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ABSTRACT

Water molecule dynamics in vivo are important for heat stroke caused by exercise
in high-temperature environments and its prevention. Water molecules in skeletal
muscle and other living tissues can be broadly classified into “free water,” which
can move freely without binding to other substances, and “bound water,” which is
bound to other substances and whose molecular motion is constrained. However,
the effects of hydration at the onset of heat stroke and afterward on water molecules
of different properties, such as free water and bound water, are unclear. The present
study examined the effects of running exercise-induced heat stroke caused in a high-
temperature environment and subsequent hydration on water molecule properties and
water transport mechanisms in skeletal muscle in rats. Running exercise at a running
speed of 10 m/min was performed in a room maintained at a room temperature of
31 £2° and humidity of 45 + 5%. The exercise was terminated when the rats lost
3% of their body weight during the running exercise. Hydration was then provided

ad libitum for 24 hours. As a result, it was demonstrated that muscle water content

FH Y R AR— VR Vol. 46



changes in response to changes in free water volume due to running exercise-induced

heat stroke and subsequent hydration. On the other hand, there was no change in

hyaluronan concentration, suggesting that changes in bound water may not be affected.

Furthermore, no significant changes were observed in the expression levels of AQP1

and AQP4, which are water molecule transport mechanisms. In the present study, it

was suggested that running exercise induced heat stroke and subsequent hydration may

affect the dynamics of free water, but not bound water. In addition, it was also indicated

that the water molecule transport mechanism was hardly affected.
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1. 1 EBREE

FEEREN Y121, 8 s O Fischer344 % M 5
I (n=6/group) %= FIv>7z. FEERIZH W 72 85k
1%, A4S A) (tibialis anterior muscle: TA) K UMk
F A5 (soleus muscle: SOL) & L7z, FEEREEZ,
X FEAE (control group: C), fimEBREE T &)
(running group: R) 5imEREE T /EEE) 4% DK Hi
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7z.

1. 2 SEBETICHY3EES

AT % B# CREES L OHREEICH L
Ti, A, S (FE © A 307mm, 1§
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V2 & 2 KA PR E 2 B (HygroPalm23-AW-A,
rotronic, A4 A) %MW CilllE L7z

1. 6 KDERE

L 724 W o BB o 5 10 i e L7z
%, 100C C24Wel], WHZRSE, B lRES
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L0, KoaaELRE L.
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= (iR - fEclREE) /fiRER X 100
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12y I AL yTuy MEERWC Yy T vE
1x Protease Inhibitor Cocktail (Roche Diagnostic,
Dubai, UAE) # & A 72 RIPA buffer (50 mM Tris-
HCI1, 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) THETVF A XL, 15000x g Tl L 72

&, LiEzEL7z. Z0fk, BCA protein assay
kit (Thermo scientific, Rockford, IL) % H\»T &4
YTNDE XY B R R L 7

iy T (F X7 10ug) % 125%
(AQP1 & AQP4) # X 1N7.5% (CD44) ® 1) 7
7YV T I KTV EHWT20mA, 300V, 70
rCRAUKBEI 21T 5 72, Z D f%, polyvinylidene
difluoride (PVDF) [E~D#:%5 % 17> 72. PVDF
2R L, 1 % skim milk & 0.1% Tween-20 % &
» Tris-buffered saline (TBS) (pH 7.6) % M \» T
FMTO0THOTO Y ¥ VAT 572 Z
D, 45— R PULIK [rabbit polyclonal anti-AQP4
(Abcam, Cambridge, UK) , rabbit monoclonal anti-
AQP1 (Abcam) , mouse monoclonal anti-CD44
(Proteintech, IL, USA) % 4T, overnight T { >~
FaN—3a L7 TBSTHEL-HK —
K Pt 1K [biotinylated anti-rabbit IgG (Invitrogen,
Camarillo, CA, USA) , biotinylated anti-mouse
IgG (Invitrogen) | % il T IHERH 4 » F 2 X —
v a v L7 TBST{i L 7, peroxidase
conjugated streptavidin horseradish (GE Healthcare,
Buckinghamshire, UK) % == i TL1H ] 1 >~
Fax—a L ikl LFEELRE
(Immunostar zeta, fIYGHIZE T3, KK, HA) %
WY Xy BRWHML L7, B S cE§R
5 Image] # HIWC, EEfLL 72
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1.37%, 402+167%CTH Y, ThZENHE LK
EFAHRO SN (p<0.05) (FR1). —75, HR
FED IR G 24 R R R DR E (T pre L DFICHE
EIRBO LN o7z (FTR1).

TA DAIK BRI BT CHEE REED R I2#%
A EEERD N o7, —F, HREEO
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HE e R L7z (p<0.05) (K1A).

SOL DA F B Tld, W IERRTEM o bk
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B ERBODKPERTRICRIETHE
REfFEClE, MiRER & HZREER LD BHEG
BTG EEREER L. TO#E, TA
Tld, CEEICX LRETHMZ R THEAIZRS
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xR L7z (p<0.05) (K2A). SOL OK5E
FRIZBWTIE, CEICK LRE CILME, HRE
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# 1 Body weights in control, running and hydration after running (HR) groups

Pre Post Recovery
C 158.71 +4.50
R 162.50 +9.35 155.33 +9.16*
HR 164.17+4.83 156.00 = 2.12* 160.40 +3.36

C: control, R: running, HR: hydration after running

Pre: resting state before running exercise, Post: immediately after running exercise, Recovery: hydration after running exercise.
All values were mean = S.D. *p<0.05 compared to pre-running of same group.

1 Relative muscle weights of tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values were means+SD.*p<0.05
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2 Muscle water content of tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values were percentages and represent means+SD.
Muscle water content (%)= (muscle wet weight - muscle dry weight)/muscle wet weight*100 *p<0.05

3 Water activities of tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups.
Values were means+SD. *p<0.05%p<0.05
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4 Changes in hyaluronic acid concentration in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively

2. 4 ZRRIET COEEEE ZDEOKLHE
BHYERFOET7ILOCEEEDEL
(CRIZTTRE
REFZEClE, BiREREE T CoEER) L ZDHD
KGHARDS, 7T v EREE DL KT8
BAfEl L7z, ZoffE, TACBITAeT7)vH
VORI TN OEERBER I BV T LAY
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FAEIZSOLO L 7L O Y BIEREIZBWTE, W
TNOEBHBIZBWTOEELRZLIZRO LR
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CDU DFEHU R TTHEL WG L7z, ZORE
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5 Protein expression level of CD44 in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively

6 Protein expression level of AQP4 in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively
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7 Protein expression level of AQP1 in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively

RN BUF B EBRGMIBAIE R 5T 5 L CEY)
TholtEZHLN5.

KWL TIE, TA O 100g 24 72 ) O FAXT
EEICBWTHRBEIICHRREICH LEELS
ERL7Z FARRICTADOKGEFRIZBWTYH
HREFIZCHERRIICH LAR S LR L7
L7235 T, HREFCR LN HEREOFE
bR L, KRS EERD FRISERT 55505k
EVDHOLEZOND. FATHIZE TIZEBNC L 5
KBRS ETHZ LX) —EHH O
[, B 72K ORI HHRM S o 2 & 7% <
KNICHER SN 2 G shTwa D &
e BT H HREE T BKBEO RS HRIC &
D BARE N OIK 3 B REAS— W (2 JTHE L 72T RE
AR S N7z, oMt EEEITO bz
o728, REEOKF AT CREIK LS %
R RSN/, IS oL, EBEG
G —BEOKRGERED LADPFERINDL Z &
RS LB ITMRICE > THBENLLDT
Ho718)

—7J5, SOL O E i (2R OF EAEITFRD
bNzolz, FIKGERFIZOWTIL, HiE
MAEEZIRS N2> 720 OORBIE CHEIK
L TRl % 7= 328 ), HREEIZCHRECH L

FH v h ZAR— Y EEE Vol. 46

A R TEASENENA SN, DX
SOL TH, b N7IK G EFRDZEALD /N Y — 13,
TATRON N — 2 L Id B> Tz BfT
e, Bikz &I X ARBEDOZELIHT 5
K VEILER & 0 b EF OB AR S & A S
NTw2 W KBIRTRSNAGEEROLE
LD /85 — L IZBITHTA L SOLDE WL, &%
FEDZAIZH§ 5 &2 OE DG LT b 1]
REMEAH B, LorL, REFZETIEZ OpIciE$
LT AN ALNIHLPICTETCBLY, 4%
DES R LWMENLEL 5.

REFZETIE, BHEHNOHHKEZ BT %
R LCRMIEHME A WE L7z, TATIERE:
BCHICKH LARLEMERT—HT, REL
HREFE OMICHEBEETFEOON o7z 72
SOL CIZHRHEACHECH LA 2 EEE R L7z
NS DOREHIE, TA & SOL DK EHRDZEAL
NF— 2 EHEUT 2 LOTH Y, HEKEOZEL
ARG G RO T S LT 7T REME 2 7R
B3 2bDTHolz. AT TIE, EEOFE
HIZBWTHBKEHEKOEEVHEE LD,
W&, EEOKGEIUREET 1k, ZoHEIa 1221k
DE LT EAHE SR TwBY . Lizat- T,
AFFFET RS NI PEEOZ L, WihEREE



30
TCOEEE I L DLEBFIED L DRDKIH
eV BRI 2RI & - THIE S Nz H K
wOZLE L T L I RekAVRIE S 7z, —
J5 THASHBEN O EH K OREL, BRI
2B bON% L0 EB L EIZE 5 TED
25— PED HHAKDZALR Z OB EFIC T
LIEIFIFE AL R, RIFZEIZB VT H K
MHEAE D LA & B O BUHHE R Z DR DKl
K2 & 2 HHAKREOEL A METTRETH 2 2 L1k
RENTZDS, ZOAEBEIRIC OV TS 2
TLIENTERDPo T EEEBEAOHBKD
AN EROMPHIZIZ SO R LMEPLETDH
%.

F’a ORI R Y RN ORE G ZBIET 5
FiEd v, AFEAENICBWTe 7 v Y ERIE
KGTEREET D I & TREARE MBI
LE R 08 £ TARIETIR, BRBET
TOEER) & ZDBROKGHITICL AT VT s
PRI DZAL R HIET B 2 & TEEMHNOREEK
OEBER et 2R A, TORKE TABLOD
SOL & b IZWIFNOEBRMIZBNTH T
O RIS ERELERO b e o7
e, BEHNO L 700 o EREE I —E
POERBOFEE L ZIF 2w EHEIN TV
2D = oI, TA X SOLOWTIIZBWTH
REELCHEOL T VOV RIEEIZHEEDNRD S
N ho oRKIFEFRE —HT 5. F-MTlde
TV O Y EREEE O ERIE RS EK S BN B T
BUSTRENTWEE, chonl ths, &
WF7E ClamiREREE N COEER)IC X 2 B ER 2
DHROKFHAG L, BTN O GKEDEICIZ
SRR BT E o T2 BRIEEARIZ S 7

L7V Y ERIEZHRTH D CDA4 LiEET
L TEBHOEE RO G L Twa P
%) KRR TIE, TAB XU SOL DWW oFEER
ERICBWTL 70 v EREEE 2N 2 CD44 O
BHLANVTHEEETIROLN o7, Th

SO L, KRBT, SRS T OEED
12 X BBHER Z DHROKSHIFRE, eT7ova »
PR OEFVERIS A 7 = X 202 B % RUTT
b DOTIE 7o T2 REMEDSRIE S 7.
BHEFMNIZB W TAQPA B X FAQPLIZZE N2
MUEHRAKED, B I BRI L Tn 5
KFXANTHY, TNHDKF YRV ES
LCAGTOR ) IY AFFbhTuwns 1012 K
Fzecld, WiREEHRB X OKSHHIC L 20
B O W IIZB T TA TAQP4 X AQPL ®
FHLAXNVOENITBO 6N 0oz, T
SOLIZBWTHRFEOFRTH 72, TNbHD
R, BEBRETCO—BHOEERZ1T% -
PRI O R EEML T D Lo
T, INHOFMHRICL Y SREEEE T TOEET O
Rl BT ZOHDKGHRRIT L B EHEMTH - T
b, TABXUSOLOWTNIZBWTH AQPLR
AQP1 O—MED I L NIV DAL % FHHT H
WEEe DB nwZ RSz, — i THefr
WrE T, FRfEE OIS U TAQPL DFEH]
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