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Rapid discovery of acetylcholinesterase inhibitors from natural organism
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Abstract: Objective To establish an effective method to rapidly detect acetylcholinesterase inhibitors from natural products, and
provide support for the treatment of Alzheimer’s disease with Chinese medicine and its active ingredients. Methods The activity of
restraining acetylcholinesterase of crude extracts of a variety of medicinal plants were evaluated by applying Ellman’s colorimetric,
and the better activity of the extract sample solution was filtered out. The active ingredients of medicinal plants were identified and
separated by the application of AS/UF-UPLC-MS. Results According to the experimental data, Corydais yanhusuo, Phellodendron
chinense, Uncaria rhynchophylla, and Gynura segetum had significant restraining acetylcholinesterase activity. Rapid screening
showed that 3a-dihydrocadambine, 3a-isodihydrocadambine, rhyncholphylline, isorhynchophylline, corynoxine, and isocorynoxine
were active ingredients in U. rhynchophylla. Conclusion The results suggest that it is feasible to screen acetylcholinesterase
inhibitors from natural organism plants. Using AS/UF-UPLC-MS methods, leading compounds for the development of new drugs for
Alzheimer’s disease would be developed and provided.

Key words: acetylcholinesterase; Ellman’s method; UPLC-Q-TOF/MS technology; activity screening; affinity ultrafiltration; natural

products

B /R DHEERIH (Alzheimer’s, AD) &—FhEZK  F2050 4, ZHEW ALK 1.14 121", ZHEH
AT ZHENPPZRATIEG R, FERWEZHEN  WlERE (acetyl cholinesterase, AChE) j& AD [#)—
PIFPARARE R0, IR ZURLL . s Thaee R,  NEEIIHIRIE R, AChE {1k £ M5 AR 22 i
A FEINT . AD CE OO IMERIRAME . RN, SROBHEBRIEK, HEERMEES
JE R N A BRI AR, 51 ADPPY). HET K C B e

kS EHA: 2018-09-12

TEHEN: £ & (1985—), &, A&FL BRI AATEE,

BIEEE AR (1977—), 5, Wi, EIEE, WA RAZMF . E-mail: tangshengan@tmu.edu.cn
I (1983—), B, td, WZLERIRIN, BT N RR WIS . E-mail: zhaochuan@tmu.edu.cn



¢ %% Chinese Traditional and Herbal Drugs 2F 49 % 25 24 3§ 2018 &£ 12 A

* 5757 -

AD 1 25 W) K &8 4> N & T H B R B A AR R
(acetylcholinesterase inhibitors, AChEID), Wijn=24t
B RERIT. 220655, HAHIIR A 2%
A R,

WAER, RN ANRRLGY R IT R FHkiE
HARKWIIRA . FEEH NS S E) AD 877 2454,
RIT —L BAT AChE e VE R SRR Sy, %
NI, WE. IR E RO, ARseih i
ZFhR IR - N i &, KA Ellman LE 32
Xf 2 B2 A ) SR AR B AT e e 0%, X T
TR BRI N FH S R R R v RO (-
i (UPLC-Q-TOF/MS) 1 FH B A PR i e 4531,
Z5 FAEYH AChET PO TRk %5042t 77 5 A

PR F
1 {XEESHH
1.1 {43

Acquity & = OB R S8 AR I 2R
Synapt Q-TOF MS (ZE[EIRFFHT A F); SHB-IIA 1§
HKXZHESR. DLSB RRA MR (i
BRI B A IR A ) ; RE-2000 e 78 5 AL
R SR X AT IR A 7] ); KQ-200VDE AUXY
A A E A (R @A MR RAR]D;
10KD 7 25008 (S [F 35 L A 7] D 5 Avanti J-26XP
R VR B D L (SR DL 2 R KA A D)
SynergyMx £ D REBEFRX (& E{EE AR BT-125D
R (EZFREAAER A IR A FD.

1.2 w55

B0 S I N <IN /5N 3y N 74y o
BgE . VRN BRIFURR. VEIME. HHIge. N
XL FAR. vEEE. M=t S0E T
FLEESM AT 2013 FE B A2 E 2 Y, R
AR BER 7 24 7 e S AR 22 B R 55 08 7 i = R
¥ B Phellodendron chinense Schneid. FT-1G4 1 s
H iR E AL FH 58 Stemona japonica (Bl.) Miq. HITJ&
P BERIEHZR Corydalis yanhusuo W. T. Wang
BTzt | & F-F N RE Fritillaria ussuriensis
Maxim. ) 452 ik 25 ; B SE BL % Nelumbo nucifera
Gaertn. M BRIBHEATH Microcos paniculata
L. BTt 96 RHGE Uncaria rhynchophylla
(Miq.) Miq. ex Havil FIreeTHeas: 2 sRHEE al
Macleaya cordata (Willd.) R. Br. [R5 SRR}
RZERR Laportea bulbifera (Sieb. et Zucc. ) Wedd.
AR, BRBERMIEES L Aconitum scaposum

Franch. var. vaginatum (Pritz.) Rapaics FiifR 45, 7k
BHWtZA Prinsepia utilis Royle H14tk; SRIEMKEE
Polygonum ciliinerve (Nakai) Ohwi [ FgEl; %}
LI XSHY Litsea cubeba (Lour) Pers. HIHRSZ; B RIEA
¥ Tripterygium wilfordii Hook. f. [HUR; BHERERNE
BT Astilbe chinensis (Maxim.) Franch. et Sav. 14
¥, BRIRAEHIZES Polygonum amplexicaule D. Don
var. sinense Forbes et Hemsl [ TFHRZE; DiRla 0%
FEL Alternanthera philoxeroides (Mart.) Griseb 4=
. OBE (ORraD. BB (i, Mg, S
. —HIETEK (DMSO) 340 H R E AL
FIFPRAT ;. % G0, AChE. 5,5"- B M (2-fii 2k
ZKHR) (dithiobisnitrobenzoic acid, DTNB) #JIl4 H
Sigma A #]; WULERALZBEIETE (acetyhhiocholine,
ATCI, Fluka 2 7)),
2 B
21 ik GmiARAECH

ZiFIEYIRE SO EE, 100 g BRSO ARA 95% 4
BEFE 80 ‘C/KMEHHIFARI 2 I, Hk2h. B L
BEARBORIETS, JERORE R IR E . MR E
FHL0.1 g, H 5 mL ZBKEM, BOMA8 RIS,
JERL, PEMRAEIUL AR AT, FRERE, PBS 4%
PR (pH 8.0 FC Il AL 10 mg/mL £ i &4, 4 °C
UKAE R ORAT . BUAE AR 10 ul, SO 90 uL PBS
e (pH 8.0) #iFEl 1 mg/mL Ml i IR
2.2 WERMIRRAECH
2.2.1 AChE ¥ F#FREL AChE, ¥#f#T PBS
et (pH 8.0) 1, HCHiAk 0.28 U/mL HIBEE K
i Ellman LU ey Ad A5 B Ak 7.8 mg/mL HIBE7 )
fHt AChEI FI% 5548 H] .
222 BRI PRI 2 mg (RE A R
VERAAE 2 mL BIJCK R, 783 723 FC ik 0.125
mg/mL IR} SR .
223 DTNB W AE%AKBGE & DTNB BrA, H
DMSO Bl 0.1 mol/L FIfi#5i, SE56FT 75 i F
PBS 2 (pH 8.0) Pl 0.01 mol/L MV »
2.2.4 ATCl W FEERBUERE ATCL BrK, H
PBS 2R (pH 8.0) Bl % 0.075 mol/L ¥ -
2.3 BIEEMG

BEH C g it #+ (100 mmX2.1 mm, 1.7 um),
WA EE CAD -7K (B) o 43 FHATEE A i, 0.22 pm
AL UEREIERL s BEEEVEBAEFF: 0~3 min, 20% A;
3~7 min, 20%~100% A; 7~9 min, 100% A; #¥



* 5758 ¢

¢ %% Chinese Traditional and Herbal Drugs 2F 49 % 25 24 3§ 2018 &£ 12 A

A 30 C, AR 0.4 mL/min, #EFEE S uL,
K K 254 nm.
24 [FiEEH

K P L % B YR (ESD),  1E B R A,
BE I 3.1 kV, HEALHE 35 V: B IR E 110
T, BEFISIRE 400 C; HEFL SR S0 L/h; it
WHRISNES, ERBRE 800 L/h; VL m/z
50~1 200,
2.5 Ellman LE&ETNAAEHEREYN AChE
HHIE M

HX 140 pL PBS 2211 (pH 8.0, 20 uL 25 HfH
YR I, 15 pl 0.28 U/mL ) AChE & RER
FLERA, E%IES) 10 min, 4 CHE;FE 20 min, K
YHIN 10 uL DTNB %3 10 uL ATCIIERIT 4R R
N, B¥%IRE) 10 min. 37 "C¥;FE 20 min Ji&, 405 nm
TNEBOLE (4D EH. SR 4 H, 5HIsE
5 2H PR 45 1) 2H CR i S i A B A i D
THY (pH 8.0 PBS ZZn AU Ll i), =&
I idl4l (pH 8.0 PBS 2 A AChE ).
fZ (D i ATHE, B AR S-FAT AT 3 %,
BP9

I=[(A4 2a—A wesm) — (A s —A sepn) V(A 20—A mieem)
2.6 FABIEHARIT AChEI FI4 7

HY 12.5 pL it fif 29 (10 mg/mL), AKKI0
A 462.5 uL PBS Zz M3 (pH 8.0). 25.0 pL AChE %
Wi, 75 37 C R E 30 min, KB OMBIEEE 4 C.
12 000 r/min 25~ 250> 10 min, Z8 5 A 500 uL PBS
ZZrPR (pH 8.0) McBEIEE NEE, [FIFELE4 C.
12 000 r/min 2514 N 0> 10 min, FHJER, HE 2
o M 500 uL HEE N 20 min, {ERFAEM:, 7F 4
‘C. 12 000 r/min &£ F &0 10 min, FH 250 uL
R P R 8 A U BE, 76 4 °C L 12 000 r/min 251 F
B0 10 min, HEHE 2K, SR ERLERUE %
HEFRZATIE, A 100 uL 50% F &2 &,
UPLC-TOF/MS Wll5E . HHlh 2 4, 43 HNsEss
A2 A4 (pH 8.0 PBS Z2itlift# AChE &)
3 BERESH
3.1 Ellman L @ENELER

SER AR BN, EREREN 1 mg/mL B, 3
M. e BB, I =-BRHEIRE R T RN
1) AChE #IlvEME, BB, “FUURE. farnt. Ak
13 S5 NN 113 Qs D N1 1) s R /L AN 1 B AT
PREFSOMR VEIE . FRIG (D, HERE. AR,

HoRid. O E TR RN T 551 AChE
FOHE o S2a0 35 DAE i SRR B PEXS R, 3 7
N 100% (B 1),
100
80+

60+

1%

40|

20¢

0

EREXLET ~ ~BEOEHLYBZHET I E
EmREEXRTESENIRELIEI N IT
~~ D MBI E TR S E
T m K 2
ga & H
EE o«
£

1 ZREYAERYH AChE HIHEN
Fig. 1 Acetylcholinesterase inhibitory activity of crude

extracts from medicinal plants

3.2 HERERIRREXRENES R

I “3.17 LSRRI, AR . .
I =GR B A B S0 AChE Mgt . A3
ATRIE! O, g R B R LS M A B R AR
1. LI SR E R, A TTEYT AD [ RE.
Nk, EPRRERAE SRR G, SRR IR A
SR € B - O RS I FH R AR XA B AChET #EAT PR
MRk (E 2. 3).

SINTE RS B T, RN TS E 4,
SEIGZHALE 3.59. 4.22 min Ab B TR TR ORI 1Y
5, [RLIEG AT AR NI AN B - I W AR G N (A &)
Rz 54 GG EY), A AChEL. g3

4.95

A )
* 5.12
3.94l 54.83
205 354 [ 47\% | 531
214 W+ 5.84
21 AW w§ﬁ<§.83
4.96
B 12
5.13
3'974 ?.684 |
2.96 3'55l|n']lqr' Ml 5.31
AN e
.
T T T T T T T T T T T akas!
2 3 4 5 6 7 8
t/min

A-SEBZH B-FA4L, R
A-experiment group B-blank group, same as below
2 HEREIRNIRE R IEE
Fig. 2 UPLC of extracts from U. rhynchophylla



¢ £ % Chinese Traditional and Herbal Drugs 3F 49 % 2824 # 2018 E 12 A * 5759 -

B HAEXT 2> 15 B A 546 (3.59 min). 384 (4.22

: s min). KRAEAIR 4 B BB L 2 s, &

bl sl B RIRIAL ), 5 TR B 546 % R ROAL A1

w00 dasa A 3-SR RS R 3- AR M TR

SN, NSV, O A1 VOO . N NS B384 MR A NI . R AL

B > B SRR (1),
! 2 5.19 4 1ig

. 4ﬁ M Ellman Ho@EF4T T3 19 FR48 0k

I O\ AL SEMIMIH ACKE YitE, 4R, HAn. iHl.

3 S 6 7 . =R B BN 525 (1) AChE 1]

W NP S RO SHE T R BB A xR 4t

B3 R ETRE 1T LB ER R R4 3. %0, RIMLE Y

Fig. 3 Total ion chromatogram for extract from U. }:ﬁ?ﬁ%ﬁﬁﬁ%‘ 3-:ﬁ*|5'jﬁ:?; %@H’%ﬁ)ﬂz\ ﬁi’é@
rhynchophylla TR ATV B A S AR AL B

£ 1 HHERIEERY UPLC-Q-TOF/MS H#4ER
Table 1 Analysis results for U. rhynchophylla by UPLC-Q-TOF/MS

AR (m/z)

= tr/min TR =3 %y
SEME LN IEN
1 3.59 Cy7H3sN,040 547.228 9 547.229 2 3-ERRITES- A RTE
2 4.22 CaoHyN, 04 3852227 385.2127 TR/ S B FRR ik /A Vs /SR A
EMGBIER ARG S T it 5 R AR AL Phytoconstituents and evaluation of acetylcholinesterase
L OES N A B 2 i T 2 R B AT 4 B AtiAL inhibition by methanol extract of Liquidambar styraciflua
Lﬁﬂ:éﬁlﬂ’ﬂﬂlﬂgﬁké}ﬁj\ﬁiﬁﬁ e, SERGEIER AR (L.) aerial parts [J]. J Appl Pharm, 2014, 2(6): 143-152.

Colovi¢ M B, Kirsti¢ D Z, Lazarevi¢-Pasti T D, et al.
Acetylcholinesterase  inhibitors: ~ Pharmacology  and
toxicology [J]. Curr Neuropharmacol, 2013, 11(3): 315-335.
[5] Koirala P, Seong S H, Jung H A, er al. Comparative

I LA e e e S A E g gy tEeh
E R4 AR 4 TR, AIRE o B R
i A4 TR SRS GG, NI E

JEAER A I e R A BT DA H BRA 0 1 evaluation of the antioxidant and anti-Alzheimer’s
Hok, HEmis R oSt i H Eg[lz_ls]o AL, Disease potential of coumestrol and puerarol isolated
I FH S 0 EE I8 VR B FH AR S R SR 2454 i R AR A a3k from Pueraria lobata using molecular modeling studies
4T AChEI 7358 X5, BAE THIE RS, Ui [J]. Molecules, 2018, doi: 10.3390/molecules23040785.
HeRh 4y B8 Sy SR ATAT Y, Befis NIT R IETT AD [6] Yang Z, Duan D Z, Xue W W, et al. Steroidal alkaloids
(35 25 H AT FE (58 Sk ) from Holarrhena antidysenterica as acetylcholinesterase
inhibitors and the investigation for structure-activity

S E ik relationships [J]. Life Sci, 2012, 90(23/24): 929-933.

[1] LiuXL, CaoP, YangJ Z, et al. Linearized and kernelized [71 #H%eE, BRI, sk, 25 B QO HE AR S B0 )
sparse multitask learning for predicting cognitive W B AR TRE (7). PEEZEER, 2011,
outcomes in Alzheimer’s disease [J]. Comput Math 39(3): 71-74.

Method M, 2018, doi: 10.1155/2018/7429782. [8] ElsaR, Goran S, Mira S S, et al. Comparison of protocols

[2] Murraya P A, Faraonia M B, Castroa M J, et al. Natural for measuring activities of human blood cholinesterases
AChE inhibitors from plants and their contribution to by the Ellman method [J]. Arh Hig Rada Toksiko, 2000,
Alzheimer’s disease therapy [J]. Curr Neuropharmacol, 51(1): 13-18.

2013, 11(4): 388-413. 91 K ¥, R, MR, 55 s O I R

[3] Khaled N Z R, Ana C C S, Paulo M P F, er al. AT BB RS T 7T [J]. P RIZE, 2011, 9(10):



* 5760

¢ £ % Chinese Traditional and Herbal Drugs

H49% E24 8 20184 12 H

[10]

[11]

[12]

721-724.

Xian Y F, Mao Q Q, Wu J C, et al. Isorhynchophylline
treatment improves the amyloid-p-induced cognitive
impairment in rats via inhibition of neuronal apoptosis
and tau protein hyperphosphorylation [J]. J Alzheimers
Dis, 2014, 39(2): 331-346.

Matsumoto K, Zhao Q, Niu Y, ef al. Kampo formulations,
chotosan, and yokukansan, for dementia therapy: Existing
clinical and preclinical evidence [J]. J Pharm Sci, 2013,
122(4): 257-269.

Mike S L, Edward H K. LC/MS applications in drug

[13]

[14]

[15]

development [J]. Mass Spectrom Rev, 1999, 18(3/4):
187-279.

Ranjith M, Vanisree M, Angela I C. Screening of natural
compounds for ligands to PfTrxR by ultrafiltration and
LC-MS based binding assay [J]. J Pharmaceut Biomed,
2011, 55(2): 265-271.

SETRL. 2% A BT BOR e FLAE 2R TR o ) R
(7). AEarfitk2E, 1991, 11(6): 27-29.

RHE, 5, A& BE, AE SRATEEHOR PO R I
e LR B TR (] REBERER AR,
2011, 46(8): 759-762.



