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WE: B ORI /D Bm PRI AE VE . ik 60 Hfit: SPF R LI /INRBEAL - 6 41 . BiPE T FIK
Tl (4EpH 7.3, pH 8.0. pH 93UKAIK T, /il ik pH{E N 7.3+0.5, 8.0+0.5F19.3+0.6 KK ; X IR
4, RERIZFI PR A ONIERE LR R 2 o/L) RSB RGEK . BRXHRASL, S d/NRGESBERE (1.5 g/mL)
B 13 d, 25 14 KIEEEEES 300 me/kg FIEERRANG S AREEK 1T do 58 16 KEUMTERMIRER . WUEFRURER, BUEAT
PP Ye e Jm MBI A, SRR P S8 BRI A B A 2 4 b by A P IS A DG 2R IR 85 11 (NGAL) . & Ji
BERLHZUMHIR T 1 (TIMPL) . AHUAE THEEM 1 (0ATL) . JRERELFEIZHE 1 (URAT-1); RASEA2¢EE I PCR
Kl URAT-1F1O0ATI ) mRNA, £5R  BIRIA /N BRIy PR R & it s X IR AT pH 9.3 IR T4l (3P <0.05),
pH 9.3 T H/K F L /N BUE /NS s 28 AN BOR B /N AR T AR/ AL (38 P<0.05) . pH 9.3 TR AH/KF T4l /MR
NGAL AT URAT-1 Z& (AAHXT Sk B AR T AL, OAT1 &R AN k& m T (3P <0.05). pH 9.3 H/K T4l
/NELURAT-1 mRNA FARNS 5 AR TAIRIZE, OAT1 mRNA BYAIXTFk i THIZE (B P<0.05), &t pHIEN
9.3:0.6 MR FH /K RE A ZCHUS; /I B s PRI LA A 5 | e i e B 20 25145
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Preventive effect of alkaline drinking water on hyperuricemia in mice
YU Shali’, LIN Chen, JIANG Zhitao, ZHU Chao, ZHAO Xinyuan
‘Department of Environmental Hygiene, School of Public Health, Nantong University, Nantong, Jiangsu 226019, China

Abstract: Objective To observe the preventive effect of alkaline drinking water on hyperuricemia in mice. Methods
Sixty male SPF Kunming mice were randomly divided into six groups: pH 7.3, pH 8.0, pH 9.3 intervention groups, in
which the mice were given water with pH values of 7.3+0.5, 8.0+0.5 and 9.3+0.6, respectively; the control group, mod-
el group and positive drug group (with 2 g/L allopurinol ) were given double distilled water. Except for the control
group, the mice in each group were given yeast by gavage (1.5 g/mL) for 13 days. On the 14th day, the mice were in-
jected with 300 mg/kg potassium oxyzinate by intraperitoneal injection, and then fasted for 1 day. On the 16th day, se-
rum uric acid, creatinine and urea nitrogen were detected, and renal tissues were stained to observe the morphology.
The expression levels of neutrophil gelatinase—associated lipocalin ( NGAL ), tissue inhibitor of metalloproteinase 1
(TIMP1), organic anion transporter 1 (OAT1) and urate transporter 1 (URAL-1) in renal tissues were determined by
western blotting. The mRNA expression levels of URAL-1 and OAT1 were detected by real-time fluorescent quantita-
tive polymerase chain reaction. Results The level of serum uric acid was higher in the model group than in the con-
trol group and in the pH 9.3 intervention group (both P<0.05). The number and area of renal tubular lesions were less in
the pH 9.3 intervention group than in the model group (all P<0.05). The relative expression levels of NGAL and

URAT-1 proteins were lower in the pH 9.3 intervention group than in the model group, and the relative expression
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level of OAT1 protein was higher in the pH 9.3 intervention group than in the model group (all P<0.05). The relative

expression level of URAT-1 mRNA was lower in the pH 9.3 intervention group than in the model group, and the rela-

tive expression level of OATI mRNA was higher in the pH 9.3 intervention group than in the model group (all P<

0.05). Conclusion Alkaline drinking water with pH value of 9.3+0.6 can effectively prevent hyperuricemia and acute

kidney injury in mice.
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B pH (H D 8 ~9, RT3 1A FH K
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2y 6 S, 1AHE (32+2) ¢, KIETRIEK¥Y)L
gt o SEER S WA I AT UES O SCXK (F5)
2019-000, fHFHFATIES A SYXK (F5) 2020-0029.
T RE I K 2E L s O SPE 95 BRI R4 7 52
B, SIS S Y e A (F i
$20200608-002) .

1.2 E2EZME5RA NG EE IR E L
(Eppendorf, 5430R); 4 Hahi 4o Hr i (%,
BS-480); Wi (Leica, DM4000B); fk2% % kit
e A% AL ({155, ChemiDoc) . FE£EEHS (OXOID,
LP0021); HIMEELH A (Sigma, A8003); 4 W R
(Sigma, 156124) ; Trizol 24k (Takara, T9108) ;
R & (Takara, RRO36A); SEI6EE Xz K
(pH=6.8); pH {H4T%I K 7.3+0.5. 8.0+0.5, 9.3+0.6
PR (I ) 5 rh o 4 i B e Tl A DG 2B 2 1
(neutrophil gelatinase—associated lipocalin, NGAL) i
& (Abcam, ab216462); 4 J& & [ i 20 210 i A+
1 (tissue inhibitor of metalloproteinase 1, TIMP1) #i
& (Bioss, bs—0415R); HAHLBHE FHIZEM 1 (or-

ganic anion transporter 1, OAT1) $ifk (Immunoway,
YT3220); JREGINFEHE I 1 (urate transporter 1,
URAT-1) $ii (Proteintech, 14937-1-AP).

1.3 Bk Ed W 1 BRI T pH N
6.8 IRZEK, B 1.5 g/mL, Wik 2. 7EWAK 1
T EEBEA A LR BN 2 /L), B A%
1.5 g/mL. ¥R 3: ¥R AT pH 0 9.3+
0.6 MK, BL 1.5 g/mL. WK 4. WBGEEEEHHA
fft T pH {EH-A 8.0£0.5 BYIKHK, Bl 1.5 ¢/mL. &
5. KGEEEERE M T pH {E8 7.3£0.5 AYIRAK,
fic % 1.5 g/ml.

1.4 sz BU/NRGENHRFEL 7d, 5
B 1 RIKEL 39 g0 W/INERBELS A X RRZH | A5
RIZH . BHMEZG4 . pH 9.3 HRH/K THi4H . pH 8.0
KR pH 7.3 TRADK T, &4 10 H.
X L AR AR K 5 BB 20 25 T AR 1, # R
30 gkg BERFETE 1 Wk MU Tk 2, %
PREERE 3 A MR 30 o/kg AR KEH 1 1K; pH 9.3,
pH 8.0 1 pH 7.3 TRHIKT L3 45 T WA 3. 4.
5, TRIBEEREEE AR 30 g/kg FERMER 1 IR, ELE
HEE 13 d, HEBME/NRIERKE, MR, B
205 P 25 2 RO 3 XK, A AR AR R
. 55 14 RECH RSP IRES S, BRXTIRAsh, H
ftb 5 41/ BUB TS 300 mg/kg EBERRAN . &5 15 K
INRESEAERIK

1.5 AfudgArdm LI 16 K, /NRUE B G
0.2 mL/10 g ) 10% SREIEREE, MIE 3 sh ik,
PI2EFE 5 em, 4 000 r/min &0 10 min, W F
W, R4 B SEA AT ORI I PRIR . PR A
LI o
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ERE IR T AR R AR, 24 h JE MK 2 I A
VIR JG AT AR -4 (HE) Yefa, g/ NRUE T
/N b i 240 B3 43 0 TR] BT K I £

1.7 RIESYG B TR G R eE ik R A4
INEUBIELH SR T NGAL, TIMP1 25 [ R R R
iz URAT-1, OAT1 KB KN-. EUEHIEE
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1.8 B REZL LKA #£i2 A W URAT-1. OATI1 #) &
AV R R 2R T IS B R IS E EP A R
HE AW A )G, WO HLULE TEREA 1 mL
Trizol ZEM RIS R, Y29 5 By MOm &5 4
R, FREUE RNA, 02 vk B e B0 & i o -
PEAT R A L cDNA, AR5 DY RB Akt
SEAFUEGE R PCR RGN, DL 27440 S5 KL R 8 4
Tkt

1.9 %t o4 R GraphPad Prism 8.0 k{4 &,
FHI SPSS 26.0 FAFgeitortr, EmBERHIRMIES 73
MR B AR E R (vxs) HR, S AR
R ZE 22000, PR LR LSD vE. K
KK «=0.05,

2 & B

21 DRAFH R RERAE ST KA
ANEUMTE R & 22 R A G L (P<0.05). i
— L LA R W, BV /N R PRI & 1=
TXTHRAL (P<0.05); FHMEZGWZM pH 9.3 IR K
T/ BRI PRIR & AR TR (P<0.05). 4%
H/NRIME R R A . NEF & EEFH LRSI 2EE X
(P>0.05), W% 1.

R BAUNRUMEIRIR . IREAHWUEF 50 AL (3s)

ZH 5 PRERE (mmol/L) JREZA (mmol/L) WLEF (umol/L)
XFHEZA 51.33+20.94 2.79+0.18 24.02+1.30
FHPEZ 4l 69.15+14.79* 2.65+0.07 20.52+2.40
R L 123.86+20.88" 2.68+0.28 20.55+3.22
Rt T

pH 7.3 125.36+4.66 2.95+0.79 23.33+5.80

pH 8.0 102.80+31.32 2.23+0.13 27.43+7.46

pH 9.3 77.06+25.89° 2.46+0.40 23.34+4.81
Fii 8.858 1.921 1.699
P1E <0.001 0.128 0.169

TE: a R SROBAILE, P<0.05; bRRSIIRALILE, P<
0.05.

22 DREMEAE IR FKE HE REGEREIR.

X FECZEL R BH 1 24 9 2 /0 BRUEF A4 B 25 o P f 5=
oy BRI NERZE S L AR, B, BNVEYS
FZEEL, LR AN S PR ok IRBE, B NE N
MPLRLLEAZARYY, B/NVE 5B RAREW, R
FEAT S RN s pH 9.3 IR FHK T4 & K .
A5 R, B/ NERCOR WIS A 525, BN R A
MO DL . AR PR RIRBE, AR AR DL, B )
rRoR AR AR IRE s pH 7.3 A1 pH 8.0 MK T
Mk ZES . ek, B, B/NESTETL,
R AN B K SRBE, B INE E Y BIR 2L
EERY), B/ INVE ST R BT RANE W, R Rk
IR

2 AN BB /NS IR AR A BIOR e AR T AR 25 R A
Gt #FE L (P<0.05), #E—H PR R En,
BEARYZH /N BB/ INVE B RO AR 2 T XTI (P <
0.05); BHYEZGHALF pH 9.3 R KT L /N EUE /N
EIRAS ORI AR D TR (P<0.05), W3k 2.

&2 AUA/NEREREY) B IVER A O EEL (s)

415 FAEAEL R (pm’)
papitskil 0 0
FHPEZ 4 1023 150 55838 014°
FEAIL 30+5" 497 299+50 520
TRl R 7K T34
pH 7.3 2746 422 436+85 608
pH 8.0 28+4 444 988+99 170
pH 93 1343 173 985+49 432
Fig 30.722 30.670
PIE <0.001 <0.001

W a RN S5HEAHLE, P<0.05; bE/RNSGHIEALE, P<
0.05,

2.3 ) ROR k4R 42 NGAL., TIMP1, URAT-1 #e
OAT1 Z & K-+ FA/NRENEHZ NGAL, TIMP1 .,
URAT-1., OATI £ H AN Rk & X2 FIHZI#
B (P<0.05), LW ER, BRI
NGAL, TIMP1, URAT-1 & Ak s T ) iR
2l (P<0.05), OAT1 #& [1AH X} 2 ik 2% F X i
H (P<0.05); FHYEZ YA pH 93 KK T
T 20 NGAL Fl URAT-1 25 H AH X 2 35 I T Al
21 (P<0.05). OAT1 AR R IEEm THIAAH
(P<0.05); BHEZGW4H TIMP1 & (AN A BAE T
BEAIZH (P<0.05); pH 8.0 #kJH/K 40 URAT-1
A R IR EAL TR (P<0.05). W4 3.
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2.4 REMEAL URAT-1. OATI £ A K+ #&
ZH/NELUBIEZH ST URAT-1 FIl OAT1 mRNA XS 32
I ERWEGIEE L (P<0.05), #H—LMEH
AE R OR, BAIZH URAT-1 mRNA A&k 5
TXHEZ] (P<0.05), OAT1 mRNA MHXfFEIL KT
XHHEAL (P<0.05); BAPEZG9 40 pH 9.3 1R HK
T2 A URAT-1 mRNA A X} 3 15 &K T8 41
(P<0.05), OAT1 mRNA #H %2 ik & 55 TR 20
(P<0.05). W 4,

x 3 KU/NRENAS NGAL, TIMP1. URAT-1 FI OAT1
E AN FRIAE (22s)

215 NGAL TIMPI ~ URAT-1 OAT1
payiit::l 1.01£0.11  0.98+0.05 1.03+0.08 0.95+0.05
FHPEZ 4 1.37+0.37* 1.37+0.13* 1.07+0.17* 0.88+0.07 *
R 4.08+0.67" 2.13+0.33" 1.86+0.26" 0.57+0.13"
AR FH K Tl

pH 7.3 3.49+0.82 2.29+035 1.72+0.10 0.68+0.08

pH 8.0 4.78+1.00 1.78+0.31 1.25+0.20° 0.5620.07

pH 9.3 1.59+0.31 " 2.29+0.41 0.92+0.18" 1.00+0.19°
FAH 19.383 9.993 14.740 9.598
PE <0.001 0.001 <0.001 0.001

T aRR SR, P<0.05; bRm S0 IMAIILE:, P<
0.05,

R4 FHNEBENHLS URAT-1 F1 OAT1 mRNA 1)
X IRE (R+s)

215 URAT-1 OATI
Paiise| 1 1
FRPEZ 4 0.80+0.13" 0.74+0.06"
HORIZA 2.19+0.34 0.41+0.14"
BRPE LR K T FiT2H

pH 7.3 2.80+0.62 0.39+0.14

pH 8.0 2.1120.63 0.51+0.07

pH 9.3 1.37+0.22" 0.67+0.07*
FAH 11.295 18.361
P{E <0.001 <0.001

e aFoR GEBIL A, P<0.05; bERR S LE, P<
0.05,

3 i i
ARSI RIRE R BRI 0
K LIS RIS (i3 SRR T, IR %
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BRI EE, pH 9.3 PR K+ T2 /N BRIl 7 PR R 5 12
FEAK, HAh gl /RS KRR & 225 A E, 5
LY KA I

S0t R L, B /N B /INE AR A BORT T
FRBEIN, e WIE PR IR INAE BE A% 5 | &2 /)N BB I 20 246
By SERIAAE, pH 9.3 /KT HiZH NGAL
FIARXT 2R R, TIMP1 KW 255, #2/8 pH 14
K 9.3+0.6 MK FH /K T RE TR /)N B PR IR ILAE 5 | A2 )
SrEEw Y 5XTERA M, BRI URAT-1
B MR PR R THE . OATI R PR X 26 35 5 K 5
SR, pH 9.3 YK T A4l URAT-1 &M
AH R 2 Ik B AR, OAT1 & (A X 35 2 TH i .
URAT-1 1 OATI Ay mRNA 4558 5& H A F AR
SERAAML. $5 pH N 9.3+0.6 HIHKAREER T
/0N BV 0 i /0N ER 0 1) DR R R B S - e is 1k
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URAT-1 ARG, W05 X IRIRER A E I, [
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