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Puerarin alleviates lipopolysaccharide-induced acute kidney injury in mice by
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Abstract: Objective To investigate the role of the SIRT1/NF-kB pathway in mediating the effect of puerarin against
lipopolysaccharide (LPS)-induced acute kidney injury (AKI). Methods Fifteen BALB/C mice were randomized into control
group, LPS group and puerarin treatment group, and in the latter two groups, the mice were given an intraperitoneal injection
of LPS (5 mg/kg), followed by daily injection of normal saline for 3 days or injection of puerarin (25 mg/kg) given 1 h later and
then on a daily basis for 3 days. On day 5 after modeling, the kidney tissues were taken for histological observation and
detection of cell apoptosis. The renal function indexes including urea nitrogen (BUN), serum creatinine (Scr) and kidney injury
molecule 1 (KIM-1) and the levels of tumor necrosis factor (TNF-a) and interleukin 1f (IL-18) were measured, and the
expressions of SIRT1 and NF-«B-p65(acetyl K310) in the renal tissues were detected. Results Intraperitoneal injection of LPS
caused obvious glomerular capillary dilatation, hyperemia, renal interstitial edema, and renal tubular epithelial cell swelling
and deformation in the mice. The mouse models of LPS-induced AKI also showed significantly increased renal tubular injury
score and renal cell apoptosis (P<0.01) with increased serum levels of BUN, Scr, KIM-1, TNF-a and IL-1f3 (P<0.01), enhanced
renal expressions of TNF-a, IL-1f and NF-kB pé65(acetyl K310) (P<0.01) and lowered renal expression of SIRT1 (P<0.05).
Treatment with puerarin effectively alleviated LPS-induced renal interstitial edema and renal tubular epithelial cell shedding,
lowered renal tubular injury score (P<0.01) and renal cell apoptosis rate (P<0.01), and decreased serum levels of BUN, Scr, KIM,
TNF-a and IL-1f (P<0.01). Puerarin treatment significantly reduced TNF-a, IL-13 and NF-«xB p65 (acetyl K310) expression in
the renal tissue (P<0.05) and increased SIRT1 expression by 17% (P<0.05) in the mouse models. Conclusion Puerarin can
effectively alleviate LPS-induced AKI in mice possibly by modulating the SIRT1/NF-«B signaling pathway.
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Fig.1 Puerarin alleviates LPS-induced renal dysfunction in mice (Mean+SD, n=5). A, B, and C: BUN, Scr and KIM-1 levels in the 3
groups, respectively. **P<0.01 vs control group, “P<0.01 vs LPS group.

2.2 BAREATLPS Wl s RE R M0 ¥k

55t HRZA AR L, LPS 4H/IN BB HIEZH 24 R Bt , ]
JEK P S, A B 2 O SO REANIIRN | B/ NER B A
P75k, BNV R AR K A AT B O, BN

A Control

B ©4.0- ok
8 3.5
E‘ 3.0
£2.51 4
5201
=3 1.5
o L.
Lj 1.0
=1 i
~ 0'3 ‘ . LPS group.
Control LPS Puerarin

2.3 BARASTLPS 80 RUB IR 4 e B T8 %

555 HRZUAH L, LPS 21 /0N BB I 2H 2 40 a0 T34
T, PAT-R 1 (4.80+1.64) %I AN 5] (27.64+7.12) % (P<
0.01), BARZIAIT T /NS WEZH A T b, oA
TR (12,214 4.10)%(P<0.01) (E13).,
2.4 BARZ T LPS 3 m /s KB BELE L2 Ae e i P K g B
FREK TR

XL AR H, LPS 21/ VB BIE41 4 TNF-afl IL-
1B mRNA F A ML A TNF-ofi1 IL- 1) 25 & 1H & 7+
7, B EZH 20 TNF-o 1 IL- 1B mRNA 43 BT 190%
H1330% (P<0.01) , Ifil 7 " TNF-ofl IL- 1B/ & &t

BRI IS AN, H 0BG 3 3.06+0.64(P<0.01)
FRZIGITI /N BUE AL B K RN S8 R 4 BRI AR
B /I T B AN ANBH 2 B IV T3 BH SR R
F1.67+0.59(P<0.01,/52).,

Puerarin

B2 BRZFEAELPS X/INR B AEARE A

Fig.2 Puerarin alleviates LPS-induced renal injuries in mice (Mean+SD, n=3). A: HE
staining of the renal tissues in the 3 groups (Original magnification: x 400). B: Quantifi-
cation of tubular injury (6 fields for each section). **P<0.01 vs control group, “P<0.01 vs
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Fig.3 Puerarin reduces LPS-induced cell apoptosis in mouse renal tissues (Mean+SD,

15 n=3). A: TUNEL staining of the renal tissues in the 3 groups (x400). B: Quantification of
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Fig.4 Puerarin lowers expressions of TNF-a and IL-1f3 in the renal tissues in mice with LPS-
induced AKI (Mean+SD). A , B: TNF-a and IL-13 mRNA expression in the renal tissues detected
using gqRT-PCR (n=3). C, D: Serum levels of TNF-a and IL-1( detected using ELISA (n=5). **P<0.01
vs control group; ‘P<0.05, “P<0.01 vs LPS group.
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Fig.5 Puerarin improves LPS-induced reduction of SIRT1 expression in mouse renal tissues
(Mean+SD). A: Western blotting of SIRT1 in the renal tissues in the 3 groups. B: Quantifica-
tion of SIRT protein expression (n=3). *P<0.05 vs control group; ‘P<0.05 vs LPS group.
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Fig.6 Puerarin lowers LPS-induced increase of NF-kB-p65(acetyl K310) expression in mouse
renal tissues (Mean+SD). A: Western blotting of NF-«B-p65(acetyl K310) in the renal tissues in
the 3 groups. B: Quantification of NF-1B-p65(acetyl K310) protein expression (1=3). **P<0.01

vs control group; “P<0.05 vs LPS group.

B L AR TR D F AT L, B AR 2R I S R R R
i AKT (AL v AR B

SIRT1 J& T I 248 H 22 BB R I b1, 5
SEATHERR AR RAE RN A ST R
AT N B ed PO 4% . SIRT i A 12 2 it Ak
IR E AT IRTE R R HE B R0 . 7€ SIRT1
(X I A5 B I 2 FR AR D 179 D e S PR
T, W NF-kB p65 (RelA).STAT3 Hl p53 4%, H:rh NF-xB
JE5Z SIRT 1 JRHE 5 SAE B UIAHIC G S 727, NF-
KB 15518 I 10 A PR T R S B,
IR AT ] BE TR B AE ™Y, I TSR
R, BT R B, MEEEAE AKT KRR 4141 NF«B
MIFEEREIN™ . S NF-«BRA B4 , /T LAE &
e 2 E K1~ 40 TNF-a, IL- 6 19335 AR A0 I 384 174y 44
568, I TR E S E S Iy R AR A e 3 A in B, 80
BT, A NF-B 558 8% T g B0 A dL
LA PR T, IR B P 1ys310 A i f
NF-«B 586 sl i E 2 5, SIRT1 45 NF-«B W
7 RelA/p65 FE i , i 1ys310 AR 325 2 BEAL , MM 520
NE-«B $J K TNF-offl IL- 1 BEE RS 552 ABIF e 4 S
SR, ST A L, LPS 41/ VB EZH 20 SIRT1 3
KA I AR, NF-«B SEEAE3G N, B ZH 21 TNF-afl IL-
18 mRNA A FNMLIE 1 TNF-of1 IL- 137 T, 4m

SIRTI/NF«B {5 5425 T LPS FITE AKL,

B F AL G 2 AR FEIEMERY, A BT
9 JANE BUEAL SN, IR L 2 T 500 | 5 1M
FEAE D IMABIRIENGT BaI R, ERE
REAS I S G SR B 8 A L B IR R P
S R AR R JB% LPS JITiZs S B IS E SIS
B AR E TR AIHLE AT 2TE . Xu
R E R ZE L N S SIRT 1 (33K, FEAIK NF-
KB AYZFEIA U/ B H 2 TL-6 . TNF-a G MR ) 7K S5k
RAERHEIRE B AP E R . Lids " ib—2 R
B R AT LU R 44U SIRT 1 A3k, ff NF-xB
p65 1 ZEALRE AR I il NOX4 )Rk B P AL
VRS PR B R R VR  (H AR R e i ik
34 SIRT 1 A NF-«B (135 Ak, AR 40 PR
FERIMPEPMeEEENE AKTANTERE . ABFEEE R BN,
5 LPSIAHEL, ER R/ N A4 SIRT 1 #4H
TR NF-B 1Y SRR, B 2H21 rp TNF-a M IL- 1B
mRNA FAFMIE H TNF-of1 IL- 135 b, fta]
DA, 55 AR 2% 30 3 384 10 B 41 4 SIRT 1 A 238 , B AIR
NF-«B 1 LBtk , Tk D 95 PR T R AE DT LPS
JIE AKI,

25 PR ARSI PR UESE T B AR 2R 7 X LPS fip
RGO ER . B AR F B SIRT 1 %



http://www.j-smu.com

J South Med Univ, 2023, 43(7): 1248-1253 + 1253 -

HETH NF-xB p65 2 LAk, (14555 K& i
b BB LPS AT E0AY AKL AP B Dhfe . ANFSE
T ERZ T R e — PRI MGEEE 25 (B
AR IE S

SEIL L

[1] Wang, Shan XO, Dai YR, et al. Curcumin analog L48H37 prevents
lipopolysaccharide-induced TLR4 signaling pathway activation and
Sepsis via targeting MD2[J]. J Pharmacol Exp Ther, 2015, 353(3):
539-50.

[2] Majeed Y, Halabi N, Madani AY, et al. SIRT1 promotes lipid
metabolism and mitochondrial biogenesis in adipocytes and
coordinates adipogenesis by targeting key enzymatic pathways [J].
SciRep, 2021, 11(1): 8177.

[3] Singh V, Ubaid S. Role of Silent information regulator 1 (SIRT1) in
regulating oxidative stress and inflammation [J]. Inflammation,
2020, 43(5): 1589-98.

[4] Nakagawa T, Guarente L. Sirtuins at a glance[J]. ] Cell Sci, 2011, 124
(Pt6): 833-8.

(5] BHRA, H S, HRAEDL B HRFERT BRI FRET: R AN LN B2 4
R LT]. TR EIRPRES, 2006, 10(3): 40-1.

(6] XBEETE, 5K SO, ESARZXT MR H A 5 M0 2 A KA s O
PHERRALHIT]. vh25 253515 5K, 2011, 27(2): 40-3.

(7] TRk, EERAE £ A, 55 EAREO T8 LA A A
AU R T A AR L. Ol M ARAEE, 2010, 29
(1): 56-60.

[8] Zhang SL, Chen L, Zhou ZY, et al. Effects of puerarin on clinical
parameters, vascular endothelial function, and inflammatory factors
in patients with coronary artery disease[J]. Med Sci Monit, 2019, 25:
402-8.

[9] GaoS,LiLY, LiL, etal. Effects of the combination of tanshinone ITA
and puerarin on cardiac function and inflammatory response in
myocardial ischemia mice[J]. ] Mol Cell Cardiol, 2019, 137: 59-70.

[10] Wang B, Chen SB, Yan XF, et al. The therapeutic effect and possible
harm of puerarin for treatment of stage III diabetic nephropathy: a
meta-analysis[J]. Altern Ther Health Med, 2015, 21(1): 36-44.

[11] BRE, 3k 4, BIRG, 4F. S I IBOr 8 A R HRYTIRR
¥ VI I s i AR AT E [0 ], [ BR R PP 2G 285K, 2020, 42(5):
431-6.

[12] Wu Z, Li CF, Li Q, et al. Puerarin alleviates cisplatin-induced acute
renal damage and upregulates microRNA-31-related signaling [J].
Exp Ther Med, 2020, 20(4)' 3122-9.

(1318 HE, 5K WK, A7, 45, SO0 S s B FH S ARSRAL
QIRAR= %ji#“?ﬁ PR2£E, 2021, 57(6): 870-3.

[14] Ling CL, Liang JM, Zhang C, et al. Synergistic effects of salvianolic
acid B and puerarin on cerebral ischemia reperfusion injury [J].
Molecules, 2018, 23(3): 564.

[15] Li XL, Zhu QQ, Zheng R, et al. Puerarin attenuates diabetic
nephropathy by promoting autophagy in podocytes [J]. Front
Physiol, 2020, 11: 73.

[16] Chen YT, Yang CC, Lin KC, et al. Preactivated and disaggregated
shape-changed platelets protect kidney against from ischemia-
reperfusion injury in rat through attenuating inflammation reaction
[J]. ] Tissue Eng Regen Med, 2019, 13(12): 2155-68.

[17] Singbartl K, Formeck CL, Kellum JA. Kidney-immune system
crosstalk in AKI[J]. Semin Nephrol, 2019, 39(1): 96-106.

[18] Bulent E, Aysegul K, Cihan DT, et al. The renal microcirculation in
sepsis[J]. Nephrol Dial Transplant Off Publ Eur Dial Transpl Assoc
Eur Ren Assoc, 2015, 30(2): 169-77.

[19] Li K, Gao L, Zhou S, et al. Erythropoietin promotes energy
metabolism to improve LPS-induced injury in HK-2 cells via SIRT1/
PGCl-a pathway[J]. Mol Cell Biochem, 2022: 1-13.

[20] Deng HF, Wang S, Wang XL, et al. Puerarin protects against LPS-
induced vascular endothelial cell hyperpermeability via preventing
downregulation of endothelial cadherin[J]. Inflammation, 2019, 42
(4):1504-10.

[21] LiL,Yin HY, Zhao'Y, et al. Protective role of puerarin on LPS/D-Gal
induced acute liver injury via restoring autophagy[J]. Am J Transl
Res, 2018, 10(3): 957-65.

[22] Zhang SJ, Xu YY, Chen J, et al. Effects of puerarin on
lipopolysaccharide-induced myocardial dysfunction in isolated rat
hearts[J]. Pak J Pharm Sci, 2017, 30(4): 1195-202.

[23] Rodgers JT, Lerin C, Haas W, et al. Nutrient control of glucose

homeostasis through a complex of PGC-lalpha and SIRTI1 [J].
Nature, 2005, 434(7029): 113-8.

[24] %) %, T &, LI, 45 ARSI circ-sirtl/NF-+B {55l 1)
M N S AE AL TE LT ], L BRI 241, 2022, 43
(9):996-1001.

[25] ZEEk. cire- Sirt] il FH] LB WLANARH p53 A0 AEZ2
FE[D] AZE LRI, 2022.

[26] Huang S, Li Y, Sheng GH, et al. Sirtuin 1 promotes autophagy and
proliferation of endometrial cancer cells by reducing acetylation
level of LC3[J]. Cell Biol Int, 2021, 45(5): 1050-9.

(27] B B¢ ShapsiAimst F Bk A Sirt 1/NF-xB 3 s e s K il
FERR A DIRERifs[ D], 22 22 MR, 2022.

[28] Abraham E. NF-kappaB activation [J]. Crit Care Med, 2000, 28(4
Suppl): N100-4.

[29] XBWfk sk Wi, @ A%, 4 miR-216a IS NF B S5l S Skt
PRGN ). SEHEE 2%, 2022, 38(17): 2133-7.
[30]Kabe Y, Ando K, Hirao S, et al. Redox regulation of NF-kappaB
activation: distinct redox regulation between the cytoplasm and the

nucleus[J]. Antioxid Redox Signal, 2005, 7(3/4): 395-403.

[31] Lu P, Zhang L, Liu T, et al. miR-494-mediated effects on the NF-«xB
signaling pathway regulate lipopolysaccharide-induced acute
kidney injury in mice[J]. Immunol Investig, 2022, 51(5): 1372-84.

[32] Nopparat C, Sinjanakhom P, Govitrapong P. Melatonin reverses H2
O:-induced senescence in SH-SY5Y cells by enhancing autophagy
via sirtuin 1 deacetylation of the RelA/p65 subunit of NF-«B[J]. J
Pineal Res, 2017, 63(1): 10.1111/jpi.12407.

[33] ﬁ i, AT, FAREIRYT LI SRR R I AR T ], Hh

VUEELEA B4, 2018, 19(9): 814-5.

(34175 4, JF 7, BUANA8, 55, SPIRURINAR LPS 175 A/ Nl B IS
[J]. FERlEEE SR, 2022, 42(11): 1727-30.

[35] XH, Xu, Zheng N, Chen ZN . Puerarin, isolated from Pueraria lobata
(Willd.), protects against diabetic nephropathy by attenuating
oxidative stress[J]. Gene, 2016, 591(2): 411-6.

(i : ST )



