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[Abstract]  Objective: To investigate the intervention effect of Simiaosan on podocyte apoptosis in obese rats with

hyperuricemia and decipher the potential mechanism. Methods: Forty-eight SPF-grade male SD rats were randomized into a
control group, a model group, low-, medium-, and high-dose (1.09, 2.19, 4.37 g-kg"', respectively) Simiaosan groups, and an
allopurinol (0.02 g-kg"') group. Except the control group, the other groups were fed a high-fat diet to induce an obesity model,
followed by subcutaneous injection of potassium oxonate (0.5 g-kg') combined with gavage of adenine (0.1 g-kg' suspended in
0.5%CMC-Na solution) for the modeling of hyperuricemia. Each treatment group received intervention through gavage for 30 days.
Renal pathological changes were observed by hematoxylin-eosin (HE) staining. The levels of serum uric acid (SUA) , serum
creatinine (Scr) , urinary protein, and inflammatory factors were measured by enzyme-linked immunosorbent assay (ELISA). The
expression of molecules related to the glucose-regulated protein 78 (GRP78)/C/EBP homologous protein (CHOP) signaling
pathway and apoptosis in the renal tissue was determined by Real-time fluorescence quantitative polymerase chain reaction (Real-
time PCR) , Western blot, and immunohistochemistry (IHC). Results: Compared with the control group, the model group
showed increases in body weight, SUA, Scr, 24-hour urinary protein (24 h UPT), urinary albumin-to-creatinine ratio (ACR) ,
blood lipids [triglycerides (TG) , total cholesterol (TC) , and low-density lipoprotein cholesterol (LDL-C) ], and serum
inflammatory factors [ interleukin (IL)-18, tumor necrosis factor (TNF)-«, and IL-6) ] (P<0.01). Furthermore, the model group
exhibited obvious pathological injury in the renal tissue, with downregulated mRNA and protein levels of the podocyte marker
protein nephrin and the anti-apoptotic protein B-cell lymphoma-2 (Bcl-2) (P<0.01) and upregulated expression of GRP78,
phosphorylated (p)-protein kinase R-like endoplasmic reticulum kinase (PERK)/PERK, p-eukaryotic initiation factor 2« (elF2a)/
elF2a, activating transcription factor 4 (ATF4), CHOP, and the pro-apoptotic protein Bcl-2-associated X protein (Bax) (P<0.01).
Compared with the model group, all Simiaosan groups and the allopurinol group showed varying degrees of improvement in the
above indicators (P<0.05, P<0.01) , with the high-dose Simiaosan group showing the most significant effects. Conclusion:
Simiaosan can improve renal function and alleviate podocyte injury in obese rats with hyperuricemia by inhibiting the GRP78-
mediated PERK/elF2a/ATF4/CHOP signaling pathway and alleviating endoplasmic reticulum stress-induced podocyte apoptosis.
[Keywords] Simiaosan; obesity with hyperuricemia; glucose-regulated protein 78 (GRP78)/C/EBP homologous protein

(CHOP) signaling pathway; endoplasmic reticulum stress axis; podocyte apoptosis
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Table 1 Primer sequences

519 JFHI(57-3") I B /bp

B-actin | GAGTACAACCTTCTTGCAGC 189
Fiif CATCACACCCTGGTGCC

Nephrin ~ _Fif TGAAGTACGAATGGACCCCT 172
Fif TGTAGGAAACGGGTGTTGTG

GRP78  Liif TTGCCATTCAAGGTGGTTGA 148
Fiif TCTTTCCCAAATACGCCTCG

PERK ¥ CTTGCTCCCACATCGGATAC 204
Fif GATTACTAAGGACCTGCCGC

elF2a 9 ACAGTGCTTCCAAGAGAACC 149
Fif GCTTTTGGGAGGTCAAAGGA

ATF4 | TATTAGAGGCAGCAGAGCCT 112

N GTTTCGTGAAGAGCGCCAT

CHOP 9 GAGTCTAATACGTCGATCATACC 101
N CTTCCTTCTGGAACACTCTCTC

Bax | TAGCAAACTGGTGCTCAAGG 139
Fif GGAAAGGAGGCCATCCCAG

Bcl-2 | GGATAACGGAGGCTGGGATG 181

Fif GCATATTTGTTTGGGGCAGG

2.6 E I B B (Western blot) 4 Il Nephrin .
GRP78 .PERK .elF2a ,ATF4 ,CHOP ,Bax .Bcl-2 & [1
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B AR AEEEEY R MRS R
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& 225007, LA P<0.05 8 22 54 Gt X,
3 &R
3.0 VWb O AR BE A I HUA K B— 1 i K A1k
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R E s SRTE e K
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Table 2 Effect of Simiaosan on body mass in rats of obesity

combined with HUA (X+s,n=8)

3.2 DULB AR BE A OF HUA KRR I 20 200 B 2
MR E H AL AL SR IR R R L
A R AR 21 H TR ) /DN R R R A0 R I
Az VBNV B Rz A0 R HE S 35 AL A A AR M e 4% O A
JIf0 95 Vi B AR A7 o % DU A A R R ) T T T

415 il it/ ke 1 /g J& bR B 2 B A () AR R Y s (H Y i
Ewd 416.926+13.461 PR 2 X % RAE R AR A 2 LA 1,
EiE| 543.006+18.622" 3.3 WH IS I HUA K IL-18. TNF-a. . IL-6
DU b ARG ) Bk 24 1.09 463.999+12.817") TR 5 IEE A R, B KR
DU i it o ) Bk 4 2.19 464.175+16.617") IL-18.TNF-a IL-6 7 i ip 2 F+ 55 (P<0.01) ; 5 AU
VU 507 ) ik 24 437 456.736+11.192%) Fe A, DUt s ) S i s 2 o [L-18 . TNF-ae . IL-6
I 4 0.02 458.810+11.859") HNE K- 7K 7 W] B AR (P<0.01) , DY &0 B MG 77) &2 21

T 5 OE W 4 R VP<0.01; 45 455 8 4 82 P<0.05, Y P<0.01
(F3-F%7H0)

#£3 MY HXTIEMEEH HUA XKRELIBRNEZIE (x+5,1=8)

TNF-o W i F& A (P<0.05) , PO Wb i 57 1 40 1L-18.
TNF-a B 5 FEAE(P<0.05,P<0.01), W34,

Table 3 Effect of Simiaosan on biochemical indexes in rats of obesity combined with HUA (x+s,n=8)

20 51 Fili /g kg SUA/wmol-L"' SCr/umol-L"  24hUPT/mg  ACR/mg-g’ TG/mmol-L' TC/mmol-L"' LDL-C/mmol-L"
iE 4 39.523+£2.306 20.411+2.450  3.745+0.204 8.762+0.383 0.619+0.018 2.750+0.046  0.381+0.031
H 700 2] 168.535+8.258" 93.977+2.955"  8.125+0.135"  40.235+0.809" 1.314+0.028" 3.931+0.038"  0.755+0.033"

DU ELAGH AL 1.09
PRbHch R 219
PUEbEE Al 4.37
I3 M i £ 0.02

116.808+7.603> 79.996+2.245  6.801£0.223%  36.427+0.409% 1.212+0.032% 3.588+0.037%  0.669+0.034"
92.405+5.238%) 65.928+2.970"  6.286=0.179”  32.876=0.540" 1.145+0.014% 3.495:0.035"  0.642+0.036"
59.308+3.659% 52.835+2.885  5.257+0.131%  24.900+0.599%’ 0.910+0.029> 3.150+0.041"  0.532+0.026"
102.287+8.934% 73.047+3.109”  6.679+0.098%)  35.427+0.943% 1.187+0.049> 3.523+0.025%  0.690:0.039°’

E:AIER 4B B C. BRI AL D. U HCT R4 E. DU RGR R4 F. i R 4 (1 2 AR 3 7))
Bl1 MEEHEH HUAXREREARFEFHETHIZI (HE, x400)
Fig. 1 Effect of Simiaosan on pathological changes of kidney tissue in rats of obesity combined with HUA (HE, x400)

K4 MBS HUA KR IL-18. TNF-a . IL-6 & 2 M0 (x+s5,n=8)

Table 4 Effect of Simiaosan on contents of IL-18, TNF-«a and IL-6 in rats of obesity combined with HUA (x+s,n=8) ng L'
21 5 Fl /g kg IL-18 TNF-a IL-6

EH A 22.871+4.393 238.803+43.213 34.924+6.264

HBIRIZA 102.345+18.053" 484.432+29.250" 142.512421.613"

U b AR5 1.09 84.805+42.052 433.780+29.367% 131.564+18.166

0 4 i ) 2R 2.19 70.442+15.303% 395.909+29.374> 120.315+16.494

DU b 5 g ) 4L 437 38.767+13.436> 331.384+21.929” 99.520+14.963>

S| I st 2 0.02 37.091+9.412 280.945+37.577> 70.729+7.078%

Pa b B IR RE A 3 HUA KBS IF 4 41

K BUE JUE 2H 49 b Nephrin . Bel-2 mRNA [ %35 B %

Nephrin. GRP78 ., PERK . ¢IF2a . ATF4, CHOP . Bax .
Bel-2 mRNA £k 520 5 1F % 4 e, iR 7 4
.54 -

%1% (P<0.01) ,GRP78 .PERK .elF2a .ATF4 .CHOP,
Bax mRNA (1) 3 1k 7K F & 2 F+ = (P<0.01) ; 5 #5 1
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LB, U L 5 ) i 41 Nephrin mRNA £ ik 7K
SH T B (P<0.05, P<0.01) ; DU &b b i e 4
151 I i 21 Bel-2 £ (A 1Y 7K SF- B 8 7 85 (P<0.05, P<

£5 MEbBXFEMESFH HUA X RS AEH S Nephrin, GRP78 . PERK . elF2a . ATF4,CHOP . Bax.Bcl-2 mRNA &%

0.01),GRP78 .PERK .elF2a .ATF4 .CHOP ,Bax & [
B 22 3k K B I R AIG, 25 A it 2 & L (P<0.05,
P<0.01), WFs.

QR (x£s5,n=3)

Table 5 Effect of Simiaosan on mRNA expressions of Nephrin, GRP78, PERK, elF2a, ATF4, CHOP, Bax and Bcl-2 in rats kidney of

obesity combined with HUA (x+s,n=3)

Nephrin, GRP78, PERK | p-PERK , elF2a . p-elF2a,
ATF4 ,CHOP ,Bax .Bcl-2 fE FI R AWM 5 IEW

KA

B g R AL S R

2190 /g kg Nephrin GRP78 PERK elF2a
IEH A 1.009+0.171 1.001+0.073 1.000+0.024 1.000+0.049
TR 21 0.440+0.019" 1.830+0.080" 1.611+0.074" 1.661+0.068"
D 40 AV 0] ik 2 1.09 0.578+0.016 1.670+0.086 1.387+0.058 1.487+0.058%
DU b 15 r ) 4 2.19 0.668+0.006’ 1.422+0.029> 1.215+0.033> 1.392+0.046>
DU il ) ik 4 437 0.825+0.063 1.175+0.037% 1.062+0.070% 1.206+0.066>’
) e o 2] 0.02 0.613+0.022 1.474+0.027" 1.316+0.063> 1.386+0.078"
215 Fl /g k! ATF4 CHOP Bax Bcl-2
EH 4 1.070+0.118 1.000+0.043 1.000+0.054 1.000+0.051
H IR 2 2.008+0.087" 2.006+0.030" 1.860+0.059" 0.448+0.010"
Wh AR AR B A 1.09 1.678+0.079% 1.580+0.072> 1.492+0.0723% 0.529+0.025
DU b i r ) 4 2.19 1.543+0.177% 1.448+0.160> 1.300+0.017% 0.575+0.050%
DUl b 155 e 1) k4 437 1.397+0.089> 1.149+0.062% 1.167+0.039> 0.763+0.048"
o0 W i 4 0.02 1.478+0.056> 1.442+0.030” 1.488+0.042% 0.614+0.023>
3.5 DU A ORI BE A JF HUA K RUE BE 41 4 iR 7K P B 3 TR (P<0.01) 5 587 24 L %5, U b ik

fi 24 ' Nephrin , Bel-2 6 ik
% T+ ¥ (P<0.01) ; GRP78, CHOP, p-PERK/

2H e, A A 20 K BB IE 2 20 rh Nephrin Fil Bel-2 2
Y 2 35 7K OF 3 B# IR (P<0.01) , GRP78 . p-PERK/
PERK . p-elF2a/elF2a . ATF4 . CHOP . Bax & [ ) %

PERK . p-elF2a/elF2a . ATF4  Bax & 1 ) 3 35 /K F

B B B A (P<0.05, P<0.01 ), v U 4 0 5 5] o 2 70

HOR A

26 &2,

F6 Mub#HY RS FH HUA KBRS BE 22 22 Nephrin, GRP78. PERK . p-PERK . elF2a . p-elF2a,ATF4, CHOP . Bax.Bcl-2 & B &% 9 & I

(x+s,n=3)

Table 6 Effect of Simiaosan on Nephrin, GRP78, PERK, p-PERK, elF2a, p-elF2a, ATF4, CHOP, Bax and Becl-2 proteins in rats

kidney of obesity combined with HUA (x+s,n=3)

215 /g kg Nephrin/B-actin GRP78/B-actin p-PERK/PERK p-elF2/eIF2a

EH A 0.856=0.006 0.167+0.007 0.160+0.009 0.783+0.037
BRI 0.316+0.006" 0.923+0.052" 0.970+0.046" 0.749+0.033"
DU 3 AR 59 i 201 1.09 0.445+0.003 0.799+0.036 0.783£0.037" 0.433+0.020
DU b v 55 ik 2.19 0.633+0.008" 0.633+0.030" 0.749+0.033 0.672+0.034%
VU b 5 e ) k2 437 0.720+0.005 0.416+0.019” 0.433+0.020 0.433+0.020%
i) W et 4 0.02 0.575+0.007 0.724+0.038" 0.672+0.034% 0.672+0.034%
2H 5 Fl4 /g kg ATF4/B-actin CHOP/B-actin Bax/B-actin Bcl-2/B-actin

i # 41 0.305+0.014 0.301+0.023 0.225+0.014 0.959+0.068
A2 1.065+0.046" 0.936+0.078" 1.057+0.074" 0.247+0.017"
DU 4 A ) 4 2 1.09 0.772+0.036° 0.800+0.064 0.853+0.056” 0.490+0.034°
DY b e R 4 2.19 0.644+0.031° 0.538+0.044 0.756+0.050 0.894+0.070
b B v ) o 4L 437 0.393+0.019” 0.406+0.030 0.457+0.027" 0.946+0.065>
S N 0.02 0.626+0.031° 0.566+0.047> 0.753+0.050* 0.876+0.065>

.55.
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T ———— e B 28K U 20400 GRPTS . CHOP 2 11 ) 2
Grprs S - - . - 73Da 15 1KY (P<0.01) , Nephrin £ F #9315 1 25 8 55

p-PERK S . w— . w125 KkDa
cF2¢ —-—— G D D e " 36kDa

p-elF2a =™ D GED s e s> 36 kDa

ATFA o D @ e W e 45kDa
CHOP = @D SN e . a— 30 kDa
Bax - GED G G eww= @ 2] kDa
Bel-l D - o s oD GEED — 26 kDa

B-actin D GRS GRS b @m» 42 kDa
A B C D E F

B 2 KRS AL Nephrin, GRP78, PERK. p-PERK, elF2a,
p-elF2a ATF4,CHOP.Bax.Bcl-2 & B RiA B ik

Fig. 2 Electrophoresis of Nephrin, GRP78, PERK, p-PERK,
elF2a, p-elF2a, ATF4, CHOP, Bax, Bcl-2 proteins expression in
rat Kidney tissue

3.6 U WX E IS JF HUA KRB IE 4 21
GRP78.CHOP ., Nephrin ik 0 % Wi 5 1F % 41 1L

GRP78 = -

CHOP

Nephrin

A B C

(P<0.01) ; 5 AEHIL] L 55, DU IS HOAG L o 791t A
N 2 A U R ZH 4 GRP78 .CHOP 25 11 1 6 34
B 98 55 (P<0.05,P<0.01) ,Nephrin 2 [ i % ik i %
K58 (P<0.01) , H V0 &b 5w ) i i ROCR BeAE . L

K3.%7.
4 itit

JIEJHE & IF HUA A S — B0 52 2% 19 A0 38 AL Ak
A ST R T PR R TR R I i B R A 1)
ST 0 2L 2P0 i R W A A il 3 A i 2 ke B PR R
A HUA S 500 i S fE B R 3R OF B e ik
15 1 B MR ) R SR, I R A OF HUA 35 2 1 ' i
I RAE B RECR R W% 2 R AT R R R
PLAE A 32 R P EEEIA  RE AR B
B MR A, B, SN2 T A R N i, A
R[LTH LRI E dEE T AR —H S E
A A BT T, SUHLBH i O AR 32 2 B0 45 A5
VU A O 22 40 T W R 2 I TR T
UE . AW o B T B G O HUA R RUBEAY

D E F

3 Mab# RS I HUA KR 'EAEES GRP78.CHOP Nephrin B B E L RiZBI 0 (HE4 1k, x400)

Fig. 3 Effect of Simiaosan on GRP78, CHOP, Nephrin protein localization expression in rats renal tissues of obesity combined with HUA

(THC, x400)

x7 MNPHEMEHEHFHUAKXRREBRAATEAREMREHFEIE (3+s5,1=3)

Table 7 Effect of Simiaosan on protein localization expression in rats renal tissues of obesity combined with HUA (x+s,n=3)

21 51 Fl /g kg GRP78 CHOP Nephrin
I 4 6.229+0.553 7.827+0.353 67.350+£3.511
R 20 55.475+3.012" 62.983+1.456" 10.869+0.806"
DY 4 MG 5 2 1.09 48.608+1.271% 54.038+3.894" 18.683+1.268%
7Y 4 1 H ) 2 2.19 38.592+3.947Y 46.284+1.853% 25.685+1.698"
DY 4 1 e ) 40 437 25.462+0.628> 37.201+2.023 41.840+2.529
I MR 2 0.02 34.772+2.329Y 46.776+1.034% 20.070+0.723

.56.



H3255 164
20264 8 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 16
Aug. ,2026

PRV DU Wb B0+ AR & B, & b R TS A
%K B SUA . SCr.24 h UPT.ACR.TC.TG.LDL-C
s3I iGN = I B Sl A T S U R B
P45 B Wk A, DA e R A RO e o B R R
TR o PR ARG YT IR G OF R R 51 R 1Y
it AW TE AT 3 — 20 2 i BT I
A I R B A B RE A IF HUA 515 A9 B 5145 $2 It

FE A A 5 A v PR TR AR DG A 0 bl B AR
S BOAE AR R gn i E T N
BRI R A A 25K o3 Ak b K 4 L G A8 5 %
LU, % P B B /N Bk D 2ok o B LA ok M
FH2420, Nephrin /5 b /2 41 i 45 P A, 2 B
14 A% o AL I 320, L6 3R T AR 2 J2 440 At 47 17
Wi, T B M SR L R RS AT R
R BB S B T A SE AT A
WO HLAT B0 HUA B B 19 AR E AR Y . AR B 5%
g5 RN Won & 00T TS 2 40 AR AR B A
Nephrin & 5 i 35 34 7, B JUE 0 #LF &0 8035 |, 5 IE 20
ZE R L A i 3 A e R I A0 IR T D B N
A WFEAZ W S X 5 BRI T 4 RO — 3

HE %5 5% % # ERS & 5 HUA % 5 19 5
o BADEIE R, 5T 0 2 A% 4 L v i) 20 25 2
JiL g, 5 AR O 1Y) i OF- 2 0 I 45 R Y B 5
PP B A RS G AR A b R A A 2 T S A
FETIEEY . ML Z BIANAA B R I & A
BrrE S m TR BRI & & AN R
fis PO HE R R 51 % ERSY . B AY B R A R
29 5 AR LY 42% 7 R AR 1B G L R
JEXF ERS o BE BUER o 2w | e B SSE A SE AN
IR 2R O R, 4 il % ERS, 51 & JBK I, T
g A R B AR L L HE i AR 2 RO
RO, GRPT8 S N I 4 F FE AR 76 ERS J#0 B
5P JT D RS b £ 7 SRR N R R T A A B
Y IE YT S AL R s B ETY TR E Y
ERS 4 1FF ,GRP78 5 PERK f# & ,PERK & 4 &
b J B SR Ak , 51 B R 1k eF2a, I8 ATF4 & 1
FE L AR JE UPR B CEE IR, IR S 4 i i 1
FH WA G 3 B Y o 4% % DDA Y. CHOP AR K
ERS A S T2 S B 7 . wl ik T R
L F Bel-2, bR I8 1228 11 Bax, 3 58 48 J X5 94 7
RIS S BT B A B DR B RS R, I v
GRP78 .CHOP W J& B & i . 7 AR KW, 728
JEK B HR, PERK 1E A ERS B bR i 97, HL i R 1k /K -

FEEt e W PERK AT /> ATF4 # 3k, il 14 i5
Ui A= . ATFA1E N 5% sk 7, v] 8 4245 CHOP
TENMZ AR H TR EKIE . Al WL GRP78/CHOP-
ERS i /- 5 09 A2 40 A 8 T 0T B S R AR e A T
HUA MWW AE T FHLE . ABFFE a5 R R0, 51EH 4
b 55, R 2 i p-PERK \p-elF2a 2 ATF4 (1) 2 H 7K
X A R WERON 43 CHOP Y 4 3k K 4
Jn, 20+ WiE L ERS bRali & 1 GRP78 K ik F
F% , PERK/elF2a/ATF4/CHOP {55 5 i #% 1Y 16 1k 9 A
R [ B Bel-2 7K P FH 5 1 Bax 235 FEAIK, P8 12
5 15 DA . AR AT R B/ BE AR AR Sk Y 4 2
H R R A IS M o 22— AT aE g A ) ERS K HF
Uit 9 GRP78/CHOP 45 I T 38 [ , I 25 ) 5% J2 41 it 44
o580, I TE 2 B 0 08 1 e A 2 R R A
ok P AR A VR R IR A o 45 R — K
Zx LIk, DU #oRT g il i % 4% GRP78/CHOP-
ERS %, 40461 JE Bk A 9F HUA 09 2 240 i 08 T, 28 i
B0, s B Re . SR, % 07 T A% A3 el 4R
Tz R AR Sy R R B A R BT R
— L TR A TRE DU b 55 v 5L AR o] o 3 PR B4R
YERT, A K2 5 A7 7 HA A5 5 @ A2 U R VR T, AW
Sz 7 I R AT 0 B Bt Ty e 4 i R A B A
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