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Tripterygium wilfordii multiglycoside ameliorates renal injury in rats with focal segmental
glomerulosclerosis via the NRF2/HO-1/NQO1 signaling pathway
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Abstract Objective To investigate the mechanism by which Tripterygium wilfordii multiglycoside (TWG) alleviates renal injury in rats
with focal segmental glomerulosclerosis (FSGS) via the NRF2/HO-1/NQO1 signaling pathway. Methods A rat model of FSGS was estab-
lished by injecting doxorubicin hydrochloride. The FSGS rats were randomly assigned to model, prednisone, low-dose TWG, and high-
dose TWG groups, with a blank control group (n = 9 per group). The levels of 24-hour urinary total protein (24 h UTP),serum creatinine
(Ser), albumin (ALB), and blood urea nitrogen (BUN) were measured. The expressions of NRF2,HO-1,NQO1,and Nephrin protein and
mRNA in rat renal tissues were analyzed using Western blotting and real-time quantitative PCR , respectively. The levels of interleukin-6
(IL-6) and tumor necrosis factor a (TNF-a) were detected using enzyme-linked immunosorbent assay. Renal pathology was assessed using
hematoxylin and eosin and periodic schiff-silver methenamine staining. Results Compared with the blank control group,24 h UTP,
Scr,and BUN levels significantly increased; ALB level significantly decreased; NRF2,HO-1,NQO1,and Nephrin protein and mRNA
expressions were significantly downregulated; and 1L-6 and TNF-a levels significantly increased in the model group (P < 0.05). Compared
with the model group,the previously mentioned indicators significantly improved in the prednisone,low-dose TWG,and high-dose TWG
groups (P < 0.05). Glomerulosclerosis , podocyte injury,and inflammatory infiltration were markedly alleviated in the high-dose TWG
group. Conclusion TWG protected against FSGS by activating the NRF2/HO-1/NQO1 pathway , inhibiting proinflammatory cytokines,
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and restoring podocyte function. Efficacy comparable with that of prednisone was shown by TWG, with potentially superior safety owing to

its multi-target action.

Keywords Tripterygium wilfordii multiglycoside; focal segmental glomerulosclerosis; NRF2/HO-1/NQO1 signaling pathway; podo-

cyte; oxidative stress
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1.7 Western blotting
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1.8 SERFE #PCR

G MeDNABE A J5 , #F 17 52 ) 2 #EPCR, W H]
2‘“(‘%%1‘)?9@@!*%?%%1_@ S5 Nef2 , 1E
] 5" -GACATCCTTTGGAGGCAAGACAT-3", J [#] 5”-
CAGGTTGCCCACATTCCCA-3’ ;Ho-1 ,1E [ 5°-CAG

CATGTCCCAGGATTTGTC-3", JZ [f] 5’ -GAGGAACT
TTCAGAAGGGTCAGG-3’ ;Ngol , 1E [7]5°-GGAGGC
TCTGAAGAAGAAAGGAT-3", i [1] 5°-GCTGGTTTG
AGAGAGTGCTTGTAG-3" ;nephrin, 1F [7]5°-CAGAG
TGTCATCCCGAGACCA-3", JZ [1]5°-CCGCTTCATGT
GCTGTATCCT-3" ; GAPDH , 1F []5°-CTGGAGAAA
CCTGCCAAGTATG-3", [ [1]5° -AGCAACTCCCATTC
TTCCACC-3" .
1.9 Seite#odr
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220 8] R FHHRL IR 2R 7 22007, it — 25 P LA
K FHLSDYE ; ANl L 1F 25 20 A A7 22 55 R i, 2R
Kruskal-Wallis®k FlK: 36 #E 17 L, P < 0.054 22 5+
AaitEE L.
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2.1 K24 h UTP Ser ALB .BUNZK- ) b3

5525 O R ZH b, 15U 20 K B 24 h UTP . Ser,
BUNJK F- B i 7+ 75 (P < 0.05), ALB/K - B 5 [ A%
(P <0.05) . SHIARIA AL, IR e 2 RF ETWG
H T FHETWGZ K 524 h UTP Ser . BUNK -1 &
AR (P < 0.05), ALBK-F-H . T (P < 0.05) ikJE
FAZH AR ETWGH | = R HTWGH3H LA, ik

RPRITEGE #2255 (P> 0.05) W31,

#z1 HHKE24 h UTP, Scr. ALB. BUNZKEHIELE:
Tab.1 Comparison of 24 h UTP, Scr, ALB, and BUN of rats among groups

Group n 24 h UTP (mg/d) ALB (g/L) S(‘,r(pmnl/L) BUN (mmol/L.)
Blank control 9 8.61+1.77 31.43+1.94 32.87 +1.12 5.72 +0.45
Model 9 200.98 + 32.73" 20.60 +2.24" 40.44 £7.02" 19.85 +2.43"
Prednisone 9 119.27 = 10.62” 2424 +2.787 33.68 + 2.89” 8.19 + 1.46”
Low-dose TWG 9 147.33 + 24.04” 2422 +1.35” 35.73 +3.237 9.15+ 1.627
High-dose TWG 9 125.83 +12.36” 26.26 +2.05” 33.83 +3.63” 8.02+0.91”
H 36.566 31.824 12.669 34.458
P <0.001 <0.001 0.013 <0.001

1) P < 0.05 vs. blank control group;2) P < 0.05 vs. model group.
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TNF-o7K B B FEAK (P < 0.05) ik Je 4l AR5
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22253 (P>0.05) JILFR2,
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£2 FAARBALPIL-6FTNF-oFEKFHILE (pg/mL)
Tab.2 Comparison of IL-6 and TNF-o expression levels in rat renal tissues among groups (pg/mL)

Group n IL-6 TNF-o
Blank control 3 5.81+0.18 11.15+£0.29
Model 3 15.56 + 1.47" 34.45 +2.90"
Prednisone 3 6.64 +0.38” 13.86 + 0.50”
Low-dose TWG 3 7.59 = 0.40” 17.27 +0.53”
High-dose TWG 3 7.05 +0.30” 15.57 +0.43”
F 72.386 138.413
P <0.001 <0.001

1) P < 0.05 vs. blank control group;2) P < 0.05 vs. model group.

HEJE (4528 0 7R, 25 6 R 4K B IDE 4G 1
TR AL B /N L B AR A B BT 2 A B
U L2 B L RURSGS g B4 475 , L4 B /N ER Y Btk
B )32 B /NS A A0 1 5 A 240 M 32 T e

Blank control

Prednisone

P2 ARSI TWGAL | i R TWGA K RUF 514
0 e R B TW GZH K B/ INBR A £ 10 T 45
/N, BN SRR FEAVIR S, ELTR R LT I 5 A 4
J i DL 1

x 400

Blue arrows denote renal tubular epithelial cell edemaj;light green arrows denote renal tubular dilation ; orange arrows denote renal tubular atrophy ; yellow

arrows denote protein casts;green arrows denote renal interstitial connective tissue hyperplasia;purple arrows denote inflammatory cell infiltration ; and

brown arrows denote eosinophilic substances within the renal tubules or a mixture of eosinophilic substances and desquamated epithelial cells.
E1 HERBKRNEHKRSARRETNL

Fig.1 Pathological changes in rat renal tissues in each group dectected using HE staining

PASMPL (55 5L 1 75, 25 11 % B2 K B U 445
F5esE /NSRBI b BN 5K A
ZH R BV S BRI S G S HH AR , F 45 B /INER T
Bt rgiAk iz B /NE U0 R AR B A RDE L Tk e
FAZH AR ETWGH | & 57 8 TW G K B 4 £
S EE, HR R TWG L K B /NERAE AL B {2 2i
B/ NERIAR G A A L2,

2.4 KEE 4 ZUHFNRF2 . HO-1 . NQO1 NephrinZg [
FRIRIKF-HY TR
525 [N B LA, R AR A K R AL 4L

NRF2 .HO-1.NQO1 . Nephrinff [ 321k 7K V- W 5L A%
(P<0.05) 5B S, ke A AR ETWG
A FIETWGAL K R 4141 FNRF2 \HO-1 .NQOI
Nephrinf [ 2215 K - B 8 T & (P < 0.05) & JEMm
2 ARFKETWCHL | = FIETWGH 3 i, LikTs
PRSI EE R (P>0.05) L3 K 3,
2.5  KREUE LN Ho-1 Nqgol .nephrin mRNA
TR ELA

5jos (ot BR2H HoA , AR 2 R U RN 2
Ho-1,Nqol .nephrin mRNAZE 3k K- B i FEAIG (P <
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0.05) . GERIA L, IR MRFETWCH & RTWGH S FIETWCH3A I, Fikfetni s
FIHETWGAH KBS HLUP N2, Ho-1, Ngol \nephrin #2255 (P>0.05) L34,
mRNAZ K TR (P <0.05) ik EFAH A

Blank control Prednisone Low-dose TWG High-dose TWG

The purple homogeneous material indicated by red arrows is located within the renal tubules or interstitium;light green arrows indicate tubular dilation;
yellow arrows indicate thickening of the tubular basement membrane ; orange arrows indicate tubular atrophy;and black arrows indicate loss of the brush

border from the tubular epithelium.
E2 PASM#EMNEEHKXRSHARETL
Fig.2 Pathological changes in rat renal tissues in each group dectected using PASM staining

®3 BHRRBEHLAHNRF2, HO-1, NQO1. NephrinZ& BRiZKFHILE
Tab.3 Comparison of NRF2, HO-1, NQO1, and Nephrin protein expression levels in rat renal tissues among groups

Group n NRF2 HO-1 NQO1 Nephrin
Blank control 3 1.00 + 0.08 1.02 +0.04 1.10 + 0.04 1.46 + 0.04
Model 3 0.36 +0.04" 0.32£0.03" 0.37 £0.05" 0.64 +0.03"
Prednisone 3 0.74 +0.05” 0.55 +0.05% 0.69 + 0.06” 0.96 +0.05>
Low-dose TWG 3 0.66 +0.03” 0.47 +0.03% 0.64 +0.03” 0.89 +0.04”
High-dose TWG 3 0.70 + 0.05” 0.55 + 0.06” 0.65 + 0.04” 0.95 + 0.03”
F 62.695 111.208 110.077 192.495
P <0.001 <0.001 <0.001 <0.001

1) P < 0.05 vs. blank control group;2) P < 0.05 vs. model group.

NRF2 110 x 10’
NQO1 7 ’ B ..

. 3
- S -

1,blank control group;2, model group;3, prednisone group;4,low-dose TWG group; 5, high-dose TWG group.
E3 Western blotting#& il & £4H K B B AR FNRF2, HO-1. NQO1. Nephrin& A %Fi%x
Fig.3 Western blotting results for NRF2, HO-1, NQO1, and Nephrin proteins in rat renal tissues in each group
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R4 BHAARBHAHNF, Ho-1, Ngol. nephrin mRNAFR A K F R LLEE

Tab.4 Comparison of Nrf2, Ho-1, Nqo1, and nephrin mRNA expression levels in rat renal tissues among groups

Group n Nrf2 mRNA Ho-1 mRNA Nqgol mRNA Nephrin mRNA
Blank control 3 1.00 £ 0.03 1.00 £ 0.04 1.00 = 0.00 1.00 £ 0.04
Model 3 0.77 = 0.06" 0.29 +0.03" 0.72 £ 0.09" 0.44 + 0.04"
Prednisone 3 1.17+0.17% 0.57 +0.03” 1.14+0.12” 0.82 + 0.05”
Low-dose TWG 3 1.56 +0.13” 0.77 £ 0.06” 1.38 +0.07” 0.56 + 0.04”
High-dose TWG 3 1.25+0.12% 0.62 +0.05” 1.17 £0.12% 0.80 +0.05”
F 21.830 98.181 22.104 75.586
P <0.001 <0.001 <0.001 <0.001

1) P < 0.05 vs. blank control group;2) P < 0.05 vs. model group.
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Il R AL 7 T, SR B BB HU R SGS S S B
TE ABFSGS A 4775 i B 5 oM, J5 22 ) Xk i A4 7
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