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Abstract: Objective To explore the therapeutic effects of different extracts of Eucommia ulmoides on Parkinson’s disease mice, as
well as the relationship between ultra-high performance liquid chromatography (UPLC) fingerprint and treatment of Parkinson’s
disease. Methods Through the mouse climbing test and the content of dopamine (DA) in the striatum of the brain, the therapeutic
effect of different gradient ethanol extracts of E. ulmoides on Parkinson’s disease mice was observed. Ultra-high performance liquid
chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS) was used to analyze the fingerprints of different
extracts of E. ulmoides. Combined with the results of climbing rod test and dopamine content, partial least squares regression (PLSR)
analysis was used to establish the pharmacodynamic relationship between E. u/moides and Parkinson’s disease. Results The 50% and
75% ethanol extracts of E. ulmoides could significantly shorten the climbing time. The 75% ethanol extract of E. ulmoides significantly
increased the striatum dopamine content in the brain. The results of PLSR analysis showed that ulmoside, liriodendrin,
5-hydroxymethylfurfural, caffeic acid in E. ulmoides were closely related to climbing rod and dopamine content of mice. Conclusion
The ethanol extract of E. ulmoides has anti-Parkinson’s disease effect, and the effect is most significant with 75% alcohol extract. The
compounds of ulmoside, liriodendrin, 5-hydroxymethylfurfural, caffeic acid may be the main active ingredients of E. u/moides in the

treatment of Parkinson’s disease.
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# ff A AL 4R B ( Eucommiaceae ) At &
Eucommia Oliver H YA E. ulmoides Oliv. F)JT15
Bz, RFRIE A SN A . AL AR, IR
FARF. B, BEATFE. sais. ZRmzhedl,
AR FE R I, AEAT FEZ R AARIEER R 2R,
INETERE IS, A AR, HFEER
RIZTI. PUE. Ui, PrE. PiEE. U
detb. PUREHEERP, HEMRM (Parkinson’s
disease, PD) J&—Ff i WL i ME 4 RGBTV
B, RIFHLE R ECAZ B (DA) BEMEIUIBIT
PEPETS, ARSI FENE YRR E3hiB%%. M
TREL BRDEAREISIREIR G TG R
g, GRS, H EAEIh R S ARE e IRE.

1-HE-4- 28 3-1,2,3 6-DU ML RE (MPTP) 2%
37 PD AU 258, Bee BRI BRI A 2
EZREMZ TG, b2 B, FEUNR B
PD SERBI. TEAT 5258 2 5 F R & PD s s
FPRGLAIAT 2B Fa bRl Tk, ISR RTE
24780 I A T I A R R 1, A
s PD IR R 24 3800 S L Ab AT Ui . AR SRS
K AN A6 FE (R A A S BESR I ig 45 T MPTP 15 &
(1) PD /B, A INIHAT 2 i b AT s [ A0 i P S
Rk DA KK, LLBZFAPXT PD BIVGIT/ER . [H)
IF K FH B s 280 A 3 - DY 2 A RAT I TR o
(UPLC-Q-TOF/MS) Fi AN AP AN [F $E BN 14T 5
M, FFR oA 4 R S ICHT IS (B A DA & 8455,
I VAT i dge /N Z e [B] H9%: (PLSR) 4347, [k
UPLC F#iEWE 54T PD EFHBIAHCHE, 256 01T 2
HIEHCRBHB SR, KB 5EIT PD BV
A R85y, IR TR TT PD AR 2 i B
HA R T B AL -

1 ¥
1.1 2R

AP ZM MG T b s 2 E 2k Y, &R
FE R 25 K 5 B RA AR 5 5 AL AP R LA B A A
AP Eucommia ulmoides Oliv. )T K

ToIK LT B R BT R RHE R A R A A
MPTP ({lt'5 SLBS6630, Jii& /7 #=98%). #hiK
DA (iit'5 606A023, Jiit 7> #=98%) I [ 3% [H
Sigma A#]; REHRER (L5 1213A025, FiENH=

98%)+ HJEF (L5 117B021, S5 $=98%)
WHILRZEERH AR m&ER (s 201200
W HRETZERN TERAH-.
1.2 zhi)

TEVE R IEME CSTBL/6 /INER 60 L, A4 & 19~
23 g, WAL R AR A R A F R4,
FVERAES SCXK (51) 2014-0004.
1.3 {UZF

B R S8 (Agilent A7, EED; H
RG2S (Antec Leyden AH], fif=%); Waters
JCH Crg Bt . Waters ACQUITY UPLC HSS T3
Cis B 3EF: (100 mm X 2.1 mm, 1.8 um). &R0k
ARG R e A (Waters 5], EED; AR
— RV (LIRS ERARD.
2
2.1 HAPEEHIRE &

I3 AREL 50 g AEAT A 1 L BRI, 2050
A 10 5 &R 500 mL 47K & 25%-+ 50%- 75%- 95%
S, [FIAAEHEL 2 h, $hIE, K2 EIE RS
8 BRI, [IUMIREL 2 h, Fh)E, 2 KILEUIZH
G e R 50 mL, BIIEE A2 1 g/mL K25
2.2 PDRBIMEIE. NHERED

¥ 60 RN A AT BEAL 7> Ao AL R
A A A Al K SR B A (Al K D B A 25%.50%-
75% 95% L BEHREUI (25% 50%- 75%- 95%
D . ANFOEMNMEWFE 3 d, HHIREIRK. X
HRAH . BIRVZH/NER ig 45 T 28K (0.01 mL/g), 4l
K K 25% 50%- 75%- 95%ZBELL 430 ig 45T
M2 (0.01 mL/g), L3 d. H 4K
TriR, AL AR 25%. 50%. 75%. 95%
CEEH/NRAFREL? 1 h J5 ip 4T MPTP (30
mg/kg), 3~5 min J5/NREIES. WA TEA
fa. BARBERER. SIRA/NR ip ZAEA
hoK, ELL5d.
2.3 eAFLLE

B 1 AMRKZ) 60 cm, HARZ) 1 em IBAT, T
] 5 FLARZ) 2.5 om IBRL/INER, REATZE 20450 LAD;
W /N R SLHEA T B T ek Lo 0T in
1] €47 B XU JBv% i i 1a], - G B g 1 i g
RIANCAT, MIEFNE, #id 60 s Widh 60 s. IE
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LG RT 3 d FERBAT IR AN BRAERICFFAT o K
R 251 h Ja eSS, A 3 UK, BEKIEIRS 5 min.
2.4 NREASUKE DA S EME

24.1 B TCHSIREE A G, KN BRRGE Wy
SKHURG, UK ERIBSSCRE, iR, F=ragin
10 pL 0.1 mol/L &R, 2%, 4 ‘C. 14 000
r/min &0 20 min, HU_EBiE, B FUKE&H.

242 NHHESARIEI S RS AREBUG R DA 10
mg, 7> BT 10 mL S, &S iR e A 220,
I 0.22 pm FRFLIENE, XSRS .

243 HPLC fifskft iftE: Waters RAH Cis
it (150 mmX4.5mm, 5um); JEIAHN 19%
HEE-3% L ME-78%/K (& ki 11.56 mmol/L.
NaH,PO4 100 mol/L+ EDTA-2Na 0.095 mmol/L), pH
3.3~3.4; AR 1 mL/min; #JE 1.35X 10* kPa;
HEFEARTR 10 pl.

2.5 HAAREIREIA UPLC-Q-TOF/MS 7347t
251 ik Waters Acquity UPLC HSS T3
Cis i £ (100 mmX2.1 mm, 1.8 um), sl
N 0.1%FHEE 25 (A) -0.1% R KB (B),
BB AR 1. kR 40 C; RFURE 0.3
mL/min; FEREEE 4 Cs AR S uL, HEFE
i 1E] 33 min.

%1 UPLC-Q-TOF/MS # 5Bt &4
Table 1 UPLC-Q-TOF/MS elution conditions

t/min A% B/%
0 5 95
2.0 30 70
25.0 90 10
25.1 5 95
33.0 5 95
2.52 Uik aRAt I I DURRAT AT IS A] ER o X

BT S % E. RAIE. AR, BB
TR (ESI J5). BHEHEE 1.0 kV, B E
300 C, & FIRILE 120 C, BAEFISAAFT & 800
L/h, #EFLAARFRE 50 L/he AX 27 i E7E
m/z 50~1 200, ##aK4KH MSE iz,

253 WHRSVETRAIEIE RS RREOM BB AR
IR, He & 1 mg, 7ulET 10 mL &, mH
fE e A 225, 1t 0.22 pm FRFLIERE, BUER & H .
254 AR PIHES 2 BIFREUL P 5 FRAS )

FEHUR, F 50% CEC ] Bl 5t S B2 A4 24 20 mg/mL
ALV, S (Th%E 100 W, A% 40 kHz) 30
min J5id 0.22 pm FALIEME, HUERIEM, .
2.6 ZtFESR

B X + 5 £ow, AR CBCR H RR R 25
#r (One-way ANOVA), KH SPSS 17.0 #fFit47
I3HT .
3 #R
3.1 AR REHZEIT PD /)R TCATET B B 20

R R, BN RIS EE, 178IR %%,
RN SR, BRI /N R I [A] 2
FIK (P<0.01). HEMALE, HMmEHZAH
NERICATIS [R5, oA, 50% 5% 75% L BE4H /N B
JEFFI fA) 2 57 B2 (P<<0.05. 0.01), WA 1.
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HXHALE: TP<0.01; SEAALLE: *P<0.05 *#P<0.01,
NG
**P < 0.01 vs control group, *P < 0.05 *P < 0.01 vs model group,

same as below
1 AARREHEEXS PD /RICHEFEI BN (X £,
n=28)
Fig. 1 Effects of different extracts of E. ulmoides on

climbing time of PD mice (X *s,n=38)

3.2 HAAREHEEEIXT PD NEARSUR K DA kI

K F HPLC-ECD £l PD /)™ BRI SUIR A4 4H 27
DA /KF. Wl 2 fion, HxPHRA A, BB N
BEUIRIRZH 2 DA B FEK (P<0.01); 47T
FAFREAG, 75% LB/ NRSCIRIAHL S DA
KFRZEHE (P<0.05).
3.3 HMAEREYIA UPLC-Q-TOF/MS 434

KA IE. 53 PR CR A AT AN [F R HU i 5
WEAE . i MassLynx 4.1 TAERE3 2k Al 5 Fhig
EIRIIE . s 7R UPLC S (K 3). 5%
Rt EESK 45 A SRR B 1020, X UPLC 43 55 Hi i
504 BRI VEREAT 4307, %508 H 26 Moy (GR 2D
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YR B 4K 25%EE 50%EE 75% 8 95% B

2 HAREHEEEIR PD NRKNSURIE DA 7K FRIFZAR
(X E£s,n=98)
Fig. 2 Effects of different extracts of E. ulmoides on content

of striatal dopamine in brain of PD mice (X %5, n =8)

3.4 #{hEENI UPLC EL 541 PD {EFAY PLSR
ST

KA SIMCA-P 12.0 #¥sb##4F, F UPLC
il H 1R 50 M-S RIARX S (XD 45 5 EHF
W] (Y1) DA ZKF (Y2) 2 NyakdEbridtiT PLSR
3T, AAbERTE AT B SR EARAEAL 1) [ A R EOR
BRBEIEERE (VIP) H.
3.4.1 HAPREY) UPLC-Q-TOF/MS 34 5 5 e
FEEF TR AR DG AL SR A i 5 R 5 TE
FRASTE] ) PLSR =] 5= %0 & VIP sikfE WK 4. 7
W R BRI ) EikiEs 23 A5k
B[] 2 IEAEOG, Hif 27 Mg S HEFHEC. —/&im

A (
;'27 44 \H/‘S |\
29 32 0 V/| \ (\!. 48 50 \
23 00 - LA AN || \ \l,‘||||\ J i I A - 95% L
6 26 ' " 47 [} A A | .
82 I3 A " | }6 |\ R N RN
| 4,3\58;1;@_]\,L 4 00T | R RGe N i ey }\_ﬁ_ RIS 50% 7 B
—I 1ol ’,‘ 1t N
i L, e e N ovem
I Sre o fin I\ _ i e STK
B
18 SN LT
3 __]Llsi\f\f N U 43 o : ISR
i AN Pﬂ/ A - — L ~rS0% LB
. P\ o o T 2SN
- .’H’u‘n"ﬂ'fh,\ll- r’1 ‘--' \ 24 B - _ - Bk
N
0 2 H 6 8 10 12 14 16 8 20 2 24

t/min

3 HAFEHREMIELE A) 5 B) EFERXTHEEFRE

Fig. 3 Total ion flow chart of different extracts of E. ulmoides in positive (A) and negative (B) ion mode

&, VIP{E>1, ULHHAA B2 ok, XHesr
INF[E]EAT PLSR 734, 45 R BIRUE 26, 48, 45, 44,
13. 5. 31. 10, 4. 19, 23. 22. 35. 36. 9. 49,
47.30.3 [ VIP {H>1, Bt TEF PRI UPLC
IIMTEE T, A LR 85 S 245 2 AR TEAF B 1) &
5 BB,

3.4.2 HAPREUY UPLC-Q-TOF/MS 73 #r4h B 5 DA
ACERIARNE A AP REIILE  455R5 DA
KFH PLSR [H 9 %% VIP Silk{E WL 5. ALf
SR T ki g 21 N5 DA KPR IEAESR,

Hoak 29 MESHEFAHC. FIRXSCHRAE DA K
34T PLSR 43#7, Z5IREIRIE 45, 44, 48, 22, 7.
26 24. 41. 33. 5. 29. 31. 23 {9 VIP {Ei>1, ¥
FEFLAPSEIA UPLC 48SCEE Hr, AR Bl 4356
RCRAREUIRAA DA 7T K A% 35 BB

GEE 2 DNEHBHRFR) PLSR AT 45 51, R 45,
44, 48. 22. 26+ 5. 31. 23 SUEXHCHFI A F1 DA
AP R BN, Hp 5, 22, 23, 26 5
U 258 s 7 oy AR AR B L REEMKE . S-FR LR
Mg WMHERE .
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2 HHEEN UPLC-Q-TOF/MS ElB4HTIEHI3EINGE R
Table 2 Identification of characteristic peaks of E. ulmoides extracts by UPLC-Q-TOF/MS
= fet wmin A pae MIIMEHE o BTROY
SEIME (m/z) (m/z)
1 EEIRERN =D 2.5246 214.084 1 213.074 3 CioH1405 195, 166, 151
2 B 2.600 8 226.084 1 225.074 8 CnHuOs 207,123, 101
30 mEIHELD 0.955 5 342.116 2 341.106 8 Ci2H2011 323, 309, 161
4  koaburasidel!? 1.8911 332.1107 333.114 7 Ci1sH2000 171, 156
5 AU 3.0558 350.157 7 349.147 2 CisH209 187, 169
6  ZRJERIY 23873 354.095 1 353.086 8 CieH1s09 191, 179, 135
7 e PR 1.968 8 374.1213 373.112 6 Ci6H2010 211, 167, 149
8 LRJFEFR R 2.954 4 368.110 7 367.102 0 Ci7H2000 352, 205
9  AlRERN 3.260 9 358.141 6 357.132 4 C20H2206 342, 339, 327
10 HOHER R ER ) 32154 376.152 2 375.143 8 C20H2407 360, 179
11 AX-TRERE iR - R 2.8649 392.147 1 391.137 8 C20H2408 373, 355
Ji A AR AT )
12 fgzns 3.198 8 388.1522 387.142 1 C21H2407 357, 369
13 (+)-FAIB8Y-O-B-D- M it 7 25 HE e (16 32187 520.194 5 519.186 0 CasH3201 357, 341
14 1R G Y 2953 1 536.189 4 535.180 7 Ca6H32012 373
15 HMIE U 26223 538.205 0 537.194 3 C26H34012 365
16 FLAPEE AU 32167 550.205 0 549.196 8 C27H34012 387,372, 357
17 T R R 2 B ) 3.248 8 580.215 6 579.207 2 CasH36013 417
18 HERER 21.584 6 456.360 3 4553519 C3oHas03 437,409, 247
19 FANREE i a pE 1) 3.1279 682.247 3 681.239 2 C32H4016 519, 357, 151
20 1-FREERMRER Y 3.064 0 698.242 2 697.234 4 C32H42017 535
21 HRECHEEY 3.094 2 712.257 8 7112513 C33Ha4O17 549, 387
22 REFEMKETY 3.1570 742.268 4 741.259 8 C34H46018 579
23 5-FR HRLHEEES) 2.007 4 126.031 7 127.039 5 CéHeO3 109, 97
24 1-FEALAPEEDY) 5.9890 172.109 9 171.101 1 CoH1603 153, 143, 115
25 AhppEErR 3.740 2 188.104 9 187.096 3 CoH1604 169, 125
26 WIHERRIY 3.023 4 180.042 3 179.033 6 CoHgO4 135

ARAARE o B S R

“represents determination of substances based on standards
4 g

UTAEAR, KGR 22 R RIF 7E 3 WAL M S AL 27 B
S RAMERSIER, ADIETT PR E RGN
(Rl A R TT BREETT h & A AL AR, — 253897 PD
7770t 22 DA A 2450224 {8 H AL AR T PD
g AU BRI R B, D SR kA . At
FOWEE T AL SEECNT PD /NRISIEITIER . 230
THRERRIG 2 PD BH I L EIGARIL, AL+
HELE PD /NI AAZ S BT, ATRME NG
FEbR SR 2500 PD K67 /EHT . PD 32 205 BE B4R
A& R ECE T DA M2 B, SUIRTE DA K
R, SBNNIEERS. SRS, B
PE RS K A SUIR A& DA JK-FIR2697 PD HICHE .

/B ip MPTP J5 tELER IE MR8, B8 iARE S T
. izshidb%E PDRER, ig AT RIS,
HAT NESRESH s . SRR RS,
e 2540 /)N RIEAT IS TE] . SCIRAR DA KPR B2 2
¥, AESEALAR T PD HIRITIE

AR UPLC-Q-TOE/MS 07 314 5
FEAPAR RIS 26 FAL G- 73 AT 2= F8 AR
JEFFI ] SURIA DA 7KF5 B3 B RFE I T
PLSR 73#7, VP& B i 2530 F B oamik, Pk
JEFFI A FD DA KRR TTHRI 2 4o i AT &
HoHT, RO . RS 5-F2 F SEAEmE
DINMERR 25 R 2 BE R 23 PD /NRIZENIERS, XA TH e
HYURM DA K, AT RS AR YT PD IRZ5 38057 -
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Var ID (Primary)

3.04 L
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1.04 |
; Lijll
- - L L

-1.0+ 1
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26484544 135 3110 41923223536 9 494730 3 46 162028 432415 8 38 7 4233173241 25037251814 3912211129 4027 1 6 34
Var ID (Primary)

El4 #At{f HPLC-Q-MS-TOF 5445 R SIEATATEZ L) PLSR AR EIIHRH (A) K VIP TT#k (B)
Fig. 4 PLSR normalized regression coefficient (A) and VIP contribution of fingerprints by HPLC-Q-MS-TOF and changes of

climbing time (B)

A
027

0.11

CoeffCS[2](51)
| |
[
|

12345 67 89 10111213 141516 1718 19202122 232425 262728 29303132 33343536 37383940 414243 44454647 484950
Var ID (Primary)

3.0+

2.0

VIP[2]

| .
L pEEc mEL
45444822 7 26 24 413352931233 12 6 282146395025 4 4018 1 27 342 143738 1142 8 1547 4920323013 103519 9 16 3643 17
Var ID (Primary)
E 5 #tfi HPLC-Q-MS-TOF S#£5R S DA K FE LAY PLSR FREKEVARE (A) X VIP THk (B)
Fig. 5 PLSR standardized regression coefficient (A) and VIP contribution of fingerprints by HPLC-Q-MS-TOF and DA

content changes (B)
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