercise

under high-temperature. Likewise, the changes of the expression levels of a 2 NaK-
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ATPase, which was related to osmoregulation, were induced in skeletal muscles by
running exercise under high-temperature. In conclusion, the present study indicated that
the prime mover, i.e. slow muscles but not fast muscles, were induced significant loss
of water, particularly free water, due to the dehydration during running exercise under
high-temperature. On the other hand, it was suggested that the dehydration during
running exercise under high-temperature may not participate in the regulation of the
selective water channel AQP4 and AQP1 expression in both fast and slow muscles.
Furthermore, it was suggested that the dehydration during running exercise under high-
temperature may directly not induce the change of the intracellular osmotic pressure
due to the change of a 2 Na,K-ATPase expression levels. These findings indicated in the
present study may be useful to understand the molecular properties of skeletal muscles

in the heat stroke during sports activity under high-temperature environment.
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HOWEEHEET A LR HHICHEMSZ &
DTELRGTH [HEK] LMY, 728
LR EOMOYE L iEE L, 5T EENATH
MENTVEKG TR [HEEK] LIER —TJ
FHHIZBWTH HHEKRHEEKPR/IEL T
BEEZLNTOBHY, EREETIZBIT 5 2
R— I IHEI X 2 BRI BN DK, FRIC
HHEHADPED LI IZZELL TSRO WTIE,
T RBEEIE LN TR NWE T TH D,
BHRHNOKSTOBEZIE, KoT %
RGCHEBSELKF Y2 72 T7R) V4
(aquaporin 4: AQP4)" 23F5- L T 5. AQP4 I
a l-syntrophin & #5469 5 2 & THFRHER L1245
M ZEBLL, MMMENYL DK T DR B % Hil 5
52 L TREBEOHMICERL V267 #BA
& o TIAKL 22 5#% CTlE, AQPA DFEHIL
NOVDHFICHERF S LTz 2 s, AQP4
EERHORKIISG L CRHERER NS L
T, 2R KA Tk R D A AERE L TV B T RE
HASRENTWS Y, &5 1R L 2 —EH
BN ==y 72X ) BiEsE s ms 52 &
T, AQP4 DFEBmAHIIL, Ko FOBE%EIT
H#T 52 LT, HREADONEICEBRL TV Z
LHRENTRE Y. IS0 ERs, BB
OIEE=E2IG U 72 AQP4 D Z I DZEAL DS KT
RIS L CnbEEZLNTWS, —7,
&G OB IMES 1213 AQPL 2SR IZFEH L
TBY, HHMENTER L TWw5 AQP4 L O T
K TFOZFELEITH T LT, MmN DK
STHEOREEToT0D 0 Lal, Fi
N OKRDTRENHEREICES L Tw5 AQP4 %
APQL 1Zxt L, wilBEss T oEEE) I X 5 Bikd
FAFTTHEIZ OB TS 2 EN TV AR,
TR 1EEESE T A ATPase 1, MIAPI DK
FEFAHT L ECIANF -2 LS5 F
M) T ALARYTD1DTH A a2 Na, K-ATPase
X, CoxANF—%FHLT, HMigstic Nat

Z3OMM L, MWK %2 22000 AARiZ
BEOHRE #4TH) 2 & THERBOKRGTREHO
FAEIC R LIS LTws D Lo
T, a2 Na, K-ATPase & il #i 4t N @ 7K 53 F % F)
A9 %2 & THIRRAOERETEDORE 1T & FkE
2, KGTFEHEOREOHIEIZ S B LTwa
FThHbH Tl —BEOEEFIZLY) a2 Na,
K-ATPase OiFMEDTLAEST 2 2 & b#F I LT
WL, EEBEE T TOELEIC L)k
D 5K GDFES U721, a 2 Na, K-ATPase D%
HIZED &) BN L L2IC20TEHL R
IZE3NTW2wn,

AWZE T, SiREEBE T CoEMER)IC X 2 Hik
A5, BTN OKGF ORE, I KRR
ST R KT 2 R L 7iR s e o A
WCRIET B LEHOPICT LI R HGE L2,

1. MRAE

1.1 EREI=

FEERE 20, 7 MG O Fischer344 Al 7 v
; (n=6/group) % FH\ 7z, FEERIC W 7o W ER A
(&, BIRECE AT (tibialis anterior muscle: TA) & O
v A (soleus muscle: SOL) & L7z, FEERHE
&, FHEEHE (control group: CON) B L OV mER
% B (running group: RUN) & L7z, 3%
BRENY S A s L7 12 B R O RS  A 2 Vv
BRI CH, #oke L ICHHRBINOREET T
fH L7z 2B, KWE, KRCCER¥ET A7
YA T AFEBRMGH T B R ORRE = f#72 L THEN
L7,

1. 2 EEH

B T B (A L, Rl AR A
(Inx 1528 307mm, & 110m, EF7HHEE 0.965m/
i) (FWS-3006, ANVZ7 T AL, &Il #Hw
ERE A TbY . Ty P R EREE N CRA
M, wblEgEE, S L Bl ER s E
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Bl HIE, =i 30T, B 75% (AR - 72 EEN
T EE 10m/min T EB) & FEHE L 72,
BEiC 7 v FORELNEL, EEB P IAED
3% W LT BT, BB AT S P
FETEBRE A 1 RER, SPIE7EATEEEE XA 600m
Td o7z BRI T, BHITR Y PNV E S —
W ) AT CTRZR L, AW SHIRE
eI AE ZnNENg Lz A OB
&, KSTEEEOREY L, fiEE & OKS
GEHBEOWEICH Nz, EMWOERG L, At
#7253 F T -80°C THAEIRIE L 72

1. 3 kpiEE

FHE 0K EE I, BEAEAEE Y Y
H —RUR G E2EE (SP-W, 7 AT >, KBR)
 HVCllE L 72

1. 4 KRERE

T L7245 W o B B oo i 0 A 0 E L7z
%, 100C T 24 Fefl, MEGZIE S, HigEEE
RPE L. HBEREHEZBREED,SUTOR
L0, KaERREENRL.
IR EA (%)= (R i E 2 - R E ) /iR E & X 100

1. 5 BRKBSLIVIIRETOY MNE

WERGIC BT B % vy BEBEOSHTICIL,
AT (7) TRENTWS 7H b I kown
ey L2y y7ay bEERHW Bt TV E
1x Protease Inhibitor Cocktail (Roche Diagnostic,
Dubai, UAE) #% & A 72 RIPA buffer (50 mM Tris-
HCI, pH 8.0, 150 mM sodium chloride, 1% NP-
40, 0.5% sodium deoxycholate, and 0.1% sodium
dodecyl sulfate) (Sigma-Aldrich, St Louis, MO,
USA) THREYF A AL, 12000g Tl L7214,
AR L 72, Z D1, BCA protein assay kit
(Thermo scientific, Rockford, IL) % JH\W\T&H >~
TNDE o8y B R — L 72,
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e TN (787 10ug) % 125% @
RV T2 )NT I BT VEBWT 144mA, 454
TESAIKE 1T - 72. Z D%, polyvinylidene
difluoride (PVDF) [E~O#:5 %17 -72. PVDF
1%t L, 5% skim milk & 0.1% Tween-20 % &
¢ Tris-buffered saline (TBS) (pH 7.6) % F\»C
60O 7a Yy JTEETo 72 Dk,
& FE — K P 1K [goat polyclonal anti-AQP4 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA),
rabbit polyclonal Anti-Na*/K ATPase a -2 (Merck
Millipore, Darmstadt, Germany), rabbit monoclonal
Anti-AQP1 (Abcam, Cambridge, UK) % 4 T,
overnight T4 ~¥ ¥ 2 ~X—3 3 L7 TBST
Ve L 72tk 4518 Z kR Pu1E [biotinylated anti-
rabbit IgG (Invitrogen, Camarillo, CA, USA) and
biotinylated anti-goat IgG (Merck Millipore)] %
FMTLIEMA ¥ F 2= g L7 TBST
Pk L 72 #, peroxidase conjugated streptavidin
horseradish (GE Healthcare, Buckinghamshire,
UK) #ZEWCTLIRMA v Fax—a i
A, ALFEOLREE (Immunostar zeta, FIDGAT
L, KD 2 HWTERN S > 37 B 8E
L7z 1% 5 N7zl {% 75> & Image] software (ver. 1.48,
http://rsb.info.nih.gov/ij/) % VT, ERILL 72,

1. 6 #hEH0IE

ETOWEMIE, Pl £ BEERETRL
7o, RERTALEE, xFEREE & EESNEE L o,
Student's t-test & IV CTATo 72, £ 72, EEBH
BOREOELL, paired t-test & v THro 72,
AN p<0.05 & L 72,

2. Eﬂ%‘?nn%
2.1 SREETCOEEHICLIZIBES L
UHEENEAL
xR & AEE BN (pre) DR 2 OB L 7258,
MR ICRET A RO O N e o7z (FR1).



— 228 —

% 1 Body weights and relative muscle weights in control and running groups

running
control pre post
body weight (g) 12567 + 3.78 12633 + 9.16 1%§ii%%
A R
1008 body weighy 829 = 469 1013 = 123

All values were mean £ S.D. Values in parentheses shown the reduction rate of body weight in post- running, compared to that in pre-running.

#*p<0.05 compared to pre-running. #p<0.05 compared to control.

1007 (A)
—J7, FEEEEEICBI S pre (2xF 9 4 post DR e;é 807
WAHIE 352+ 1.26% T ), HEABERSH ECY
B b7 (p<0.05) (R 1). g 40l
FEEEIED TA QM FHEE L, KRB g 20
=
LAEEZEMERLE (p<0.05) (F1). o
SOL O HIXH T2 5V C I, ﬂﬁ”ﬁ‘ki w5 o o
1001
BLOMICHEZRIADLN o7 (F1). A '
8 ] I
CNE ORERIE, EIRIEETICB 2 EER)C z 90
X OB & B AR EERS YA L2 & 2R § 601
kol
E 2 40+
%
ézw
2. 2 BEBETCOEEHHEBHNOKS o
CON RUN
ERRICRIEIIRE
e . e I~ 1 Muscle water content of tibialis anterior muscles
ARFE T, FilREE & i REE XD B (A) and soleus muscles (B) in control (CON) and running
LB ARPEAREEM L. COMHE, TA (RUN) groups.
Values are percentages and represent means + SD.
TIE, WEEE L CEEBEIC BT RS SHRICE Muscle water content (%) = (muscle wet weight - muscle dry weight)

/muscle wet weight*100

TEFFOOLN o7 (K1A). —F, SOL p<0.05
DD EFRIZBWTIE, MBI L, B

HCehREREMEI RSN (K1B) (F1). 72 BY, TA OKFIEEMICB VT, JFHREEL
NS ORI, BIREEE T COEEEIC LS AEBEE L OMICHEBEEIRO N o7 —

iK%, #EfTdH 5 SOL DM HEEICHEL 77, SOL IZ B\ Tid, xf HEHE D K431 P L2 kT
B3 —7C, #HFHTHSH TA OMMHERIH L, EEEHFOKGIEME A E R EE R L7
BERIETE RNV EZRT. (K2B) (p<0.05). ZHDFERIE, FiEEEET
TOEEENC L ZHARICED, #EfHTHS SOL

2. 3 BRERET COEEHNIERHFDKS BT HHKEPEYT L —HT, #HTHD

EMICRIZTRE TA TIEZLDPE L TV R W & ZRT.

AFFETIE, BN O B BKEOZL % HES
TLHOI, KOEEZHELZ. K2A 1R L
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0.96

— X

0

CON RUN
1.027

0.98 1

water activity (Aw)

0.96

=

ol

CON RUN

2 Water activities of tibialis anterior muscles (A) and soleus
muscles (B) in control (CON) and running (RUN) groups.
Values were mean + SD. *p<0.05

2. 4 SRERET TCOEEEBNEREFD AQP4
DRER|PEICRITTHE

ARFFE T, HiRES T Co—@MEoEE I
K BB, MR RAICEIT 2 KT v &
VAQP4 DERICKITTEARFA L. 2o
MM M TH D TAICBIT D AQPA DIEH L N
VAL, TRERICRETIVA BRI b e h o7z
(K3A). &512, #FHTHD SOL BT LA
HERE L BB L ORI ICAEEEEO LN ho
72 (E3B). INHoMERIE, BEEETTO
FEEI & BB, T RERNIC BT 2
AQP4 DFEBFICHE L RUIT S VI L 2IRT.

2. 5 SRRET COEEBNEEREHD AQP1
DREEICRITTHE

AQPL &, HHEFN OB | FF A2 5881

FTHKF XY ANTHD, RIFFETIE, ERERET

TOEEFI L BHKDS, AQP1 OFEIFUIKLITT

WERWET L2, MAAITRLZ XD 12, #EHT

FH 2k AR— Y FEE Vol. 39

— 229 —

1.67 A
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G
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Relative expression

CON RUN

1.4
1.2
14

0.8
0.6
0.4
0.2

Relative expression

CON RUN

3 Protein expression level of AQP4 in tibialis anterior
muscles (A) and soleus muscles (B) in control (CON)
and running (RUN) groups.

Values are means + SD. Values are expressed relative to the values of
control TA and SOL, respectively.

167 (A)
1.4
1.2

1 4
0.8
0.6
0.4
0.2

Relative expression

CON RUN

1.6+ (B)
1.41
1.2

14
0.8
0.6
0.4
0.2

0

Relative expression

-

CON RUN

4  Protein expression level of AQP1 in tibialis anterior
muscles (A) and soleus muscles (B) in control (CON)
and running (RUN) groups.

Values are means + SD. Values are expressed relative to the values of
control TA and SOL, respectively.
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H5HTAIZBIT A AQPL DFEH L N )uid, xfIa#:
CHEEFH L OMICHEEIEO SN h o7z,
FAELZ, B TdH 5 SOL 2B\ T b HER 12t
FHAEE RO SN o7 (K4B). Zhh
DOFERNT, BB T OEEB) L HBKIE, B
MmN O AQP1 ORI L NVIZHE RIT S 7k
W2k EIRT.

2. 6 SREBETCOEEHBIFBEHD a2
Na, K-ATPase DHEIRE IC R IT T FE
K55 A3 Cad 5 ATPase 1%, My ok
STEMHLCIAVF—ZEART. Z0k &
FHELEZAVF-ZFHLTF NI TR T
T& 5 a2 Na, K-ATPase I3iG 1L L, i#BE%
S DL TR TOBBZHIEL Cnd. &
CT, RWFZETIE, SIRE T COEEHIC X
LFTLKAY a 2 Na, K-ATPase D ZEH L~V 12
I RERMET L. TOME, #HTHDL TA
BT 5 a2 Na, K-ATPase 38H L ~ )L 1%, Wik
MIcAEEEIRO LN ro72 (RIBA). —
BRI TH A SOLIZBWVTH, *FIREE & @ s
EORMICHFTA BRI SN o7z (F
5B). I HOMERIE, EiREET coEEE) Iz
X BHHKIE, a2 Na, K-ATPase D5 L~V |25
BAERITS RN EERT.

3. £ =

EmEREE T COEEE) X ) BiKkDS, GrftkEe
DT R BAERAED FERTH 5 Z & ILIE < Al
ENTV 575, BHEHHNOKG T ORI L T
BIAHEZEETHLH. AWETIE, SiREET
TOEEEC L 0 BFARAECGE, # LD
EFOT D EEAKE UL & L7z EREDS R & v
ZENHG L o7z —, BKIE, KR
PR ARG T 2 A L -2 B R E i o f
HWERTOFEB L NI B % RT ST EAUR
Sz

1.4+ (A)

1.2 I
0.81
0.61

0.4
0.21

Relative expression

CON RUN
1.4 (B)

1.2+ 'I

14

0.8+
0.6

Relative expression

0.4
0.2
0

CON RUN

¥ 5 Protein expression level of a2 Na,K- ATPase in
tibialis anterior muscles (A) and soleus muscles (B) in
control (CON) and running (RUN) groups.

Values are means + SD. Values are expressed relative to the values of
control TA and SOL, respectively.
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FIRAHED 3% B2 B L, BT % &5EH)
BEREICREEDTET 2 2 R s TsY Y, 2
R—VIEB P OBMPFETP & L CTHRERADE 2%
R WX IRGHIFET 5 2 L RSN T
V312 ORI TIE, EIRERE T CoEEEIC
L BRERAD 3% 1 L BT, BHOET
RHAE & BN BIERDPBE SNz Lizhso
T, ARWIECHENM L - miRES T CoEERIC X
LEELRRERVEKICEZbOTHY, RE
B, BRI L 2BER A S S L TH
YTholbEz N5,

FEAEENHEIZ BV T Td S TA DR 100g
W7- ) ORI E R A RN LA B E Y
AL7z0 TS, EimEREE P OEEE)IC X o TE
C7eBikic & D RE DA L 7oA, Mk s
DORPF EOWMAE L b D EZ NS, FE
B, ERENEEO TA OKGERELHHKEICH
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HREALIXERD SN o7z

—7, EEBFEEOEN TH D SOL O E
wik, ARELFEZREREOLN o7 L
L, EEIEE O SOL 12 BT 5 K5 &H =L,
SHREEICH LA BT LT/, LAad o T,
SOL DA i E e THMFEM O F BEPRO 5
o2 E LT, SinBREE T COEEIC L
% SOLNDO KDL EZE 2 b5, £72, &
REREET COEMEENC X 2 KGEEEDOKT INE
5 Td b SOL TOHRD &z mild, FEhti L7z
EEFOMRE LR L TWA EEZLNL. K
75 TIE, 4 10m &\ 9 HEB AR R B o B T E)
FEMLTED, ZoEHETIE, #HLIYLE
R AR ICBN R S p Y EBEE, Rk
MICEN B S A FE 0 L T4 %
LT, FEHICBT ARG TREINMEE SIS
TEDHESATWSE W Lo T, KRER
2BV, BB T CTOEER I X HHKIC X
DIMEHZEED LA L7228 T, EHHTHo72
D SOL 26 DIRGFIEEDNIRELL L o/2b D
LEZLND.
FAOMBIRY, KWL O TEBF Stk D
BHRIZBIT 2 HHAKEOZ (LA S0 Lz —
B\ ERHAICRTIES K5 FIE, ZORED»S
HHAKEHEEKRIZKITEL LEZ LN TWS
5 KR T, EEBBEOIERFTH S SOL T
DIRKEEPEERIRT 2R L2, —iiZ, K
SIEETEHKREERBLL TWE 2 Ehh, il
T CEERZFEML /-2 L12LD, SOL D
HEADPEZIZWD L2 el E o572
L7225-> T, RWIZETIE, SimBiiET oEE)IC
£ % SOL TIRF L7z7Kk4rid, FEICHHEKTH 5
MR RIS N7z fEsk, BN OKGTO
Tk, BAdEEL 2 W TEHIE N, O
DT 721910 UL, 2o
FHE, WELRGMEBEBLLEL L, HROMMR
DR E 25 L) EDVH 72—, K5
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THOWZKRGEEOMEX, HEKDA L2
TELWVEW)HMWERIEH 2 b 00, fiigk
SIATEETE CHIE T RE L V) STIZB W, PURMEDS
FEIEHAGMTTETHLEFRS.

FEIHMNDIKGF % FIH L T ATPase 13, ATP
BT A LRI AVF -2 AL S
M) T ALARYTD1DTH % a2 Na, K-ATPase
i, BELAZALVE-2FAH LT, Nat®K*
AN E) S5 2 & TN EE %
L Twa W L7555 T, a2Na, K-ATPase I3,
FEHNOKGTEHAHLTCWERTO12TH
I EM,b, RTINS, HiRE T okE
BT L ABAKIZE Y, a2 Na, K- ATPase @ 5831
LAOVICELAE L B 2 E A iEE &Sz L L,
O NG R TIE, AFHREE & EEER L ORI
a 2Na, K-ATPase DFEH L NV IZAEAITRD 5
Niphoiz. TNHORIE, FiREEE T OEE
B X Bk, a2 Na,K-ATPase DI L~ )L
B RIZE RV 2R, —HT, Kk
TlE, a2 Na, K- ATPase OiftEx I L T\
WAS, SEATHIZETIE— B O EEIC L Y a2 Na,
K-ATPase (G AMRHE S N D & LA S L Tw
W LiAoT, BRBETOELIZL
HHAKEOHBAIZL Y, a2 Na, K-ATPase {14
BEFLTWLHEEIEZ 5NL. BRHNOH
Bk DZALDS a2 Na, K-ATPase 1 1412 KT
HEIZOWTIE, SROE LR LAMEDPLETSD
%,

AR L FE R I IZ S B 5 AQP4 & BA M
ARSI FEH T A AQPL 2 4 LT, flifiiE &
EMINE & O OKGFORL )Y AFrbitTn»
% 610 HfE AQP4 %> AQPL M EHIEIZIE LT
FHARRMED KT T OBBRELSHIH S TV b L& 2
SNTw5 Y. K51, EBNC L 2 HIEBEICS
U T AQPA OFHmAHINT 5 Z AL 22 E
Nz 9. LzdoT, AWfFETd EminmsT
TOEMENIC L BHHKIZE D AQP4 X AQP1 D
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BB L NOVIZBALAA U A R tEAT AR S 7z
LA L, AQP4 3 X UFAQP1 DFEBIL LIz
T, APHEHE C R & OfICFNERA B
BOLNGrolz. TROORKRIE, SEEET
DEEFIC L B BKIE, EHEHNO AQPL B X
NAQPL DFEH L NNV EHZRZ S W &%
RY. ELIHEBTHL TA LT TR, KodE
FRBLOHHKEDSH B L TW72EH
D SOL IZBWTYH, AQP4 B L 1N AQP1 5
LAOVISEERNC L 22 R o erol.
O ORI, EiREREE T OEEBIC X 2 BAKIC
LV IMEERBEEDS LA L2 LB LT, E8
T& % SOL 128\ T AQP4 X° AQP1 M /K515
WEEREASTTHE L 722 L I2 L Y, BRBHNOZE L v
IRAGFELDT| & SN EEMEEZ RIRT 5L 0
Thb. BKFIZBUT 285D AQPL B L U
AQP1 DRERESFMEIC DWW T, ¥ 5 7% AHF%ED
ECHD.

—75, RWf7ETIid AQP4 % AQPL ® mRNA O
ZALIZ OV TIRRET 21T o T v, A D4
BHIRY, —@MEo S EEE) 2 AQPL X AQP1 @
mRNA OB KT T B3 2 W k72
2. L LIy A0 BEHE O 5#%
4 FREFH T T EARRIZE T O AQP4 mRNA @ 53
MEEIZHEIML 722 &5, EEoEHEEOR
W2 &) AQP4 mRNA O 2S5 2
EHHLMIZER TS T Lisso T, KB
FEIZ B TR & v S [HEEARIGHE 126 L AQP4
% AQP1 ® mRNA |2 B W TAaMEDZELAE L
TV RN E 2 6N D, B X 5 BHKDS,
AQP4 %> AQP1 mRNA O &2 ZE I K T3 8
IZOWTIEESHRDO S 54 BN LETH S,

4. ¥ &

ABFZETIE, SimBSE T COEEEIC X 5 K
PEAEH N OIRIF DRI T B 2 BEs L
72, ZOfER, BUOKIZ XD EEE) O EBHIZH

T, KPEHREBLVHHKEOF BRI TAE
LA ExMOTHLMZ L. —HT, KoT
EAEECH 5 AQP4 X AQPL, B L UKGT %
FIH L7232 B CH % a2 Na, K-ATPase
DFEBL NI EALD A U e\ LR ST
L7z T, BiKiZE % AQP4 % AQPL X a2
Na, K-ATPase DHERERFIEDZALZ W & 212 $ %
CENGHEORETH 5.

i

RF7EZZITT 5I2H72), Bzl ) Lk
DA EEANOARTL ST v b AR — v BRI
W LB L BT E

X
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