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Anti-Parkinson’s disease activity and mechanism of Gastrodia elata extract based
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Abstract: Objective To explore the anti-Parkinson’s disease (PD) activity, optimal active parts, key components and molecular
mechanism of Gastrodia elata extract. Methods Based on the zebrafish PD model induced by 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), an induced zebrafish PD model was used, with anti-PD activity as the screening criterion, to perform
activity-guided fractionation of G. elata extract. Network pharmacology and gRT-PCR were employed to identify its most active
fraction and elucidate the underlying mechanisms. Results The total aqueous extract of G. elata had significant anti-PD activity,
which could improve PD-like behaviors (P < 0.001), protect dopaminergic neurons and cerebral blood vessels (P < 0.05, 0.01, 0.001),
and reduce neuronal apoptosis (P < 0.05, 0.01, 0.001). Network pharmacology revealed that its mechanism was closely related to the
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway. Different elution fractions of the total aqueous extract
of G. elata were obtained through macroporous resin separation and purification. Based on the screening of anti-PD activity indicators,
the water fraction, 30% ethanol fraction and 95% ethanol fraction were determined as the optimal active fractions. Ultra-performance
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liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS) identified seven key active monomers,

namely parishin A, parishin B, parishin C, parishin E, gastrodin, ricinoleic acid and crocinamide, in the optimal active fractions.

Combined with the analysis of zebrafish behavioral indicators, it was inferred that gastrodin and ricinoleic acid were the best single

monomer for anti-PD activity. Conclusion G. elata extract exerts its anti-PD effects by modulating the expressions of autophagy,

oxidative stress and PD-related genes.

Key words: Gastrodia elata Bl.; Parkinson’s disease; zebrafish; neuroprotection; autophagy; oxidative stress; parishin A; parishin B;

parishin C; parishin E; gastrodin; ricinoleic acid; croamide
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LM ET IR . 5 N\ R A R I = 55
P H a2 5 5 AW BA R, 1-
F 242K 2E-1,2,3,6-TU ML E - ( 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine, MPTP) %S HIBE &
PD AW B 2 WA 22 e 40 . i T LA S
W IZ BN D RERREASSE 5 N2 PD A LA S B A AE AN
7RI, Bz N T PD 25 fi ke AL
H 024, AT B A A S, 4G
[P 246 245 380 2 S v BOBURH £ 35 DU AR 64T I TR o %
Bt A C ultra-performance liquid chromatography-
quadrupole time-of-flight mass spectrometry, UPLC-
Q-TOF/MS). qRT-PCR %54, RGIT e Rk PD
TEYEREA, fas T RRZ . 240 ZEER
AR TR, T RIT K 228t PD
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ANFEFEFRFE T, KA EE 28 C, B RIEHLIE
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SCEE fEL O
1.2 Z%f

KEE (S 20221022) W E ALK T 2504
BRA ], 2810 FR A8 Bk Bt R Wt 72 T ok i il F 9
B % 2 RBHEY) R BE Gastrodia elata BILI#F-15
=
1.3 AHm5HF

MPTP (#it 5 155639 ) . 4 JE (it =5
11133829105). F¥b 3 2= (L5 179618) KK E (4t
5 HY-NO115, FiEHECN 99.94%). ERIFHZE A
(it HY-N2031, Jissr 80N 98.92%). EHFRE
B (#t5 HY-N2124, FiE/r%E0N 99.92%). EFRIFR
H C (b5 HY-N2125, & H0N 99.24%) . ELF]
R E (5 HY-N2126, JFima$h 98.9%). &
FRMER (L5 HY-N6070A, JFi&E/2HN 99.93%)
I H & [E MedChemExpress 2 7 ; 4% 5 & H i E (#t
5 OJ1609012) . FFERMAMEEE R (AT
20211223). Triton X-100 (ftt*5 326Q022) g HIL
WEEERAR AR HEE (iS5 20230308).
T (LS 20110520) T E A 25 245 46 A1 45 TR
AN FREE (bS5 MKCJ6340). FRifR (5 103-
85-5)0 H 3£ [H Sigma-Aldrich 2] ; HRELF4E 2 (it
5 11609012). HR (5 B2307725) e H Lk
I T HENRH AR A7 ;s PBS IEBES MR (it
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5 SADKZ). ZHZV/40f RNA P Buts & Git
5 DUKKX) T H 1 AR ERHEEHE ARG R A
FEFARAFE LS 520891). SZHf % E & PCR
WA (5 520331) 1y H 753 B A BRI
WERAF; ToK SR B KRBT E FHE 9 LA
IRAF: 2EFKBBEERARAR: 4%2EKH
1 (4lk5 710418000 W B At 5t = AR RHEA PR A F 5
— 7k TUNEL 40 88 T4 K ) & (it 5
81020200930) 1 H Lifg 3 = RAEMHE AR KA A IR
AT B B GILS TN4171, B S ECN 95.00%)
I H 35 & TargetMol Chemicals Inc. /A @] B PRIHIR
(b5 111929-202103, HT4:245) WH FHFERFHE
PR AR RS AR AT .
1.4 X5

ESEN-AW-S1 BBt 01 7208 R 40 (ALa{ g A}
HRIBARATD: AXIO-V16 BI52 ¢ Biss ([
#E AN T]); ZebraLab 3.3 B 4T N R4
(¥:H ViewPoint 24 ); C1000 Touch % PCR 1% (£
Bio-Rad A #]); N-1300 Bk 2 kAL (Ru(H
Th Bk 24 ); SCIENTZ-18N 338 78 A1k -1
Bl CTEH Z R TR A R A% D; Triple TOF
4600 %Y UPLC-Q-TOF/MS ([ Sciex A ]
2 7k
2.1 REREBWIEGE M IS &
2.1.1 RERSIKIEY) (total water extraction, TWE)
(& B TR R R R ZE RN TR TR, Al
INRE TR ENL A B, BUR K 200, I 2L
K, FRIEEL 2 Ik, BR 2h, GIFRIUE,
5000 r/min 250> 5min, FHPE G 0.45 um JEMHED, WK
Ui Ja AT, 1538 TWE B oK, 1558 14.96%.
2.1.2 GEPEEBOIRI B K TWE #oR AN
IV FRC HI B 100 mg/mL _EAER, S8 FiAL# 5 1)
D101 KA AEAE, KIRFH2AEKA 10% 30%-
50%- 70%-~ 95% L BEBEML, FRFAR &N 0.5 mL/min,
WOBR S eI, W 4 T 15 )5 15 B KB A7 (water
fraction, WF). 10% £ E# B4 (ethanol fraction, EF).
30%EF. 50%EF. 70%EF. 95% EF 3t 6 ANiE
B, B8 30.83% 3.12%. 2.36%- 0.25%-
0.03%. 0.18%.
22 WS &EERRTRAIE R T4
2.2.1 PO MARAATIALEE  FREL 3~5mg #EEE
E & T2lie5K, Bl sos S E N 1 mg/mL 1
JEF, PGS POk REIEFKZRE 1d (1d

post fertilization, 1 dpf) By, 1 FH i) i 5
G, RN 24 fLiR. BESLIBCE 10 55, RHIKE 3
MNEAL, WIRRE RS HIBRFEINANCRE R . R
M2t B R aT, EREAFEAKTIMA 30
L 2R IR LA 58 62 (R T B
222 RINEMEE A REX IR B
4. FWE (I mmol/L) 4HA TWE (FHSZEM &
TWE X 5 5 1 (1)~ B IR BN 292.0 pg/mL,
FIEWE N 12,51 25.00 50.0. 75.0pug/mL) 4, &
SRS, HARKAMA 50 umol/L MPTP 4bFE,
[ I #5285 25 2 N AH B 2590 T Tl
223 IEMEEAIGRE S R E TR BRI
FHYPHE 2L (Immol/L) ZH. WF (5 pug/mL) 4. 10%
EF (5ug/mL) 4. 30%EF (5pug/mL) 4. 50% EF
(5ug/mL) 4. 70%EF (5ug/mL) ZHH195%EF (5
ng/mL) 4, BRXTERZAHSL, HRH4MA 50 pmol/L
MPTP 4bEE, [RE 2545 25 2 AR BN 25901 T
2.2.4 IEHERAATEE S WEXTIRAL . AL,
HYWEE (Immol/L) H. EFRIZRF A (5 pg/mL)
A ERFRFE B pgmb) 4 BRIFHRE C(5 pug/mL)
H., ERFHFEE SpgmL) 4. KFKEKE (5pg/ml)
. ERRMER (5 pug/mL) HAE PR (5 pg/mL)
4, Bt AN, HASANMA 50 pmol/L MPTP 4b
B, A5 A IMNAR B 2T T
2.3 PD tHXKIEFREQT
2.3.1 PDFEAT ARG AB & RPED a4 T 2594k
PR 6dpf, ¥pt L miLFe % 48 fLiR, H ZebraLab
33 AT AT RGICT 20 min, HTIEENREEE .
VI8 B B SRR o
232 ZEIEMETTRN Vmar2:GFP % 5 KI5
5T 4R 4 dpf, il 5% % BB M 22 9F
KEZ O A T 7Ot EIE, H Image J B AFE &
2 BT K .
2.3.3 NEBIUEARGI  flil:GFP $IERPE D LA T
2y AL 2 4 dpf, A8 5 B B WL 8% I 4 45 i 8
MmA, gt EHE.
234 REARA TR AB RS ML T
VIR ZE 6 dpf, K TUNEL YLt k2526, 2 [
ISV ERAE, (EH TG B S I G vt I
T4 A
2.4 ETWEHBZHXHT PD /ERHSIIR
Bt AR S S EA ), 5 AN TR
[FYRYERIA 70%, FoH PD %5 NS OB Sl 1k
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(1) RIS AFABLBE Pk 84%127-281, SR F N R 25040
PEREATRE A0, 0 R [ Y S SRAG D 0]
AR 29331, LR H AR 4% 24 B 2 S 5 T R 5)
VIR, ERTERIREG )T T 2 AR AT PRV AL
1|37 K FH ELAR T2 A AT ORI S SR o T R 2% 245
227518, FIA SwissTargetPrediction Chttp:/www.
swisstargetprediction.ch ) #1 DrugBank Chttps:/go.
drugbank.com ) T I K R 35 £ o> BB AL A
GeneCards Chttps://www.genecards.org). DisGeNET
Chttps://www.disgenet.org )« DrugBank Chttps://go.
drugbank.com). CTD C(https://ctdbase.org). OMIM
Chttps://omim.org) ¥ FEFREL PD HHSCHE i, J8Id
Venn 73HrakfG B 20N . BE)E{EH STRING
Chttps://string-db.org) 4 @ & H HAEM %, FH7E
Cytoscape 3.9.1 FHE/F WML 53N s 452
Metascape HAFBEATDhRE R 5, AT R R BV (E
L PD Ll
2.5 1 PD EMEEIFM S MRS

NEETER ARSI AL RIS PD RCR, b
B—JEAR VRO B R I, SR B BT AT 4R
G, T PD AT N U R R IS
SIIREMI B EER Y, SRR R0 &

DRI T 40000 FE o Jii 8 1L 57 5 B 1k 5 22 T2 i i
P2 TOAF I 155 O 29 i) S e o 8 110 57 A 25 5 0 B 4
i, ZF¥909 PD R EEHLEI I CBEIA Y, & T
30% AL H . I RIZRE PR, IR
2 [T Hb 57 126 HE REAAR D A R S A
2.6 qRT-PCR #&MHEXERFEFTIA

AB i RS MG TV R 6 dpf, AL
% 30~40 RS M, AL/ RNA PRz
i) A 1 B PR B B 5 £ RN, A FH s e 3 k)
AL cDNA, # I8 SEI ¢t E & PCR A7 & i3 B
F5347 QRT-PCR 7347, SIMFHIAEK 1. DIAZHER
# H L13a (ribosomal protein L13A, rpll3a) ANZ
FER, SR 27220 E a-RfiZ & H (alpha-
synuclein , a-syn )« B % R 2 1k B tyrosine
hydroxylase, Th) H WA H H 5(autophagy related
5, ATGS). L1 B WL B H p62 (sequestosome
1, p62). WEMKER 1 %48 38 (microtubule
associated protein 1 light chain 3 beta, LC3B)\ 2%
BRI K v K % B¢ L1 Cubiquitin carboxyl-terminal
hydrolase L1, UCHLI) i %8 b & (catalase, CAT)
AN AR (superoxide dismutase, SOD) FAH
X RILE .

&1 514955

Table 1 Primer sequences

L FiESI YIS (57-3°) NS (3-50)
rpli3a TCTGGAGGACTGTAAGAGGTATGC AGACGCACAATCTTGAGAGCAG
a-syn ATGGATGTTTTTATGAAGGGGC ACGCTGTCTTTGGTCTTGCT
TH TCCACCATCTTGAAACCAGACCCA TCAAAGAGCTGACCAGCGTGCTAA
ATGS AGGGGATAACAGCACAAACG CTTCTTATGCAGCGTGTCCA
LC3B CCTCCAACTCAACTCCAACC GCCGTCTTCGTCTCTTTCC
UCHLI CTTCCCTTTAACGCAACAGC CCCACAGTTCCACAGGAGTT
p62 TTTGGCTCTTGTGAAGGATGAC GAGGGCTAAAGTGAGGTGTAGTGA
SOD GTCGTCTGGCTTGTGGAGTG TGTCAGCGGGCTAGTGCTT
CAT AGGGCAACTGGGATCTTACA GATCCTTCAGGTGAGTCTGC

2.7 EHTF UPLC-Q-TOF/MS XML E
2.7.1 AR H] & B TWEL WF. 30% EF.
95% EF ¥, FEELH#)S 12 000 r/min &0 5 min,
B 38R o ik it Vs

2.7.2 il fF  Waters Acquity UPLC HSS T3
PR (150 mmX2.1 mm, 1.8 pm), NG
(A) -0.1%FRRI/KER (B), BHEVEM: 0~3min,
5%A; 3~8min, 5%~12%A; 8~20min, 12%~
16%A; 20~30 min, 16%~42% A; 30~35 min,
42%~50%A; 35~40min, 50%~90%A; 40~43

min, 90%A; 43~43.1min, 90%~5%A; 43.1~46
min, 5% A. AFRFE 0.3 mL/min; BEFEE 2 uL;
FEIR 30 C; Al K 270 nm.

273 Rk KM HWMEE TS T HE
(electrospray ionization source, ESD), 1E. f1EF#&
NI, FH RV m/z 50~1700; Al g
+40ev; EEFHREATEFLHBEELS000V, 75
TR B L E—4 500 V, BRI 500 C;
AT 35psi (1 psi=6.895kPa), FALSJE N
50 psi, FHENINASE ST 50 psi; EFEHE 100 V,
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b F T £40 eV, il HUEFRIE 20 eV B TR
FEIR 30 ms, BSFH DA 15 ms.
2.7.4 HIEALFE fEF] Analyst TF 1.7.1 BER4E
B, JFHFA Peakview 1.2 ¥ 4b# UPLC-Q-
TOF/MS A % ds . @it 5 Natural Products HR-
MS/MS Spectral Library 1.0 F(4 2 LLXF, 456 —2%
TS B R E R
2.8 GtES

K F GraphPad Prism7.0 #4FEAT G811 40 7, &5
RULX£sERR, @ REZE T Z 5 (One Way
ANOVA) 347 8- 2121 0] 55 3 PR 22 53 0 by, 41119
LK Tukey H)5 2 H LR TG .
3 #R
3.1 TWE XEWI & PD #1TH

T HRIL TWE 255556 PD FEAT A L
HEM, A AB BYBE DS Al . Wi 1
Fir, SR, MPTP kLB 5 (BE i3,
USRS SEIEE  RRD (P<0.01), 1835
HEANS, ZIAFFERER TWE A5, B
s aRe IR B A, 18RS B SR B
BRI (P<0.001), &3 FHHEERE, &K
TWE fgcisE MPTP 55 1B 1 PD #4T v, K
R MMIZEIEE S, MRS A —EMME Ry E
. 58878, TWE 7E 50~100 pg/mL R H R I
Z9iE T, 150 pg/mL iEMERE NEER . UGS
HISZIEEEL 12,51 25.04 50.0+ 75.0 pg/mL IR FE A

A TWE/(pg-mL™")
50 100
B 400
g
5 300 i Hiti
o
& 200
s
*%
@ 100 ]

I AT

25 50 100

TWE/(ug'mL™")

150

25 P/ (cm min!)

FE, T2 A O N SR B AR R R
3.2 TWE x5S & ZEERMET

2 EL AP T AR PESE T PD 32 B0 BEARAE
Z—, BRI N Z O oAe i, kMR
iR Vmat2:GFP B 5 g SCin iRy . il 2 s,
xR b, SRS 2 MM A uKE R
EYik (P<0.001); SR, 12.5~75.0
ng/mL TWE A3 5 5 5 8 % B AP 42 o0 K 5 1 12
A (P<0.05. 0.01), FH TWE %} MPTP 421
B % w4 s A R ER
3.3 TWE RIS &ENERMmE

N T HRIE TWE S 3500 I L R A TR 1
F, iR EIE L R fli:GFP VE Scsb i Ay, i
3 Fan, R HRHBE S e A A ARAR 73 B, 98
AR 0 REZE LA, Y 2H B 1 i 0 0L 4
Higb (P<<0.001); SHERALLE, FIbE =M
25.0~75.0 pg/mL TWE 4t P 5 B 21 110 fixi 345 15 %5
HB &8 (P<0.01. 0.001), FH TWE aJ Lk
3 B MPTP 3& Js 4497 , el fii 348 1.8 BA R4 VE T
34 TWE BV BS & X ERLZmpE T

NERFE TWE Xt PD A sh SR FEPE I T2 [ 520
FIIF TUNEL G € SRS B B £ 15 30 240 i 07 17K
Fo 1l 4 Fow, SXTHRAA TR, B BE S K
ERAN P TR N (P<<0.001); SR ELEL,
TITE LM 25.0~75.0 pg/mL TWE AL 5 B & 1
P AR ML T B B s> (P<<0.01. 0.001).

= X R

- o

+ TWE 25 pg'mL™!
-~ TWE 50 pg-mL"!
-+ TWE 100 pg-mL™!
- TWE 150 ug-mL™!

1234567 891011121314151617181920
t/min

A-BED AT RPUEIE, TELFRRREED), SELFRTPEIZS), BOLFARERZZ); B-HEDH 20 min WZZ)HEERE; C-HRDM

1E 20 min PEEZN T A SXTA N "P<0.05 “P<<0.01

*P<0.001; SR ELE: *P<0.05 #P<0.01 **P<0.001, FEF.

A-behavior trajectory diagram of zebrafish, red lines represent rapid movement, green lines represent medium-speed movement, and black lines

represent slow movement; B-total distance traveled by zebrafish within 20 min; C-average speed of zebrafish movement within 20 min; *P < 0.05

“P<0.01

P <0.001 vs control group; P <0.05 *P<0.01 *#P<0.001 vs model group, same as below figures.

1 TWE XEHS& PD#1TH (X+s,n=24)
Fig.1 TWE improved PD-like behavior of zebrafish (X = s, n =24)
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it B 1] e 22
oy it HPE= 150-
S
% 100+ Hok wo#O Moy
|
200 pm 5\
=
P 504
2
TWE 12.5 pgmL™"  TWE25.0 pg'mL™'  TWE 50.0 pg'mL™! TWE 75.0 pgrmL™! &R

T T T
F R BB YD 12.525.0 50.0 75.0
#H2% TWE/(ugmL™)

2 TWE RIFHESEZERMET (X10; X+s,n=12)
Fig.2 TWE protected dopaminergic neurons of zebrafish (x 10; X +s,n=12)

o 1R T HHL

y AN

s

TWE 12.5 pg'mL™! TWE 25.0 pg'mL™! TWE 50.0 pg-mL™! TWE 75.0 pg-mL™!

ST R YD 12.5 25.0 50.0 75.0
#H2%  TWE/(ug'mL™)

ARG N7 S R ey i N = St

Red arrow indicates the loss of brain blood vessels, white arrow indicates that brain blood vessels are not damaged.

E3 TWE R®RIFHESEMNIPOE (X10; Xts,n=12)
Fig.3 TWE protected brain blood vessels of zebrafish (x 10; X +s,n=12)

g RERL
TWE 12.5 pg'mL!

Yo B
WE 25.0 pg'mL™!
e

WE 50.0 pg'mL™!

5
pali3

[k

WE 75.0 pg'mL™!

0
XoiE A5 YD 12.525.050.075.0 XTHE 1‘,@*" * 12 5250 500750 KR B YD 125 250 500750
2 TWE/(ugmL™) ﬁi TWE/(ug-mL™) %i TWE/(ug-mL™?)

B 4 c D ~
= = =
= 200 ~ N
< & 200 . Rl
150
@ 5\;2 150 Eﬂg 200 -
'1_1 100 ,1_] 100 idid ’1—] i HHHH B
5 s E ### ### =
g g 0 g ﬂﬁ

A-BELy f gy AL RIS (X100 B~D-FHL MERL. A RNk i i s o) - B e i
A-lateral view and ventral view of brain of zebrafish larvae (x 10); B—D-lateral, ventral, total statistical data of apoptotic cells in zebrafish brain.
4 TWE @BptE&ENEMEEAT (X+s,n=12)
Fig. 4 TWE reduced apoptosis of zebrafish brain cells (X £ s, n=12)
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3.5 KER PD MK AR ZE 5

PL “ Parkinson’s disease ” N % 8 i &
GeneCards. DisGeNET. DrugBank. CTD. OMIM
ﬁ%ﬁ*ﬁﬁ%% RAKTZRFNMS PD AR
AR 4794, 162, 94, 128, 547 4~ (& 5-
A E&i&ﬁﬁ%wﬁlﬁﬂ%ﬁ?@ﬁf AR, £BRE
25 LR 105 327 AN EE R . T
SwissTargetPredlctlon F1 DrugBank (4 k& £ R
JRR S PR B 23 B 5 506 o K RIBR 506 AN FHHE SR
PD ] 5 327 MEREE S S Venn FELT 6, %%
KBRS PD HISLARE R 327 4> (& 5-B).

¥ 327 DML U STRING Hdfa i, )
RN NI, B/ N AR BE A 9 0.4, H ek
H -2 H A EAER  (protein-protein interaction,
PPD W% (] 5-C), K EIEMREEAE A, B
5@%2@%@%&%%5&5%5@%%0ﬁm
2% BAT 326 N1 AL ARTE 1T AR AL, 4990 5%

A DisGeNET B

CTD e OMIM

442

43 Y4515
GeneCards
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Table 2 Comprehensive comparison of anti-PD indicators in active fractions of G. elata
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