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Shang-Zhong-Xia Tongyong Tongfeng Formula alleviates renal fibrosis in uric
acid nephropathy rats via the MEK/ERK/Nrf2 pathway

ZHANG Jibo', CHEN Yanhua?*‘, LONG Li', JIN Sheng', CHEN Jianwu', WANG Ying', SHI Jiyu'

(1.Department of Integrated Traditional Chinese and Western Medicine Nephrology and Rheumatology, Hubei Provincial Third People's Hospital,
Wuhan 430000, China. 2. Department of Integrated Traditional Chinese and Western Medicine, Hubei Maternal and Child Health Hospital, Wuhan
430000)

Abstract  Objective To investigate the effect of Shang-Zhong-Xia Tongyong Tongfeng Formula on renal fibrosis in rats
with uric acid nephropathy (UAN) by regulating MEK/ERK/Nrf2 signaling through inhibiting MEK/ERK and activating Nrf2.
Methods Male Sprague-Dawley rats were randomized into control, UAN, gout formula, MEK inhibitor (PD98059), and gout
formula + MEK activator (PMA) groups; the UAN model was established in all groups except the control using adenine and
potassium oxonate, and renal function, histopathology, fibrosis-related proteins, oxidative stress, and MEK/ERK/Nrf2
pathway levels were assessed using automated biochemistry analyzers, HE/Masson/PAS staining, immunohistochemistry,
DHE staining/ELISA, and Western blot, respectively.. Results Compared with the control group, the UAN group showed
significant upregulation of renal index, serum uric acid (SUA), serum creatinine (Scr), and blood urea nitrogen (BUN) levels,
as well as renal tissue inflammatory infiltration, fibrosis area, PAS-positive area, a-SMA, TGF-B1, collagen I expression,
reactive oxygen species (ROS), malondialdehyde (MDA), p-MEK1/2/MEK1/2, p-ERK1/2/ERK1/2; superoxide dismutase
(SOD), heme oxygenase-1 (HO-1), and Nrf2 (P<0.05). Compared with the UAN group, both the gout formula and PD98059
groups significantly improved the aforementioned indices (P<0.05); compared with the gout formula group, the gout formula
+ PMA group partially reversed these therapeutic effects (P<0.05). Conclusions Shang-Zhong-Xia Tongyong Tongfeng
Formula alleviates renal fibrosis and oxidative stress in UAN rats by inhibiting MEK/ERK signaling and activating Nrf2.
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JREEE'E W Curic acid nephropathy, UAN) & THA W JREE Curic acid, UA) &L, UA
SERUUR T B RS R — R R, 78 UAN IR RED, B4 4eib /5 N IKEh 'S Thik 8 B AL 1
ZoO BN, H AT R 90T B DA AL PE I bR, ARy UAN i3k J& 2 2R B 0 (1) 4 22 e
B, DA AR Bk B TR O SRR, I R A AN B SORE SIS B B R A S 3 S I
WGP R ), FE R R 25 BURE AR R B, b I8 R R A A R I I PR R R R X R g
W), HA RS AYNEER S GER. &R, A, IE%) , BAE/FNE. iF
MiEL% . RS S ohR™, hEMHIBIAN, UAN BRHLE M@ N 2. Rl es >, b o s
TT A U B Z ALY, HEMN L AE IR R B A 6 22/ UAN B RER A — e 2R . oA i AR,
MEK/ERK i #% & B 2T 4E A0 1) 0 345 Sl i, e e W 800G P 0 3 S0 A N B80S B S AT 4B A R R 3R
ik, T N A AR R T Nrf2 /R BB B RO R T, M 2 MEK/ERK JE B8 1)
frm) i, iE 4 (reactive oxygen species, ROS) . A % (malondialdehyde, MDA) . #4%1b%)
Ak (superoxide dismutase, SOD) LA M ML4L = %A & /-1 (heme oxygenase-1, HO-1) 45 J2 vFfli %4k
LK B WARSS . SUbER, b TR AR RO R B A )1 SR B R VR T T R
R E, 3 ¥ AT O Nrf2 AH 38 % i 171 DB B O 1 S A LA AT, AT 0 81 4 A 1 3 e 8
N, ST ul, ABEFCE RERTT L il AR RO 2 A T iEE MEK/ERKINI2 JEEE XS UAN KRR 27 4
= A, A UAN (I R YE T 52 35 10 A

1 ##InTTE

1.1 SEIEEh

i 33 K SPF 2l SD M 6~7 FWE KEL, #FiE (200420 g) , W HBHL L ERA YR A
R A A [SCXK (38) 2021-0027], « Zh¥&HEIE (120316210504823519) , JiA sh¥iy A 3% F 14k I
B AR E A R A A SPE 2 ahWyszih b O [SYXK (%5) 2021-0119], W E (23+%2) C. &F
55%=5%. 12 h/12 h B/BEPEIA . &M PRI SR 1 S AT )5 225050 . Fr A KR E AR T 2K, %
£ B AR e G U R B P e R (AL BRI SRR IR AR, #t5: 20240812) o AW FLLEWAL I
BB A R A F S e 2 L #ifE (BNT-2025-304) R HEAT, 1E 314 35 F S o o 75 v e b
AT SIS S AE ) 3R BRI
1.2 FERFENH

AN EAEAT A MR ER S R () 15 g AR CKIHKIR, ¥ 12 g BE (F
#) 9 g. #ih (&) 15 g JIIE 6 gv BRZ (F£ER) 99. Bicd9g. HIE3 g BRM 2 g. FETE 3
g« HEM 2 g At GE¥E) 1.5 9. BHE 1 g Ak, ARG HARER RZ AL, 5K KA
DUEBIRCE £ 1 g/mL BREW, 4 CRIBEZH. BI&T7E: B ERRARA, R 10 F&E
(viw) I ZE1EKIZ 0 30 min, BKEF G SCKREIZE 60 min, UNENZ DA IR . 25 FE A 8
EREAMK, FEREEEIE. GIFMRIER, REZME Y TEBE 1 g E4RS . miEE4 C
MR, 1IN 95% B Bk KRB EILF] 60%, 4 CEHEEKR. FEUE, ISHREE 60 C
JE @i 78 K R L%, R A6 WU 280K A B B i IR N AEZY 1 g/mL TR B, 4 CHRIEA

MEK ¥3%55 PMA (99.80%, 5. HY-18739) . MEK #4]7] PD98059 (98.89%, %5 : HY-
12028) ¥y E MCE A F; IMiEFREE (Serum Uric Acid, SUA) il ($25. S02328) . IiFAlL
it (serum creatinine, Scr) il ($2%5: S0291S) . I/ &% (blood urea nitrogen, BUN) &Il (5%
5. S0574M) . HE #uffy (#5%5: C0105M) . Masson #effy (#%5: C0189M) . PAS #ft (fe%5 .
C0142M) . ROS #&ill (#%5:. DHE, S0064S) . MDA #ill ($£5: S0131M) . SOD &l ($%5:
S0109) XA GBI H LB L RAF; Pk o-SMA (T8%5: ab7817) . TGF-pl (15 : ab315254)
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Al Collagen | (#75: ab138492) ¥y H Eilg X HHiAF]; HO-1 XM & (F2'5: ml003108) W H LifF
BEER AT Piik p-MEK1/2 (125 9154) . MEK1/2 ($%%5: 8727) . p-ERK1/2 (185 : 4370) .
ERK1/2 (%5 9102) . Nrf2 (#%%5: 12721) . GAPDH (#%%5: 5174) 4y EHEE CST A,

7600-020 4= EH sh AL AW H H A H 37 ; LSMO00 & il 4 74 [ £ =] ; Varioskan ALF i #x
{3 B 2 E 22k % ChemiDoc™ %1% £ 48 4 25 EH 4R
1.3 ELWHE
1.3.1 UAN KREBEHZESYH A

27 HOKRE R A IRIER (100 mg/kg) BXA A ERAT (300 mg/kg) fi UAN B, #EH
WEE AR, BR 1K, Hd 24 LK SUA>120 pmol/L H. Scr>50 wmol/L 3 5 #5 7Y #4) 2 e ph 1201, o} Hg
H (6 H) fTEERB 0.9%FAMER. HUMWERIIE, BV N UAN 4. K77 (gout
formula) 41. PD98059 41. J& X J7+PMA (gout formula+PMA) 4, &4 6 H. R FHL T Eh T
T FH R R 7 TR R 10 mL/kg #E H 1, PD98059 44 T PD98059 VA (25 wmol/L) gl vE g+, I X
F+PMA A4 T PMA % (50 umol/L) JEfEvESEA, 1 h J544 T brh il X T IREWR 10
mL/kg #EH AL FBE AR PMA 2540380 715 sk e, DUBA DR I8 25805 5 2901 - BB R
XTHRZH AT UAN ZHI 45 T2 T 0.9% F AL NIA T, SR RGN LIk, EE8HGZ2 /.
132 HARE

SEIRAEHR 12 h JERIEEORR, B ESIAKEU, B0 5 2 B LS B TS DhREFE AR ORI o R ER
XUE AR, et fE, MEUAEERE, FEEEREH Y =&/ E>100%) , HRRET-
80 ‘CUKAE ™ T ELISA #ill & 4k B B dE b 22 Western blot £l MEK/ERK/Nrf2 #5518k /KF. 4 &
WA ZRBREECE, ATHEAET A (4 pm) , #3847 HE. Masson f1 PAS #efh, 4y
1t,. DHE #:ft,
1.3.3 £BHEA I TNANZAKXR SIHEETEIR

A 4% BB D R R Ul B B R AR, (A A A s AR B ORI I iE - SUAL Ser. BUN &
o W0 B IR LT A AN 0 2 AE B IR S AR AR R, e BRAES BB R T, AR RS N A R i 7 A E D
KN E R, FRR bR et 26 1H 5 SUAL Scer. BUN IR EE .
1.3.4 HE, Masson #l PAS KRN HAAXR SHALRERGER

HE et KU it Kib )G, el AR . Ot )sitirhiK, &0, #H. Masson 4
. UIA BRI G, R R ARE . IH LR S A UL R0 et Ja AT K, B,
Jro PAS Beta: Yl Miks/KAE, e s e tk, BEJS A Schiff 7. TR &=t 247 M
K, FEH, B DB I RTINS, K Imaged 1.54F HFxF R PENMGRNE (0 s 1
gr: s 200 A 345 KB . 4R CE AR 4RI A S R TH A <100% ) K PAS FH
PETHAR (L2 PAS P TR S W 821 R <100%) #3472 5E &0 #r .
135 EAUKRNEEAARSAAPTENBLEARE

A U0 R B KA, i S A SR B S MR RR SR vh AT B R . WL R EE MR, o
AWM a-SMA. TGF-B1 #1 Collagen | —$i (MiBEFEIA 1:2000 £ 4 CHERIEE, KR EAHN )
Y B S DAB B, RS TR OARTE (4 3~5min) , HFEEXE GEFE A JEW L
P S ek sy, SZETA PBS mrueab B, E B N ERGHT IR IE 0T 0-SMA.
TGF-B1 f1 Collagen | FHM:FRIE (KR AR THAH /.
1.3.6 DHE £ffn ELISA KN ZFA KR SHR NN HRG

DHE 4t 44 i) H 76 25 i 4648 T 45 30 min, 00 10 umol/L ) DHE TAEW, 37 “Cit i
A 30 min JEEIMPTR KA E . FEER G B TSI ROS %JEsR A (L5 6/ A
WHE>100%) o ELISA . B RAF A B3 )5, TN BF N FIBEbRFLAR S, 26 )5 3 InAs
HES . RMPUA . BERR AT E . BINEY A5 EE R LT OSBRI, KHE MDA,
SOD F1 HO-1 (1) ELISA Al st 77 & v B ok s b it 2, TF 5505 20 23 rp A B S8k R 380H e A 1 2
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1.3.7 Western blot # il & 28 X R 5 A 48 th MEK/ERK/Nrf2 i@ #& 8 X 35457k F

HOGER o PR A7 1 22 B 208N RIPA JESRIUE R 1. R AN 5 0 % JE R 2 PVDF B . BN
At S 2 BTN p-MEK1/2. MEK1/2. p-ERK1/2. ERK1/2. Nrf2 X N% GAPDH Fifk (Kt
¥ 1:1 0000 fE 4 CRFHESK, RANAZPINEE, ECL B8, HFAEMFRIEHRE RS TN
FE, f# ] Imaged 1.54f MM E AWK EM. LHIREAYS GAPDH KEMEM LLEIT 2R
T
1.4 FitZEFHE

H SPSS 25.0 #ATHIHE T, SCIGEE PR iR (xes) Ron, & 20 1) B 15 A o
K& 7 25007, P<0.05 #mZ 54 B EM.

2 #R

21 LR TEABERA UAN X RIS IhEER S0

5yt A, UAN KRS IEFE$ L &% SUA. Scr. BUN /KFHHEF & (P<0.05) ; 5
UAN ZH B4, i A 7 44 A1 PD98059 4H K Bl 5 I 45 2 UL &2 SUA. Scr. BUN 7K ¥ 8] & [ 1K
(P<0.05) ; Sy J7 4R, T +PMA UK R E SR 2L & SUAL Scr. BUN KP4 WY T
(P<0.05) . WL 11 1.

Xof R ZH UANZH I AT 4R PD98059 H JNIT+PMA 4
Control group UAN group  Gout formula group  PD98059 group Gout formula+PMA
group
lcm lcm lcm lcm lcm

K1 BEREE ERARIER A
Figure 1 Representative macroscopic photographs of rat kidneys in each group
F1 FHARREDIREIRIRLLEL (X3s, n=6)
Table 1 Comparison of renal function indices in rats of each group ( X+s, n=6)

AN =4 3t /0,
(frofp anzilj;:j&//; SUA/ (pmol/L) Scr/ (pumol/L) BUN/ (mmol/L)
0
pagiEeN 10/ 15.22410.1 it
Control group i 5.22+19.13 35.26+4. 6.05£0.65
4
U[/iﬁiriﬂup 3.0120.35° 357.3327.79° 95.8748.02¢ 19.211.02¢
) =]
Goutﬁiﬂfgmup 1.87£0.14° 205.12+21.03° 51.02+5.87 10.33£0.87°
4
ngggg; 9grf;aup 1.7620.15° 192.36+17.95" 48.65+5.03 9.740.95
) > Y
Goufi}fkmﬁﬁyﬁ A”imup 2.55£0.17¢ 265.32+20.06° 70.39::6.54¢ 14.98+1.03¢

e XA, “P<0.05; 5 UAN AL, P<0.05; Sy T74lMHLEL, ©P<0.05.
Note. Compared with control group, *P<0.05. Compared with UAN group, °P<0.05. Compared with gout formula group, °P<0.05.
22 EHRTEABXAI UAN XRSRIERG I R0m
HE Zete 25 R EoR, UAN 4URBREHLUEIVE NEY K. LRIk b S5 R Edi i (£%
Rk 2, Masson G th R E ) R IR A E DU GE XD BEN N, PAS Qi EoRE
NEIERE (PAS BHTE, HAOXE) WE, REEREZ, RREER/NERGSEEIR. 55
AR, UAN ARBREHLNRMRIE . 4 mA L PAS IR T & (P<0.05) ; &
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UAN ZHE#E, i X5 20 F0 PD98059 2H K RV AL & MR . AR 4EAL T AL LA & PAS [ 1 TH AR 1 B &5 &
ik (P<0.05) ; SR TA LR, T TT+PMA 4K 5B H R % MR . £F 4E4k i AR L &2 PAS BH %
M EFE (P<0.05) . WK 2 fiigk 2,

KT +PMA 21
X UANZ i A7 4 PD98059 ZH Gout formula+
Control group UAN group  Gout formula group  PD98059 group PMA group

HE

PAS

2 HE. Masson Fil PAS % i fer Il % 21 K B 2 40 BB 3 5 0 (4000
Figure 2 Pathological injury in renal tissues of rats in each group detected by HE, Masson, and PAS staining (400x)

®2 FARME AL EB BT (23, n=6)

Table 2 Semi-quantitative analysis of pathological injury in renal tissues of rats in each group ( ¥+s, n=6)

Sr4H RIERE/ ) HENE R % PAS FHPETEIR/%
Group Inflammatory infiltration /score Fibrosis area/% PAS-positive area /%
s HE 4
R 0.24+0.05 3.58+0.32 5.82+0.69
Control group
UAN 4
.18+0.182 .65+1.56* .62+1.872
UAN group 2.18+0.18 18.65+1.56 27.62+1.87
Y] 7 é
AT 0.98+0.11° 7.02+0.87 10.06+1.03°
Gout formula group
PD98059 4 b b b
+ + +
PD980S9 group 1.03+0.10 7.82+0.96 11.65+0.98
) 7 Q
AT +PMA U 1.69+0.15¢ 13.66+1.06¢ 18.66+1.32¢

Gout formula+PMA group
E: SXTHRAML, *P<0.05; 5 UAN 4L, °P<0.05; 59 RIT4AMLE, <P<0.05.

Note. Compared with control group, *P<0.05. Compared with UAN group, "P<0.05. Compared with gout formula group, °P<0.05.
23 EHRTEABRAN UAN XKREFENLRZ N

XA LR, UAN 2R U D ER AR /VE 18] 57 X 33 0-SMA. TGF-B1 Al Collagen | 3Rk H] %
FHi (P<0.05) ; 5 UAN 4ltb#e, J@ X7 40F1 PDI8059 ZH K il ' /INER & B /NE (8] 5 X 3 a-SMA.
TGF-B1 1 Collagen | ik BB (P<0.05) ; SN TAHLE, JERIT+PMA KR E MR E
INE RN X 3k a-SMA. TGF-B1 Al Collagen | &iA¥ &7/ (P<0.05) . WK 3 f1%k 3.
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Ji A7 +PMA 41
el UANZ] 9 T4 PD98059 41 Gout formula+
Control group Gout formula group PD98059 group group

. R et A

5

2 W 2
)

Bl 3 b s 20 A0S I 45 20 K B AL R PP A A AR R B R IA (2000
Figure 3 Expression of fibrosis-related proteins in renal tissues of rats in each group detected by immunohistochemistry (200x)
®3 FARMEAZTEAEUAMKLE ARSI (X35, n=6, %)

Table 3 Comparison of renal fibrosis-related protein expression in renal tissues of rats in each group ( X+s, n=6, %)

4
s a-SMA TGF-B1 Collagen I
Group
T HE 4
MR 3.46+0.89 5.54+0.97 4.66+0.85
Control group
4
UAN 4 28.69+1.882 30.24+2.98* 33.0542.65°
UAN group
) 74
Ul 8.03+0.96" 10.02+1.13 12.56+1.02b
Gout formula group
PD98059 41 b b b
+ + .00+1.
PD98059 group 8.62+1.02 9.88+1.02 13.00+1.16
I T +PMA 4
19.55+1.16° 17.87+1.55¢ 20.03+2.19¢
Gout formula+PMA group Q3 6 787155 0.03 ?

e HXTRAARLL, *P<0.05; 5 UAN AL, °P<0.05; SR AAMLL, °P<0.05.
Note. Compared with control group, *P<0.05. Compared with UAN group, °P<0.05. Compared with gout formula group,
24 LEHTEABRAI UAN KR SML R GHm

H5xIIAE, UAN 4 RKREFHZ ROS wtsaE. MDA /KFRIAWIHET &, SOD &,
HO-1 & =B (P<0.05) ;5 5 UAN A HE, J X7 4A1 PD98059 2H K B 4H 41 ROS % )ik
. MDA /KFEFRIiEWW T IE(E, SOD &M, HO-1 &I E T E (P<0.05) ; 598K 74 EhE,
I X T +PMA ZH K BV ZH 4 ROS %t 5RE . MDA /K TR iAH B 8T, SOD iEtt. HO-1 &&=
BRI (P<0.05) . WK 4 F1% 4.

°P<0.05.

I R IT+PMA 4

Xt HE A, UANZ TR 4 PD98059 4. Gout formula+

Control group UAN group Gout formula group PD98059 group

100 pm

100 pm 100 pm 100 pm

100 pm

P 4 DHE F (0 I % 41K U 4 440 ROS 7K-F (200
Figure 4 ROS levels in renal tissues of rats in each group detected by DHE staining (200%)
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R4 BAKREHAHEAPAIRIR LR (25, n=6)

Table 4 Comparison of oxidative stress indicators in renal tissues of rats in each group ( X+s, n=6)

ROS %G E/%

434
Cj}/ﬂ ROS fluorescence MDA/ (nmol/mg) SOD/ (U/mg) HO-1/ (ng/mg)
roup intensity /%
T HE 4
AT 14.26+2.35 3.524+0.59 120.06+10.02 39.65+8.12
Control group
4
UAN 41 45.62+3.87% 15.15+1.19* 38.65+8.64* 12.15+1.12¢
UAN group
)] 7 é
AT 22.36+2.12° 6.59+£0.54° 81.26+9.69° 24.54+5.06°
Gout formula group
PD98059 41 . . \ \
.09+2. .98+0. .87+8. .19+4.69
PD98059 group 24.09+2.65 6.9840.62 85.87+8.18 26.19:
3] e Q
AT +PMA A 31.58+3.62° 10.57+1.02¢ 57.644.98¢ 17.66+1.87°
Gout formula+tPMA group

e HXTRAARLE, *P<0.05; 5 UAN AL, °P<0.05; S5RI74AAMLL, °P<0.05.
Note. Compared with control group, *P<0.05. Compared with UAN group, °P<0.05. Compared with gout formula group, °P<0.05.

25 EHRTEABXAI UAN XRXT MEK/ERK/Nrf2 18 2% R 5

x4 %, UAN 41 KRB 44 p-MEK1/2/MEK1/2. p-ERK1/2/ERK1/2 LU Al 38 BT &,
Nrf2 2 [ #iE W 8B (P<0.05) ; 5 UAN ZEtb%, Ji X 54 f PD98059 4 K i 'HF 414! p-
MEK1/2/MEK1/2. p-ERK1/2/ERK1/2 LUAH#WIE FFIK, Nrf2 EHREWET & (P<0.05) ; 5N
T EeEE, X +PMA 41K RV 4140 p-MEK1/2/MEK1/2. p-ERK1/2/ERK1/2 EUAE ¥ RH B &, Nrf2

EHREH BRI (P<0.05) . WK 5 M5,
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Figure 5 Levels of MEK/ERK/Nrf2 pathway-related indicators in renal tissues of rats in each group detected by Western blot
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Table 5 Comparison of the p-MEK1/2/MEK1/2 and p-ERK1/2/ERK /2 ratios, and Nrf2 protein expression in renal tissues of rats in each group

(X£s, n=6)
4
éifp p-MEK1/2/MEK1/2 p-ERK1/2/ERK1/2 Nrf2/GAPDH
THEZ
HrfL 0.20+0.06 0.33+0.07 0.98+0.07
Control group
UAN 4
+ a - a " a
UAN group 0.87+0.07 0.79+0.06 0.18+0.03
iy
N7 AL 0.34+0.05° 0.48+0.05° 0.64+0.05°
Gout formula group
PD98059 4 . . .
+ + "
PD98059 group 0.3720.04 0.5120.04 0.67+0.07
e 1] P
R TT+PMA 41 0.5940.05¢ 0.6520.05¢ 0305000

Gout formula+PMA group
i SXTHRAML, *P<0.05; 5 UAN 4L, °P<0.05; H9mMRIT4AHEL, <P<0.05.

Note. Compared with control group, *P<0.05. Compared with UAN group, °P<0.05. Compared with gout formula group, °P<0.05.
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