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ABSTRACT Objective: The purpose of this study was to observe the inhibition activity of ZLA on neuron-derived AChE activity
and its improving effect on learning and memory dysfunction caused by central cholinergic dysfunction. Methods: Inhibition of ZLA on
neuron-derived AChE activity was detected through in vitro experiments. The in vivo effect of ZLA on AChE activity was observed
through ex vivo experiments. The improvement effect of ZLA on learning and memory dysfunction induced by scopolamine was exam-
ined in Morris water maze task in mice. Results: ZLA inhibited activity of AChE derived from human SH-SY5Y and mouse hippocampal
neurons. In addition, systematically injected ZLA inhibited AChE activity in the brains of mice in a dose-dependent manner. The results
of Morris water maze test showed that ZLA significantly ameliorated the learning and memory dysfunction caused by scopolamine. Con-
clusion: ZLA can inhibit the activity of neuron-derived AChE. Moreover, ZLA can effectively ameliorate dementia caused by central
cholinergic dysfunction.

Key words: Alzheimer's disease; Multi-target directed ligand; AChE inhibition; Cognitive amelioration

Chinese Library Classification(CLC): R-33; R338.1; R749.16 Document code: A

Article ID: 1673-6273(2020)07-1206-05

. CAZIRR AR B E A I ARAEAR D AD () S5 BUARFAT
= Z—WIRNAFTE B- VERREE I (B-amyloid peptide, AR )JE A,

B /R 7 3 BR 5 (Alzheimer's disease, AD ) /& % 4E A d &
ULER 28 R GEIRAT YRR H AR AL A2 4%, OCTHA R HIL
AIELARUL, AT IHRAE U0 . B TER LR 1A 35> IHmAE
ZEURIAR , AD AEARIE B T8 A IE B BE il 28 o i 22346 5T 2 Tk R
fif (acetylcholine, ACh)F= I /DT 51, HAEHE /& AD & ik
PG RE A 22 TO BRI A, ACh J2 i A J S A 2234 5T, 7
22 2) ARG S Th R EEEAE M . AD B AR GE
M TCEEC D T 330 ACh G A A AR IO >, TS &

*IEAIH - ER A RRERE 4T H (81503044,81373417,30973538)

HZAEDES, AR JETEMFERTAE [ (amyloid precursor, APP )1
=), A w AP AR TE I 5 1 BR Z Al AT S B
R ATRERCH AD MR BN R 2 | X 82 B- Ve AR 2 U,
VAR, I P9 48 1 TR AR ME AD A WL H A AR Ak St
g R AT, R R IR SR Cu RS KAl
Al 2 AL (R AR TREE R AL S B £t
P45, EmiAE AD B9 o R HEE 2R Y,

HHTFE AD BYIE ARIGYT R i 2 B 2540 02 £ e A B

FEH A B AT A, WESE 5[] PR 2432 | B i+ 18817516807, E-mail: 2468118848@qq.com
A GEIRPER 2RI WA S0, RS 7 0] pl 222432, E-mail: lijuanpharm@163.com

(ks B 199:2019-10-31 4257 A4 2019-11-27)



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.7 APR.2020

- 1207 -

it 417 451 37 ( acetylcholinesterase inhibitors, AChEIs ) , 38 15 11 il
i N AChE ki /b £ 3 i P 2 fi ] Bt ACh f R, $15 ACh
7K, S MR RE A 22 1% 13 DI R , e 4t o 8 3 1 2 ST A
AE T DAITTCRE SR 3 I RAEARY . FDA LYY AChEIs {3454th
e ARSI B B 2 g (RUR ISR E , DL
AN REBHL ISR R AR A e, BB I 2 A I PRAAEAR 07,
U, FHRFEA R AD IR EA EEAE XL,

AChE {TEHEAL SO A A 2S5 F 3, — - R
i (catalytic anionic site, CAS), 75— J&#MH B 8§ 77 51 ( pe-
ripheral anionic site, PAS), fFi5 & AR BEPH K FEEE/EH . 1%
4ii) AChEIs ZAE T AChE fEALA7 £, AR T ARBIE K
T —FEIEHERT CAS F1 PAS 3 55 (BT B XU AL L AChEI Bis
(9)-(-)-nor-meptazinol , FLAE ELAM il K Bz J2 KI5 AChE fiifb i
PERM] AR JRAETE TV AL ML AL G W AS A LR T, A PR 2 1
— AT HAEEE T EASE NG Y --bis-MEP- £ —
M2 5 ) (ZLA; HA5 kUL Fig. TA) . ARTFE R ZLA fig
i WA S A0 /I BRUAT SR U i AChE T, 320 1 5 0 0 ) W AR
RIS, 554 ZLA BAA 4R 87 (i Cu* Zn® ) B G361, wT il
Cu® I R AR T F AR H 22 4 0E S M, PRI A5 22
BOMBTEM 2 bt AD S 59 . iR SRR AChE Sy
TR, BEAL 5 220 ACRE (I HiE M%) T AChEIs 23
AD i N IE B BE #2552 i A2 i D RE SR 75 1Y, IR S 4ERR 22T
71 AChE # [t , #1125 67 AChE i PEXT T AD 1897 Al REE.
HHENEEE ), WaEIEr 2505 AChE (WAL T 40
PR AChE ), ZLA X £ 7C 8! AChE (¥4 il v #4 an ey
ZLA A RENSUGE X RO RE P 2 T RERE AT S B0 R , H A
FEARVEHE . ASFSEAULIE i 1A N 4032 35 AT Morris 7K 2K B/ 170 2%
SERE—PATTE ZLA X2 oeR ACKE A PEAE F L&
PEENEE, BFFEAE A AL ZLA MR8 AL 288 fidl AD S
AV ETEM A AEIIE TR

L MR 5 % i%

L1 ##

111 RE5RF  ZLA AREARIEA TR = Z B
EAER Y, ZBEBAEE, S5 A - (2- IHEEEHR)
(5,5'-dithiobis-(2-nitrobenzoic) acid, DTNB), {& % iz , I 4~ Ifil i
(fetal bovine serum, FBS ) , MR 1 , 7= K5, A, 1 E
Sigma-Aldrich, Neurobasal #1225 CiEFR 5, B27 #h 7557, DL,
DMEM ¥4 5 % ( Dulbecco's modified Eagle's medium, DMEM )/
F-12(1:1), W7 5% 5% 2 (minimum essential media, MEM ), 0.25
JREE I, L- AT R /SRR AWK A Gibeo,
112 SRISURRFITIZNY AR R BN (18-22 g)
W B E R B LS gesh b (thE R ) . BT A SEE T
ST A R E S A B LR sh Py 4 SR E FH TR R ),
FEBAT G 2S00 K2 R 2 e (L

1.2 Fik

1.2.1 #ZTE AChE W%l  F A SH-SYSY 2 ik
RS A E A 10%FBS,2 mM 2 24k, 100 UmL F 8 £
F1 100 pg/mL HEFEZ M DMEM / F-12(1:1), 355535 T 37°CHYy
& 5% CO, WEEE . TR S 2o R A B 1 ik

FE, AN AR A BT A 24 h /NGRS 4021 20 434 e
LA 1000 rpm 5.0 5 4340, SRJEHDI0EEE T & 10%FBS Al
5% b iy ) MEM KRR 2] 6 fLakH, IF7E 4 h 5k
SEFREETE hF B27 IR A S oukE IR A S T IR T
(10 pM)BIMBNEFAE R & 3 RAFEHE RS —p
MREFRSE, b T RSB 4 TT R AChE, J SRR 25 3 K
SH-SY5Y Fiffisr 255 14 R DA ekt 37550 B E 900% g
TF 4CE.G 5 450, SR)EH LW T VKR T 4% ML (Alpha
1-4/LD plus; Marin Christ, Osterode, Germany ) F1 K% T4 4575
THMARERET 1 mL AFEKF T AChE & HNE
122 {56 AChE iEHEMZE W H ek B A Ellman J7 3245
AChHE JEHEM, ¥ pH= 7.2 11 0.05 M B5EREEZZ v Fi1 0.25 mM
DINB A, SRJEIMAAN SH-SYSY £ Uil i & uth
FERT WA RO [l B il 29y, 10 dE 20 23%h. A
0.5 mM 1) LBt EEGR A ARBEAE N iS4 , i F Z D RE R A1 ( Ther-
mo, Waltham, MA, USA)YE 412 nm ARG G . 5 15k 5 % ]
21 U T 2G W A7 78 S 4 AChE R 73 L.
1.2.3 ex vivo AChE fEMEME KNk 5 4l (n=5), 5351
JE TG 1,2, 5 mg / kg ZLA,3.25 mg / kg FIT B AIRIE A,
40 SIS ALIE . il e/ NERTTIG ST 3 W, T2 5% P 1Y AChE 16
1.2.4 Morris 7KK E 5286 i Morris 7K 28 B 5236344 /1N B
B2E 2 FCIZEIRE M TESCIRTFAAHT 2 Tk B I 5 S 2
B B — A RBERy K (EAR 140 JEK ) CEFE L0 = i
], 7KK (224 1.0°C)EE 30 em IR KA 4l 4 4
FHEEIIGIR  — RO (ER 9 JHR)BEIRE — SR H
LoKTETF 7 1 JER AR CXE /N BRAS AT I 578 4 At act 72
PREFER— AL E . BB CE A Kt oL 7, F SRk
/INERIRK TR Y S

B RAESLHO AT 30 4380 I TS ZLA(1,2, 5 mg/kg) 5l F)
B (3.25 mg/kg) , R B B8 MG BE 2 7R BELWT 551, 7] .
Wi ZWEARBEXT M SZ AR A3 E 3 B T 2 i DI BeRE AR,
BER SR 15 435 IR W TR0 AR B 25 0 (2 mg/kg ) iR A7 3 A2 00,
I 4 R i riee & HU/NREER T 4 ik,
B4 K, PRI F] G 30 B, AR ARG B AL
) AREXT T A /N, AR R T , IR R I 4
MEIRNAK =R BRI 2N R B 6 o8 1E , 803
FFEE 90 s, 7E 90 s AR/ AE S | R 2 B I EHAE T &
TARE 30 b, A 5 RERIAE T BT & MoK R
B HU/NRA B G BRAIKIEDK 2 ¥, LIRS R 25
(B 0o B A IR EICAZRE T . Auirg /N IR 60 s, filifH
A SRR (F B ARG IRA T, L )il eI i T e
BB
125 F 3R R RN B E AR e XA s X
(40 cmx 40 cmx 40 cm)Hr JFHH [ BTG 3 5 5350 TEFFIR BT
AT 70 %6 1) BRI TR TR 17 S 0o B LAV B S R e SR
SR MIZ sh Ll , 1 B IR R G R LA T 0 BT, LASR
15/ BRAE PO XS B B8 S R A 43 L o
1.3 Git=aih

PR Meant SEM,, if 2R IR 22 BB H 250
2253 BT (ANOVA)#ATSE 0T . P<0.05 BASGEH#E L.



- 1208 -

DREMESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.7 APR.2020

2 5R

2.1 ZLA #8425 B AChE &%

BATHN SH-SYSY & uguisk /N Bl Db 28 oA ik
A ICRY AChE BSRTR . FRATAE I ZLA BERE T & AR 11
il FRZH SR PR ) AChE 367, ICs {54339 1.01£ 0.02 M Al
0.81+ 0.04 M (& 1B F1 C), SFIHTABIM ICs 18 (431K
26.55+ 426 M Fl1 0.68+ 0.18 M; & 1D il E)AHIT

(A)

100+ 100+

804 804
S

604 604

404 5 40

204 204

-2 A 0 1 2 3 -2 -1 [ 1 2 3
Log[2LA] (umol-L") Log[ZLA] (umol-L™)

Inhibition (%)
Inhibition (%)

Cl

E)

100+ 100-
80 80
3
60 60
40 S 404
20 20
0 v T T T T 0
2 A 0 1 2 3

2 4 0 1 2 3
Log][Riva] (pmol-L™")
B 1 ZLA #ifI#42 TR ACKE &%, (A)ZLA BLELH, ZLA
FORETBIRART A SH-SYSY(B,D)fRR/NRiEESMZTHM(C,E)
AChE & 1R HIR B 2%
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Fig. 3 ZLA ameliorates scopolamine-induced learning and memory

deficits. (A) Escape latency during the acquisition testing (days 1-4).
Percentages of swimming distance (B) and time (C) in the target quadrant

during the probe trial (day 5).

AChEIs 220 HE AR P9 A BE K L 2GBIEH . IR NRIFSR 45
RER, AT/ NI EST ZLA )5, fig ﬁ%?lliﬁ%ﬁ Viace: e AN
ST AChE 354k, 120Gt SRR AR, Eabas iR,

g

520 g

§ g2

© E

215 R

g1 z 10

s @

£ E;

- °

S g L

T & RO \y" & § é‘,j,e‘ o
L] + oS ¢ 4>* > 4,‘7 8

e"a 2 & ’; efP eP° a"q

E 4 F i /MR R
(A)RORIFEHEEE L ZE (B ) dul X g oA 18] b 2R
Fig.4 The performance of mice in the open field test

(A) Ratio of distance in the center area. (B) Ratio of time in the center area

ZLA NI TE S 5 RES B AR ZH 2NN K 4% AChE Sl £ 4 T
K, AT HWEE T ZLA XA K EBTSUNR 2 21812
RERREAT AR o Morris 7K sy SEERAE 3 BoR , 5 A i
(3.25 mg/kg) FEFIMARL, ZLA 7E 2 1 5 mg/ke K& Figfs o2
WG AR B BT R /N B 2L D RE RS RN SRR L f
TRORIY), TFIEN/IN RT3 BT 7 5 B A 20 DK P 8 R ], % ]
HARBGE TR S G REARARAER . 545 e
71, ZLA 7R R BRI BUR R B G IS 2 h T s shiRE 1 id
ZESEPTEH . T RERE A AUl 2208 ACKE 51, Fe A 14
AR AR AT RES ZLA i b HX IELG RE i 22 0 AChE i

P B X AR TR BE S il 4128 T REAT 5C

LE LR, ARWFSTER I ZLA WA S AR B S A T 1

A FCAC I RERRAS o ZAE I Al RES ZLA Xk A o 28 5 7

ACE JEPERHIHIA 5. Hitk, ZLA BEAT LUl 54 4R B 7,

SURTLUA Rl #h 2208 AChE T A4E e AR A B A

EMZILRIRTT AD e EY).

2 % 3L #f(References)

[1] Hussenoeder FS, Riedel-Heller SG.Primary prevention of dementia:
from modifiable risk factors to a public brain health agenda?[J]. Soc
Psychiatry Psychiatr Epidemiol, 2018, 53(12): 1289-1301

[2] Du Xiao-guang, Wang Xin-yi, Geng Mei-yu. Alzheimer's disease hy-
pothesis and related therapies [J]. Translational Neurodegeneration,
2018, 7(1): 2

[3] Bales K R. Interaction of the beta-amyloid protein in Alzheimer's dis-
ease and the choline transporter{J]. 2007

(4] R, SHOR. 2 Mg R 09 ZRALE Fo P AR B AR AR 2 408 X R [J].
£ A E S, 1998, 12(3): 122-123

[5] Henry W, Frank M, LaFerla, et al. Alzheimer's Disease [J]. The new
england journal of medicine, 2010, 362(4): 329-344

[6] E Sipos, A Kurunczi, A Kasza, et al. B-Amyloid pathology in the en-
torhinal cortex of rats induces memory deficits: Implications for
Alzheimer's disease[J]. Neuroscience, 2007, 147(1): 28-36

[7] Xu Gui-hua, Guan Lei, Sun Jun-liang, et al. Oxidation of cholesterol
and beta-sitosterol and prevention by natural antioxidants [J]. Agric
Food Chem, 2009, 57(19): 9284-9292

[8] Bandyopadhyay S, Huang Xu-dong, K Lahiri D, et al. Novel drug tar-
gets based on metallobiology of Alzheimer's disease [J]. Expert Opin
Ther Targets, 2010, 14(11): 1177-1197

[9] A2m, =291, T BEALARES WA F) A 2 T R 22 TR 677 T AT
R [T] A+ HARA#, (9): 55-56



- 1210 -

MREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.7 APR.2020

[10] Inestrosa NC, Dinamarca MC, Alvarez A. Amyloid-cholinesterase in-
teractions. Implications for Alzheimer's disease[J]. FEBS J, 2008, 275
(4): 625-632

(1] #/4h, 337, FF RR, 5. AU 546 A 49 2 SR ad 85 B 4 o) 71 [J].4L
2%, 2013, 25(11): 1974-1979

[12] Xie Qiong, WangHao, Xia Zheng, et al. H.Bis-(-)-nor-meptazinols as
novel nanomolar cholinesterase inhibitors with high inhibitory potency
on amyloid-B aggregation[J]. ] Med Chem, 2008, 51: 2027-2036

[13] Zheng Wei, Li Juan, Qiu Zhuibai, et al. Novel bis-(-)-nor-meptazinol
derivatives act as dual binding site AChE inhibitors with metal-com-
plexing property [J]. Toxicology and Applied Pharmacology, 2012,
264: 65-72

[14] Xiaofang Tan, Yan Zhou, Ping Gong, et al. A multifunctional bis-(-)
-nor-meptazinol-oxalamide hybrid with metal chelating property ame-
liorates Cu (II)-induced spatial learning and memory defificits via
preventing neuroinflflammation and oxido-nitrosative stress in mice
[J]. Journal of Trace Elements in Medicine and Biology, 2019, 52:
199-208

[15] Anderson AA, Ushakov DS, Ferenczi MA, et al. Morphoregulation
by acetylcholinesterase in fibroblasts and astrocytes [J]. Cell Physiol,
2008, 215(1): 82-100

[16] Thullbery MD, Cox HD, Schule T, et al. Differential localization of
acetylcholinesterase in neuronal and non-neuronal cells [J]. Cell
Biochem, 2005, 96(3): 599-610

[17] Hu Zhu-qin, Yu Feng-xiang, Ping Gong, et al. Subneurotoxic copper
(I)-induced NF-k B-dependent microglial activation is associated
with mitochondrial ROS[J]. Toxicol. Appl. Pharmacol, 2014, 276(2):
95-103

[18] Worek F, Eyer P, Thiermann H. Determination of acetylcholine-
sterase activity by the Ellman assay: a versatile tool for in vitro re-
search on medical countermeasures against organophosphate poison-
ing[J]. Drug Test Anal, 2012, 4(3-4): 282-291

[19] Barnhart C D, Yang D, Lein P J. Using the Morris Water Maze to As-
sess Spatial Learning and Memory in Weanling Mice[J]. 2015, 10(4):
€0124521

[20] 1, Lok, SRHEE. A R B E AP B R AR N TR
[ 334 FFAA S [T]. F B8 TR, 2005, 9(20): 248-251

[21] Lane CA, Hardy J, Schott JM. Alzheimer's disease [J]. Eur J Neurol,
2018, 25(1): 59-70

[22] Owen RT. Memantine and donepezil: a fixed drug combination for
the treatment of moderate to severe Alzheimer's dementia [J]. Drugs
Today (Barc), 2016, 2(4): 239-248

[23] &5, 55 HEk e s R hHh ARk E]. B4R EIF, 2004,
20(20): 21-22

[24] Lecoutey C, Hedou D, Freret T, et al. Design of donecopride, a dual
serotonin subtype 4 receptor agonist/acetylcholinesterase inhibitor
with potential interest for Alzheimer's disease treatment[J]. Proc Natl
Acad Sci USA, 2014, 111(36): E3825-30

[25] Sang Zhi-pei, Li Yan, Qiang Xiao-ming, et al. Multifunctional
scutellarin-rivastigmine hybrids with cholinergic, antioxidant,
biometal chelating and neuroprotective properties for the treatment of
Alzheimer's disease[J]. Bioorg Med Chem, 2015, 23(4): 668-680

[26] Wang L, Esteban G, Ojima M. Donepezil + propargylamine + 8-hy-
droxyquinoline hybrids as new multifunctional metal-chelators, ChE
and MAO inhibitors for the potential treatment of Alzheimer's disease
[J]. Eur J Med Chem, 2012, 80: 543-561

[27] de Freitas Silva, Matheus, Dias, Kris S T, et al. Multi-Target Directed
Drugs as a Modern Approach for Drug Design Towards Alzheimer's
Disease: An Update [J]. Current Medicinal Chemistry, 2018, 25(29):
3491-3525

[28] Akhil Kumar A T, Sharma A. Changing paradigm from one target
one ligand towards multi target directed ligand design for key drug
targets of Alzheimer disease: An important role of Insilco methods in
multi target directed ligands design [J]. Current Neuropharmacology,
2018, 16(6): 726-739

[29] Asha Hiremathad, Karam Chand, Rangappa S Keri. Development of
Coumarin and Benzofuran Conjugated Hybrids as the Versatile Multi-
targeted Compounds for the Treatment of Alzheimer's Disease [J].
Chemical Biology & Drug Design, 2018, 92(2): 1497-1503

[30] 0\ 35, =B #14h, 5. LC-MS/MS il & s R . ¥ % o5 40
AD bis-MEP- Z =Btk 4 44 ZLA R E A 3 F R[] AR A
MBS E, 2018, 1(18): 6-11

[31] Talesa VN. Acetylcholinesterase in Alzheimer's disease [J]. Mech
Ageing Dev, 2001, 122(16): 1961-1969



