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Targeted screening of acetylcholinesterase inhibitors from Peganum multisectum
and their mechanisms of inhibition
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Abstract: Objective To screen acetylcholinesterase (AChE) inhibitors from the specific medicinal herbs Peganum multisectum by
affinity ultra-filtration-liquid chromatography-mass spectrometry (AUF-LC-MS), and to explore their inhibition mechanisms.
Methods The AChE inhibitory activities of various polar fractions of P. multisectum were evaluated by Ellman’s test, and the active
components were precisely screened by AUF-LC-MS. The action mechanisms of the active components on AChE were investigated
by enzyme inhibition kinetics, molecular docking and molecular dynamics simulations. Results A total of seven active components,
including one flavonoid and six alkaloids, were identified from the dichloromethane and n-butanol fractions. Enzyme inhibition kinetics
suggested that these components belonged to three inhibition types: reversible competitive inhibition (linarin), non-competitive
(vasicine, vasicinone and harmol), and reversible mixed inhibition (deoxyvasicine, deoxyvasicinone and harmaline). Molecular
docking results revealed that all compounds exhibited good affinities to AChE. And the binding sites and interaction forces of these
inhibitors with AChE differed. Molecular dynamics simulation indicated that the system had reached a stable state, and the inhibitors
had strong and stable interactions with AChE. Conclusions This study provided a scientific basis for elucidating the potential of P
multisectum in the prevention and treatment of Alzheimer’s disease and offered a new reference for the discovery of high-efficiency
AChE inhibitors.
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] ok 25 Bt A 0 9t 9 T R SCARTAIE 96 D3R PN 58 7 58
Wi B B 3 25 0F 9 B0 S8 T8 s RERHIR DR E SR £

IKTEE P multisectum (Maxim.) Bobr.; Pt [ETH,
fisf (AChE, SRIETdkE, 100 Ug, it
ks336616). 5,5- “Hn AW (2-iHFE 7 I R) (DTNB).
SRS AR (LS F26HB176608, i &7 %=
98%). FALFH (IS Al11IB222723, JiE/nH=
98%). MRy (HIb5 Z30J11H120070, Ji &%=
98%) ZEAIKIEE (L5 Y22A11Q122083, Jii &
I =98%) TYMELLERTN (L5 1B236599, i &)
H=98%) i A MY M LB (45 X19S10L98125,
R =98%) FYMELLHN (L5 KT35515A, Ji
B H=98%) . MiSARSMEIEHL (k'S KT401636,
R =95%) 1 H iR A RHE R A .
JR 4l 2 6 [ 35 [ Fisher A R HA b4k 77
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2.1 ZHIETEEMHRIHIE

Z 2R EAM T S . B 1 kg #
A, HRRREE 1 8 N 95% 48 (8L RiEid e,
FIRIRE 3 Yk, FFk 3h, SHFRBOR, M. W4
BRMIRE. BUSIRE 130.0g, FKDEL HKIKLL
Ak, S BERR OS IE T EEAREL, .
WAETF A EETAL (6.83 g)v —EH AL (4.30
g) BEIR W6 (3.44 ) IE TR (56.37 )
K ZEBGERAL (36.60 ).

PRI 2 DGR A% T 1 mLDMSO H, H
PBS ZEiHiE (0.1 mol/L, pH 8.0) Ml plefm ik
0.05. 0.10~ 0.25. 0.50. 1.00. 2.50 mg/mL 7AW
22 BARAVECH
2.2.1 AChE ¥ HX 200 U ff] AChE ¥ f# T PBS
PR, FRERL 10 U/mL B, 3E R R R 5
WLV -

2.2.2 4L A BEER ARG, (acetylthiocholine iodide,
ATCD) ¥ HEREFREL 43.34 mg ATCI InZ& 48 /K €
K& 10mL, BEoHlAL 18 mmol/L HIVETR, TR 6.
9. 12. 15 mmol/L.

2.2.3 DTNB %W #EFIFRIL 15.84 mg DTNB, H
200 uL Jo/K ZBEHEA#, 16 mg NaHCO; A PBS &
% 20mL, AL 2 mmol/L.

2.2.4 N RRSVE W VHE B OR B S  HR A T
DMSO #, H PBS ECillp% 5 mmol/L BEf, 3 ifi#
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Acquity UPLC BEH Cig 43 (100 mmX2.1
mm, 1.7pm); Jishtl: 7 0.1%FE/KIER (A - 4
i (B); FRFEWEME: 0~1 min, 3%~5% B; 1~3
min, 5%~7% B; 3~7 min, 7%~15% B; 7~17
min, 15%~40% B; 17~25 min, 40%~95% B;
25~35min, 95% B; #EFEARFL S uL, FEiE 40 C;
PR E 0.3 mL/min.

24 [FiEEH

Turbo VIME 7, IEEFH, BBk
5500V, MRM s, <% Bi% < GSI
N 344.74 kPa, HEIINFA GS2  344.74 kPa, =
A CUR N 241.32 kPa, #liBhin# /<6 E N
550 ‘C. £fFHE (DP) 100V, NHHJE (EP)
10V, AL (CXP) 17 V.

2.5 AChE HIFEMRINE

5T Ellman A THIENE N 2 . 75 96 FLAG
BB FP RO 140 uL PBS. 20 pL 435 IURE 5 VA
F120 uL AChE ¥, 25 4 CHFE 20 min.
AN 10 \LDTNB A ATCI W, 37 C M 20
min, 405nm NG ICEE (4) 18, %A XHAF
MEBALHIHPHIZE (Do

W EIRAFIRE S B 4o RPN E (0.01
0.1. 1. 5. 50, 100, 500 pmol/L) )& i It o 1
W, HAPRE L, DR RIS H i B2
HIMRE (ICso) 1H.

T=[(A oA sy — (A i A reine) V(A seemm— A o)
FEGBLLN S AChE. JEYI. AE IR & AR
AT ACKE SHEMIRE S RS2 ACE. R4 K A5
BERh RERARAUN & HRIIRES . % AChE
2.6 AUF-LC-MS %f AChE #5789 ik
2.6.1 SEZERZH ) YM-100 AEEE O (RREIFEXS
ST RN 1X105) FRIKIIA 40 uL 5 BEHS
ALIEW (1 mg/mL). 40 pLAChE (3 mg/mL) #1120
uLPBS. 37 ‘C W& 30min, 4 CHEJEEC> (12000
r/min) 15 min. fH 200 uL PBS 223 (pH 8.0)
VEHEIJEE P EE, 4 °CEJE 5.0 (12 000 r/min) 10 min,
FRPJE, EE 3 K. A 200 puL FEE RV AL B
30 min, 4 CHEEE > (12 000 r/min) 10 min, 75
Ve, BHHE 3K, EIIEW, 37 TR NT, H
100 uL WI4GmaAHE R, HT LC/MS 734,

2.6.2 %A H PBS (pHS8.0) fX# AChE %,

HEPBE—5. UEAHLEFRENSH, X
S0 20 PRI v o e Y A G IR, JRIE S
AChE F§ g & sy SCa iR A E S 3 X

BT B2 G A 7R
2.7 ERNEIZHFENE

FT RIRIHIR, 46 1Cso [d-5 1M 1
WYL, EF 0. 25. 50, 100 umol/L fE NI
PERLAT IR FERA S, T4 20 7350 5%E - £ Ellman
ERNAR R E ATCL K, 43 A E R
WREERRRE, MEANF AChE &% (0.2 0.3, 0.4,
0.5, 0.6U/mL) T AEg{e [ Bk . Pl AChE ¥RJ%
NBAARR (XD, LUSNIEZR MR (YD) VR,
7€ AChE [#IHIMLH - /£ Ellman ¥2: e W AR 2 H [E]
AChE WK, 7l Lk R4 (0. 25, 50,
100 pmol/L) )&% PE R L, M E AN ATCI
JZ (6 9+ 12, 15, 18 mmol/L) FEFE [ iR (1),
221 Lineweaver-Burk #HZk, #iff g |28,
2.8 HTFRERSFHNNFRR
281 X ¥ M RCSB A
(http://www.rcsb.org) H1 F#, AChE &%) (PDB
ID: 1EVE) &S5 . %458 0% AR BE AChE
HWAZRIRFEEY), TRERFE, £ AChE #l
il 75 i 1k 43 1 Rk B A AT R O g5 A D10,
PubChem Chttps://pubchem.ncbi.nlm.nih.gov) £
NN TR = 4ESE M sdf A% S0, M
Openbabel # 4t 4 pdb %3, H] Pymol X7 & [ )it Al
FeAR BT AT AL EE, fHH Autodock Vina 43T X #%.
B RS JEE, W E X R O AR
(X=5.326, Y=61.385, Z=63.829), K/ 60 AX
60 AX50 A (1 A=0.1 nm), LI AChE 4%
(EX DA
2.8.2 7> TENJIAREA R Gromacs 2024.5 #ff:
X AChE-FCAA & G Wik AT 42 )5 15 181 1540
H AR Amber14SB 7132504t TIP3P /KA
XPSETTAR T IRV AL s BRIt sobtop F%7 A2 Bl
NSO K itp STAF € An I 7R K, WS IN Naty
Cl B F4ERF 4T . B 5 0 8 B s A AR gk AT
NVT. NPT . zh/)%id#E$KH Nose-Hoover
$%217(26.85+1.00) °C.Parrinello-Rahman % J£ (100
kPa), K 2fs, £ 10 ps KE—MiS, 21T 100
ns, RTFTRMZ (root mean square deviation,
RMSD). )5 #RF 5 (root mean square fluctuation,
RMSF). [H[#:14% (radius of gyration, Rg) {H%5Z
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RRHECE AT 3 Ik, KA Excel 2021 %478, S5
ZEHLLL X+ s Fom. M Origin2021 B2l Kb 54>
M1, DAARZRME [ 5B A4 28 015 1Cso 1AL
3 ER59H
3.1 FEIZFEEEMIXT AChE $lH|5E M

% 4R IS AN R AL IUH A 6 AChE [R5 14
DL 1. Hrp SR G IE T BEERAL % AChE 4]

100 ¢
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sol 76.64%
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N 60 [
£
=40t
) 22.39%
ol 17.16%

0
95%MF  AmEE Ak BRZER BT K

1 ZHIEILEREZEEILIXT AChE HHNEI1ER
(X£ts,n=3)
Fig. 1 Inhibitory activity of AChE by different fraction of
P. multisectum (X +s,n=23)
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TR AR, T IHH] N 88.68%F1 76.64%, 1Cso 73
TR AR, SFIHH] N 88.68%F1 76.64%, 1Cso 73
WA 83.84. 91.55 ug/mL, b SCERIRIE I/ NEBRE
(0.76 mg/mL) M| #G (0.17 mg/mL) M, Firf
PR (927 mg/mL) DAZEPLEUAIN G MR E o5k .
PARH M 25 A AZ B8 2 45 1Cs0 4 0.051 umol/L,
5 CHERE (0.047 pmol/LU3D) 25T, WM T 5286 7R
AR, NRAEMRAGEIERAL. SR IERCR,
AR G AN I T BT F TS R e o
3.2 ET AUF-LC-MS#HARMZHIEIcESH AChE
HFIFFE MY 5 BO

LB R IR UPLC-TOF-MS/MS F1 UPLC-
Q-Exactive Orbitrap-MS/MS 57 A M 22 2435 0 32 L 3
Vi SRR IE T A 4 e 2 RS R R AR
NP ENERRE AR T, AR 2 RN T
5 (multiple reaction monitoring, MRM) F##i#H
3, FEIEE TR T EHMT MS 08 45 4o 8 dhadk AT
BOAIE . a2 B, MU e o 0 i H M AR
[l 7oA e A R S e 3 5 i e
WEAEERG 5 -5 AChE SRR PESS S INETERY .
IE TR e M SRR . MM EHRT i SR B L
MR AR, L RGHETERR. S e
BN LSS TETERCN 2 MEAIEE GR D, 7 Mgtk
5% AChE #MIHIIEE R (R 1. B 3) BoR, Hf

IE TR AL —H
S
1
6
2 7
TC X X
0 I I I I iO I I I ‘ jO
t/min

1-FORETEH: 2-i SE RS ME AT, 3-ROMEACRAm: 4-Ht ERSME AR S-ZE IR GEEM: 6-MR /R My; T-Z4E 1.
1-vasicine; 2-deoxyvasicine; 3-vasicinone; 4-deoxyvasicinone; 5-harmine; 6-harmol; 7-linarin.
B2 ZHIEWES AChE $FRMEEFER T 2B FRE

Fig.2 Total ion flow chormatogram of active components of P multisectum specifically binding to AChE

SACH . MYMELERTR . MMETEmADH ARG, 1Cso
438 5,14, 10.17 16.11 pmol/L.
3.3 HIBIEhHhERR

SACTEAEFH T I AChE B S 073 26 i 28 fr P
4, ANIFRFEEAE R BOBEAR S S0 2 5 gk 2 il 2

WA TR, HEEESACH RGN, 2R R
BHETREAR, RUIFACHZ Ml R AChE i
7. 'B5 AChE DRI 545 & R S s fs
Fif 71, ANEE B IHEE R I IRE . Heft 6 Fi
Pl R I AR R R AT R LA R 1D, 32—
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Table 1 ICso values and inhibition mechanisms of seven components on AChE
A
5 & ICso/(umol L1 R? AL iR K K
552 A BT e sof (W ) E il I IS
1 IS 1E Bk + + 16.11 0.9916 Bt gtk
2 it S W 1T + + 18.99 0.9930 Al RATH 12856  334.86
3 B A T T + - 10.17 0.998 4 Al €| aos igid
4 FARSEERR + - 83.06 0.9938 Al RATH 6429 21353
5 LA FE + + 3131 0.9907 Rt RBETH 89.84 41763
6 WA IR — + 22.42 0.995 4 (b JE5E 51
7 FAET - +- 5.14 0.995 4 (DU S
FEHR: —AEIRRSY s AR AR
+-containing the component; —-without the compound; blank-data not calculated.
00 A 1Cx=5.14 pmol-L 1007 5 1CH=10.17 pmol- L ! 101 ¢ Icy=16.11 pmol-L!
80+ 80 80
° X X
;ﬁ 60 3601 60
% 401 S a0 E
20 201 20
0 ‘ y 0 0 .
2 -1.0 1 23 2 -1 0 1 23 2 -1 0 1 23
logC logC logC

3 SAEHE (A MELER (B). PSR (C) Xt AChE #IFIEMRIZ (X£s,n=3)

Fig.3 Inhibitory activity curves of linarin (A), vasicinone (B) and vasicine (C) against AChE (X £ s,n=3)

0.040

+ 0 pmol-L™!
= 25pumol-L!
0.035 + 50 pmol-L™!
* 100 pmol-L™!
0.030 4
0,025
£
£ 0.020 4 1
a >4
e
< 0015+ 1
0.010 4 I
0.005 4
O T T T
0 0.2 0.4 0.6

Cacne/(U'mL™)

AChE #REFIE N 0.2, 0.3, 04, 0.5. 0.6 U/mL.
The concentration gradients of AChE are 0.2, 0.3, 0.4, 0.5, 0.6 U/mL.

4 TREIREZFREFERAT AChE HIBG{R R RiEF#hsk
(Xts,n=3)
Fig. 4 Enzymatic reaction rate curves of AChE under

treatment with linarin at different concentrations (X £ s,
n=3)

AW TEPER X ACKE RIIHIEA, SR EIR 7
Fofrn] 338 AR 7% AChE R B 3 FhAS[R] ) 41| 25

B (R D,

Horb, AERRFEZICEAER T B R R 2
5 IR BBt 2652 T Y il — 250 (&1 5-AD.
Y AN 1/ Vinaxs YA R ST B E, 1/Vimax
AAF, HBEEZEIRERNA, WA BELNRR
WK, RUKKREE (Kn) BEEMHI 7009 138 K
MK, 456 SCRRARIE!, RIFZFAEF 4T AChE 1)
A TE RIS, o 5K 5E 4 AChE {1k
A TAIEIE 7. HEEEAR, A [F R G
FERIAE N BEAR e B3 26 5 JEC A B2 110 0L 131 25
AT Xh— 5 (B 5-B)o X HEIEN 1/Km FH
MM MEAE R IR, 1/Km AN T HBEETMELE
B FESE R, ARG R, 3R I B R S B 28 (Vi)
Wi A RS AR AC B RIS R 98/ o 55 STk D),
KIATHELLT XS AChE JyE e SR 38R TS
BETEIA SR 5E F45 A AChE FIMEALAL AT, T2
T AR B A A A T A S . BR T
PSS TE e, TS A T MR e JK Py, 8 T R A 52 4
I AR Ao

HAR 4 PiEPERC Y WS RT3 EAE. Wl 5-C
Fras, AN [ 8 RS s A0 FE A A T R B A e R
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+0 pmol-L™!
#*25 umol-L™! 35
+50 umol-L™! 30
*100 umol- L7,

1/[V)/(min-OD™Y)
3% (98] w
e 2 @

I~}
<

N\

0

*Qumol-L™ 404
125 pmol L 35l
450 pmol- L™

100 pmol-L™!

C + 0 pmol L™ 180

L 160
# 25 pmol L™ 34 140
£ 50 pmol-L @& 120
100 pmol-L™! 138

N

30

Y
g

0 50 100

]

|
o
S
v

. ; . LA
0 005 010 015 020 0-%/—0.05_ §
1/[S]/(L-mmoL™)

1/[S)/(L-mmoL ")

N o
8 201 C/(umol-L71)

. 6.5

£ 15] 60|

jind}

= = 55

s 107 # 50

= 4.5

4.0
— 0 — ‘ 0 50 100
005 0.10 0.15 0.20-0,05 J 0.05 0.10 0.15 0.20 C/(umol-L™)

=5

1/[S)/(L-mmoL™")

5 FWHEH (A). R (B). BREASHEET (C) X AChE HIFI{EFAAY Lineweave-Burk B R $1FE (a). #EE (b) B
Bt E RS TR B VT LIZ (X £s,n=3)
Fig.5 Lineweaver-Burk plots for inhibition of linarin (A), vasicine (B) and deoxyvasicine (C) on AChE together with plots of

slope (a) and intercept (b) versus deoxyvasicine concentration (X = s, n =3)

R DI B 1 RUAR) K o 2 A 22 T R BR—
(K 5-C)e HEEEWRET R, Kn®K, Vi FEK.
ShE SRR el I A G TETCATR A T AL,
HEERT 5372 AChE 454, tHr5 AChE-KYE &
Wit o LA 5-C 1 B ANEIE 53 6] it S s 1
BRI (B 5-A. B) AT 50 AE00S s FE B xS
AChE I H 20 (KD FI%T AChE-IRYIE A
P (Kis)o BT Kis>Ki, 0 I AU 1 10
X5 AChE FIF0H 58 T+ AChE-J&YIE & Wil
HI07, i AT LE AR . 25 9% DE S A I S g
FEBHXT AChE B2 30 H R B 4] S 8L
34 DFNERSTFENNERR

Iy PR A SRR, 7 ME R 75 AChE
SZEAMEAEHE (AG) 4 H4—-11.4 keal/mol
(ZFAeH ). —8.6 keal/mol (FM&5/KE)). —8.4 kcal/mol
(s TE BB . —8.4 keal/mol ( Z2E BE5E R . —8.1
keal/mol (HSBELLHR ). —8.0 keal/mol (it 5 S5 1
Bl —7.7 keal/mol (it & MG MELEH D, MK T-7.0
kecal/mol, W Rt 15 AChE EAT S AE FIS],

At 5 AChE 4r Frieat R ILE 6-A, HE
LA T AChE 4 FiGtE Pty “IRy” K. S5
1 = B4R His440. Ser200 JE R 4E(EH 71, H5iH
B4 407 55 Phe330. Phe331 R AN EH /1, %A
2 74L_E Glyl18 JE Ak n-Donor Z8E1EF /7. i@ il
PR S s SE 4 0| AChE JEME, 145 G615
K EHNGIZ) )15 LR 4 R — 8. RN ZEETiES
Trp84. GIn69. Asp72 kLR £ HA b, Jull
)G Z PRI BEIE A ), ARESL R R B
R IEATT .

HIS B TE IR N E 45 & fE AChE 3 PEAS bl
(B 6-B). S4MEIE A (PAS) 1] Asp72 B
REERE . 5 Tyrl21. Serl22 JE &S 11, SIH
B 25 A7 5 Glu199. Phe330 TR 11K /7, MOMELE
Wit 5 BB T (CAS) ) Trp84 2, m-m HE
FUWER 77 RSWELETRA o5 PR 4h & A a5, (Rl i it
454 AChE 5 SN S R SRS i g, £
DL ARSI FHI R AL SRS 1A R 8

IS RS M TR 28 & TV e T R 2R (B
6-C), 5 CAS F#hk It Trps4 LA, SEME
1L Glyl18 TR /AK{EH 71, 5 PAS 7 &1 Tyrl121
T n-Alkyl fEH 71, 5 Asp72. Tyr70 &Ry fE4E
1o HopF i BRI 4G A 10 1 2 7 AR 2 A7 fH
BN, PSRBT 5 o S SE it &5
G SRR NEER, RINIRE BLINHIRE .

gE b, iRt RS REIGIB) )12 S g
HE—E, W T A RIEIZE A 2 AL

NTENIIFEENGE R R, B EEg. SR
5 AChE #HEAE R i R w0 s ) i e A4 52 64 1)
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Fig.7 Molecular dynamics of active components and AChE complexes
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