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SEIRBEH R BORE DB W i T il d )45 MAPK14/HSP27
SO BT SR B iREkAeT

MR, 2 W, e
(M FPESXRFE_WBEER BmAoiss, *444, ki 410005)

WE BH FUTSERBEYUR R (CS NPs) 1 2075 8 0T (58T 101 -CS-NPs ) 3 i 81475 22 24 )50 A6 26 11 5 14 (MAPK14) /
PR T 27 (HSP27) X} =kl (HG) Wi B /NG LR AN T g, ik FF HK2 404140 F  IE# 0 (NG) 41 .
HG 41 HG + %55 1075-CS-NPs (0.5 .10 .20 mg/L) 4, A Jz HG 414 F i) pcDNA3. 1-MAPK14 £ .pcDNA3. 1-MAPK14 + 7% 31
FF-CS-NP 4 ,si-HSP27 41 .pcDNA3. 1-MAPK14 + si-HSP27 41 .pcDNA3. 1-MAPK14 + si-HSP27 + 7% 1 #-CS-NPs 41, CCK-8 ¥
R A0 A 3E ), TUNEL R0 A0 B 98 1~ [0 ARk 3 o 7010 6 00 4k B8 /K7 FLIR B &0 ( LDH) 3 1k 23 e H K ( GSH) 7K 7 (7
PR (ROS) K- AL ENE PRI B S ( DKD) KBRS , -0 FI 94 B 17 -CS-NPs T30, RS2 H XK DKD g5, &6R 5
NG AL, HG 2 HK-2 20y SRR A T3, 2857 7K 7 \LDH 35 % \ROS /K F-Ft &, 1 GSH 7KW B BEAR (P <0.05)
L3 PEHTIATT-CS-NPs b ¥R B 335 %% 1T HG Xt HK-2 40 i A= 92447l SOBRBE T AH SCHRBR 152 0 . Bk A, 4 ELF peDNA3. 1
41, pcDNA3. 1-MAPK14 4L ZRFET- 34, 1M vk HSP27 w4 BE A5 74 BT 101 -CS-NPs T HU 0036 13X — 150, Py e g 4 1 3

B, BT 0 -CS-NPs RERS st DKD JCRUB L il 8k 5 77K -F- L &% MAPK14/HSP27 [ 321K #5ig

V& BT I -CS-NPs 1]

e A MAPK14 5 HSP27 33K, 36 HG 00/ ME B R A1ERstT .
KR BT O R AR IORE ; 22 24505 AL 5 A 145 SR S 8 1 27 s AL T 5 DR B

bESZES R692.9
XHEERER A XEHE 1000 - 1492(2024)09 - 1610 - 11
doi: 10. 19405/j. cnki. issn1000 — 1492, 2024. 09. 016

W PRI B 975 ( diabetic kidney disease, DKD) J&
R e MUBE S BB PR I A 2 — , oy S LA
B NERE R R R R R NS BR TR LY
YgsT, b E MR R B Rz TIRYT
DKD,, J&8iE /& AT HT Iy h 4 U KRR &
Wy, %t DKD H i /N E R 4 R 1R . 58
BBEA K WUkE ( chitosan nanoparticle, CS NPs) J&—
T RN B LE Y RE, B A AR A VRN AR W R A
)R T2k ML 4 TR AR . AR, %
TRABIEF T CS-NPs (7% 37 4117-CS-NPs) i 77
DKD f#F5EA BR , A Tt — 4R R

22 ZLFTEAL AR H B EF 14 ( mitogen-activated pro-
tein kinase 14, MAPK14) (B %5k p38 MAPK) & J}
ZHRJ7 DKD () — LA o KT 17 27 (heat
shock protein 27, HSP27) & —Fh /Ny T HAK 78 &
H B 58 SE T4 3¢, IF HBEAE A O MAPK14

2024 — 08 —25 1k

FAIH R B ARBRE IS (4475 12022170026 )

PEF RN R, 2, IR BN, W4
Z= L&, BIGEIN, AL W EEE , E-mail : 1x20231114
@ 163. com

oy T2 —2 5 108 | 8 Wil A 5G9 1) it
J&E O B HE T REMSME O MAPKI4 (1 R
25 DKD W)ilt A it — e . IZBF IR )
V& B 0 H-CS-NPs Xf DKD #f & () 5% i , - B g H i
1t MAPK14/HSP27 i@ &0 DKD B /N& T 2 40
BRAET IBILT

1 #R5H®

L1 SKIekr# 8 J&it SD KRB B Kb REA:
W AR A R 2w [VF AT HIE 5 SCXK () 2019-
0014 ] s N\ Bz Joi i il /N B B2 40 i HK-2 (185
CL-0109) . £% Ik B Z ( streptozotocin, STZ) ( 52 5
18883-66-4 ) ) F 2 [ Merck 4y &) ; MEM §% 35 3 (4%
5 PM150410) W I 3R fRHECA FRA 7] 5
VEF A (175 . HY-N0509 ) It F 35 [E MedChemEx-
press 2\ 7 ; pcDNA3. 1, pcDNA3. 1-MAPK14 _ si-NC |
si-HSP27 iy -7 Genepharma /3 ®] 3% 11316 A ; Lipo-
fectamine 3000 %% Yu i 55 ( £% 5 . L3000015) . SYBR
GreenPCR &3 (152 A46110) .SDS-PAGE £ 5 1
R & (575 : 89888 ) Il 3¢ [ B8 AR KA /R B4
2 FL A BEH K (glutathione, GSH) #3205 & (52
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7 :D799614-0100) ity A A= TAEH TRE( 1) BBy
ATBRZS ] 5 T A £ 58 @3 (535 : P0022 ) | TRTzol i
F(H'5: RO016 ) \ BCA £ 1 e J3 il & 30 & (92
5:P0010) \PVDF & (175 FFP32) Wl { L3 =
KA W) F R B A G R/ @5 One Step PrimeScript
miRNA c¢DNA & 53k 7] & (58 5 : 6210A) | Prime-
Seript RT 187 &1 ( %85 : RR047Q) Iy H Jt. 5t TaKaRa
23] MAPK14 i 44 (5% %2 170099 ) | HSP27 #i {4

155 :ab62339) . GAPDH $i{A (155 : ab9485) \1gG

1£¢5 :ab6721) Ity H B [ Abcam 4\ 7 ; CCK-8 25|
& (185 :40203ES60) | 7% £ %A ( reactive oxygen spe-
cies, ROS) XA & (55 :50101ES) \TUNEL £ s
TR 3R] & (525 140306 ES ) |\ FLIR I % ( lactate
dehydrogenase , LDH) £ Jitd 7 14 46 U 10 7] & (935
40209ES) Wy [ 2B 2 HE YR (B ) IR A IR A 7 5
BRES T @RI R & (58 5 E1042) Il B bt
e SR R FARAT FRA 7] 5 52 M (575 :448869) |
B Z, i ( polyethylene glycol, PEG) ( 4% 5 :6510-
OP) ., = K A # ( tripolyphosphate, TPP) (4% 5.
327697) RN (555 : B8563 ) \RIPA 2 fif i

175 :20-188 ) \HE MK I 3% (5%5-: V900890 ) Ity [ 3%
[E MERCK /] ; Zeta Sizer Nano ZS( %5 . ZS90) Ity
H JL[E Malvern Instruments 3 5], %5 5 B 7 2 il 55
(transmission electron microscopy, TEM) ( #l 5. JE-
OL-JEM 2100) g § HA H 324
1.2 7Fi&
1.2.1 #%#433%-CS-NPs %4 =% Fahmy et al'”’
FR 5 ¥ AT B R i 1 4 7 BT 1 1 -CS-NPs . ]
2% VK IR %% 1 mg/ml (58 BER W, ] 10 mol
AR pH (IR 2 4, FKIEIRZ 0.45 pm
TR AR IE S U85, BE i 24 by TN 250 pl 1)
PEG 400 | 5 ml )5 SMER WD 30 min, FE5Z
5] TPP (1 mg/ml) 5 7% 5 {45 1R A& ( CS-NPs 12}
P 4 0 1) SRE AR PEG 72 RBEE
T A MR AR R PR A 23 TP R A A8 38 B -
CS-NPs,,

AL WEE . {di ] Zeta Sizer Nano ZS 7£ 25 C il &
VB BT I -CS-NPs (1 F- B RSE 2270 B £ ( polydis-
persity index, PDI) F13& i f faf . TEM 5% T ML%%
CS-NPs JEA FHLASRAL
{35 3 5 3 25 8 % < 42 B Abdel-Hafez et al™®

(7% I SE 748 1A -CS-NPs flfu 838 3 S5l 2
ml #£5,4 °CF 15 000 r/min &0 2 h, 235 B 402K
R0 3 e AR 3% vk (HPLC) 7€ B 3

R EE SR, REABEE = (8
Y - EISWESY)) / E25W) x 100% s 524t = NPs i
AR (APIIaG Fa + RE PRI ) x
100% ', V157 9% B 1 18 -CS-NPs ) fu B4 R 4 2
i,

2 B ME %5 DKD pH 53 pH (5.6 &5
7.4) ) PBS K . #% CS-NPs fic 77 (0.5 ml) 435/
A 25 ml /Y PBS W . Z e B AL B IR AE 37
C 150 v/min HYFE R EEFRAG H, 408 10 h ke, JF
BAgely 1 oml (5p & PBS, 3 o ) A~ ][]
IR P IR I OVR B, DAL CS-NPs 7 B 24
Pk A
1.2.2 WK HRF 5 WA T2 (1) Pub-
chem [ 3 ( https ://pubchem. ncbi. nlm. nih. gov ) 7%
9% Hr 10 1 45 # 2, SwissTargetPrediction ( http://
www. swisstargetprediction. ch) T Il % 37 13 A5 3 50
1, Geencards ( https ://www. genecards. org) [ u} F
FFHim DKD #5280 & , Venn M3k ( http ://bioinfor-
matics. psh. ugent. be/webtools/Venn/) f] FH A 4E,
DAVID ( https ://david. nciferf. gov) Ji 3l %f 28 4 FE [
#47 KEGG w450 Hr I Hid it AR (5 5 (hip.//
www. bioinformatics. com. cn) FJ#4k . M Uniport ( ht-
tps://www. uniprot. org/) Fl1 PDB ( hitps://wwwl.
resh. org/ ) B4 P AR I MAPK14 (925 1 4548, A
Pubchem %41 2T #5366 W09 B 10 1 1) 3D
ZEM SO, ffi A AutoDock Toolsl. 5.6 4 FRTE (9 &
FUNG 3O, Grid MBS RHEE 25k, i
FHHLED w35t 1 80 0k - B X 43 07 2O 2 x4
847 Auto Dock Vinal. 2. 0 5¢ X5 A2 , AR UL &
RE I 4245
1.2.3 @ik o HK2 HF37 C 5% CO, il
WA T RYEE TR A L & 10% iR 2R 13 (1%
P/S 1) MEM 15 35 B A7 B 5 . AR S5 30 75 22,
HK-2 #8535 & T 1E % B ( normal glucose, NG) J3%
FeHE E Bl (high glucose, HG) 15 FR 3k, LA K A [R]
FE 7587 10 17 -CS-NPs (0.5 .10 ,20 mg/L) Hr, DAL
JE 2 TR bR iRzl . {8 A Lipofectamine 3000
7 ¥+ pcDNA3.1, pcDNA3. 1-MAPKI14 | si-NC, si-
HSP27 285 e A HK-2 20 g rfo H 4420 i 5 28 4
T:NG 41 . HG 41 . HG + 7% i {4 #-CS-NPs (0 mg/
L) \HG + ¥ 3 {045 -CS-NPs (5 mg/L) 41 .HG + %35
1AFF-CS-NPs( 10 mg/L) 20 . HG + 7% 33 {045 -CS-NPs
(20 mg/L) 4. pcDNA3. 1 41. pcDNA3. 1-MAPK14
4] peDNA3. 1-MAPK14 + ¥ 57 10 #5-CS-NPs 41 peD-
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NA3. 1-MAPK14 + si-NC 41, pcDNA3. 1-MAPK14 +
si-HSP27 .

1.2.4 Western blot # MAPK14 HSP27 #9% & %
B OTEAAAE HK-2 20 s i RIPA Zf# , I
TE 4 °C 12 000 r/min 5514 F 5.0 15 min PAHEHEL
W . R BCA e vk B, BE S, fi
SDS-PAGE HijkcCHs: B8 H 43 &, I 5% 7% & PVDF it
FLBEE T 5% AR FLW B 1 ho $ER R, B
MAPK14 $p A& (1 : 1 000) ,HSP27 HpiAk (1 : 1 000)
H5WNZHEE GAPDH(1 : 2 500) Z N2 4E i, IF7E
4 CHMTME —K. 4id TBST Pei%k e, A
HRP #Ricd B F-Hi % =90 1gG (1 : 2 000) , 76 = i 4%
TR E 1 h, g iy 2O R R, A K
BRI TN Tmagel AT I BE 5347

1.2.5 CCK-8 xtmwmiai® A Bhb T xigd K
TR £5 LA 28 0. 25% 114 g 28 11 1t T Ak ) 4 ol o
AR, AT B |, He BR 2 3 000 >4 i B £L
AT 96 LAk, BT 37 °C 5% CO, $EFRHM N7
2 h JE U, A 10 wl/fL CCK-8 i 5 4k 4ei & 2
h, FEFR 450 nm P R LR R
1.2.6 TUNEL s:#m 2a e = K TUNEL %
RGN A5 AN M T PRSI o 2 x 107
A2/ ml 20 L E A AE PBS Hr B 100l (1 48
BRI T o 4% 25 W EEE 2 4, PBS phisk
G LR Z W, PBS Fi B Proteinase K 5 i {i 1L
WIER 20 pg/ml, Z S5 74 HHIAEA R I 100 pl
] Proteinase K /5%, E1RF & 5 min, PBS 4l
Jfl, ZJ5 A 100 pl 2 10 U/ml DNase | 925 Mtk ,
FIIFE 10 min, KB FKIE VLA, imA 50 pl
(1) TdT ZZ wpii, i FH B4 0. 1% 1) Triton X-100 Al
5 mg/ml BSA () PBS iy 3 ¥k, DAPI Jei% . #4560
T T W%, 7E 620 nm T A 21 65,5 56 (I T2 48
ML) , 7E 460 nm ZhAGINEE 5 1) DAPT( 4 ft%) , 115
YT

1.2.7 % B FARFHR AL x10° 4,
RIPA 21 i 25 ik 3 22 fifk 240 I ol PR R P 00 B e 4 M
Z I MR kS R U B S SR G & ZH A L
TR P R AT A I, R R Rk
TERFHRAL 550 nm L0 W 2 A, 22 4 B 1 ife
2t H T3k B (umol /L) .

1.2.8 LDH 2 X7 &4n LDH &k A1
x 10° A0, 2500 5 B 120 wl B35 W, {4 LDH
IR A UL 5% LDH K SEJEATAG I, 75 4% 20 41
oA A 60 wl LDH TAEK ., FiRIFH 30 min, Z

Jei {8 B AR ATE 490 nm Kb W A

1.2.9 GSH K-Fml  ALHH1 x 10° 40, %
B L 3 000 o/ min (46T RSO AL B, SR L
o BURAFI SRR =, A 50wl bRifE g i
R LS, [J] B A 50 wl A4 ZARiC i Sk TAE
W ,37 CHER 45 min, YEMRJG A 100 pl HRP 47
I BE R R TAEW, 37 CHEHE 30 min, fI ARG
1,37 CHFHE 15 min, fIIA 50 pl 21k 7% )5 76 BiEpr
1 450 nm Ab 5 W G RE(EL

1.2.10 ROS K-Fm 2  HHIL1 x10° NHHE, 3%
HAL = 1 000 Lt 451 FH JC il 375 15 5% %k DCFH-DA £ 47
M, i U B2y 10 wmol/ L, 4 B0 5 A1
wl BT O BRAET , R TR 5 DT 68 400 Bt AR 4 72 43
Pefoh o 22 Je o G L35 AN MG R R Ve IR A 1 ~ 2
W, BBRAIE A M P 9 DCFH-DA | i 1% 0% 12 3%
CRUESEE

1.2.11 %55 20 2 8 ik SD Mk Kk &
(200 ~250 g) 7 SPF 45 56 =5 vl o M M5 , SPF
S A SR B N 25 CHE YR 55% TEE (12 h [
12 h JEIE, R B B i BB P AR OK , HESR B ]
M1 ZIEHREBENL N 4 AL (A5 B 4
PR IE R TR R SR 8 8] I v G A= B R 7K s DKD 4
IR (I 10% GEHER) 8% HEEE 1. 5% (i
W5 20% JHEREH 0. 1% FrUEfmlr} 60. 4% ) 5w 8 Ji
Je S STZ (R T A= PEER /K 40 me/ kg, ESEEST S
d) ;7B A H-CS-NPs-2. 5 mg/kg 2H : DKD K [l g 45
Ji LA 2.5 mg/kg V& BT I -CS-NPs {15 4 Ji ;¥ 471
F-CS-NPs-5 mg/kg 4H : DKD K L J5 DA 5 mg/kg
BT -CS-NPs #EH 4 J]) . X2emfg ik & STZ
55 MU T 16. 7 mmol/L ik Bl AT 5 22 mv%
BridFE-CS-NPs #4525, X &4 F1 DKD 40 7¢ 45 245 3
[i] 25 7 A5 B R /K HE B (GRS 9% 97 10 -CS-NPs A
7)) o 5 DNk A BRUP) IALWE L 1 355 LT ( serum creati-
nine, SCR) F1fil JR Z % ( blood urea nitrogen, BUN)
S KA, R 5 (o P a3 B 2 B A R AT 2 AR
FEALHR O B AL VR F IS Skl . ARWFIE A A
SIS W) B AR BIRRHE , T A W R P R 2 R
T B B s S BR AS B 51 St UE (S - hnzyfe-
210513) .

1.2.12 HE %5 Masson # &t B 24714 &
BV AL (8 10% [ 4R R AR [ 1 d,
AU R Ry 4 wm, 65 ClEIRBLAERE
6 h, KAL) & w MBS KAL), &% H HE
ettt T H B Masson Yo fKIKAT IR ARG YL {4
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AN FRLLGL0 RIS O, SR T VKR K 7
AT UE . B EERE K R E ] R
lEaapER AT GO S Sk

1.3 St SR SPSS 22,0 GEit ittty
OIHT AE G IEZS AT BB I R = AR EZE (2 = 5)
PR, AL FEE ¢ K56, 22 41 18] PR TR ) R
T 22000, 2 18] 2 i HU SR ] SNK-q 3%, P <0.05
EFAGEE L.

2 HR

2.1 EFEAF-CS-NPs FllEER TEM(E 1A) 5
Zeta Sizer Nano ZS 43#7 .78 PEG £ 2 19 7% i A1 -
CS-NPs S BIEKIE 88 R BRI , R HDOGH , Bk 12
£ 150 ~ 300 nm, 3% i B fof ( + 35.27 £2.16),
HPLC 73 A7 45 2R 8.7 7% 8 10 1 -CS-NPs -1 4 5
AR RS (51,42 £ 4.16)% . (15.28 +
1.07)% (F 1) il (RSBl 52 56 % R, 9% 87 1
F-CS-NPs 7£ pH =7. 4 B} 52 22, SR 1M 7E pH =5. 6 B
RCa o e R (B 1B)

A

[e3)
—_
=
S

pH=5.6
- pH=7.4

P (=) [ele]
(=] (=] (=]
T T

Drug release(%)

33
(=]
T

1 1 1 1 1 1 1
0 12 24 36 48 60 72
Time(h)

(=]

BEl1 E#HEF-CS-NPs fyhl &
Fig.1 Preparation of astilbin-CS-NPs
A; Transmission electron microscope (TEM) image of astilbin-CS-

NPs; B: Drug release curve.

2.2 FEEEHE-CS-NPs {2 HG &4 T HK-2 4
FaiE AFFMEI AT  CCK-8 5 TUNEL £ 45
REW], 5 NG 4UAH L, HG B Akl 7 HK-2 46 i

% 47(100.00 £8.34 v5 62.2 £5.17 ¢ =10.19, P <
0.001) H-ARHE 7 40 MI P8 T (4. 78 +0.49 s 19. 08 +
0.99,9 =34.92, P <0.001) . f# Jf] 7 3 10 45-CS-
NPs T-1Ji5 , LAV BE AR 1 B 0 2% 1T HG &4 T
HK-2 4 f 35 58 35 7, FF 0] 7 A e o (&l 2A
2B) (P <0.05),

®1 AYMEHESHAE

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 ¥ = HG i 51 HK-2 4
FIgkZET- 5 NG AL, HG 414k & 1 7KF (1. 00
+0.10 vs 2.68 £0.22,9 =16.38, P <0.001) ,LDH
TE (501, 34 £50. 22 vs 876.49 +81.24,¢4 =9. 469,
P <0.001) .ROS 7K(1.00 +0. 10 vs 2. 49 +0.23 ¢
=13.16, P <0.001) F} 5, 1fi GSH 7K (55.38 +
6.24 vs 22.57 £2.19 ¢ =14.81, P <0.001) B & f&
o BRI 7 1A 1 -CS-NPs b B2H B %0 %% T HG
XF HK-2 40 RBE T 5% (& 3A =3D) , DL E45
R B 1047 -CS-NPs 2t 3% DKD B /N | Rz 4
MIARFE T 80CR FT BE 52 0] 1 OB P , 26 4% 20 mg/LL
VR B2 T f 22525

2.4 WMEHEEFWER HHae o0 E
4A, ¥ Swisstargetprediction R34 DA M STITCH R 3%
THO A5 2] () 7% 10 A5, DL Genecards ) 3 Fi
D753 1) DKD AH SCHE i O 4, 36453 56 4 A,
X 56 M AT BB AR T T I IR YT DKD B 7 A5
(E4B), it — % 22 2 5 A KEGG & 44017,
HAGF) 10 M Ry g (B 1C) o Hdr“ B R v
I ARAE %) AGE-RAGE 3 7 DL K ™ Py 43 WA K H”
i [ & DKD AH G i, P 3 2R 70X 2 AN iE g rh
(3 PR B3 4, % B MMP2  BCI2 . MAPK14 L) &%
HRAS 23X 2 ™3 B Y AS AR JE ] (18] 1D) o A Bl A
KSCHRI H ARG 7 0 422 J5 % 3 MAPK14 F17% 8 10
HEE AR, 255 888 - 8.2 keal/mol, 3 B
MAPKI14 F1 & 8 0 1 45 G 4F FH o, B 7% 87 10 1
MAPK14 [ £ /> 40 3 R 7% 3£ ( LEU-291 , VAL-290 |
ARG-94 [ LYS-267 . GLU-245 ASP-292 | LEU-246 ) %%
G B IVE R 268 s HAE AT nUL, L
RO R A AT RE S MAPKI14 454G 5F L #A4E T (&
1E) o PG 2E 08 MAPK14 29 ABF5E .
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A C 25¢
1501
sokesk
_20f
. i % ##
=X 100} # ®
4 # = 15F Hith
= sk sk §
2 & i
; = 10+
3 50r g
5 -
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 %#E%E-CS-NPs #14] HG 3t HK-2 4faE hFA T8 m
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 4 Bioo0r Cgor
3 seskosk
EE1 S 900f E 60}
% # \5 LA ;:{3 » i
52} s Z 600} 2 4ot !
< —_—
g jan) jan etk
o D W
51t 3 300f © 20r
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
53' $okok
g
E o
g 2} #
=]
51
d e f 2
Sl
]
wn
o
o~
0

3 E#HIE-CS-NPs & HG % S/ HK-2 AHIKIT T
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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A C

- R

Astilbin DN

MMP2,BCL2,MAPK14,HRAS

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

Acceptor

-log, (P value)

_o

5.07.510.0

E 4 FEIHEFERTT DKD o FH A%
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 EI{IE-CS-NPs #J §l MAPK14 i 3% i& %3
HK-2 fBaskIE T RIM  Western blot #5125 R i
JNVE BT 1A 1-CS-NPs fig 92 B &8 4 ] HG 53 19
MAPK14 533k (B 5A) (P <0.05), #—2IjhE
SCE R I Fe ik HK-2 4 g v i) MAPK14 )5, 20
HG Kb B A 40 B 15 1B (100. 00 £9. 28 vs 61. 35 +
6.49,g=8.342, P<0.01) , AT (16.78 £2. 15
vs 31.04 £3.28,4 =10.06, P <0.001), [alHf, 40
PG4k B8 F 7K SF (1,00 £0.10 vs 1.89 +0.19,¢ =
10.64, P <0.001) . LDH J Pk (768.34 +72. 14 vs
1235. 64 +110.34, ¢ = 8.744, P <0.01) fil ROS 7k
SE(1.00 £0.10 vs 2.17 +0.23, 9 =11.80, P <
0.001) F+& , GSH 7K F-(1. 00 £0. 10 vs 0. 58 0. 06,

q=8.553, P<0.01) WA Fr MH., SRS T H 10
17-CS-NPs T-TiiJ& , B Wi % 1 B R 45 3L (18] 5B -
5G)(P<0.05),

2.6 B HSP27 334y 1% MAPKI14 3T 5%k X
HK-2 kL TR 1 HG 2L # i HK-2
A rh MAPK14 1 HSP27 (93535 )5 ik — 4 5086 &
PE, AH % T peDNA3. 1 41, pcDNA3. 1-MAPK14 4
HSP27 %6 (12235380 (0. 41 £0.05 vs 1.16 +0.15,¢
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TUNEL assay for cell apoptosis; D ITron levels in each group; E: LDH activity in each group; F: GSH
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Fig.7 Therapeutic effects of Astilbin-CS-NPs on DKD in vivo

A: Blood glucose levels in rats of each group; B, C: SCR and BUN levels in rats of each group; D, E: HE-stained and Masson stained renal tissue

x400; F: Iron ion levels in renal tissue; G, H: MAPK14 and HSP27 expression in renal tissue;a: Control group; b: DKD group; ¢: DKD + Astilbin-

CS-NPs (2.5 mg/kg) group; d: DKD + Astilbin-CS-NPs (5 mg/kg) group; **

* P <0.001 vs control group;**P <0.001 vs DKD group.
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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 with astilbin-
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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