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Abstract: Objective
protein 3( NLRP3) inflammasome in human renal proximal tubular epithelial cells (HK —2) induced by human serum
albumin ( HSA). Methods

as well as low — , medium — and high — dose experimental groups. Cells in the control group were cultured under

To investigate the regulatory effects of paeonol on autophagy and the NOD - like receptor
HK -2 cells were cultured in vitro and randomly assigned to control group, model group,

normal conditions; those in the model group were treated with 20 mg + mL ™" HSA for 24 h; and cells in the low — ,
medium — and high — dose experimental groups were administered 25, 50 and 100 wmol + L' paeonol, respectively,
for 24 h on the basis of the model group intervention. Enzyme — linked immunosorbent assay ( ELISA) was performed to
determine the concentrations of kidney injury molecule 1 (KIM - 1), monocyte chemoattractant protein 1 (MCP -1),
interleukin 18 (IL —1B) and caspase — | in the cell supernatant. Quantitative real — time polymerase chain reaction
(gRT = PCR) was used to detect the mRNA expression levels of KIM —1 and MCP —1. Western blotting was applied to
measure the protein expression levels of NLRP3, apoptosis — associated speck — like protein containing a CARD
(ASC), interleukin — 1B (IL —1B), microtubule — associated protein 1 light chain 3 (LC3), sequestosome 1(p62),
Beclin -1, PTEN - induced kinase 1 ( PINKI1) and Parkin. Results
supernatant of the control group, model group, and low —, medium — and high — dose experimental groups were
(8.65+0.53), (17.33 +2.04), (10.76 +1.41), (8.48 +0.47) and (8.47 +0.24) pg - mL™", respectively; the contents
of MCP — 1 were (531.38 £15.64), (2 198.55 +148.21), (1 966.29 +53.52), (1 605.49 +234.68) and
(937.33 £36.96) pg - mL~', respectively; the secretion levels of IL. — 18 were (71.66 +£2.29), (109.92 +4.41) ,
(91.68 £4.75), (80.66 +4.00) and (62.38 +3.24) pg - mL™", respectively; the contents of caspase — 1 were
(66.57 £10.52), (210.50 +17.50), (201.88 +7.22), (195.42 +13.95) and (129.81 +13.20) pg - mL ™",
respectively; the relative expression levels of KIM — 1 mRNA in each group were 1.05 = 0.05, 2.38 = 0.45,
.58 £0.20, 1.44 £0.08 and 1. 38 +0. 22, respectively; while those of MCP —1 were 1.04 £0.04, 1.53 +0. 08,
.32+0.16, 1.16 £0.16 and 0.62 = 0. 13, respectively; the relative expression levels of NLRP3 protein were
.89 +0.08, 1.13 = 0.07, 1.00 £ 0.07, 0.84 + 0.12 and 0.55 % 0.16, respectively; those of ASC were
.23+£0.03,0.87 £0.19, 0.81 +£0.16, 0.78 £ 0.08 and 0.46 = 0.05, respectively; those of IL — 1 were
.49 +0.12, 1.46 £0.29, 1.10 £0.26, 0.71 +£0.06 and 0.53 +0. 13, respectively; the LC3 [/ I ratios were
.08 £0.04, 0.90 £0.06, 1.00 £0.02 and 1.05 £ 0. 04, respectively; the expression levels of p62 protein were
.38+0.06, 1.23 £0.11, 1.05 £0.20 and 0.62 0. 19, respectively; those of Beclin — 1 were 0.82 +0.07,
.59 +£0.06, 0.90 + 0.07 and 0.93 + 0.09, respectively; those of PINKI were 1.10 +0.03, 0.68 = 0.07,
.78 £0. 11 and 1.03 + 0. 08, respectively; those of Parkin were 0.64 = 0.06, 0.46 +0.05, 0.58 = 0.08 and
.79 £0. 12, respectively. Compared with the control group, all the above indicators in the model group exhibited

The concentrations of KIM — 1 in the cell
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statistically significant differences (P <0.05,P <0.01,P <0.001). Moreover, the indicators in the high — dose
experimental group showed statistically significant differences compared with the model group (P <0.05,P <0.01,
P <0.001). Conclusion Paeonol may alleviate albumin — induced renal tubular injury by promoting mitophagy and
inhibiting the activation of the NLRP3 inflammasome.

Key word : paeonol ; albumin;autophagy; inflammasome ; renal tubular epithelial cell

FE/MABTED . CKD BE mlkE A EANEMST
W /NE R ALY A e BE . BFSE R, R
B AT AR 8 W AT JRIT W R 5 200 P S 45

18P B 95 ( chronic kidney disease , CKD) J& /1 ZFh
R 5| & B A5 R e 52 1) — 2880 , 35 IR
P 4RI PR B 45 . A PRS2 CKD i L 7R

AR B 405 B/ INER PR R 200 B A N T g A
SAERNEE 2 DR, PR STk S AR LAY IS AL
X IR E X CKD {7kt £ CE R, /£ CKD
S /I b R 2 PN R 2 i A A 32 A B NOD
FEAZ AR 1 (NOD - like receptor protein 3, NLRP3) 4

BRI AR BRI o A — R AP
By s R B EE B 2R AL &), BT ST C 4k
ST R T AR B T B AR B A (H R
P B Z RGEATIE . ABFTE & 755 1 /D
B L B AR AT PR B 0 /N R A



Chin J Clin Pharmacol

55

Vol. 42 No. 1 January 2026 ( Serial No. 447)

o AT NLRP3 SAE /MAFH 3 H 520 o

MRITTIE
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MAFE  NE/NE R HK -2, 0 B s
G
wRmERA PHEE, MUK 55 20 mg, 4K

=98% ,#it*5-: DD0048 — 0020 , U I i &R Fl FEL R A= W) 4
ARG RA AL F 8 H (albumin, HAS) , HUAS : B30
1 g, 4 : = 98% 5 : A1653 — 1G, fi [ SIGMA 24
RIAE P 5 R SRR B R SN e SR A il =X R IR
FR X5 o Pl A AR O W) AR 7 T e T R
2% 1k (radio — immunoprecipitation assay lysis buffer,
RIPA) , b8 = RAZ W EARA FRA F) A7 5 HHhmE —
3 — IR It & 1 ( glyceraldehyde — 3 — phosphate dehy-
drogenase, GAPDH) $iL{ & kI 454 385 NOD #f:%
RF 5 1 3 (NOD - like receptor family pyrin domain —
containing 3, NLRP3) #iif& . & CARD 5438/ -4
5 BE L RE 2 1 ( apoptosis — associated speck — like
protein containing a CARD, ASC) #i{& . H4ifi/+ & - 1B
(interleukin — 1 beta, IL — 18) HUIK  FAFAHLE T 1
4% 3 (microtubule — associated protein 1 light chain 3,
LC3) 444 Beclin — 1 $i{k PTEN 353§ 1 (PTEN -
induced kinase 1, PINK1) FLKFI Parkin FLA, 3 Hy i
JEi L =& proteintech 23 W] 2k 75 p62 Hi {4k, £
Affinity 23 &) A2 725 — 3 0] T [® ( bicinchoninic acid
BCA) 2 H & S iR &, TLI5 70 M BT 38 A Rk H0R
MR F A 77 3 B 4543 T 1 (kidney injury molecule — 1,
KIM - 1) B 40 a1k 85 9 — 1 ( monocyte chemoat-
tractant protein — 1, MCP —1) \IL — 18 FI2 2 iR K4
RN 518 H B 1 (cysteine — dependent aspartate —
directed protease 1, caspase — 1) & M37 &;, ¥ i VL
S S AR A FRA R AR

%28 LightCycler 96 FZ & it 545 Ml 5k 3 5 hf
A8, Fii = & FRZ% W) 77 il 5 infinte. M200Pro BEAR A, Ji 1
TECAN 45 7/5 1264 — 5050 H 3k AX . GelDoc 2000 1
JBERARAN , 3 09 55 [ Bio — Rad 24 7] 7™ i
2 XWAHE
2.1 #REIESE

¥ HK -2 ZHH7E S 10% JiG 45 11 F & BT Y
Dulbecco P& B Eagle 3535355 Ham’ s F — 12 EF2R4S
%) (Dulbecco’ s modified eagle medium/nutrient mixture

F-12, DMEM/F12) Bigr e JRR SR IE B T37 °C |

5% CO,HYBEFRH P HEACEETR o
2.2 WpESrAESRERE

e B A K IR HK - 2 40 i 94 % 20 i %5 i
2 x 10° 3 FhF 6 FLAR T, 43 vt HR AL ASSTRL FEG  ofr
PR L A, N REZH 40 O R B AR SRR A A
20 mg - mL ™" {1 HSA 3%, fIK L 8 7 e S 06 4 AR A
UL [ HER 43 BB 25,50 0100 pmol - L' ik
Wy, &4 B 15 3% 24 b J5 A An LA BYE R AT IS 22
iRl
2.3 EgBEX%E KBt ( enzyme linked immunosorbent
assay, ELISA) i£#il KIM -1 MCP -1.IL -1p #1
caspase —1 7k F!°!

W4 E3E, LA 3000 ¢+ min ™' B0 15 min,

SR A BRORH I 37 8 Ul I 4 A 8 AR
AT 450 nm 40 5E 25 FL Y 625 S (optical delnsity,
OD) {H, R J5 AR % OD {H 2 il 5 v il &, o 1fij 11 5%
BB FE FE T KIM - 1, MCP - 1 IL - 1B #0
caspase — 1 ¥ J& .
2.4 FEHEREMAXEEREEHEN KA (reverse
transcription quantitative real — time polymerase
chain reaction, RT - qPCR) % % fll KIM - 1 Fn
MCP -1 mRNA #H3f 5%k FE

i Trizol VA& IS H 20 MY EL RNA, 258 SR IUHY
Gk RNA ¥ 2 A0 RE il o 308 % 5) Sz 1) 200
RNA 55 545 1 cDNA, 58658 /AR Co {2 724
TR IE RN KK, Lh GAPDH S92, K 4541
KIM -1 1 MCP -1 LR35k,

2.5 EARKENiZEKE N NLRP3 ASC.IL -18,LC3,
Beclin —1,p62 . PINK1 #1 Parkin & g &%k £

WA 40 L, F RTPA 2R M4 UEV A 1, ] BCA
PN B R, 100 CAn R Smin, 7553748 P )5 & T
-80 CHRAF, HIUKJ#Y, ¥’ 2 PVDF JiE, 1] 5% JIit
BRI 2 A 1 h, 1 x TBST ¥ 3 ¥, &K 10min, fii
A LC3 (1:2 000), Beclin — 1 (1:2 000) . p62
(1:1000) . PINK1 (1:2 000) . Parkin (1:2 000)
NLRP3(1:1000) ,ASC(1:2000) .IL-1B(1:2 000) .
GAPDH(1:2 000) ,4 CH#E 37K, TBST Bk 3 K, =
M FWEE —H(1: 1.0 x10°) 1 h, TBST P& 3 %K, A
ECL & 38 , FISEIE 1% R 5%, Fl Image Lab 4347
At AT IR BT
3 FEitFAE

JHl GraphPad Prism 8 # {4 it 17 42 i1 73 #r 5 1F
Kl Bl v £s FKon, H Student” s ¢ Ky 30 E17 2 4
] 1 22 5 L3, B IR R J7 22 (ANOVA) A7 2 4
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1 FAEEBX HA 58 HK -2 @50
KIM -1 ,MCP -1.IL -1, caspase — 1 &=

EXF AL LA AR ) KIM -1 MCP -1 IL - 18
Hl caspase — 1 ¥ ETHE (¥ P <0.001) ; AL
BRI KIM -1 AIL - 18 S &3 EET
FE(3 P <0.05), 7] & 52 50 20 /9 KIM -1
MCP -1 .IL - 1B Fl caspase — 1 /K ¥ &g 3 [ 1%
(P<0.05,P<0.01,P<0.001), &5 001,
2 A REEYT HSA 5 5# HK -2 4 KIM -1 F1
MCP -1 mRNA B850

EjXTREAH b, BRI ) KIM - 1 1 MCP - 1
mRNAY B Z T E (P <0.05,P <0.001) ; 58RI [
B, R R LI 2H A0 i i KIM — 1 R MCP - 1
mRNAS P Z L (P <0.05,P<0.01), Z5% 1
%2,

®2 PHZEX HSA 509 HK -2 40 rh KIM -1 FIMCP - 1
mRNA 520 (% £5)

Table 2  Effects of paeonol on KIM =1 and MCP — 1 mRNA in
HSA —induced HK -2 cells(x +5)

Group KIM -1 mRNA MCP -1 mRNA
Control 1.05 +£0.05 1.04 £0. 04
Model 2.38+£0.45" 1.53+£0.08** *
Experimental — L 1.58 £0.20 1.32 +£0. 16
Experimental — M 1.44 +0. 08" 1.16 0. 16*
Experimental — H 1.38 £0. 227 0.62 +0. 13%

Dose and n refer to table 1; Compared with control group,* P < 0.05,

*** P <0.001; Compared with model group, *P <0.05,* P <0.01.

3 AR HSA 58 HK -2 4 g NLRP3,
ASC 1 IL -18 EH/KFRZMN

S0 IR P A, BT 2 i) NLRP3 (ASC 1 IL - 18
AR R IR A B3 B (P <0.05,P <0.01);
BRI LU, TR ) SR B 41 NLPR3 A IL - 18 &
AR IR B2 R (¥ P <0.05) , =5l 5t 58
54 (% NLRP3 ,ASC 1 IL — 18 & FIAH X R ik K T3
BETFRE(P<0.05,P<0.01), 55033,
4 AR HSA FESWHK -2 @i EEEH
LC3 . Beclin —1 F0 p62 7Kk 3= {24 M

) A b, BERUZ ) LC3 11/ 1 1 Beclin — 1
AR IR 28 8 251 A, p62 i A X A K
V-3 ER (P <0.05,P <0.001) ; 5 RIZ AL, o
F S IR Y Beclin — 1 85 AR X R IEKF 8.3 B,
A LI A1 LC3 1/ T A1 Beclin — 1 2 (AR X 5
KK B2 B, p62 8 AN R A K B2 T M
(P<0.05,P<0.01), 251 figk 4,

F3 PHEBXE HSA i S0 HK -2 4 arh NOD B 37 (A5
HH 3 (NLRP3) | & CARD 5443 1 8 T2 HH OC BE R A 2
(ASC) (43R - 1B (IL - 18) & FAF-HYFE I (2 £ 5)
Table 3 Effects of paeonol on NOD - like receptor family pyrin
domain — containing 3 (NLRP3) , apoptosis — associated speck —
like protein containing a CARD ( ASC), and interleukin - 18
(IL - 1B) protein levels in HSA - induced HK -2 cells(x £ )

Group NLRP3 ASC IL-1p
Control 0.89 +0. 08 0.23 0. 03 0.49 +0. 12
Model 1.13+0.07*  0.87=0.19"* 1.46+0.29"
Experimental — L 1.00 £0.07 0.81 +0. 16 1.10 £0. 26
Experimental - M 0.84 +0. 12# 0.78 +0.08 0.71 0. 06*
Experimental -H ~ 0.55 0. 16"  0.46 0. 05* 0.53 £0. 13*

Dose and n refer to table 1; Compared with control group, *P <0.05,
** P <0.01; Compared with model group, *P <0.05,"P <0.01.

F1 R I A (HSA) 7 S0 5NV 1 (HK = 2) 40400 9 1 RSB T 1L (KIM - 1) St fe B 1 - 1
(MCP = 1) \Fi4r % — 1B(IL - 1B) FBE T2 1977 1 (caspase — 1) S FEIIIEI (% +5)

Table 1 Effects of paeonol on the levels of kidney injury molecule 1(KIM —1) , monocyte chemoattractant protein 1(MCP —1), interleukin — 18

(IL-1B) and caspase — 1 secreted by human serum albumin (HSA) - induced human renal proximal tubular epithelial cells (HK —2)

cells(x +5)

Group KIM -1(pg - mL~") MCP -1(pg - mL™") IL—lB(pg-mL’l) caspase — 1 (pg - mL™1)
Control 8.65 +0.53 531.38 +15.64 71.66 +£2.29 66.57 +10. 52
Model 17.33 £2.04* * 2 198.55 +148.21** * 109.92 +4.41*** 210.50 +17.50 * * *
Experimental — L 10.76 1. 41* 1 966.29 +53.52 91.68 +4. 75* 201.88 +7.22
Experimental — M 8.48 £0.47% 1 605. 49 +234. 68* 80. 66 4. 00** 195.42 +13. 95*
Experimental — H 8.47 +0. 24* 937.33 +36. 96" *# 62.38 +3, 24%# 129. 81 +13. 20*

Control group: Rouine treatment; Model group: 20 mg + mL~' HSA induced cell for 24 h; Low — ,

medium — , high — dose experimental groups: 25, 50,

100 pmol + L.~ paeonol to HSA induced cells treatment for 24 h; Compared with control group, * *P <0.01, *** P <0.001; Compared with model group,

#P<0.05,%%P <0.01," P <0.001.
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TR T BE T (P <0.05,P <0.01) ; SR 1
A, R S ZH Y PINKL A1 Parkin 25 I AHXS 23k 7KF
¥ FI(P <0.05,P <0.01) , Z55RILE 2 FIgk 5,

LC3 11 14 kDa

— —— — | D1
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GAPDH

A B C D
1 EEPBRELI AN 4 41 HK - 2 41 A WA DG 28 1 AR X
FIKKF
Figure 1 The relative expression levels of autophagy related
proteins of HK —2 cells in each groups detected by Western blot
A: Control group; B: Model group; C: Experimental — M group;
D: Experimental - H group; p62: Sequestosome 1; LC3 I ; Microtubule —

associated protein 1 light chain 3 - 1I.

R4 FHEEXT HSA 75549 HK -2 40 8 W [0 Aok
FH 1 BEE 3(LC3) B MR 1 Beclin 1(Beclin —1) ,p62
K- (% £ 5)

Table 4  Effects of paeonol on the levels of autophagy proteins
microtubule — associated protein 1 light chain 3(1L.C3), Beclin -1
and p62 in HSA - induced HK -2 cells(x £5)

Group LC31I/LC31 Beclin — 1 p62

Control 1.08 +0. 04 0.82 +0.07 0.38 +0. 06
Model 0.90 +£0.06 " 0.59 +0.06 * .23 £0. 11"~
Experimental -M 1. 00 +0. 02 0.90 +0. 07% 1.05 £0.20
Experimental —-H 1. 05 0. 04* 0.93 £0.09%  0.62 +0. 19*

Dose and n refer to table 1; Compared with control group, *P <0.05,

*** P <0.001; Compared with model group, *P <0.05,* P <0.01.

PINK1 70kDa
— o —
Parkin - e — | 50 D

GAPDH ‘ y 7 32 kDa
. ‘-.._ ‘. F .

A B c D
B 2 HEEFEEERGINAH HK -2 400 2R B ek o6 5
SN
Figure 2

The eapression of autophagy related proteins of HK -2
cells in each group detected by Western blot

A Control group; B: Model group; C: Experimental — M group; D:
Experimental — H group; PINK1: PTEN - induced kinase 1.

R5 SHEZBX HSA 59 HK -2 4i)fg PINKI |, Parkin 25 (4
IR (x £ 5)

Table 5 Effects of paeonol on PINK1 and Parkin protein levels in
HSA - induced HK -2 cells(x £5)

Group PINK1 Parkin
Control 1.10 0. 03 0. 64 +0.06
Model 0.68 £0.07 * * 0.46 £0.05*
Experimental — M 0.78 £0. 11 0.58 £0. 08
Experimental - H 1.03 0. 08" 0.79 0. 12*

Dose and n refer to table 1; Compared with control group, *P <0.05,
** P <0.001; Compared with Model group, *P <0.05,*P <0.01.

H A E RS G 5 D) Be iy a7 fa b B &R A 2
DKD F o 37 W00 B 70 (& R & R
SRR Y T UE i B N E R A0 B R A 2 1A
megalin FI cubilin $£H¢, 2 MCP -1 ,CCL5 fi1 CXCLS8
SR TR o KIM — 12— 1 R 5ok
R, B /NVE bR A 2 3Rk KIM - 1 2R
B A PR A ) TR & b 3l P B RN N 295 s
BERES ARSI LB, (1K 5 S HK -2 4
Ml b W KIM - 1 F0 MCP — 1 43 36 3%, JF A
KIM =1 MCP -1 mRNA 225K 54m, 7 F+ & % 25 .50 .
100 pmol - L™" 140 ff 35 ¥ Hh KIM - 1 . MCP -1 43
WL, Pz I 50,100 pumol - L~' 4140 g KIM - 1
I MCP —1 mRNA 335 1 AL,

NLRP3 45E/IMAH NLRP3 (ASC /I pro — Caspase — 1
MR, 1 F e fE#F NLRP3 (ASC  pro — Caspase — 1
Y% 3 R MR R, ZEAEY) ASC Y pro — caspase — 1
YIEI A 3 MY caspase — 1, caspase — 1 i — 25§
pro — IL — 1371 pro — IL — 18 L fif jit [F] 5 1) 4 4 20 Jfd
DT, 51 IL - 13 2502 58 40 DR 7 RG> i
PR RAEMI R A o ABFFE LB, FHEZ I 100 pmol - L4
RERS W B 8 E T B0 HK - 2 4 g NLRP3 |
ASC 1 IL - 18 2 (1 /K- o, s 20 4 i 1 38 i
IL — 1B Fil caspase — 1 B4

FOR MR AP, H Wi k52 NLRP3 28 5E /M4
S5 LN (&AM o dn:Tris DBA %2547 1A
AR W, ] NLRP3 55 /A B80S , T 22
fift NLRP3 S/ MAS A 5 19 98 iE SR 1o % B P 495
LC3 11/ I \Beclin — 1 FI p62 4y F Wit ¥4 il {4 FH 5C 2
Ho LC3 I/ T & A WEAIE B nAs s e A3, 2 A Wi
OBOE AR S Beclin — 1 J2& [ W AH 56 3%
Aig6 [R5 Wy, Xt B Wi AR T B e i 2GR G AR
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