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Effectiveness of OS-1 for Water and Electrolyte Supplementation
in Healthy Adult Men with Sauna-Induced Dehydration

— Controlled Study Using Commercially Available Mineral Water as a Control Solution —
i
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ABSTRACT
Objectives 0S-1%® is an oral rehydration solution that conforms with the principles of oral
rehydration therapy. It contains sodium (50mEq/L), potassium (20mEq/L), chloride
(50mEq/L), and glucose (1.8%). In the present study, the effectiveness of OS-1 for water
and electrolyte supplementation in healthy adult men with sauna-induced dehydration was
investigated using commercially available mineral water (MW) as a control solution.
Methods Twelve healthy men were instructed to remain in a dry sauna for three 10-minute
periods. After the three periods were completed, the subjects were instructed to consume 0S-
1 or MW over a period of 30 minutes, with the volume of fluid consumed comparable to the vol-
ume of fluid lost by perspiration in the sauna as calculated by the reduction in body weight. The
study was performed using a crossover design. Changes in body weight as well as serum and
urine electrolyte concentrations, hematological parameters, and blood chemistry values were
assessed over a period of 4 hours after the start of fluid consumption.
Results The average reduction in body weight after the three periods in the sauna was
1.15kg. The 1-hour cumulative urine volume during a 4-hour period after the start of fluid
consumption was statistically significant lower in the OS-1 group than in the MW group. As a
result, body weight gain was statistically significant higher in the OS-1 group than in the MW
group. With regard to serum and urine electrolyte concentrations and osmolarity, the values
were reduced during the assessment period, but the reductions were less pronounced in the
0S-1 group than in the MW group. The subjects in the OS-1 group showed positive elec-
trolyte balance, but those in the MW group showed negative electrolyte balance.
Conclusions The cumulative urine volume was increased in the MW group, probably due to
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suppressed secretion of antidiuretic hormone after the blood osmolarity and serum electrolyte
concentrations decreased. On the other hand, the blood osmolarity and serum electrolyte con-
centrations were relatively well maintained in the OS-1 group, and the cumulative urine vol-
ume was also lower than in the MW group, resulting in favorable maintenance of body weight.
The findings of the present study indicate that OS-1 is superior to MW for water and elec-
trolyte supplementation in healthy adults with sauna-induced dehydration. (Jpn Pharmacol

Ther 2003 ; 31 : 869-84)
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%2R H, EHRSPPLNE o7, MFEK
IZ2WTIENa, ClERAY, 47 FRFEMRTHE T
Lo 6 g o =45, 0S-1#8HUC L& b #HL
BRAA 1 RFRIER IC A RIS BR, 2 OB L EHB G

(mg/dL)
200 ——051 —-O—MW
].60 L Ea
i
W
Rl *
A C
80 kkk
40 1 1 L 1 1
7 i 0 1 2 3 4
P REE] (hr)
(mOsm/L)
295 - ——0S1 -—-O—-MW
290
Bl I [
2
g 280_ dkk
275 |
270 1 1 1 L 1
v i 0 1 2 3 4
PR (hr)

*p<0.05, **p<0.01, ***p<0.001
B 7 iuifsna—A, BHEE [Mean £SD, n=12]

SR I (FRifEIc I L 72, — MW RO EE
1, EHEEWRT 2 @25 6 N 3K E L EH
Tl b o, BHGHE 0.5 R B LIkE, 0S-1#
Bz & b, MWEHUC I L THEICHE?ED 5
ni:

Mg 7 na—2A, MiFREEDOZEIZOVTET
el Tz

L 7 v 2 — A& 0S-1 #BHBHAR 0.5, 1RFfE#IC
HifEZR L, MWH L GEEGED 6, HHUH
M2 REIE TIWIC OS-1 8 HUIC X D&% /R L
MW BHUC e L THEZESRED 5 iz, MWEEL
TERELEBHEIRD SNT, ZIF—ETHR L -,
MmERBEEZ, Y7 FBICTEARRO N,
OS-14#HUC X D WA L, S 1KLL
BRI Z Fll> 7z, MWHEECTIX, BHEEL 0.5,
1R I BV THifiZ T2 & & bic, 0S-1#
iz L THEEPZED 6z, MWERTIZZD
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——-051 —-O0O—-MW

14

12 f

10 1 1 ] 1 1
¥ FH 0 1 2 3 4

L ] (hr)

(mg/dL)
1.2 r ——051 —-O—-MW
3k B o

i 10 F

7

%2

- 0.9
.72

= 08
&

0.7 f

0.6 1 1 1 1 1
T 0 1 2 3 4
BB (hr)

*p<0.05

8 IMWfREEFE, 7L 7F=> [Mean£=SD, n=
12]

B (K % HERF L B2V 7,

MigREER, ZL7F=vZE8ICR L7, Il
WREBE, JL7FviblicyyHmickh
., ZOHWRBAEVIHEBER L, LIL,
0S-1 Et MWDRlIic K E LZERD oo Tz,
5 RBRE

R, REZEEOHBZRI IR L7,

MW EH# 0 Rt 1 0S-1 H8HUC R TH IS Sl
ZaL, BEHE1I~2FREEZICBEVLTIZ243+
157mL &7 D, OS-14#8H® 109 £ 64mL X L f
HaBEO N, T, RBaSEEGI 4 R
#BETORBRDOAGHZ0S-1#HIT 300 + 140mL,
MW #HT469 =272mL L2 h), AEENHED 5
Nz, OS-1#EHUC B W THREL IZH1~2 R
HIZEBW»T600£319mO0sm/L & 47 FiRiDOfET
» %856 £256mOsm/L & HETFL, ZDHKIEY

878

(mL)
500 r ——-051 —-O—MW

400
L, 300
b

it
200

100

0
Hotai 0 =1 1=2 2=3 3-4

IR (hr)

(mOsm/L)
1500 - ——0S1 —-O0—MW

0 L L } L 1
#mFEr 0 0-1 1-2 2-3 3-4

B (hr)
*p<0.05, **p<0.01
9 R4, HILERE [Mean £SD, »n=12]

7 FIREIOM L IZIFFC LRV THB L7z, Zhic
XL MW B 1 ~2 B I1C 3 v» TIX 295 +
369mOsm/L & 7 h OS-1# U X L THEZEDR
o, BHPHIKR2~38 L U 3~4 & IO
TH MWHEHITIZ OS- 18U IR TR Z R L,
HEAPRD SN,

RefiNa, K, Clo#iFE%2E 107 L 7,

MW BHUZ & b R Na i3{EF, BB 1~2 1
MlglcB O TRLEMEZRL, ZOBMML 7225
Bifill FClXMBEL A otz, —H0S-1BHTIZ,
B D Na iRz H £ D (KT 3 BHGAE 0~1 K¢
%L, MW & ORICH AR bz, R
Clic2WwTH Na L FkAZ RS S, Rfp
Kix, ¥7F-ic ki hRE LEPZED o, B
BAih 0~1 RefEl % T I3 AR A M B HUC 8 Vv TR E
DIEHAE L ~VEHE £ TRIBE L 7258, Z0#0S-18
WTIEERRED LR L, MWICH L THEEENRE
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(mEq/L)
00 - —e-051 —O—MW

250

0 1 1 & i - 1
H 7 i 0-1 1—2 2-3 3-4

I R (hr)

=]

(mEq/L)

160 —8—05-1 —O— MW

0 I 1 ' 1
7Rl 0 0-1 1=2 2=3 3-4

FE R (hr)

250
200 ¢
I:I.'J 150 ':
Cl
100
50

0 1 1 | ! !
H 7 Fhi 0 0-1 1=2 2a 3-4

L e Chr)
¥p<0.05, **p<0.01, **p<<0.001
10 B9 Na, K, Cl[Mean*SD, n=12]

HSit-, MWIBHTIEIZITHIIEZ HER L <HERB L
¥r:

Rp 7 v 7F = i@EEZE11ICR L 7=,

R 7 L7 =387 Fic X b isEE Lk

(mg/dL)
800 r ——0581 —-O—MW
R 600
l{:l
4
L
- 400
A
> 200
0 1 1 5 1 1
H i 0 0-1 T2 23 34
P (hr)

B 11 K2 L7 =Y [Mean+SD, n=12]

R 051 —O0—MW

1.0 4

FENa

0.5 1

0.0 .
HHi 0 1 2 3 4

R (hr)
*p<0.05, **p<0.01, **p<0.001
Bl 12 FENa[Mean +SD, n=12]

L, ZOHREae 8 X bikd, HHEHE 1~
2R IC B VT, H TR X D bEMAETR L
7o, OS-1#8HLE MW HOBICHEEEZED 61
ripot-,
6 FENaf@
FENaftio#B 2R 12 1R L, 47 FindEhE
I2 & b FENafHIZ{E T A58 6 17535, 0S-1$8HL
2k b ERL, BEBHG 2 RI%ICE VL T0.842 =
0.291% & ¥ 7 FRAEIDMETH % 0.723 £ 0.279% D
LN ETHESRES s, Ll 208, EHL
FfR 3, AMFRIBICIEFHUME T L, 4RHROfEIX
0.472 £0.233% L x> 7, —FH, MWEITIE, ¥
7ML DET L, BB 1RO X
0.300 £ 0.147% L IIKfH & 2 D, ZDHLEHILR
Honghot, BHEKL 2, 3, 4FEBICE
VT OS-1 L E MW EIDORICHEEDNRD 51
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® 7 WRTEE X UK @

R Pttt it HHA
0~1 IRff] 1~2 [Ff[H 2~3 IRffH 3~4 Ffl 0~4 IRf[H]

Na 0S-1 56.58+14.9 9.96:3.93 10.82£4.00 7.871+4.08 6.18+2.96 21.75£10.07
(mEqg) MW 0.58£0.12 7.341+3.49° 4.68+£1.95™" 4.77+2.29*  447%227 —20.691£9.24"**
K 0S-1 22.63+5.96 4.71+1.23 5.35+1.66 441+1.01 3.47%0.74 4.71£7.13
(mEq) MW 0.05£0.01 3.38£0.75*  2.53%x0.72*** 1.88X0.46"" 1.83X0.42** —9.57+2.07*""
Cl 05-1 56.58*+14.9 11.07£4.32 13.31£4.15 9.81£3.32 7.35+2.53 15.05+12.22
(mEq) MW 8.75+3.52° 6.08£2.25"*" 5.63+233"* 5.08+£2.00"  —25.54+£9.27""
Ko 0S-1  1132+298 107+79 10964 49+18 35%10 8321329
(mL) MW 1172244 11479 243+157* 74168 3719 702+397

$<0.05  *p<0.01  ***p<0.001

(°C) ([m1/43)
375 1 ——0%1 —-O—-MW 90
370 |
. iR
K
& 365 23
36.0
35‘5 1 1 1 L L
+tpi 0 1 2 3 4
SR (hr) ISR (hr)
(mmHg) (mmHg)
140 ——0S1 —-O—MW 100 ——051 —-O0—MW
120 1 80 F
I A
lr_+: E T
80 40 +
60 L 1 L 1 1 20 1 .. 1 1 1
#4170 1 2 3 4 H4ui 0 1 2 3 4
FHUB I (hr) S ] (hr)
13 kiR, WRm%, IMUE (O0GER, 355R) [Mean =SD, n=12)]
7e. vont, 1, ABRAeSEIGEIN4RNEZETO
7 EBRELR AsrHE, 0S-148H1A3832 +329mL, MW 1L
®|T7I12, 0S-1BLEUOMWHERIZ X %, Na, K, TE702+397mL &4 h, MWERE D b HEE%E

ClHiME LUK HMER L 72, 0S-1HETIEV RLED, AEEGRONLL-7 (p=0.16),
THHEREHMIEDfMZ R L 7205, MWERT 8 —MRREER
FwFnb Lk, MEMEICH S D RHEDEE BEMEIR X, § X TOBERE 13 THBIH,
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TRVt b, TIHE), v, Z@Bdohidro
Fo BRI LBEBREICEOTY Y FAR ™HY
Eleoeds, BUBEA MBI 2, 4RFEEOBIZ
TIREWEBRENEELS L) kot
9 EENRE

B 13 (ki (WT), DRI, SRR &
LUK EZ R L 72, SHEHEEICE L Tk
ISR L 2 ZBNEERS 5T, EAAEIIC L&
Wiz s nkhof,

n = &

SEloFABETIE, BAREBEFTNLVEZB2-DICH
103 X 3ElDY 7 FAafizirv, 0S-18 LU
WS 2TV 4+ —F —DK - AREMHBIR%Z
BeRRat L7z, T - EMB XURBLEICLD, B
AARHER B L 72 B £ - X BiACRIEDS PRI L2 B
FHEARE L BB R, Y FRO5E, Bk
WHE# 18 2 /i s CHl—T, Kbhioky
ROBAEGICENTE, ZORED LY —Td 3,
HFpbikeETFVICK D, #BRAeRDK - BRE
wita R 2 L D IEHECEHi T 5 C L TRE L E 2,
AiBRx KL 72,

7 R REIRIC X 2 KRR IEER O s AU
JUtE, FEIFIC X 2 ZEEMPEM 4 £ %2 Biicdbik %
DMCHMR L, EE, HATHEFNESLXVA ML
AMRHZHICERLTETYS, —BEY 7T
AL LT, Y7 FABEKREZBDET LV
HEBHERIN T VWS 07, KRR THEML 74
7, FEiRHCHD FF7 A4 4712810790
AL, ZOBI0DHEAKET 2L wIiflaabe
Z3MEEDIRTHELE L,

12 AD#ERE G 30 Ty 7 Fin % FEET
22k oT, FHH1.15kg DERERD O
sz, COBERRPEFEICHKITICEEbDTHS
s, BBEDVFHRELSHRTE L, bk
FRIIEED 2% E RS, £, 1H107HEOH
T FHH D 400mL DFT E 2B, TOHEIE,
O FRICBT2RTFREZARL I ETOR
e r 2z EMEL v, HHRTHED 2%
SIOART 2RI R, P EAREIREE, IR
HEE X CMmEREED RSB S E HEEX

N3, FhcLEREABE TN TS, TR
XND EFWSNBIT ORI IE, HELBE
TRRICF PV A, Za—0A4F vk DRI
ENBd, FWINDITHRDF B Y7 LREEE
#W5mEqQ/LEEE I Tw3Y, Lal, FEIR
REARRIC X bR M E B L HRIUEA o & 7
h, o+ bY 7 LHEERX, 50~60mEq/LFEE
FTERTS, 7L, IWhoEMREREIZE b8
FEEIME L 2B B o fliz R T L INTw
%,

H o7 i E 3R T2 L a0t
BREREC O VLTOWRETIE, WRES X OB
fF, BEHEICE DD Z-OHEIZIEZSDOVTWVS
LD, +HVUT7ABKI40~60mEq/L, A7V VLA
239 3~10mEq/L, 7 17— 3%)40~60mEq/L &
HoTWA22, ZOPEEEIZ0S-1DHEMRE B IC
HOBEHEELL T 5, ST SRR R 1 ) E
LCWwiswds, SN#EH— B T 2 2
fkbENTwhvEHEEINL D, THERER
FEi3 FEEIBENIC, BBhhiE-oTws LT
3, Fhic&E s 28REZR->TH, YU Hmk
DI ERERED LAPBOONTWE I EH
5, ZRIOFTFRICXBBADY L T, RBEK
IEVERERATHE EEZ OGNS,

0S-113 WHO DR 3 2 L HiKBEEEDE 2 75
WPV, BETAHA F74 v Eko>Tw50RS (£
ki) oz A3 2806 T, BRELKT%Z
e T3 L Ebic, HPMICRINE NS &) BHED
REPRHEINTVE, ~HMWIE, BiKkoaz
FRtE LTE Y, EREREIZOS-1ICHARTERS
TARL, HHIEEEN LRV, 20k ) Ik
BAEMOBMEE X ORHEREOE VD3, HEEA
BIRBOT—8 1B 5271 LRI 3,

A £ S % O T AR ET AN b AABR f2 il O MR D
HOERRLTWS, 0S-1%2BHEL 285&FKE L
HICHEME LIRS N, MO BRI, B
K30 7#D 6 1IRHKT, &3 7 X —F—13, X
EBKRTO L vichlfE L7z, Zofn iz MWE
HUZ X > THED s l-45, MW OBA (X BAEH
WahtTbihlsdrotlz®, KOABBWININ/-Z &
2k b, BiKETO L AL % A TILE O # R A5
I-okbotitFEIns, ZoRRE, MEERER
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BE, BRcH b ABEMSBIKR LD SEFL, M
T b BRI AR TR 8mOsm /LIS F L 7=,
HE A SEBIETZY 7 FIBIC L 2B D RITIC
- T, AAMEBRMEROET & & DI REE
S ERL, HiRIRE L€ (ADH) O ibdssgmL,
REDEAD L THEBRRFICE TS LRI
%, L»L, MWHEHUC X b IiFEEEMET L &
7o®, ADH D43l <, MW EEBHL 1~2
R E2 D IRt A OS- 1 HUC R THEICHIM L 7
LEZon3, ZORBDOED, HREELRICED
BOSNTBRE L7, BAKDREDEICH
SNAEEICENED ST ik, EEBHE 4R
M TIcBWTIE, 0S-1D7K - BREBHBIR
BMWICHRTEN TSR Z 2R LTWwS, il
WREAYE, 7V7 3 v BEICE»TO0S-1#ILT
P ICHIEE TR L T 525, MWEILOE;
&, OS-1#EWMo X 5 i ixmEe s, Sz
HEFF LT, 22 &6 bIEBIMmE RO M IC
I20S-12MW &k D b T3 EHEEI NS,
0S-1#HBAG 0.5, 1R D 7V a2 — A BEESS
B2 R L7z, 0S-1icixF +Y 27 ADRILZ (EiE
TAHZEZHWELT, ZVa—2AW18%aEh
Tw3, 0S-1IK&EENTWS, ZIiLa— AN
SNz bickh, M a—AREBERL L
t#EzZons, Lal, BI2EEETIZYIC MW
BRUCHRTHBICEKEZ R L2, i ERLE
Tha—Rlk>THEns-4 2 yOFEIC
Xy, —EBlIc/va—AREMET LA LICK
prEZO6ND, il 7NV a—AREOHE D
5, 0S-1DWILE, MIGAE 2 RE#& £ TTiziE
SEFTLTWw3 EHEINS,

4al, BiADIEEEE L T FENa (fractional excre-
tion of Na) Z 8 L 7z, FENa 2B RERIA T2l X
NF )AL F O % BRI PR X
Twahri#EL, BEEEICRIED L OLEAICIZBIK
WCEDETL, BEIEZ1I~2%0fiZRT Evbh
Tw3®, 4nl, FENaffilZ+t o FinEMHEEICET,
OS-1 B 2 W R ICHifli L RV Ic Rl L,
MW BHUC R L THEEDRD 5 ks, MWEIRD
B, 7 HiBick D& T L7 FENafliix, 3B
VETERMZHERF LBET oo CORED S B,
OS-1#8HUC X b kA~ iIckEL, — 4,

882

MW HIDE & I BARESSLE I N THRLI L
MR ENG, LL, OS-1#EHBH3, 4%
IZIZ FENafHIZHOMET L, BiARRED S okl
LTWRWIERZRLTWS, Y7 HBICk hES
L7zRE L AR 0S-1 2L Th, 7 Fif#E
DIRPERE, AEZEM, FET A Ik D ERD Bk
bhiTwdg,

T FIBROREICRIET 2 720121F, E6IEAR
REZENT 24681 H 25, EHKRFO FENa fii &
1~2% & INTW 553, RGBRO#ERE XK A
T, FICBAKIRRETIZ o 72h3, H 7 FBRRTO
FENafliizf0.7% Lo TWwhk, TOI &5
FENal%, #fixtfiik b bir L AHNELBEE LD
b Lk, £, FrU7LABURORES2
HEToOKDOEE, ZOMRAFHEICL BT
Wwitev, BKOBEZRTHEL L TDFENad
FRDLEDIC2VTIE, BAREZREL TV
DRFIZOVTOTF =2 S 61BN T 206E D
%,

OS-18HUC k> TilhB L TRP DA Y 7 L
R ERLE, ThEFHPos) 7 A RE (8
5mEq/L) £ ) GBI L 7Z0S-1DA ) 7 LiREE
(20mEq/L)DIFHMBHEV I LItk EEZ SN S,
BIL22AV 78R\ LR, MPEEDLS LR,
e A S LR R, IRPIRES R L 72 EEZ
5, LaL, MphicBilsAH) 7 L 8ED L7
i, ERNREANOZTITH D FFICRBIE RV EE
iZbita,

+ 7 FIRERBE S X OAIRFEEEICS 2 5
WEICT s EE e Tk, Yl & b I
W& X ORI M g, O ERT 5, P
Y B R RN LR, 45°CRIRT 7 7 b —IC
Y5, £, SBOR, EBR BRI
AL, EBRicoWTIR107EOY 7 Fini&7#
ICE—2 %R, EMIIERLEML, BTy
FHRETHRL —ERRERST 5. COLHITH T T
BEEEICESZ 2 ENKE L, 1BIOY 7+ iHE
% BRE T HUSHTE I 22 A8, il & 2 DR TR
MUY FRBRETIcEsE3 s L, RALHEL L
%, WilB O ARL ETH o HinhicEln, wEkiic
o I N EBMEFVHA I NS, wIhd Sk
WAREFIEL TV AEAHE L, ¥ FHlBIckS
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BopiE LS Tw 3, @B k> TEL S
BRI 2 058 L CTRVRIE & R85, (Fiko B
ZEOLZVLO LS boo “HEBIC K I TY
3, 7 FBICK Y BEEZ R L 2BITIE, wih
LIERO ERBED SN, BhiBEZELTW3,
ARBRICE VLT, iR oMiR, MRS X
CHUEIC W TIRRELEBERO s o7,
LL, Th6DTF—%ixy 7 -imbhEIEREIC
HELZbDTIERL, Y7 R THR 1ML E
PEERL THELAELDTHE70, ¥ Bk
ZEFEHRI T AREVEEZ OGNS, KFABRTOY
2 FBRERNOCOFIA4H Y FTHD, SMH
) & N7 M AL AR A R AL D 2812,
BOYEZRIET 5 X ) A BBEEI Feb FMfkicRZ
5HDEHHEIND, WML OREITZME) BRERET
TOIHWZ Y, BPEORKEL I % & 5 LB HBRES
TiEHEE s s aoK - BREMBICL
OS-1i3FHTH % LHEEI NI,

&

#

ROHIAKBED#Z Z T Wi, BORAR
(oral rehydration solution) T&% % 0S-1{Z2\\ T,
7 F IR ABLKE 7L & KR, K - ERE
HEIREAHIRE F 707 4 —F — (MW) & g
Lo FI2A44 97 %1050 x 3 EhE L 7- fdH
BRA12%IC, Y0 FICX2RITFOLDICHD LT
AFEELFARDOOS-1E/-IEIMWEZ 70 A4 ——ik
ICTEIR A, BB, 4 R £ ok
HZ(G, I, RAOEMRERE, MR, M
WA EREMZE L 72, OS-1#8HUC & 2kE
WML MW ISR THEICEE E ko7, MW
Huc & b, IR OEMERIES X CEEE DK
TR S ths, O0S-1EBITREBIZ b o
7o OS-1#HHUC THEMBETMIZIEDfEZ R L 725,
MWENTIHMIE B E Lo, T2 T BRIC X 2
KEFNLIZEWT, OS-1IZMWIcHXXTENT
K - BRI R 2R L 7,
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