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SEIR B AN R BURL 0 26 9% #7101 il il ) 95 MAPK14/HSP27

AR Rr S SN RN o3 2 UK 2 T A
BRECE % T, 1
(A B 25 K 5 B E B o W A, 2 A B, K4 10005

ME BE VTR KBURL(CS NPs) Ty B e (08T 11 -CS-NPs ) 14 9 1% 22 285U A6 35 1 3R 14 (MAPK14) /
IR TR 27 (HSP27) X i (HG) 5510 B /IME 1 AN AE TR R 77 3% K HK-2 A3 20 40T - IR0 (NG) 41
HGH HG+ Y45 {17 -CS-NPs (05,10 . 20mg/L) 41, A & HGZ% {4 F ) pcDNA3. 1-MAPK14 4 pcDNA3. 1-MAPK14 + 74 %71
£-CS-NP £ .si-HSP27 21 \pcDNA3. 1-MAPK14 + si-HSP27 £ .pcDNA3. 1-MAPK14 + si-HSP27 + $ #4115 -CS-NPs 41, CCK-8 3%
2N AT 7, TUNEL SRS I AN M0R T [ e e 120 0 52 Bk 28 /K P  FLIR M Sl ( LDHD) 35 7 A5 B H IR GSH) 7K 3
PR (ROS) Ko MM DR M ( DKD) R BRI, - o BT I -CS-NPs 101, #8 7 HOUH R A DKD 9 5Em . 85R 5
NG A E, HG 21 HK-2 A0 35 Jy A% T30, £k 25 17K F \LDH i 14 \ROS /K F-Th i, i GSH /K-F- BB A (P <0.05) .
221 HT U -CS-NPs AbFRAT WY S 300 %% 1 HG X HK-2 A0 A2 A7 2 SO BRI T A AR AR 9 2 Wi o LAk, A EE T peDNA3. 1
41, pcDNA3. 1-MAPK14 A ERIET- SN, 1w HSP27 s K& 58 1 -CS-NPs T BN 36 7 iX— 1500, A Sein g itk

B, 0BT 101 -CS-NPs BEWS 43t DKD JCRUF L Bk B /K -F- L &% MAPK14/HSP27 f)321K . #5ig

7% BT 41 H-CS-NPs 1]

e A MAPK14 55 HSP27 33K, 36 HG 75310/ ME R A eRst T .
KR BB TR AR IORE ; 22 2505 (5 A 145 VAR e 8 1 27 s BRIE T s DRI i

hESES R692.9
XEERER A CEHS 1000 - 1492(2024)09 - 1610 — 11
doi:10. 19405/j. enki. issn1000 — 1492. 2024. 09. 016

W PR 1 R ( diabetic kidney disease , DKD) J&
F U I W DR O A0 2 — , HURe A G
BE/NERIE S R R DR NS BT
YRy, B2 R AL & W BTz TR
DKD, #&Hriatr 2 Wi s i iy h e ) KRR &
9y, %4 DKD oy /NS B AIA BRI FE o 52
RWEYN K WKL ( chitosan nanoparticle, CS NPs) f&—
FRIR B LE Y RE, BA A AR AV RO AR W e e
IR 29k AL A TR AR, 6
TRABTEFIATHY CS-NPs (7% 37 11 17-CS-NPs) IG5
DKD HIBFFEA PR, A R itk — AR R

22 LR IEAL 2 P 14 ( mitogen-activated pro-
tein kinase 14, MAPK14) (%5 & p38 MAPK) J&J}
Zif97 DKD iy — A . SR T2 1 27 (heat
shock protein 27, HSP27) & —Fl /Ny T HK 58 &
F SRR 5 8RS8 T4 56, IF HBEAE 4 O MAPK14

2024 - 08 —25 i

FEEWH WA B ARRRASS (4 :2022])70026 )

FEE R BRBOE L, ZIRE I, i
2L L, BVREEI, B W AE AR E-mail ; 120231114
@ 163. com

NI TZ—2 5 | 15 38 A OG0 ) i
JEP T AR HE T REM/E N MAPKIL4 1R i .
25 DKD Wit A A Feifk— P4 7R . i 5 480
P& -CS-NPs %} DKD 3 & it 52 i) , - W ot o
17 MAPK14/HSP27 i@ &0 DKD B /N& 2 40
BAET L

1 HH57H®

1.1 KIeHFA 8 s SD KR A Kb K4
P R AR 2\ [ VF AR % SCXK () 2019-
0014 ] s N Bz Joi i /N8 B B2 40 i HK-2 (48 5.
CL-0109) %% %4/ 1 & ( Streptozotocin, STZ) ( 525
18883-664 ) It H £ [ Merck /7] ; MEM 3% 35 3k (4%
£ PMIS0410) 1 F1 A A IEAE AP AT A
VEH AT (185 . HY-N0509 ) 1 H 3% [E MedChemEx-
press 3 #] ; pcDNA3. 1, pcDNA3. 1-MAPK14 | si-NC ,
si-HSP27 i _F¥#F Genepharma /A 5] 1T 356 1 ; Lipo-
fectamine 3000 %% Yu i 57] ( £% 5. L3000015) . SYBR
GreenPCR &7 ( 525 : A46110) .SDS-PAGE ¥ /7 il
#AR) & (575 : 89888 ) W [ 2 [E FE AR KA /R B
LA EH K (glutathione, GSH) Al 35477 & ( 52
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5:D799614-0100) ity A A= TAEH TRE( 11 BBy
AR 7 AR 2L Y A (5245 : PO022 ) | TRIzol i
(53 '5: RO016 ) \ BCA 4 1 e J32 il & 3 0] & (92
5:P0010) \PVDF i (475 : FFP32) lj {§ Lifg 3 =
KA W) AR B A 4 FR 4 @) ; One Step PrimeScript
miRNA ¢DNA & ik 5] & ( 52 5. 6210A) | Prime-
Seript RT 37 &1 ( £ 5 : RR047Q) Iy B Jt. 3¢ TaKaRa
/5wl MAPK14 Hii {4 (5% 45: 170099 ) | HSP27 45t {4
£ :ab62339) .GHAPD A ( 525 : ah9485) | IgG
TR5:ab6721) 4 H 9L [E Abcam /3 7] ; CCK-8 2 7]
& (585 :40203ES60) | 7% £ %A, ( reactive oxygen spe-
cies, ROS) &5 & (455 :50101ES) , TUNEL 41 JitZ 4
TR & (525 :40306ES ) FLIER i AU ( lactate
dehydrogenase, LDH ) 41 g & 1 46 0 4057 & ( 5345
40209ES) Il B 22 A= YIRHE ( B ) B A FRA 7 5
PRES T He vk A i G0 & (17 5 : E1042) iy B Jb 5t
e SR PR B ARAT FRZS 7] 5 58 S (975 : 448869 ) |
B & % ( polyethylene glycol, PEG) ( 475 .6510-
OP) ., = Z F£ #% ( tripolyphosphate, TPP) ( 4% 5.
327697 ) RN W W (575 : B8563 ) | RIPA ZLfif ik
525 :20-188 ) HEMK I 3 (535 : V900890 ) Il A 5&
MERCK /A ] ; Zeta Sizer Nano ZS( %5 . ZS90 ) 4
H YL[E Malvern Instruments /A, 75 5 LT B 058
(transmission electron microscopy, TEM) ( #-5 . JE-
OL-JEM 2100) 4 H H A H 324w o
1.2 7%
1.2.1 % #7423 -CS-NPs #]%& £% Fahmy et al”!
(58 A T B BB v 1 7 T 1 1 -CS-NPs . ]
2% PK ZIR %8 1 mg/ml (58 RBEEW, IFHH 10 mol
AR pH (IR 2 4, FKEEIRZ 0.45 pm
TES g0 U8 IS, A HE 24 ho AN 250 pl /Y
PEG 400 2|5 ml i) 7 FME R HEHE 30 min, K52
R TPP(1 mg/ml) 5 755 141 1R & ( CS-NPs Hi24
Wi o 4 1) SRJG AR PEG 7 R BE
e A AR AP R PR 2 B R4 i v BT
H-CS-NPs,,

FAEWEL i ] Zeta Sizer Nano ZS 7£ 25 C &
P -CS-NPs (-2 RS) | 2273 R £ (polydis-
persity index, PDI) FI i HL fif . TEM 45 F LS
CS-NPs JEZS FHLASRALE

(3% 5825 8 72 . 7 I8 Abdel-Hafez et al'™®
()73 IS8 P4 BT I 15 -CS-NPs flfu 3038, & S5l 2
ml F£ 5,4 °CF 15 000 r/min B0 2 h, 235 B 902k
il 70 o i RO 3575 (HPLC) 7€ B i

W HTE B A A, RS R = (2
Wy - FIWZEY) / 25 x 100% ; 2255 = NPs
24t (2R T + B AR ) x
100% ™', 3154 3 57 18 17-CS-NPs (1) £, 2 1 4 24

1=

Ho

Z9W) R %5 DKD pH 543 pH (5.6 &5
7.4) 1) PBS ¥ . #5 CS-NPs Bt 75 (0.5 ml) 735l i
AE| 25 ml #) PBS W o Z 5 BEAE L B SR AE 37
C 150 v/min FYFEREG FRAH 0, 408 10 h ke, I
Brsfe o 1 oml B35 6 PBS . 8 o I 44> I 1] i W
IR P B A YR BE L DAl CS-NPs L7 1924
PR A
1.2.2 M%HRF A0 T8 fFH) Pub-
chem [ i (https;//pubchem. ncbi. nlm. nih. gov) £
R 7% B 10 15 45 # 20, SwissTargetPrediction ( http://
www. swisstargetprediction. ch) FJU Y& 357 10 A %40
1, Geencards ( https://www. genecards. org ) [ ¥ ]
FI DKD AH 5 #E &5, Venn R 3f (http ;//bioinfor-
matics. psh. ugent. be/webtools/Venn/) F T B A 4E ,
DAVID ( https ;. //david. nciferf. gov) Rl Xf 32 £ B
#47 KEGG & 843 #r It Ha i A= 15 F & (hup://
www. bioinformatics. com. cn) AJ {4k, M\ Uniport ( ht-
tps://www. uniprot. org/) Fl1 PDB ( https://wwwl.
resb. org/ ) B JE H B MAPK14 ()3 H g/, M
Pubchem 4 12T #7354 & Y07 B 1A 1 /9 3D
ZERSCAF . i AatoDock Toolsl. 5. 6 Ab ¥ 3 (i
FUINGF 30, Grid AR B & 731 X0 250, 1l
PR g A 030 12 0 18 8 X 4 Uy Xk 2 R M v 42
iZ47 Auto Dock Vinal.2. 0 52 s, FRELEE &
REHIXNS 4
1.2.3 miad ¥ HK2 BT 37 °C.5% CO, . Jin
WA T R BEFRAE b & 10% iR 2R 13 (1%
P/S [ MEM 15 35 JL gE A7 55 5% 0 ARG 92 00 7 22, %
HK-2 49437 & F 1F % B ( normal glucose, NG) 1%
Ik il (high glucose, HG) BiSRIE, LK AN )
JE T 1A 1 -CS-NPs (0,5 ,10,.20 mg/L) 1, LA
JREEA TR AR AL I . {6 ] Lipofectamine 3000 i
5 ¥+ pcDNA3. 1, pcDNA3.1-MAPK14 . si-NC. si-
HSP27 485 e A HK-2 20 g vpo H A 20 i 2 2 4
T:NG 41 .HG 41, HG + % #r id4-CS-NPs (0 mg/
L) HG + %8 {015 -CS-NPs (5 mg/L) 4] .HG + %8
EFF-CS-NPs (10 mg/L) 41 . HG + 7% 37 {1 F-CS-NPs
(20 mg/L) #4H . pcDNA3. 1 4. pcDNA3. 1-MAPK14
ZH .pcDNA3. 1-MAPK14 + &3 107 -CS-NPs 4H . pcD-
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NA3. 1-MAPK14 + si-NC £, pcDNA3. 1-MAPK14 +
si-HSP27 .

1.2.4 Western blot #-9 MAPK14 HSP27 #9%& & &
KRS YLREIN HK-2 40 R as i RIPA 243, 5
e 4 °C 12 000 r/min [554TF B0 15 min DLEEEL
FIEW . SR A BCA Sl B Ak i B, 4l
SDS-PAGE LK B85 1 43 5, JT- 5% % % PVDF Ji&
L bR 5% BERE AL E A 1 h, Tk,
MAPK14 H{& (1 : 1 000) .HSP27 Hr ik (1 : 1 .000)
5WNZHE A GAPDH(1 = 2 500) BN Z=AE & h, I 7E
4 CHMTHE W, Zxl TBST PRk, InA
HRP fRic i 0% —Ht IgG (1 2 2.000) , 7£ == i 4%
TFRIEE | h, SJadribss &6 R, A E
BRI BT Tmage] HEAT K BE 734

1.2.5 CCK-8 FAmmieiz A Whb TR K
IR 25 H AN ML 25 0. 25% 114 g 45 1 16 TS Ak 1 45 ni 2
AR, A TR | H BR 24 3000 A4 i 4 AL
R 96 FLAR, BT 37 C 5% CO, KiFeA MK
2 h JFHUH A 10 pl/fL CCK-8 i3t g 4k Seii 7 2
h, FEEFRYL 450 nm BT RGN AEFLIROE B .
1.2.6 TUNEL kx4l e e = R TUNEL i
FIE A4 AP T VAR AR Ry 2 x 107
A4/ ml 5 20 H T B ZE PBS i 100l 1) 248 i
RO T . 4% 25 RS E 4h A, PBS #hik
Ja2BR Z R, PBS T & Proteinase K 75 I fiff He
WS R 20 pg/ml, 22 JE AR 4 AR A A 100wl
] Proteinase K 5%, E1EE 5 min, PBS 4
M, ZJE A 100 pl 5 10 U/ml DNase [ 922 #hig ,
FIRIFE 10 min, 2 EFRKBUEAM, A 50 ul
(1) TAT 28wy, 3 Fil & 0. 1 Triton X-100 15 mg/ml
BSA 1 PBS #ist 3 Uk, DAPT Jet% . %'t Wi ™ WL
£Z7E 620 nm AN LT 28 (P T-41H) , 78 460
nm A0 I 5 €4 1Y) DAPL (40 B A% ) , 11530 40 i 9
1.2.7 & FAFHm AL x10° 44,
RIPA 2 i 2 ik 1 5L ik 4 L T P 68 75 00 B e 4t L
Z e Rk B i B BB A3 SR R A A 4
TH R B 1 A TR, A VA O e ik
FERFARAX 550 nm A0 5 U B AL, 2 )k At
I H 3R B (pumol /L)

1.2.8 LDH #&nlX 7 &4n LDH & A4 1
x 10° A4, #8500 J5 B 120 pl F 3539, #K 4% LDH
52 A A 5% LDH ZKSEBEFT R | 7 4% 20 40
fiHimA 60 wl LDH TAEW . % HEBEF 30 min, Z

J& 18 B BEFRALAE 490 nm AR WG RE AR

1.2.9 GSH K-F#m  HZHEC1 x 10° 4401, %
FEA LA 3 000 r/min (53 HEAT 8500 B, BEH T3
W WU & IFIKE B EWR, A S0l A5 i i AN
R REAS , R AIA SO wl A=) 3 bR iC 8 BT AR A
W ,37 CHEF 45 min, PEARJS A 100 pl HRP 45
O EER R TAFWR,37 CIFE 30 min, IMARM
#,37 CHEF 15 min, fITA 50 pl 28 kK5 7EfEbR
X 450 nm L0 5E WG REAE

1.2.10 ROS K-Fal2 AR x10° N4, #
HE1 = 1000 BEA5i] FH TG I 3 15 57 WOk DCFH-DA #E47
MR, (i HWR B2 O 10 pmol/ L, 41T 250y J5 A 1
pl TS AR, BRUBITR 5 DT {8 200 i A ER 5 7853
Fefuh o ZJE 5T JC 0LV 20 B 35 SRR R A A 1 ~ 2
W, EBRAZE AL A 19 DCFH-DA | {8 I %'t 181k
BEEEAE R

1.2.11 5% B 20 H 8 J&E SD HEME KR
(200 ~250 g) 7t SPF g4y 525 28 vhidh W VMR 57 , SPF
SR E SRS Dy 25 CHER S55% fHIE 12 h [
A2 h SEHIR, R B B H BB ATAOK , MRS i ]
MU ZIER RN 4 A (A5 B
WL W IRDRL R SR 8 Ji] I i St A= BEER 7K s DKD 4
PR RO 10% R BB 8% (M [EIEE 1. 5% |1
b5 20% JHFREH 0. 1% FriEfm} 60. 4% ) 5w 8 Ji
JE ST EEIRE R (i T AR BER K, 40 mg/kg, iESE
HH S d) 3 IO -CS-NPs-2. 5 mg/kg 4 : DKD K
LS L 2. 5 me/kg VBT -CS-NPs JEH 4 Jil;
P BT TY-CS-NPs-5 mg/kg 2H : DKD KRS DL 5
mg/kg V& H 1A TF-CS-NPs JEH 4 J&) . W& m ik
M STZ 3359 )5 1A 25 T 16. 7 mmol/ L (4 K BRtEA T
JE B2 T BT 015 -CS-NPs 2525, %t BR4L A1 DKD 25
FELR 25 ) 25 T AR B ER K VE B (3R 5 9% 8 10 -
CS-NPs AH[a] ) o 5 i D 42 K B A9 ot o | i s L AT
(serum creatinine, SCR) Fil1fil JR 2 % ( blood urea ni-
trogen, BUN) 257K, 9K J5 fiff ] ook & 3% 12 b0 22 A 1
SP AT 2 AR AU AL B, WA B IR 2R T I A )
AWFRAF G L9034 PR AR B AR UE , I 24 1 pg
B 24 7 5 i B e sl ) 2 A8 B R R s At v
(k5 : hnzyfe-210513)

1.2.12 HE 5 Masson 3 &ianl B20 2445 &
HREEHL,HH 10% BRSSP EE 1 d,
AEEIS YR R 4 wm, 65 CAERMEAR 1S A
6 h, FFHAY) &5 IR OKALIS , 2% ML HE
eft,, X T 0 Masson B8 ARIKATIRANE YL 4|
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AIFBLLY 0 RGBT @, SR VKSR K ¥
PEATIRVE . ZJE BRI K A& A PR
JEE R AE e QR

1.3 Zitse4b3@ R SPSS 22,0 GEit gkt Ay
TIHT A5 RS A R A B = AR 22 (w + 5)
PR, P FURH o« KB, 20 4 1) FU AR T B D 3R
J7 25000, 48] 2 B HU SR ] SNK-¢ 3%, P <0.05
ERAGIEE L

2 HR

2.1 FEFHAF-CS-NPs Hl&ZFLER TEM(E 1A) 5
Zeta Sizer Nano ZS /347 7~ PEG 4525 14 V& 5 13 1 -
CS-NPs 2 UBRIE 50 2R BKIE , R THDOGH | 7 kL2
£ 150 ~ 300 nm, 2 [ B 77 ( + 35.27 +2.16)
HPLC 73 Br 45 R 2 75 V& 37 10 1 -CS-NPs -2 4, Ef 5
SR (5142 £ 4.16)% . (15.28 +
1.07)% (& 1) Jl ik iSRS il S5 50 A 2R, 3% 97 i
17-CS-NPs 7¢ pH =7. 4 I fa5 , SR M 7E pH =5. 6 I}
R E oy e B S (& 1B)

A
B
100 pH=5.6
- pH=7.4
~ 80 F
X
koY
2 60 [
L
e
e 40
2
A
20 f

(=]

0 12 24 36 48 60 72
Time(h)

1 %&#EAE-CS-NPs Byl &
Fig.1 Preparation of astilbin-CS-NPs
A Transmission electron microscope (TEM) image of astilbin-CS-

NPs; B: Drug release curve

2.2 FE3HE-CS-NPs g i HG &4 T HK-2 4
BiE A FIME AT CCK-8 5 TUNEL #6544
KW, 5 NG AL, HG W] Al T HK-2 2 i

7% 47(100.00 £8.34 v5 62.2 £5.17 ¢ =10.19, P <
0.001) A2 T 40 Ml P T (4. 78 +0.49 s 19. 08 +
0.99,9 =34.92, P <0.001) . i Jf] % 3 10 3F-CS-
NPs T , LAV B AR B 8 ok T HG 544 F
HK-2 4 g 354 58 35 7, FF ) 7 40 M0 T (&l 2A
2B) (P <0.05),

®1 AYMEHESHAR

Tab. 1 Drug encapsulation efficiency and drug loading capacity

Concentration( mg/L) Entrapment rate( % ) Drug-loading rate( % )

5 47.72 14.05
10 55.92 15.86
20 50.62 15.94

2.3 PE#HIAE-CS-NPs K= HG 551 HK-2 4
BESRIET 5 NG dUAf Lkt , HG 48k E 1 7KF (1. 00
+0.10 vs 2.68 £0.22,9 =16.38, P <0.001) ,LDH
TEPE(501. 34 £50. 22 vs 876.49 +81.24 ¢ =9. 469,
P <0.001) ,ROS 7K F(1.00 +0. 10 vs 2.49 +0.23 ¢
=13.16, P <0.001) F} 25, 1fi GSH 7K (55.38 +
6.24 vs 22.57 £2.19,¢ =14.81, P <0.001) B & &
e SRV #7101 -CS-NPs 4 # 40 B i ¥ 5% T HG
X HK-2 4L T/ 52ma (181 3A -3D) . DL 45
R B 117 -CS-NPs 3% DKD /N L 2 240
JLARFE T R0 FT i S 0] A AORSE E , E 4% 20 mg/LL
e E ] T e 258 5 o

2.4 WMEHBEEFWER HHhain o+ E
4A, P Swisstargetprediction Pl P & STITCH Rk
TOUI A5 20 [ V% B 10 TR S, LA Genecards W] 34 it
753 1) DKD A SCHE s s 4, 3615931 56 A HE A,
X 56 NS AT BRJRVE BT DT IRYT DKD F T 76
(E14B), i —2P x5 8 5 A KEGG & 4 40t ,
LT3 10 MG 2 CAE RS (B 1C) o Hor B
FFRAEH ) AGE-RAGE 3 #% ™ DL K 43 WKL
i %R DKD AH G %, PR K 3 SRR 2 3 i
(3 R B 38 48, % B MMP2  BCL2 . MAPK14 L) &%
HRAS J23X 2 ™38 B i 28 4 36 K (|81 1D) o A e A
KICHRIT HLABGr %5 42 )5 2 38 MAPK14 Fi1 9% 3 1]
TG H R M, 255 68 - 8.2 keal/mol, 3 1]
MAPK14 F1 #& 8 10 H 45 & VE ik, B 7% 8 14 1 A
MAPK14 ) £ />4 5 % 5% £ ( LEU-291 , VAL-290
ARG-94 | LYS-267 ., GLU-245 . ASP-292 | LEU-246 ) %
G YRR 28 4= 5 ELAR P Al UL, Rt
BT HARA Al BB MAPKI14 255 JF R #E4E H (1A
1E) . S LR MAPKL4 GIADFFT
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A C 25p
1501
kkk
_20F
9
s i < i
X 100 ## s
\\>{‘ # g 15+ #Hi
= sk sk §
2 & HhH
B g 1ot
3 50F g
51
0 0
a b c d e f a b c d e f
B a b c d e f

TUNEL

DAPI

Merge

B2 &#HEAF-CS-NPs #1F HG 3t HK-2 4% S F0E T H %0
Fig.2 Effects of Astilbin-CS-NPs on the viability and apoptosis of HK-2 cells induced by HG
A Cell viability detected using CCK-8 assay; B: Cell apoptosis detected using TUNEL assay; C: Statistical analysis of apoptosis rates in each
group; a: NG group; b: HG group; c¢: HG + Astilbin-CS-NPs (0 mg/L) group; d: HG + Astilbin-CS-NPs (5 mg/L) group; e: HG + Astilbin-CS-NPs
(10 mg/L) group; f: HG + Astilbin-CS-NPs (20 mg/L) group; * * * P <0.001 vs NG group; *P <0.05, #P <0.01, P <0.001 vs HG + Astilbin-
CS-NPs (0 mg/L) group

A g B 200 Cgor
3 skeskosk
= seoksk = =
23t 5 900t E o0}
e # =4 LA & » i
= £ =
s2r - 2 600 S 4o} #
= < =
S as) % sokok
E1f 5 300} S 20}
0 a b c d e f 0 a b c d e f 0 a b c d e f
D a b c E
> 3T Heskok
2 #
R= #
3 2 F #H
=)
3
d e f g
21r
wn
S
0

B3 EHEF-CS-NPs ¥E HG H5H HK-2 kT
Fig.3 Astilbin-CS-NPs ameliorated HG-induced ferroptosis in HK-2 cells
A Iron ion levels; B: LDH activity; C: GSH levels; D: ROS levels. a: NG group; b: HG group; c: HG + Astilbin-CS-NPs (0 mg/L) group; d:
HG + Astilbin-CS-NPs (5 mg/L) group; e: HG + Astilbin-CS-NPs (10 mg/L) group; f: HG + Astilbin-CS-NPs (20 mg/L) group. Compared with the
NG group; *** P <0.001;%P <0.05, #P <0.01, "™ P <0.001 vs HG + Astilbin-CS-NPs (0 mg/L) group.
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52 56 4687

Astilbin DN

MMP2,BCL2,MAPK 14,HRAS

. . H-Bonds
. . ~_ Endocrine resistance Donor
Diabetic complications

Acceptor

-log, (P value)

5.07.510.0

E 4 FEFHAFRTT DKD B9 FH Ak
Fig.4 Screening of molecular targets of Astilbin in the treatment of DKD

A: Molecular formula of Astilbin; B: Screening of molecular targets of Astilbin in the treatment of DKD; C: Results of KEGG enrichment analysis;

D Intersection of the “AGE-RAGE pathway in diabetic complications” and the “endocrine resistance” pathway; E: Results of molecular docking.

2.5 % #13E-CS-NPs #l %] MAPK14 3T 5 i% %t
HK-2 kL T-HIZM0  Western blot £l 25 2 i
TR BT 1A 15 -CS-NPs R % B & 470 il HG 5 3 11
MAPK14 53435 (B 5A) (P <0.05), i#f— 6k
S K Bad ek HK-2 20+ () MAPK14 J5, 83
HG 4 20 M 15 /1 B4 (100. 00 +£9. 28 vs 61.35 +
6.49,9=8.342, P<0.01) , A1 /(16.78 2. 15
vs 31.04 £3.28,4=10.06, P <0.001) , [alH}, 40
R4 B 77K F (1.00 £0. 10 »s 1.89 £0.19,¢ =
10.64, P <0.001) . LDH J #f (768. 34 +72. 14 vs
1235.64 +110.34,q =8.744, P <0.01) 1 ROS 7k
SE(1.00 £0.10 vs 2.17 £0.23, 9 =11.80, P <
0.001) Ft&5, GSH 7K F-(1.00 £0. 10 s 0. 58 £0. 06,

q=8.553, P<0.001) WA iy Nd, SRMERG T5 4710
H-CS-NPs Tl J , Bl i % 1 R 45 3 (18] 5B -
5G)(P<0.05),

2.6 BELR HSP27 #B 4y ¥ & MAPKI14 3T %55 %
HK-2 fifaskE TR &M Tl HG 4L ¥ ) HK-2
i MAPK14 1 HSP27 (k)5 E— 5206 &
P, A X% T pcDNA3. 1 4, pcDNA3. 1-MAPK14 4§
HSP27 %5 13635301 (0. 41 £0.05 vs 1.16 0. 15,1
=8.216, P <0.01) (& 6A), 4}, 5 pcDNA3. 1
ZH AL, 1 63k MAPKI4 # i T HK-2 20 fifd 3% 5
(46.53 +4.38 vs 24.25 £2.17,9q = 11.22, P <
0.001) F1 GSH 7K F-(28.75 £2.33 vs 11.47 =1.28,
q=17.89,P<0.001) 4¢3 7THK-241 g I8 1=
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Chitosan nanoparticles loaded withastilbin affect high glucose-induced

ferroptosis of renal tubular epithelial cells by regulating MAPK14/HSP27
Chen Yijun', Li Xiang’,Hu Jianzhuo'
('Dept of Nephrology and Endocrinology, *Dept of Emergency, Second Affiliated Hospital of
Hunan University of Traditional Chinese Medicine ,Changsha 410005)

Abstract Objective To explore the effect of astilbin ( astilbin-CS-NPs) -loaded chitosan nanoparticles ( CS-NPs)
on high glucose (HG)-induced ferroptosis of renal tubular epithelial cells via regulating mitogen-activated protein
kinase 14 ( MAPK14)/heat shock protein 27 ( HSP27). Methods HK-2 cells were divided into the following
groups; normal glucose (NG) group, HG group, HG + astilbin-CS-NPs (0, 5, 10, 20 mg/L.) group, and under
HG condition, pcDNA3. 1-MAPK14 group, pcDNA3. 1-MAPK14 + astilbin-CS-NP group, si-HSP27 group, pcD-
NA3. 1-MAPK14 +si-HSP27 group, and pcDNA3. 1-MAPK14 + si-HSP27 + astilbin-CS-NPs group. Cell viability
was detected using CCK-8 assay, cell apoptosis was detected via Tunel assay. Meanwhile, iron ion levels, lactate
dehydrogenase (LDH) activity, glutathione (GSH) levels, and reactive oxygen species (ROS) levels were meas-
ured using assay kits. Rat model of diabetic kidney disease (DKD) was constructed and intervened withastilbin-CS-
NPs to explore the effects of astilbin-CS-NPs on DKD in vivo. Results Compared with the NG group, the HK-2
cell viability in the HG group was significantly reduced, apoptosis increased, iron ion levels, LDH activity, and
ROS levels were significantly elevated, while GSH levels significantly decreased (all P <0.05). Treatment with
astilbin-CS-NPs significantly reversed the effects of HG on the biological behavior of HK-2 cells and ferroptosis-re-
lated indicators. Additionally, compared to the pcDNA3. 1 group, the pcDNA3. 1-MAPK14 group showed increased
ferroptosis, which was improved by knocking down HSP27 or co-intervention with astilbin-CS-NPs. In vivo experi-
mental results showed that astilbin-CS-NPs could improve DKD rat kidney injury, inhibit iron ion levels and the ex-
pression of MAPK14/HSP27. Conclusion Astilbin-CS-NPs may improve HG-induced ferroptosis of renal tubular
epithelial cells via inhibition of MAPK14 and HSP27 expression.

Key words astilbin; chitosan nanoparticles; mitogen-activated protein kinase 14; heat shock protein 27 ; ferrop-
tosis ; diabetic nephropathy
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