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[Abstract] Objective: To compare the characteristics of four commonly adopted animal models of
hyperuricemia (HUA) for traditional Chinese medicine (TCM) screening, so as to choose the adequate model

for screening Chinese herbs and herbal compounds capable of lowering the uric acid. Method: Fifty-four male
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SD rats were randomly divided into nine groups, namely the normal group, hypoxanthine (HX) + oxonic acid
potassium salt (OAPS) model group, yeast extract (YE) + OAPS model group, low-dose adenine (AD) +
ethambutol (EMB) model group, high-dose AD + EMB model group, and four positive drug allopurinol (Allo)
groups. The modeling lasted for 14 d. The levels of serum uric acid (SUA) , urinary uric acid (UUA) , serum
creatinine (SCr) , urea nitrogen (BUN) , kidney injury molecule 1 (KIM-1) , and neutrophil gelatinase-
associated lipocalin (NGAL) were detected on the 3rd, 7th, and 14th days. Urine was collected on the 7th and
14th days to investigate changes in urine volume, and the crystals in the residual urine were observed under a
polarizing microscope. After the modeling, the kidney was harvested and weighed, followed by pathological
examination. Result: The urine volumes in the HX + OAPS model group and high-dose AD + EMB model
group were significantly reduced (P<0.05). The renal indexes of each model group, except for the YE + OAPS
model group, were significantly elevated (P<0.05, P<0.01). The increase in SUA of the HX + OAPS model
group and YE + OAPS model group started later (P<0.05). The KIM-1 and NGAL levels of the HX + OAPS
model group rose significantly from the 7th day (P<0.05, P<0.01), and the BUN increased significantly on the
14th day (P<0.05). There was no significant difference in the above-mentioned indicators in the YE + OAPS
model group. The SUA levels of the low- and high-dose AD + EMB model groups increased significantly on the
3rd day (P<0.05, P<0.01), with a persistent increase found in the low-dose AD + EMB model group. Besides,
the increase in BUN, KIM-1, and NGAL occurred later (P<0.05, P<0.01). By contrast, the high-dose AD +
EMB model group exhibited a transient increase in SUA. Moreover, the SCr, BUN, KIM-1, and NGAL
elevation occurred earlier and were more obvious than those in the low-dose AD + EMB model group (P<0.01).
Remarkable histomorphological abnormalities were detected in the kidney of all model groups, except for the
YE+OAPS model group, with the most severe injury present in the high-dose AD+EMB model group.
Conclusion: The four models commonly used to screen TCM have their own characteristics. In the four
models, the SUA elevation in the HX + OAPS model group and YE + OAPS model group started later, with the
mild renal injury observed in the HX + OAPS model group instead of the YE + OAPS model group. The SUA of
the low-dose AD + EMB model group increased rapidly and lasted for a long time, accompanied by mild renal
injury. The SUA of the high-dose AD + EMB model group only showed a transient increase, accompanied by
severe renal injury. The investigation on the characteristics and application of different models and the evaluation
of these models based on sensitive and objective indicators are helpful for determining the suitable model for the
screening of TCM targeting HUA in the future.
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Table 1 HUA models commonly used in traditional Chinese medicine and detection indexes
) PR
wow OV IRt (g k) B 243 7% PR——
(it 1l /d) UA BHCHERE BB R SO M T
B+, b EH
OAPS JNER (7)) 0.25 7 B 425 (ig) ;0.3 18 SUA,XOD;SUA,  SCr, B2-i3k 4 HAm AN %-18 H 5+
(15)1 Ji T3 Cip) XOD F(B2-MG);SCr,  (IL-1B8);-
BUN
KB 0.60ip);0.75(ig) SUA;SUA —;SCr,BUN IL-18, g YR 98 [ -5t
(28)11% F-a(TNF-a) ;-
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OAPS+  KR(7)P! 0.3(ig)+0.1(ig)+15(ig); SUA;UUA,SUA BUN;SCr,BUN - +34H
AD+YE  (14)B% 0.1(s¢)+0.1(ig)+(-po)
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Ak WL 21 R 2 (1 (PRO) KB B T

HIEH A I, 78 4 P AL b KIM-1 J2 NGAL
S A B I AR — B0, KAL) i AD+EMB 41 A
55 3 RIF IR 2 A48 A 2 55 22 T i (P<0.01) , 58 Y
HX+OAPS, ik # & AD+EMB 41 2 >4 45 i T+ i 1
M7 dIF IR RFEE R 14 d, B YE+OAPS 41475 & UL
AR . 4% Allo 41 7E SCr B BUN K | ok WL &
WU, 5O N B AL LR, i ) i AD+EMB+Allo 4
M7 d I I KIM-1 B & B I (P<0.05, P<0.01) , HX+



®3 TREEAXT KR SUA, UVABIEMN (ts,n=6)
Table 3 Effect of different modeling methods on SUA and UUA in rats (Xx£s,n=6)
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2 AAEEAKXMARRERSHEBHHOFIN (Y+s,n=6)
Table 2 Effect of different modeling methods on urine volume and renal index in rats (x+s,n=6)
25 il /g kg 7dIR /g 14 d R it /g B JE 6 /%
EH 13.44+8.45 15.57+4.96 0.82+0.06
HX+OAPS 0.25+0.2 4.13+1.38" 8.48+2.89" 1.02+0.19"
HX+OAPS+Allo 0.25+0.2+0.02 9.72+3.91" 11.32+3.74 1.2940.17Y
YE+OAPS 30+0.1 8.15+6.90 14.05+8.26 0.86+0.05
YE+OAPS+Allo 30+0.1+0.02 10.93+4.58 15.98+9.96 0.85+0.04
AD+EMB 0.140.25 5.85+3.05 10.67+4.62 1.23+0.117
0.2+0.25 8.63+1.55 10.15+2.52" 2.02+0.24%
AD+EMB+Allo 0.1+0.25+0.02 7.33+2.63 14.68+9.55 1.17+0.10
0.2+0.25+0.02 15.15+3.719 9.38+2.22 1.97+0.25
TG IE R A IV P<0.05,7 P<0.01, 5 B0 4 148 P P<0.05, 4 P<0.01(F 3~6[H)) .

SUA/pumol-L" UUA/mmol-L"
2151 Flk/g- kg
3d 7d 14d 3d 7d 14d
E# 103.36+14.73 113.93+7.01 129.44+6.73 0.78+0.34 0.65+0.23 0.79+0.31
HX+OAPS 0.25+0.2 106.69+11.08 125.28+10.49 187.45+54.45"  0.68+0.22 1.39+0.36”  1.13+0.40
HX+OAPS+Allo  0.25+0.2+0.02 111.16+18.13 119.70+33.52 149.90+70.36 0.70+0.40 0.42+0.13Y  1.40£1.12
YE+OAPS 30+0.1 105.57+10.76 151.65+75.31 151.30+20.82"  0.70+0.11 1.96+2.29 1.09+0.80
YE+OAPS+Allo 30+40.1+0.02 103.98+7.21 104.45+2.47 107.75+32.017  0.94+0.34 0.98+0.38 0.660.29
AD+EMB 0.1+0.25 122.73+6.54" 152.20+14.18% 185.55+41.63% 1.14+0.58 0.95+0.31 1.12+0.41
0.2+0.25 178.29+51.10% 153.24+42.51 132.90+36.70 0.44+0.11"7  0.80+0.22 0.50£0.21
AD+EMB+Allo 0.1+0.25+0.02 122.37+10.62 116.80+21.97% 159.15+60.82 0.67+0.13 0.84+0.11 0.69+0.17
0.2+0.25+0.02 109.15+10.87% 131.67+25.70 138.00+34.29 0.54+0.20 0410217 0.35+0.20
OAPS+Allo 4 7 d I} NGAL /K °F B] & BE AL (P<  0.05)., WL#%4,5,
F4 FREEAFXTKRSCr, BUNKIRI (+s,n=6)
Table 4 Effect of different modeling methods on SCr and BUN in rats (x+s,n=6)
SCr/pumol- L™ BUN/mmol-L"
215 Fl /g k!
3d 7d 14d 3d 7d 14d
EH 32.97+30.01  19.31+5.49 31.62+13.64 2.54+0.54 4.75+1.26 5.59+2.90
HX+OAPS 0.25+0.2 43.36£17.26  27.18+7.27 39.75+16.54 4.53+2.18 3.93+0.83 10.38+5.09"
HX-+OAPS+Allo 0.25+0.2+0.02 27.81+39.03  37.61£17.25 58.35+30.24 5.50+4.31 4.62+0.04 14.45+10.97
YE+OAPS 30+0.1 16.39+9.76 29.88+14.09 43.41+10.50 3.55+0.69 4.26+0.01 6.36+2.14
YE+OAPS+Allo 30+0.1+0.02 39.40+45.60  24.14+2.44 29.14+8.58 3.17+0.67 2.74+0.16 6.21+2.10
AD+EMB 0.1+0.25 24.97£26.18  39.67x15.37 52.54426.36 5.73+1.32% 11.10+4.71" 15.51+7.02"
0.2+0.25 66.80+37.05  43.62+13.27"  89.63+17.63” 13.92+3.54 14.33+4.01% 25.90+8.38%
AD+EMB-+Allo 0.1+0.25+0.02  63.06+41.25  33.31+5.35 46.81+7.84 8.88+5.67 8.46+1.85 14.66+3.19
0.2+0.25+0.02  56.93+41.35  56.15+30.44 75.53+27.87 18.19+8.35 25.95+17.28 25.00+6.42

3.5 A [a] g A g Ouk Ok LR E 4L 4 B A % R R
VU KR IEASY A 2 HE R G5,

Y 8 AE 20 M FR 1 A, OR DL FG A T A % B R

.51.
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x5 FEAE#EFKI KR KIM-1,NGALBIENT (3+s,1n=6)
Table 5 Effect of different modeling methods on KIM-1 and NGAL in rats (xX+s,n=6) pg-L!
KIM-1 NGAL
41 51 Flt /g ke
3d 7d 14d 3d 7d 14d
IEH 0.30:£0.00 0.21£0.04 0.17+0.05 22.61+12.18 20.73+12.99 11.70+7.73
HX+OAPS 0.25+0.2 0.30:£0.00 1.29+1.15V  1.34+0.66” 26.84+13.68 37.39+10.78" 24.13+12.08"
HX+OAPS+Allo  0.25+0.2+0.02 0.32+0.02 0.59+0.21 1.96+0.99 30.60+4.92 22.05+11.60% 24.58+8.52
YE+OAPS 30+0.1 0.31+0.00 0.20+0.03 0.17+0.12 34.76+7.66 31.16+13.14 18.71+8.81
YE+OAPS+Allo 30+0.1+0.02 0.31+0.00 0.20+0.06 0.10+0.05 29.34+6.72 21.03+6.90 22.13%6.71
AD+EMB 0.1+0.25 0.40+0.23 0.88+0.23%  1.56+0.75% 31.88+8.69 40.29+8.87% 36.10+10.61%
0.2+0.25 0.34+£0.03”  2.60£0.50”  7.51+3.11% 42.30+4.79% 54.14+13.76% 50.06+8.63%
AD+EMB+Allo 0.1+0.25+0.02 0.31+0.01 0.86+0.14 2.27+0.32 34.27+9.47 51.48+12.25 41.69+4.86
0.24+0.25+0.02 0.33+0.02 0.87+0.20Y  4.04+1.627 46.98+5.23 57.52+13.41 51.40+4.58

T 4 Ffr 55 80 1) 55 JUE 20 0 9 3 i 90O | A [m) A2 2 1Y
IR I AL A S DB K . AR HX+OAPS, IR i i
AD+EMB, & 7| & AD+EMB 2H ¥ a] UL B & i 5 /)N
YAk, B NG SR R A0 v L A A R
SiE 1 Jif 9 VE A AF A B AR L IG5 i AD+EMB, (5
| AD+EMB 4 5 1F % 21 42 48 F 40 M 15 i 7 i
W] i 34 = (P<0.05) . 4 Fp A AU 55 5] 2 AD+EMB
A1 B 4005 B ™ EE R 2 b ] LK R v R AR
PE KA M IR BE | DL K R B 1 TR 1 5 IR R R 25 R T
. BIT YE+OAPS 41 oK UL B b o Bl Ay . S A
AU A, 45 Allo 4 A& L BH 8 s B ek B VE L I
A 45 0 0 B A 34, LB /NS T R R AR X i

F6 AREEAAMNKBEHARFEZTSPNHIE (F+s,n=6)

F0) A TR ] A R A [ AT D B A A 2 T
W J 4 ik, & K AD+EMB+ALllo 20 v ik Al I B
BB /N R 2 I Y B R BE  (H DT R DR R £
gE . ke, K 1,

B E 41 828 75 e AR VA G 0 )5, IF 4 e A AR
YE+OAPS 2H 34 A WL 5¢ 3] JR TR #h 45 i DT I 5, 4
A HX+OAPS 2 {3 A7E Jo 5 W0 22 31 % 5L 1Y) JR R 16 445 B
URL, BRG] it AD+EMB, /& /il it AD+EMB 41
A UL R PR R ER 25 DT R (P<0.01) , 3 b s ) o
AD+EMB A 45 dn DA W i . SR AU [ 3,
Ik & AD+EMB+Allo, & i i AD+EMB+Allo ZH T
TR PR IR AR 25 & i kb . L3R 6, K 2,

Table 6 Effect of different modeling methods on renal histopathology scores in rats (x+s,n=6) 7
41571 Fl /g k! SR I T A /mm?> J&AE AN ffd ¥ B /NG R R 8] 5 4 1 PR R 0 45 i
EH 0.07+0.05 0.17+0.41 0.00+0.00 0.00+0.00
HX+OAPS 0.25+0.2 1.01£0.69” 2.17+0.75 3.33+0.52" 0.75+0.96
HX+OAPS+Allo 0.25+0.2+0.02 0.60+0.41 2.33+0.82 3.33+0.82 1.00+1.16
YE+OAPS 30+0.1 0.43+0.33" 0.50+0.55 0.17+0.41 0.50+0.58
YE+OAPS+Allo 30+0.1+0.02 0.67+0.15 0.50+0.55 0.67+0.52 0.50+0.58
AD+EMB 0.1+0.25 0.67+0.35” 2.83+0.55" 3.00+0.63" 3.50+0.58%
0.2+0.25 0.51+0.16" 4.50+0.55" 3.83+0.41" 4.75+0.50”
AD+EMB+Allo 0.1+0.25+0.02 0.39+0.21 3.17+0.41 3.67+0.52 2.25+0.50"
0.2+0.25+0.02 0.44+0.42 4.33+0.52 4.33+0.52 3.00+£0.82%
4 ifig L B HLAG B IE T g dE bR 5 KIM-1,NGAL #H Lt

1 3 B ik 5, B 7 HX+OAPS, YE+OAPS 4

SUA I HH X 8 e, Ho b HX+OAPS 20 B I P4 W 52

P AL B2 A KRR VTR B, N7 dile

KIM-1 Fl NGAL & % & , #2758 £ 8 HX+OAPS 41

W5, {0 BUN % i 7E 14 diF R 3L B 8 Tt
. 52 .

R BAR, 7R 12 W7 5 400 0 A B B A S M T
YE+OAPS 4 SUA F = il BE 38 /N | A & 30 R 1R 8 1T
FUH R UL B i B 0 B4 . B AL 5] i AD+
EMB & #| & AD+EMB %1 SUA J} & 8% 5., fif #%
SUA R L Tt i, Bifl B[] (4 7 A% T 5 M 3 AN DR 34 K,
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A. IEH 4 ;B. B HX+OAPS 41 ;C. HX+OAPS+Allo 41 ;D. 1% YE+OAPS 41 ;E. YE+OAPS+Allo 41 ;F. £ B3 i AD+EMB 41 ; G. it i
AD+EMB+Allo 41 ; H. #5# @55 5 AD+EMB 41 ;1. & 7 AD+EMB+Allo 41 (/& 2 [7))

B 1 AEEES KRS AL RIEZR R0 (HE, x200)

Fig. 1 Effect of different modeling methods on renal histopathology in rats (HE, x200)

B2 FAEEEAFAIK Eﬁ'%ﬂ&ﬁ%@ﬁ:nfﬂﬁ’]iﬂﬁ(/\ﬂﬁ’éﬁ ,%200)

Fig.2 Effect of different modeling methods on renal urate deposition in rats( Gomori, x200)

M5 #& SUA — i T+ & J5 B 2 BE AR #4. mi 4l
BUN, KIM-1 Al NGAL ¥J 45 A [a] # & i 74 &5, ¥ ]
UL 5405 B R R R TR B 4 A HL 22 T i fl it AD+
EMB 21 ' 451453 55 g 7™ S, s 1 A ASS U 35 WA Sy 2
PEHUA R o I HUA 96 07 76 T 9B, o
PR B 2 B N IS IR A A
AW 5T H B O 1 B B R UA B9 T i R B OV
Ab IR E AR T B 00 R B UEAT PR A . A A A
B E T AN B Allo 41, 5 xF R A A5 R 40 A HE 45
Allo 1 SUA B A — & iy FEAL %, LI AD+EMB i
BRI T 2H B AR UA Sl 83, 78 U0 R v U % 3 R
M TR I 42 B S A% o (FL S A R DG 1Y s B
FEAR B AN AL B /N DTSR )BT R A DL R SR
21 Jif 92 A A A L ok, R A R BN R
25 5B T RE 8 AR A B B R s AE . AR
Z 2 TEIR YT HUA J7 I H 28 XUSVE T, UA (A OC

A5 AT VA JERE UA (55 50, B 45 3 A 3 4 B 3
b 0 AT A B LR A A R A

25 T 30 SCHR A A B, A ST 50 8 RUH T o 24 0
e 1A R H BTSN HUA BBV 2 (HAY
URFEA A MR B LA A 225 . 4R AL h 2 Flist
A1 HX, YE 43 %8¢ F OAPS. HX N UA i 1 3% /i
T, W2 2% WY 0 AT S 0 XU 32 T A i 7
RS S AL TG (XOD) I /E T, AT 480 Ak Ay i B % -4
ﬂc%JUA,UiﬁﬁuUAéﬁiﬁii;ﬁﬁYE@ﬁﬂa%m%
FIT %R M B4R R | TR G kIR, 6
A 78 4 K 7 A B R A B T  TR ij
19 YE i AR NS 68 T HEHLIR IE 5 0 RS AR, &
BRSO EEAL BT ALK S EAREIHER
1 HUA &5 YRR o 2 i 8. P& 4
VT4 PR 2 Tt 41 11 7] OAPS, LB UA T 5 . #E
UL 5 AD+EMB, [ 7l £ AD+EMB 4 i) i 452 7]

. 53 .
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— Y RAER A A 225 2 PRI e F UA Y
HR AD , S0 19 % 05 £5 Wl 198 0 28 9 Jie 385 n , 44 Iy
A5 Tk i 1ol 192 A 45 W TR e A% i, XOD W& PR 1S i, UA
A U, RGN UA A= i . Hod, & Rl & AD
fifi B ARG i AD 9 2% . EMB 2R FIRIT 45 1%
I 1 25 05 Ay 0 o 20 L RE S ) B B 2Y ] B
PES R E /NS UA G3 W e s AR IR B T8 UA 193K
Heo DL LA A 7 AT LA SUA & i 7K S T
T e HF A, A B 9 0 % kg R T RS A A
FI S B s A ) I A AR 3 B I R R i &
PE HUA 251, #03E & T 0 26 16 97 HUA 2tk K AR
B —w BRI ERMNZY .

WFSE % B, 4 465 7 20 SUA TF 5 4 15 i) 7 A —
B, EEAAE - E NI E, H X F SUA M
RS 0 87 BT[] F 22 A B[] 0 W, DL O b X
SUA WY TH s AT V-4 o DR AL, 78 0 2 A B 15 245 49 i
I £ SUA — A8 AR IF A JE LA E WA 1Z 259 1)
TR0, HUA B — f5e P A7 B B2 05 45, PR 0k R % )
IF 25 4 B R S REFE AR s R3S AR B bR R 3 AE B UE
(4 0 REUI 0 0E A7 V) . 1 e BT 48 b BE 6%
LR b ) DRI U o AR R B L DL AE A B 5 R R 2 LU
HE Y 4 0y &, 6t = 25 52 B JIE b 2 15 ) B0 R R 4k 45
i DU R H8 B, PR I A ST 565 07 188 T B U 7 e R vk e
@, AT DL Y B M R DR R R A B E i T B
Do 18U 2R KA I e B, B S O PR 5 Ak W
B, VR BE B R b OB DR R h 45 T 00 W
WA . BeAh, BRI, 4 AE 40 M2 e K
B IR AR K 2 kA TR R B RS B Xt
P W 5% A g BRI T R B LA
T w2 . HUATEAEREA — i B i B 4 % M
B B I RE 48 FR 40 SCr A1 BUN, X T HUA ) ¥y 6 4
B A0 1 AL AT — o R BR A T KIM-1 7 Ry —
Tl s B, HLA e BRER (RN B B (S5 R B, Tl
W AR g 2otk B /NS 300 1 IR WRHE A5 . NGAL
S — FPAE 2P B R0 (AKD) ok Fak 19 8 AR, IR
R SX I 2% NGAL e B 1 b T 22 R F A 28 L
DIREFR P, DR O 8 i 20k B 458 40592 W b i AR
Fr & ) KIM-1 & NGAL 55 AJ DL 6 b 7 i HUA 5
U 5 05 0 7 o AR A ME A 1 A e ) )
P B T R R RO AT R, LA e n R
(IES =

2% LT IR TE Ak B R A 48 B DA B s
SEVEMFE bR, TR ST 6 HUA A5 R B 4 i | o % 00
HIPEU AR R o A S B0 T ST 9 4 PP HUA R RRURR 7Y

. 54 .

Y B AN 6] B9 4 o5 R i A O, 38 A 0 08 AS [R] i 5
HL R 25 B2 7,6 Fl F HUA Byt — 2158 .
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