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Protective effect and molecular dynamics simulation of licochalcone
A on PCI12 cells damaged by neurotoxin
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Abstract ; This study investigated the protective effect of licochalcone A (LCA) on PC12 cells damaged by the neurotoxin 6-
hydroxy-dopamine (6-OHDA ) , elucidated its mechanism through molecular simulation. At first, the study determined the
scavenging activity of LCA on ABTS and DPPH free radicals in vitro. Secondly, the experiment measured the content of lactate
dehydrogenase (LDH) in cell medium and employed the MTT assay to evaluate the protective efficacy of LCA against 6-OH-
DA-induced damage in PC12 cells. 2" ,7’-Dichlorodihydrofluorescein diacetate ( DCFH-DA) staining was used to determine
the effect of LCA on reactive oxygen species in PC12 cells injured by 6-OHDA. The contents of total glutathione ( GSH) , su-
peroxide dismutase (SOD) and total antioxidant capacity (T-AOC) in each group were detected to evaluate the endogenous
antioxidant capacity. The effect of LCA on the expression of nuclear factor erythroid-2 related factor 2(Nrf2) protein was ana-

lyzed by Western blot. Finally ,molecular docking and simulation methods were utilized to study the binding site and ability of
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LCA on Keapl protein,and calculate and analysis its absorption, distribution , metabolism, excretion, toxicity ( ADMET'). The

results indicated that LCA possesses significant free radical scavenging activity in wvitro. Treatment with LCA markedly en-

hanced PC12 cell viability under 6-OHDA stress , diminished reactive oxygen species production,and elevated GSH,SOD , and

T-AOC levels under these conditions. Furthermore , Western blot analysis revealed that LCA treatment increased the expression

of Nrf2 protein. Molecular docking and dynamic simulations confirmed stable covalent bonding between LCA and Keapl pro-

teins, ADMET prediction suggesting that LCA could be a promising therapeutic agent. These observations suggest that LCA

confers protection to PC12 cells damaged by 6-OHDA by modulating endogenous antioxidant responses within biological systems.

Key words :licochalcone A ;oxidative damage ;nuclear factor erythroid-2 related factor 2 ; Keapl ;neuroprotection ; ADMET
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2, 115 LCA X} 6-OHDA $5i47; PC12 403 P Y 52
M) , A I I W S B A e 20 3K (1) 1530 240 A 0 %

(R)
R:[<A2'A o)/<A|‘A o)]><100% (1)
Ay A, A7 s A ok R AT 2
AIMOLE.

1.5.3 LCA ¥ PCI12 #m e 3%
G

96 FLH RN PC12 4R (2 x 10° /L) , 9K
FIAAS [8) e BE ) LCA K557 24 h, B 5 H % 200
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Fig. 1  Free radical scavenging capacity of LCA(; +s,n=6)
50 wmol/L ZHAHEL, * * P <0.01, Note:Compared with 0 pmol/L group, * * P <0.01.
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BN PCI2 4ifd 7715 %8 . LDH J& 40 il o8 i —Fh I

PERG, A0 , 40N 1) LDH 2533, 304
ks FE S AETE R 2 19 LDH, 2 55 37 Sk v LDH (1)
FrRAE S N AN AR B . AnI&] 2B TR, 5 Con
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J&i , Mod 4 41 i 15 #= 3L rft LDH & i B T7H R (P <
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Fig. 2 The effect of LCA on the activity of PC12 cells injured by 6-OHDA and LDH leakage rate of medium(; +s,n=6)
5 Con 4 IL#E, * * P <0.01;5 Mod 40 1145 ,*P <0.01,*P <0.01, F [, Note;Compared with the Con group, * * P < 0.01 ; Compared with
the Mod group,*P < 0.01,"P < 0.01,the same below.

2.3 LCA xt 6-OHDA 5% PC12 ZBREiE 14 EAISNT
DCFH-DA J&—Ff HAT 405 B 1 AE 9L IR
o DEAZIMLJE , DCFH-DA £l 20 i A F) i 1l 2.
WEILAEAZ Hy AE e e it DCFH, B 5 DCFH nf (R
5 ROS e A48 o i e BEAL & 4 DCF . [H i 1

§

Mod

L-LCA

DCFH-DA Zean] LIS i i ROS B4 1k ., Nl
3 R, 5O RSB EE 45 R W], Con ZH 21 fd ROS
(7K T34, TR PC12 40 g A 6-OHDA i3 24 h
Ja T S BN ROS (7K 5, LCA HA 31
THEREH

M-LCA H-LCA

2.4 LCA 3t 6-OHDA %% PC12 ¢l & GSH,SOD

%%%u T-AOC B9 2201

J& GSH .SOD & &Ml T-AOC 5 &AL M

P-4

B3 LCA Xt 6-OHDA 55 PC12 BRiE R0
Fig. 3 Effect of LCA on ROS in PC12 cells damaged by 6-OHDA

YIRS, PR e ARG H A5 £ ] 52 o7 200 Ja PR 1) S I 33
ARV 38 I A A 40 AR P S GSHL SOD & 1 Je T-
AOC, 25 - R 17, 5 Con ZH AH Lt , Mod 25 4l Jf

F1 LCA 3 6-OHDA 3545 PC12 4B 5 GSH.SOD & 8H T-AOC HEM (x £5,n=6)
Table 1  Effects of LCA on total GSH,SOD and T-AOC in PC12 cells injured by 6-OHDA(x +s,n=6)

28 3] Group GSH(mg/mL) SOD(kU/g) T-AOC( mmol/g)
Con 15.63 £1.70 56.52 +3.65 8.35+1.10
Mod 6.82+0.92% " 30.39 £2.40% * 5.13£0.41%"

L-LCA 7.74 £1.69 33.17 £2.96 5.97 +0.46*
M-LCA 8.21 £0.93" 35.56 +4. 11* 6.36 £0.67%
H-LCA 9.78 £1.41% 41.67 +3.84% 6.92 +0.50"
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1] Time (h)

4 LCA 34 PCI2 4R Nif2 BB FIKHI M (x 5,0 =3)
Fig. 4 Effect of LCA on total Nrf2 protein expression in PC12 cells(; +s,n=3)
H:50hdMHEL, " * P<0.01, Note:Compared with O h group, * * P <0.01.
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Fig.5 The combination model of Keapl-LCA
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Fig. 6 Molecular dynamics simulation results of LCA with Keapl protein.
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