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Xiaoyao San alleviates abnormal a-syn aggregation and neuronal injury in a

Caenorhabditis elegans model of Parkinson disease via the SKN-1 antioxidative pathway
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'School of Nursing, Guangzhou University of Chinese Medicine, Guangzhou 510006, China; *School of Traditional Chinese Medicine,
Southern Medical University, Guangzhou 510515, China

Abstract: Objective To investigate the neuroprotective effects of Xiaoyao San (XYS) in a Caenorhabditis elegans (C. elegans) model
of Parkinson disease (PD) and explore its molecular mechanism. Methods A PD model was established in C. elegans using 6-
hydroxydopamine (6-OHDA) and validated using a transgenic strain overexpressing a-synuclein (a-syn) (NL5901). The
worms were treated with 25, 50 or 100 ug/mL XYS, and their lifespan was recorded. Their motor function and food-related
behaviors were evaluated by counting body bends within 20 s and observing the basal slowing response. Dopaminergic
neuron degeneration and a-syn aggregation were observed in GFP-labeled transgenic worms. Intracellular ROS levels were
measured using a DHE fluorescent probe, and the mRNA expressions of dat-1, cat-2, ced-9, gst-4, and sod-3 were analyzed using
RT-qPCR. RNA interference (RNAi) was employed to knock down skn-1 expression to determine whether the effects of XYS
depend on the SKN-1/Nrf2 signaling pathway. Results XYS significantly prolonged the lifespan of PD model worms, increased
their body bends within 20 s on day 5 and day 10, and improved the basal slowing response. XYS obviously alleviated 6-
OHDA-induced dopaminergic neuronal damage, upregulated the expression of dat-1, cat-2, and ced-9, and reduced a-syn
accumulation. Treatment with XYS decreased reactive oxygen species (ROS) levels and upregulated the antioxidant-related
genes including sod-3 and gst-4. Mechanistic studies showed that XYS significantly enhanced skn-1:: GFP and sod-3:: GFP
fluorescence signals. Knocking down skn-1 resulted in decreased lipid content in the worms, and XYS failed to significantly
reverse this change; skn-1 knockdown also abolished the restorative effect of XYS on sod-3:: GFP fluorescence reduction.
Conclusion XYS improves neurological function in Caenorhabditis elegans PD model by alleviating oxidative stress and
suppressing abnormal a-syn aggregation, and its neuroprotective effect is mediated probably by the SKN-1/Nrf2-related
antioxidant pathway.
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GFP+rol-6(sul006)]) ,DMS303(nls590 [fat-7p: :fat-7 : :
GFEP+linl5(+) JV) ,LIU104 (ldris] [dhs-3p: :dhs-3: :
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1.2.2 UHPLC-HRMS %#7

1.2.2.1 &3 %4 KH Thermo Fisher Scientific AQ-
C18{mih:(150x2.1 mm, 1.8 pm)., s A 40.1% iR
KW (vw) s B A ZIE(ACN) . It 0.30 mL/min,
FEil 35 °C, JERERE 5 pl, BRERRF AR 1.

®1 BIEHERR
Tab.1 Chromatography gradient program

Time (min) Flow (mL/min) %B
0.00 0.30 5.0
2.00 0.30 5.0
18.00 0.30 95.0
20.00 0.30 95.0

1222 Bk &4 Btk ok FHAE 3o 5 55 85 - U
(H-EST), 1E B FHLH 3500 V, 18 FHi [ 3000 V; 5
40 Arb, Hi B 10 Arb; BANGE IR 320 °C, 55 fb AR
350 Co RAERX Ny 4 45 G B 18 MS® (Full
Scan/dd-MS?) , $14# 5 ¥ FEl m/z 100~1000, 545 R4
F72£220 min,

123 & xR T 28 B4R A A0 1k oK FH s
B - YR S R A . DL MO 28 gl AT A 7 B 40 o
2000 r/min.20 ‘CE.L>2 min, F& EIEE AKUAIA 1.5 mL
M9 2% itk K 2 mL Z4# 7 (1 mol/L NaOH 5 1 mol/L
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136 h, FRIFFEIZEAL L1 2y, % 27k 4 OP50 ) NGM
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(GSWP14250, Merck millipore) i3 J€ & & , 73 2% )5
-20 CIRAF, S R E Rl . $RBORIE L1 ¥ i 5
OP50R & 2 S T 2k B (1111252550100, 200,
400,800 pg/mL, A Z5ii ) 5  YIA10 A ZE NGM 5 37
FE Lo A AR SR  S AR R B R
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FBRERARYR . BESGAEL BOOG ds T RAE IR, 45
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1.2.12 RNA F#HEH #1.2.5 5 1.2.9 Frid Jr it
I, 2FE LA RNATH PRI SR . K HT115(DE3) K
FE R 43 51 % Ak L4440 25 Z AR X skn-1 RNAL KL, F
37 CHETZ IR, i 1 mmol/L IPTG S5 18 45 T4H
RAINGM 55350 [RIAAL L1 55 RE R 28 iy G 1 A4
R 5 2D R0 2 R FRIR, 20 ‘CHFE 72 h)A,
FEIE B 0 s ™ WEE , J5 S FH Image #R442) i)
SR I T, LISF-3497¢ i B S A5G R A
FERAK- A SRS B 3R, FRR BB A 30 %%
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Tab.2 Primer sequences of target genes

1.2.13 RT-qPCR &M R H M9 2% mhifi Wi £ 26 i I 1k
B3R LA BRI AT AN o R H Trizol v5 2 HUZR e &L
RNA, #% HE RNA #2HUAFI (AG21101,AG21303,AG/L
REEGE D)) VLI R T A RNA SR, BEBU RNA 95
&AW cDNA J& , 2% Jil gPCR Master Mix (Q312-02,
Vazyme/iiiMEHE) i1 7 RT-qPCR G IAHC mRNA Fih1%
M, RT-qPCR 7E 358 % & & PCR X (Bio-Rad) |- #f
5o PCRIZWEEHG R 27t 1 B FRSE AN 2
KK, DA B-actinfER NS EEA o FITAT REAR 241 3 Y
SAEYEFER BN EEE R 3N AL, 4
HLUHXS Feik T FoR . RT-qPCR TS 19 b st k)
YRR ARG L5 IWIFI1(3R2),

Gene Forward primer (5'-3") Reverse primer (5'-3")

Dat-1 TTGGTGCCTACAGACGATCC GCTGTTCCGTCTTCTGACCA
Cat-2 ACTGAAGAACCTGCGGTACG CCGATGGTGATTGCTCCTGC
Gst-4 GATGCTCGTGCTCTTGCTGA GGAGTCGTTGGCTTCAGCTT
Ced-9 TGCTCAGGACTTGCCATCAC GCGTGAAATAGTCGACCACA
Sod-3 ATCTACTGCTCGCACTGCTT ACGTAGGTGGCATGATGCTT
[-actin ACGACGAGTCCGGCCCATCC GAAAGCTGGTGGTGACGATGGTT

1.3 St F 541

SIS AR 1 LA B i 25 R0, R GraphPad
Prism 8.0 KA T4 40HT . 4 A5 5 R H Log-
rank (Mantel-Cox) KB4 A A7 M2k LU ;s WA ] LA
KA ST AEAS (R0 5 2220 0] LR R R 207 22537 o
PLP<0.05 N ZERA G Lo TSl /b ikts
3YAMT HA

2 R
2.1 HEBORGHIHHT

K H UHPLC-HRMS X1 38 S A 1504, 3845
IE B FREC NS FIREE D, WA TR
PInmE| A i, 255 08 IEE PR (R 1A,
FEIER TR m/z 498.19681(t R=7.28 min) ; 1 & TR
(1 1B)H LB -8 m/z 525.16052(t R=7.27 min).
2.2 XYSFaesat Kk PD & k FH ik &L &34

TEANFIHRE XY SAbBE T ,25.50 2 100 pg/mL XYS
L Y2k H A B B B AE K (P<0.05, E1 2A) . 1T
200 pg/mL K VA B EEH AR — 4 A an (K 2A)
£ 6-OHDA 55 PD i 8 rh (|5 2B) , S A X [
XY'S 4% 51 f 2 A 2 A= AE 0, FLrp 25 wg/mL Al
50 pg/mL R (P<0.0001, [ 2C) , FEhil s 18 2
NZE SR AL FO0 AL T % 38%(P<0.05,K12D),

XYS 4bHF KA, Ho 25 pg/mL 4148 55 2 45%
(P<0.01,82D),50.100 pg/mL 2H 73 5142 5 35% .38%
(P<0.05,¥12D) . iz8hfie J15rHrai R s ,6-OHDA 4b
T BRI AR 5 R AR 10 R0 20 s N BB RS il v 8
(P<0.05, [ 2E) ,{H XYS Ab Hl 5 fiE 5 A sk e 3% Haz 3
ey, R ALE SR 3 B E K E (P<0.01, 81 2E)
2.3 XYS - FHise#5 L Kk PD 45 A B ALA NL5901 4% & &
G E LR A 8 a-syn R 4R

AT S R , XY S 2% F 2 A Rk i 5 4 K
PD B BRI NL5901 2k V-1 4+ (P<0.05, [K13A)
Horp i A AR ol B35 (P<0.01, B 3A) . iZ3hRE
JIA3HrEE R s, XY S AL HH S NL5901 28 Hi7E 5 5 K K
5510 KA 20 s P Y B4R 2 il 00 2515 i (P<0.05,
E3B). IHAh, XY SAMHHSL HSH T X a-syn: :
YFP R i PR (P<0.0001, E13C) .
2.4 XYSFRE F & E 6-OHDA i $ 69 PD & & A2
% OB RA Z AT

RO A R U RN Ve b ok A (R NREAR NS o
(dat-1p: :GFP) 53 #r W, 5 X FRZHAH L, 6-OHDA 4b
P 5 2 (A 22 5 B B A 28 DT OB B T SR L 454
(P<0.0001, 1 4A) . SHEAIAA L, XYS AL i 1
T Z B R 2T B K ph 2T AT 2B el
F#(P<0.001,/K14A). qPCRZEF /R, SHIUAMEL, XY S
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Fig.1 UHPLC-HRMS total ion chromatogram (TIC) of Xiaoyao San (XYS). A: Positive ion mode (POS).

B: Negative ion mode (NEG).

AbFR R % iR dat-1F1 cat-2 ) mRNA 7KF-(P<0.0001),
FEHES ced-9HImMRNAZK-(P<0.01,/K4B) .
2.5 XYS-FHaL4S 25 E 4K RIR A AR

PN B 45 5 WK, #E CF1553 4k i, 50
100 wg/mL XY SAMFHA] i FHI5H sod-3: : GFP YOI EE
(P<0.05,K15A). qPCREEFR TR, XY SIS sod-3
gst-4 Iy mRNA KA K ) 8 2 715 (P<0.05, K1 5B) .
2.6 XYS Fak4% B F AR B PD & kAL AR K ) AL
LK

DHE %4 e @25 38 R, fENL5901 Z8 Hi, XY'S
AL T AR ROS /K- (P<0.01, K 6A) . EAb, S5
AL, 6-OHDA A FE I 2 THm T N2 £8 HUfA& Py ROS 7K
F-(P<0.0001, 51 6B), SHEAIZAAHL, XYSAEHES ROS
TR 58 AR (P<0.05) , Hirf 100 pg/mL 41 [ AW
2(P<0.01,K6B).,

2.7 XYSi# it k8 SKN-1 7% % PD % & 4 A 4 A4k
5 5

PENCERLE I w5 X REALTA [L , 6-OHDA b3
T E A skn-1: : GFPHEG5R)E (P<0.01, K1 7A B). 5
TERIZAAH LY, XY S b HE i 2542 51 1 skn-1: : GFP 2GR
FE, Hrp 100 pg/mL ZHAE & W i (P<0.01, 51 7A .B) .
A, 7E CF1553 28 b, 5% BRZH A FL , 6-OHDA 4b 2
i K sod-3: : GFP ZOLRE (P<0.01,187C. D). 5
FERIZHAH LL , XY S A PR 149 sod-3 : : GFP DGk B
(P<0.05,&17C.D) . #K1fii , 7F skn-1 RNAi fbFHiF5 3 28
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