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Abstract: Objective: To construct a model of acute and chronic dehydration in rats, the intervention conditions of the model
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was optimized, the improvement effects of pure water, tea drink, and low-sugar compounded electrolyte water on rats with
acute and chronic dehydration were evaluated. Methods: Plasma volume, total plasma electrolytes, osmolality, CRE, BUN,
and other markers were measured to determine the modeling conditions, such as dehydration time and volume. Acute and
chronic dehydrated rats were administered pure water, tea drink and low-sugar compounded electrolyte water by gavage or
free drinking respectively. The improvement effects of different rehydration were evaluated by comparing the above
markers. Results: The modeling conditions for rats with acute dehydration were 60 h of dehydration, followed by an initial
running speed of 10 m/min, which was gradually increased to 20 m/min within 10 min, with the exercise lasting for 30 min.
The modeling conditions for chronic dehydration in rats involved restricting daily water intake by 50% for 14 d. Evaluation
of rehydration in acute dehydrated rats revealed that after 4 h of gavage intervention, all three rehydration groups
significantly improved the reduced plasma volume, total plasma electrolyte ions and elevated plasma osmolality in acute
dehydration rats, with the low-sugar compounded electrolyte water showing better improvement. Additionally, the low-
sugar compounded electrolyte water and tea drink groups significantly reduced the elevated levels of BUN and CRE in
acute dehydrated rats, while the pure water group did not show a trend of recovery. Evaluation of rehydration in rats with
chronic dehydration showed that after free drinking for 24 h, all three rehydration groups significantly improved the
decreased plasma volume and elevated plasma osmolality in chronic dehydrated rats, with the low-sugar compounded
electrolyte water showing more effective improvement. The low-sugar compounded electrolyte water also significantly
increased the total plasma electrolyte ions in chronic dehydrated rats, while the tea drink and pure water only showed a
trend of recovery. Furthermore, the tea drink and low-sugar compounded electrolyte water significantly reduced the
elevated expressions of NGAL and CCL2 induced by chronic dehydration, indicating the alleviation of renal inflammation
and injury. Conclusion: Low-sugar compounded electrolyte water could significantly restore the reduced plasma volume,
electrolyte loss, and renal injury in rats with acute and chronic dehydration. The results of this study provided theoretical
insights for the development of rehydration strategies for people experiencing acute post-exercise dehydration and long-
term chronic dehydration.

Key words: acute and chronic dehydration; electrolyte; kidney injury; low-sugar compounded electrolyte water;

ameliorating effect

20254 4 A

IKAEAR N BAT 2R A= BN R, A dhrE i, 75
Bl 3 Ay A A A R AR AR PN s a4 . 38R R TR
FIFREE Hh, AR T AR AE IEH(E Y 0.5% 247, 24
IK R AN sl AR NIRRT R B 2 S 33U R %
it 23 B R s PR EKCIRSP L, iEsh e S Ela
PEBOK A H WL 2R 22—, PRI G $ o4 =
i, T HEEUKY, ok T geas i 3 1 Ilis sh ik
e, IS SRR MAE . AT RE RS . B A G
P AL P RS 71, P R G sE 2 Y B N, B A A
Al PSR ] P RIARAREE A, TEFEAS
e, H R T oK i 2 A2 Wik = FE R
P, I A 0 28 B R SR 1 2R Wibnas, I
Ak FEL i SR R R I 25 B I 3 98325 s 1) B 42
IMHE A E DK BB EARAE ., A h, BRI SZ B HERY
Ve A E TN RE, BUN Fll CRE 2 i A /K A% 5
E AL /LT /)L

T3 A2 A B A 25 R, B A E ik
BRI PP MR G RGERY T BT T
FEMRIK R BUASERY S= 22 F) FH H R A 4 alnias 5,
Bl T IR R R OK BRI S BRI, AEBuk
BRATRZUZGE, BIREAIRSN, LR R T
ZKEL. 12 sh R TR REE QI IS VR S5 n) R, S
B sy PR ROKARRINST R 2R IR A T AR R A2
I R S SRR, (HEZ Sh R A AR TE 7, AR
HEax Ly vk, SR HWIGE #2510 m/min, 10 min PN
1 NEE 2 20 m/min, 32 8 30 min BYis 3 & 1F,

id AL K Blris S0 7 SR S BRI, ZRAN
IR F ] XA Bl AR BERIR A B2 ), DAl S bRk R
BUROERLZEE . H AT TAY S PSR SRR
THE ARG 2% SACENER R, il KR 7
Ao AT WA, BR AR K ol (] B WK R agt sl
TEFRH POK 5 g aFgE b, Vasilev 5520 &30, X KB
FERT | ESFNEEKBREROK, 14 d J5 R EH BERZICHR
Ao P, AHFFEERIANE H W YOKERFSE 14 d e
X IR B AR BIR S A2 i), DCA IS sk K IR BRI AR S
1F, AR PE T P A

AR BRAKCIRZS S5 B R MREPE T 4 1, Horp 2%
PRBE BRI AR SR TR B —Rksr, |
RS A A P BRI O . Takamata
SER WEFE R I, BEASRASUCRIBE AT B0 AR
R, XEREROKA WIS E . AN, BEE DIk
IBBVYRMESZ T, FUAR IR MO T BRACIR S 1 2%
RORW 25 2 WS R, g Bk M P Y 2
TR N S R W AN RSO, BN TR E =0
40 mmol/L FY+MEA Bl TPk iz shP koK G A
WA R ITORMR  BO B K A5 1) T LA et i
1< HE S Az T8 OISR A HE AR TA) 5 A A
Evans 8529 B 5E R WK A5 4 S L B it SR FE R
SRR RS A AR IR i SBT3 2 D7 T EE PRt T
ISR AR ] WL, BoK A S 4 A A o S 1
&1 E PU SR A MBI R OB, SR T, W B AT R i 7K
G W EE A v IO LA 505 XU S n 4 DA



%468 5 T

ETR, 4 RS ACH R SR SRR R RS 317 -

SR R AR IR K Ak A A AV IR 5 0 11 52 T FL A
UK BB E AT SRR AR TR R . A SR T
Tt 2 R R BRI KA, B IR R GV T 4l
7K ARV A2 e HaL £ S5 /K X R AR S 1 e 5
VEFH, AR B AS R R NBT BRACIR A A el U R 42
BE T BB AR, W HL A I 2 AR MR R s
T EENSH
1 MR5RE%
1.1 MRS5S

5~7 JE% SD HMEPE R 4k M S50 shi £
RAEBRA A, SLEG S A = nl S 2 SCXK (&)
2021-0011, fAFERIAEE R 22~25 °C, FHXHBE 45%~
60%, HARERCTHDEI, A RUOKEE . Ay
47 el v [ RV R AE S S e A 5 B4 S B A BT
72 DL U, IR R, $e IS0 s 4 BN
i FHFE FE A T OB T LA oK (B Ab 59 4.4 ¢/
100 mL, 44 38 mg/100 mL, 44 & E1 40 mg a-TE/
100 mL, £ 0.4 mg/100 mL, £ =20 mg/100 mL)
TS SRATESS R (52 W =280 mg/kg) T
0.9% A=#Eh/K  FHE R EA RS E]; BUN #l
& CRE frllilivl & SRl U DR A
B2 s Trizol & ma mt i MEREAE WRHE R A
PR 2\ & 5 FastKing cDNA & a7 &5 . 766 =&
(SYBR Green) il RARAEEHE (AEED) A RRA
s bR UETREE  dEiE R A S8 S R A R
INF o

ZH-PT ¥l LROEAE YR RR
4\-H); Multiskan FC JiffFRriY  Thermo Scientific; GA-
3 &AM =L IR R F]; ZG-
TP203 Hg 7R K ERTE R A RA A TDZ4-
WS K i = 3B O ML P LR A BR 2 |l BS-
830 4> A AT RINE HG Y BT HL Tk
A BRZS F]; Osmo210 [ B3RS E AL JLaUHE
FRIERIRAAGET A R A ] o
1.2 SEWHE
1.2.1 2Pk O BEARIEOK I RIEE 36 HIREL

PR SR 3 d S BEPLT N 6 4, 43 kK 0. 24,

36,48, 60, 72 h, WA A HIRE . BROKSGE RS2 1ER)

A A B 10 m/min, 10 min Y 2] 30 #] 20 m/
min, HAZ 3l 30 min W KMAHE 3, B2 sh G50 A
ZH I IR 2 ARk, EATAML ., A7 M5y, TP e i )s
IR BRIBLIM S W EAb S . Hrfef 1R WEE 4 %4 EDTA
PUEER M PLEEE, $£ 515 7E 4 °C, 3000 r/min &5.0
10 min, B85 fE B VE W R A i, FHFIsE
AT S U L 2K E . BUN. CRE 7KFEAOIME
1.2.2  AFOBES P H AR B K O 2 M iRk O B el st
YERVE 30 R EGE M MR SE 3 d S EVL R
5 2H, 43 B2 %F BE2H (control, CON) | 2 HIZH (model,
MODEL) . 4fiig 7K 2H (pure water, PW) | Z5KCBHH
(tea beverage, TB) FI{E B &2 WL A fi# 51 7K 2H (elec-

trolyte water, EW), X RRZH [ AR EOK, Higx 4 41
7k 60 h, BHAIFRHE 3 IR & . SRS RS, $218
1.2.1 riR s sh &2 3, il AH R i bk 44
B4R )5, *ME AR 1 h# Y 10 mL 4
K BRI B FRL AR BT K Y, BIRIZH AN T RE
R IR Sl TR A 111 A == i £ O 2 O/ el 1
4 h®7, T FLE R s AR BRE L S04, LA &
AR 1.2.1 2D BRA0IE, FH T 12K B A JoT 28 M L I
57 . BUN., CRE ZKF-R9IE .

1.2.3 @Mk R BARISOKOKE L 24 HRE
ERPEMESE 3 d JERENLS 4 4H, 43 0E: 100% H EIR
IKEEEH L 75% HHROKIEZE . 50% H &R K B 40 Al
25% H YUK . #4H0 100% YooK st ic s
B ORISR H oK s TS, Z S5 IR RLE XN
FOOK I BRIROKIREE 14 d, 1A B BARE, oK BR
Wl Zs AT E SRR IR 25 5, =22 ) AR BRI ARt 3ikk
B, MR AR 1.2.1 2 RAN I, FF 12K Fa A it
B KB . BUN, CRE ZKFA9IIAE o
1.2.4 AR B FE AR T 7K 6T 18 P e 7K o BRUAY ede 3t
YERTEANY 30 HREGE MRS 3 d 5 VLR
5 #H, 435 A X BE2H (control, CON) | AU 2H (model,
MODEL) . 447K 20 (pure water, PW) . 2545k} 4H
(tea beverage, TB) FIAK M & Hc H, f#f BT 7K 8. (elec-
trolyte water, EW) . XfB8ZH H HIRKIRE, Hay 4 4
4T 50% HEPOKEFFEE 14 do BHESUKEE RS,
FAILH AREEHIIK , #MRLH I ERA535 45 T alingok . Sk
Feb L ATOBE A T LA BT /K 1Y ) ERAROK T3 24 h, X REZH
H R POKKE, g 5 ic st Rl i R 255, AREK
B i J5 R EA T8, WCER I S B IR ZH 2R, A 4%
FR1.2.1 2P BRANER, AT MK A T 25 e 5 L I g
BB E, WIEHLH T CCL2 Fil NGAL HEH
PR HE I RE o

1.2.5 2SR IEBOKSN ., 77 07F5 8 H KR
Bl IEER 1 A TUIRES AT IT43 R, FrAs /RNy
P R BRBUICKRAS M B 24557 -

1 HOKIMRATT ARSI A
Water scarcity appearance and behavioral status score
assignment

Table 1

SMULIR S
TEH BT A B Rk Ty AR s
GRS

BRiEg, B KA,
TR R K sk T it

HR A IUIRE, B A fE S,
T R B B BRAA 5
AgdEhA

TR e
AL PRTAIAL BRI T A TR ER 5
TRERBE R, X TALB S N e 4

TCREATR, X TALB SO AR 3

B RS, FATTE RS 2 5 2
fi s A FE 3l 1

1.2.6 MAIELREIN B 100 pL 1%, FI A4 E 3h
ARG HTASCRS I A . B . SRS FUREE . B 100 pL i
W, SR A shit RS RSO RE 3K B 3 R . 45HL
20 pL 1M, 14 BUN 5] & . CRE 5 &k P



318 - £ Tl B4

YEBEIIXT I H A9 BUN il CRE ZK-SF3EF Tl A o
1.2.7 MIEAEE NI BF RS REritE R
5 Bijsterbosch 850" [y, BRI 25 10 AL 2K e,
i B T R AR YR LA T A=A

MF 2 (mL) = 0.0291 x m +2.54 2 (D
I AR BT 5L B (umol) = PV x ¢ ()

KA m A KEBEMAE, g PV MK AR, mL;

¢ AR BRI A HU A B 25 ¢ &, mmol- L™
1.2.8 RNA $EH 5 S 2850 58 i 2R -5 Wi =X s g
( quantitative real-time polymerase chain reaction,
qRT-PCR)Z3HT  BUORE'EMEL1ZY 20 g, 2RJH Trizol
& A VR HE B RNA, Al FastKing cDNA &
BT G RNA S 556 cDNA, L cDNA S5
HEAT qRT-PCR 047, SIWFHN A 2 Fros . qRT-
PCR JZ W £&1F: 95 °C 15 min, 95 °C 10's, 60 °C 30's,
P 40 IR o LA H 7 B -3-88% iR it & B ( glyceral-
dehyde-3-phosphate dehydrogenase, GAPDH) A1 P
Zx, AR B 278 BT TR i A R R AR X
LikhE,

#2 gRT-PCRBI¥WEHE

Table2 qRT-PCR primers

e EmZI#(5—-3%) B3 —5%)
GAPDH TCTCTGCTCCTCC GATGGTGATGGGT

CTGTTCT TTCCCGT

ccLa GATCCCAATGAGT ACAGAAGTGCTTGAG
CGGCTGG GTGGTT

NGAL CAAGTGGCCGAC CATTGGTCGGTGGGA
ACTGACTA ACAGA

1.3 R4

JH GraphPad Prism 9.3 S EA 34 740 2L 21
FAHT, BAEII FHE BB bR R 22 (Mean=SEM) &
INo T BHREI ES AT 2555 A I TN S,
K ANOVA TEFN ¢ Ky dar AT 50 B 3Ry 22570, 8¢
T2 UK P<0.05 FoRES B
2 FER57Hh
2.1 2MEUKKREREOKEERL
2.1.1 SRARBFEIX R BRANRANT T B 5 Gk £
TSN, SR RIS R Ak E R ), dEm
REMATShEE I AT J1 . tIE 1 AT, B SOK AR
ARSI, R B S MI R BRI T RS T3 S A S B
fIRAY A, 7 60 h BFAH ELF 0 h 43 1) i 3 F&AIK T
30.0% Fll 27.5%(P<0.05), Eda 5532 W5y & B K X
JZ A NURAN R A K A AP ZE A TR RN AT 5, 5
AHFFELERARL . DA EE5 S, oK 60 h B KBl
BS NI HE ik B 280 H S 28 AR ICIR S
2.1.2  BRIKESH AR BRI 25 Al 3 F i o S
BRI B BRI, ZK S PR O
33 IR BRI 2 25 ek (R R A B A A 2R 3T, A

2025 4F 4 H
A 6=
a
b b b
b
AR B :
N
i
]5
= 5
0= T T T
0 24 36 48 60 72
BRI TH] (h)
B 6=
a
b
be
be
4 % be .
R
i
ﬁ
A 2 —
(R T T T

0 24 36 48 60 72
SRR FIE] (h)

BT R AL I BRI Ty (45 1)
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and behavior of rats
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Table 3  Effect of water deprivation time on plasma osmolality,

BUN and CRE of rats

BoKIE] (h) 13535 )E(mOSM/L)  BUN(mmol/L) CRE(umol/L)
0 306.80+3.47° 6.30+0.32° 26.60+2.04°
24 320.60+2.66® 8.10+0.44° 30.80+2.76™
36 325.40+4.04° 8.50+0.39" 37.20+1.45°
48 328.30:£0.80° 8.60+0.56 38.30+£2.37°
60 330.60+8.29° 8.80+0.52° 40.50+4.46°
7 333.60+3.47° 7.80+0.54"  30.80+4.99"
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in acute dehydrated rats
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F CRE, — 21 #h W ¥4 oK W 3 ¥k &2 CRE & & (P>
0.05), {E{ERMH A2 Ic Fi A o 7 N2 ORI SR 22 B HY K
B, AH b T AL o3 FIREAR T 6.2% F11 7.7%
(P>0.05) . IXLLgE AR BH = R MECERBENS I 35 3%
SPEBIOR R BRI I 3738355 R T, AFORE A P HaL o 7k
FIZSPEL AT LI 20K 2 BUN F1 CRE 7K, AHLL T
alivgok, IS B FR A DR FISS R St Eiiok 5 | d
A B RepRAe B T N 2 MR E A .
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Table 4 Effects of different rehydration interventions for 4 h
on plasma osmolality, BUN and CRE in acute dehydrated rats

HH MmIKBBEE(mMOSM/AL)  BUN(mmol/L) CRE(umol/L)
CON 304.80+0.79° 5.42+0.23° 28.33+1.56
MODEL 324.304+3.37° 6.35+0.30° 34.67+1.73
PW 294.50+1.98° 6.40+0.63" 36.50+2.86"
TB 295.30+2.65" 5.20+0.36 32.00+1.32%
EW 300.20+2.56" 5.22+0.40° 32.50+1.69%
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Fig.4 Effect of different water intake on body
weight changes in rats
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T 8.8%(P<0.05), iX 5 Bekkevold 5B (sl 57 4t 5
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FELAFE IO 25 - R TG S 52, RV U™ 8, K
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Table 5 Effects of different water intake on plasma osmolality,
BUN and CRE of rats

H oK (%) 12535 (mOSM/L) BUN(mmol/L) CRE(pmol/L)

100 308.00+4.82° 4.95+0.14° 32.17+1.81°
75 321.00+6.63* 5.22+0.23% 34.43+1.11°
50 325.40+11.43% 5.06+0.07° 36.33+1.45°
25 331.70+4.46" 5.20+0.18" 37.83+2.04°
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(P<0.05), B2lirg/KAREIRT 0.9%, #HLETFASckk2H
FEAR T 1.0%.

LEULIREH, (0 N FE A DK R A2 I VK 2 18
BRI R BRAY ML 255 | 0L e f IO 2 1 B R,
BB R, Hoas e B0 Talid o K Fnas ekt
2.4.2 A[EIFNEXT TP SR R BUEBIE 98 5E S 315
s M2PEEUK 2 S BUE MCP-1 1 WS 41 i =
T, P AR B SORE, BN SR BGT  B NE Y, R
7 AT, AH EE T RR L, AR 2H P PR K R BB IE
K& b . CCL2 F NGAL %) 3% ik K F & 3 F FF
(P<0.05), $8/~FARE M B UL~ A, & 7A 7]
1,24 h H HOKE, S BC S f7 BT/K RENS i 25K
12 PEBR K R BB B AR ER L (P<0.05) , 111 55 SN Ff
FMNBTC .35 25 5 (P>0.05), T8 A (Bl A2 e H i o /K AT
LRI BT JAE . CCL2 X BAAZ 41 e A g Hid P 41 e



322 - £ Tl B4

A 18 B 2800
a
a =
- 2600 -
g/ 16 g
iz =
R E“E
= 14 = 2400
12 - 2200 -
s
&
K8
= a
2 2000 .
= ab ab
M
7 b
& 1800
1600 =
F R
S T T

&

2025 4F 4 H
C 130+
a
a S 110 -
H .
ab ab = ab
KE ab
B 90 b
70 =
QQ\ &Q’ {()4\ QO% OQQ)\) Q$ &Q’ Q§
E 330+
- a
2
O 320
g
=] b b
%) b b
& 310
3
=
300 — T
Q Q

I
& Oo@V DR
&

K6 AFFMNE 24 h A d oK T HO AR BROK B UIMAE A 5 0 A 5 8 i R I A8 38 T fR 5
Fig.6  Effect of different rehydration intervention for 24 h on plasma volume, total plasma electrolyte irons and plasma
osmolality in chronic dehydrated rats

E: A MR A S B ANES 16 C B 15 D Wi T AU B KRB

>

o
=3
S
Q
D

1
~

|

w
|

0.0070

0.0065

P LR L
c
o
CCL2BEF MR Fik i ®
| |

0.0060 - 0 -

C —
i a
44

w
|

o

o

._.
1

NGALFEPRAIR
[\)
|

[=]
|

SRR
QOQOQQ»Q S

K7 R[RFMNA 24 b 3 A ERK T TI00r At Kk R BV JE 8 E K45t 3 ) 20
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