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Acetylcholinesterase Inhibition Effect of Flavonoids from Flemigia
philippinensis
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WU Hongyan, GAO Jianwei, WANG Tuoyi

(College of Food and Biological Engineering, Qigihar University, Qiqihar 161006, China)

Abstract: In order to study the inhibitory effect of the active ingredients of the Flemigia philippinensis roots on
acetylcholinesterase (AChE), the roots of the Flemigia philippinensis were used as raw materials, and different solvent
systems were applied to fractionate and extract flavonoids, and then further separate and purify them. Reversible inhibition
kinetics method were applied to study the inhibitory effect of different solvent extracts and four flavonoids on AChE and
related constants. The results showed that the different solvent extracts and the four favonoids (Genistein, Philippin C,
Philippin D and Flemiphilippinone A) from the roots of Flemigia philippinensis had a strong inhibitory effect on AChE.
The inhibition type was mixed type inhibition, and the half inhibition concentration (ICy;) was (57.86+0.67)~
(127.28+1.22) pumol/L, the inhibition constant K, was (54.8+0.43)~(120.58+1.35) pmol/L. The research results could
provide a theoretical basis and experimental basis for the discovery of high-efficiency acetylcholinesterase inhibitor lead
compounds and the development and comprehensive utilization of Flemigia philippinensis related foods.
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TS ST TR BRI C AL TR R <119 -

PSR TN TR B hiF A RN . 1 I P B 19—
AR B AR RN PN B4 2L IR B A2 281 2, Tk NE s it
ST, L BENERIE B A Pt 4% 3 b it —Fh
SR PRI, AL 2 IR K S MR RN 2,18, AT |
FEEIHR H L EEIE AR ST- RIS, Sena i 25 S AecE A
I IE RS, o iZTede, e RGBS
Ja AR, B I 28 58 il SZARTE L A B ], 2B IE R
RIS, PZAFBAL I, I, 7P £ BEAR Ak
TP, B2 v 2L IR AR 7K S m A s il A i
BT 25V BORE 1Y) R ZEXS IR =2 —PY, il 2 Ik AR
PRI TS P, ARYEBELE AR A, V122 e NH RS 1
R B E R ke, Hr AL AE I BESE LG A v AR,
WRBERL G Z 23RSV, 2 5L B S YR
SHRSHATA S 4, X EE YA RIS
e s, %P2 EI G EE R ar BAT mIVE F A AT,
AR, PSR IR AR A SR Ty Hh R B < B IE
Mk P A ) 77, BTG A TR AL S S R AT
WEZEAL G P ANE IS 00, A ISRFA Y Sk
Bl 2 e s e Py Y s = W SR e e N RE AN ©
FEHARFNEIVE /NS0, 8O B AT b & Witk
Py EE

TR (Leguminosae) T- )T 3 )& (Flemingia Roxb.
ex W. T. Ait )AEHY), FZL53A0 TN . AEPHFITR
VEUNEEHL . EFRE AR TR . PR AR AR
#2548, BB REMT Tk (Flemigia philippinensis)
KT 73 (Flemingia macrophylla) Pi- P~ L Ap1T131
VERER, TR ] S50, R ENE S, FH T
, B EVIE DT, RS R AEE RN, BFgR R, T
JTIRAFEI B T R Gepeitgnml' | ik
JE RS e A e e 2 U9 | et 2208 35 R KXk
FriZHZL . MuAw BEREAR U SEVE A . T IR Ab S22k
Mgl SRR ik G2 T r ik R AR e o 2
AR A P02, B E A A N Bl AS R R BT
RAEP PR PUAbIRER Fgiii A P A
WEHEER . BRI E 0 RGBT L BEAR
ek P Bl 7 9 PR Y SR A, A PSR R H R 22
E N NIy TRy T S A=/ A =S N R g S SO E
RS, N 225 22 %) £, Pk AR 1 1 210 v B 3k
2] 67.69 pmol/L; H B BEMSI: SR il 2 e

RGP, fEdEpras T 4R o3 A o IEFR R A 28050,

WA A 57 TR | B IEAE N DT BE
T LAY P IR Pl ) RS S 25440, 55 5 T4 i IE ek
BEAEE M

SRt — 2SR T T IR A W AR M R E AL AR
SCLLSEPET T RAR S AL S ARG+ 856
PRGN SL RS T e, SR IR EATAE S B R AR F B, DA
T TR A Y TR L AR R BT A 2 PR,
FRAGAI IS A Y. B AT X amacd 7R, i A
HhEE2E N 2R SRRy, A TR R AT ST, JT
XTI B 7 A TR o S R BT R £ e NE ik i it

T Se A ST )T HRABE I IR 2 R FH B R
RIS BRI S F o
1 MRI5RE
1.1 MR5E

2T TR CRWTT A FE N T P 2T
Y, VG5 A A el DA R, S5 S RNT TR
JEAEYI T I3k (Flemingia philippinensis ) 115
AR5 8 2 I AH ARG i (AChE ) | RLAEARAR 2 e E i |
5,5 - AR (- R R ) 32 Sigma-Aldrich
ONE] RN B A . BEIR A AN Pk
F T R AL AL 2400 s GF254 32 (O ik ke
TR e s AN BNl

FW177 BIrh S 2l AT 28 as AT
BN EL104 HLF5rHT R MR -FER] (i)
B PR Fl; AMS500HZz #Z @G 9R1 #8E Bruker 2%
F; IMS-700 =43 BE (HR) BT H A4S JEOL 2%
#]; LC Forte/R 100 H R @A H A YMC 23wl
SpectraMax M3 2 #5& X i fL AR 2 e &% € H
Molecular Devices 2\ F]
1.2 KWHE
1.2.1 T rdkmiabs B PET TR A, R
MU, i 80 HIf, PEZ IS Pl G0, WAEE .
1.2.2 AR PRI T s HE s o3 SR
RPSEEPT (BT, IR R SE, AL RN : B
TR AR ET TJT3R 20 g, YK . 5. 2R 2
P . HR SR OE T OB, LB LESA 1:10 g/mL, $REUR
J£ 60 °C, MFFRI 2 ¥k, $EHL 40 min, 53 2 IRIEH,
AT HRAE, 15 BRI R G0 T T IR BB, £ H .
1.2.3 REENE SRR, 280K [28]
TR, ISR s, HARE TR R : #ER R B &
FHEARMERG W 0.0, 0.2, 0.4, 0.6, 1.0, 1.5 mL 433
BT 10 mL FEIP, JH 60% LEEEREE, 193
WE TR TAEW . KRG 53 R BOR &R TAEW
1.0 mL T 10 mL k&4 d, i A 2.5 mL fEARE X
|, #2451, IIA 2.5 mL, 15% Na,CO, ¥, /K E %%
ZFZIE, $E5]. 1E 40 °C 7K 60 min, HFEVRE] 20 min,
B A BE A 0. 4. 8. 12, 20, 30 mg/L BYHRiEFR
B, e H S CRE(E . DAMREE SRR AR R, OGRS AN
AR BR, 15 BN AR E 28 y=0.0153x—0.003, R*>=0.9996.,
TIT R B I R E IR IR T, B AR SIS
MIWOCAEA R ASRUEINZR, TS 0T T PR BN 2
& mg GAE(gallic acid equivalent)/g /N,
1.2.4 SEMEENE  SRAWEIRE AR, BgE
s, BAARGEFR AR : HREL 20 mg 27 T AR dh, 2%
T 100 mL 2523, 4331/H 1.0, 2.0, 3.0, 4.0, 5.0 mL
F 10 mL .0, LA 0.3 mL, 5% NaNO, #£24],
i 6 min J5 A 0.3 mL 10% AICl; ¥+ % 6 min.
SRIGINA 4.0 mL, 10% NaOH, F-J 70 % Z.BEE S
Z 10 mL, F#'& 15 min, ZRJ57E 510 nm &b 5E [ W,
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W CAE, A CAE R PAALBR, bR 2 T 1
JoT S Sk A AR AR, A5 B AR HE I 2 y=0.755%x+0.0073,
R*=0.9997, M i il £& 75 F2 1 B AR A P B0 R B I
o HX 1.0 mL A5 IR LR E, XTI RE
AT SE , A5 R CAE AR A bR o i £ R B ] 2 e LA
P YR T#GA(RE, pg/mg)
1.2.5  Z Pk AR Ok i B of PR a9 3l /8 A <2 SR
Ellmann 387 P0 &M, 38 13 4IRS 47 2, Bk SE A A&
fIH % ( Acetylthiocholine, AtCh) 7E Z. Bt IH #& g FtF
(AChE) AL T /K, A= i G B ( Thiocholine ), i
ARAERE 5 2 A5 DTNB (AR AEIEs FHEO/EA, 7=
AN S-TR-2-HZEE R (TNB), £ 412 nm 2
LS CEEAE, WEAERRE, AR E RN T .

1E 96 FLEGFFRHR A i A 150 pL WAL £h 2% ik
(0.1 mol/L, pH8.04), SR JG I A [G1F B B HAF
30 pL, FHILA 50 uL DTNB, #RJ5 A 20 pL #fe)a
FYTAR (0.54 U/mL), BHAXT BRFLAS AR, LIS ER
ZPWARE, ARG S LIRGH A, BT
37 °C FEFRFE PRI 5 min, U S 7ERITAA AL im
A 50 uL ISP (ALCh, 3 mmol/L), FHEFFRASCI E RE 5
B SEEAR S5l A=405 nm, 5L 10 s, [H]FF 28 s,
RA 3 so

A, — A,
A1 (%) = [1—(u)]x100
( ) A"i"['l _AWJ‘H‘

A Aﬁ@%@ﬁﬁﬂ/\ﬁérﬁr AT G EE 5 A[sﬁﬁ;%%ﬁ?u
WEIREL 52 AR T R S AR R (WG IRE 5 A i R
TEE I S NAR 22 RO G R

ICs, fH I #0ii] AChE 7% 71 50% JIT it 22 AL
PEH A, mg/mL. 1Cq, {E /N, 2 BHAE 5 Xt
AChHE Ve FHARTE o
1.2.6 £ ET T3 2 I ARG e i 5571 40 28 gl i

EPET TR THRAURR 600 g By, SR F B ]y it
B, HEHREFTE] R 40 min, BHA LA 1:10 g/mL, FH B4
BT 70%, $RBURE 60 °C, FEHUH IR, & FUE
W, ELAS AR, 19 BITREL AR (97 2) o

SR PR AR 2 AT X S U i A T 00 R 4385, 3
IECREF TR L BEHR BERAEE (50 1~1: D BEN, 4551
53 (A~E) . Fr4H5r B(2.8 g PRI ] C g fiE:
JEE A AT 43 5, A PR AT KB 3 e i (0~100%) ,
TE 20 mL/min 554 T Y E, 75 2] 11 4 2 41 43
(B1~B11) . H:vf B9~B10( 126 mg) 7E Sephadex-
LH %A LAl B~k (9: D & ue s 3] 71k
A 2(25 mg) o K45 D(2.6 g) il R R[]
Cg A AT 4385, i A FH BEFT 7K (0~100%) , 1E
20 mL/min B30 38R B6 BE PR, 75 5] 8 -V 20 43

(D1~D8)., HIEEHLEY 1 A D3~D4 11843(76 mg),

FHI I BsE-/K (41 D FE C g AE EIF T3S, 153
&Y 1(28 mg); 443 E(1.3 ), i C ¢ AE#E T4
B, FH R K K (0~80%) , 7E 20 mL/min FYRIE

VR, A B WIESr(E1I~ES) . & IF&E & 3 M
4 Y2 2H 53 E1 FT E2(104 mg) , Jfilf A HY s~k
(85:15)ilit C g HE—2b4lifk, 198U EA) 3(13 mg)
1 4(9 mg) , \T1SEMLEY) 1~4.
1.2.7 ZEHERHLE IS E Tk
1.2.7.1 EAPHEREE AT Ui S HT (ESI-MS): 41
SIEL 1.2.6 ThorEsatifbi/ bk G 1~4, %4
FR A T 98 00 Vi, dB I TMIS-700 5555 PER TR %Y
PATHHT, SR R, SO
A AR, B SUE 5 Psi, THESH# N 4.0 L/min,
FHEIREESR 180 °C, BANETH RN 3000 V, HHHTE
[l A AR EE 50~1000(m/z) .
1.2.7.2 #ZREILIRAT S AIFREL 1.2.6 HhorEsalifl
JE—EmIL G 1~4, f GO R e S 05 3 7
i, B TR, JH AMS500Hz A8 SAZ 0 R I 1%
ASGHATINE, LAPY H ks (TMS ) VEPI AR, th2i e
S A G H %L T 435Ik H ppm LA K Hz 7w, 'H-
NMR PIK"C- NMR P TAESERS 2R 600, 150 MHz,
1.2.8  ZTEARBRERA I 8 J1 240 0E 38 2 filg bS]
15574 (TNB) IEOGREE A 197454k T AChE 41k
SN 7= Py AR IR0 B 19 A8 b . EAS RIS ik
I, 7E AChE FfEMEI0 S0 X Ta] P, Bl K, (HIEA AR
Fefa sz, BB 10 s, ) 22 A [ S 4 #e % (0.009 .,
0.0045 . 0.0022 mmol/L) st W =4 CIEs 5 i o
7 DTNB A 8™ 9 ' {8 A, FH(ACHE fifk
SNBSS 6] ) ~ A GINAS 9 I ' B ) 1 1B 15381 i B ARt
R T AChE AL i AR 1/V,, 12235 T8
Lineweaver-Burk F4XUEI B4R B s, 7T 40 a2 #0041 45 FH
MZEHY
1.3 HIELE

P IREGEE 3 IR, B8RRI P E b2
>R JH SPSS 19.0 Fll Origin 10.0 ZA4-XI 53R 74397 -
2 RS9
21 TREBEFIRBMEHESE

MR “ARRIARZE” I, AS RIS S s T 3k
MR BB PR CRA — a2 2200, 45 R E 1 Pras. 7
B ) Sy b B 35 X 1) (P<0.05), Horp FE s
BU 0 s & B s (14.03 mg GAE/g DM), 54405
PRI Y Sy &1t (6.09 mg GAE/g DM) . Z.fig 2.
s B By & M (6.15 mg GAE/g DM) FITE T 1
FEHUY) Sy & 14 (6.75 mg GAE/g DM) K2, 7K3E
B sy &5 4 (1.4 mg GAE/g DM) Ak, £k
Yo R T AR B, R AL FR B R A
e
22 AREBETIRBMSEINSE

WEGL A YIVE N 2 e G —RKIs, B
PP ZEAHIT AR, PRI I A B ) 5 i R B a3
S A LA A O, S5 R anEl 2 Fros . HIE 2 A
AR FAS R AT ALV TR B B 1A S e ] 55 2 R/ NI AR
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Fig.2 Total flavonoids content of different solvent extracts

YR Ay s FP P ECA) AT 5 > G B EU) B ) 5
B> MR S BRPEIUY) SBT3 >0 T R ) S
il 5 > 7K B U B 5 e, S BB AR B e
AR, ARPEIF TGS, T Tk s A b 2SR 54
TR, TR R T
2.3 FEIBFHREHIX Z Bt AEREBERE A I 5E
FREIBCH) I IR B ] 55 ek ) 2 R A [R)
RGeS RE S 2250 04 T 2R, Seah g R an
El 3 s . FHIE 3 R, A LAFR VAN [R5 32 E
Ykt AR DRIR I I B S EAE— s 25 5, o
T R R SR B 55, 4391 S B WS RO s 0 R Sy
(IC5p=12 pg/mL) . IE T EEHE B KA 2 H (1C5,=
18 pg/mL) | AP EITIF (1C ;=29 pg/mL)
LR R HE B i 3% 2k (IC50= 31 pg/mL) FIZK
PRI §I 2R (1IC5,=45 pg/mL) .
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Fig.3 Inhibition ability of acetylcholinesterase activity of
different solvent extracts
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Fig.4 Separation and purification of 4 flavonoids from

Flemigia philippinensis roots

24.1 fb&W 1 A A8 K, ESI-MS: m/z 271
[M+H]" 5> F = & C5H,(Os, 'H-NMR( 500 MHz,
CDCly), &: 8.05( 1H, s, H-2), 6.22( 1H, s, H-5),
6.33(1H, s, H-8), 7.38(1H, d, J= 8.5, H-2'), 7.38(1H,
d, J=8.5,H-3"), 6.86(1H, d, J =8.5,H-5"), 6.86(1H,
d, J =85, H-6"). "C-NMR(CDCl;) 8:181.62(C-4),
165.04( C-7), 163.94( C-5), 159.03( C-9), 158.40
(C-4"), 15427(C-2), 131.16(C-2", C-6'), 124.01
(C-3), 123.04(C-1"), 115.95(C-3', C-5'), 106.12
(C-10), 99.84(C-6),94.47(C-8) . 5 3CHik [31] XTHE,
SRR AN — 3, WO e A S R G R B T
(Genistein) .

242 k&Y 2 W EAMARY, ESI-MS: m/z 491
[M+H]",45 F 30 A Cy,Hy405, '"H-NMR( CDCl,;, 500
MHz), &: 1.25(3H, s, H-13), 1.39(3H, s, H-18),
1.48(3H, s, H-12), 1.53(3H, s, H-17), 1.61(3H, s, H-
23), 1.68( 3H, s, H-22), 2.30( 1H, m, H-14B) ,
2.48(1H, m, H-14a), 2.82(2H, m, H-11), 3.00( 1H,
m, H-198), 3.08(1H, m, H-19a), 3.20(2H, m, H-10),
3.71(3H, s, -OCH,;), 4.80(1H, t, J = 8.0 Hz, H-15),
5.00(1H, t, J = 7.1 Hz, H-20), 5.69(1H, d, J = 10.3
Hz, H-3), 6.18(1H, d, /= 10.3 Hz, H-4), 6.75(1H, d,
J =86 Hz, H3'), 6.75(1H, d, J = 8.6 Hz, H-5"),
7.13(1H, d, J = 8.6 Hz, H-2"), 7.13(1H, d, J = 8.6 Hz,
H-6"), 18.8( 1H, s, 7-OH) . "C-NMR( CDCl,) &:
18.1(C-18), 18.3(C-22),21.6(C-19 a and B), 26.1(C-
23), 26.3(C-17),29.1(C-12),29.9(C-13), 30.6(C-
11), 42.1(C-10), 45.0(C-14 a and B),53.2(C-4a),
55.7(4’-OCH,),82.7(C-2), 108.5(C-6), 114.2(C-3"),
114.2(C-5"),115.6(C-8), 117.7( C-15), 123.3(C-
20),123.7(C-4), 129.9(C-6'),129.9(C-2"), 132.0(C-
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3), 132.1(C-21), 133.8(C-1"), 137.2(C-16),158.3(C-
4'),168.6( C-8a) ,190.0( C-7),193.9( C-5) ,202.4( C-
9), 53¢k [32] XTFE, HABE B A — 2, i 2 1%
Ab&%)°4 Philippin C.
243 fb&5W 3 B AR Y, ESI-MS: m/z 491
[M+H]", 43 ¥ 20 N C5,H;3405. 'H-NMR( CDCl,, 500
MHz), &: 1.35(3H, s, H-12), 1.35(3H, s, H-13),
1.58(3H, s, H-17), 1.58(3H, s, H-18), 1.58(3H, s, H-
22), 1.58(3H, s, H-23), 1.74(2H, t, J = 6.7 Hz, H-3),
2.41(2H, t, J= 6.7 Hz, H-4), 2.66(2H, m, H-14a and
B), 2.66(2H, m, H-19a and B), 2.95(2H, m, H-11),
3.23(2H, m, H-10), 3.82(3H, s, 4-OCH;), 4.81(1H,
m, H-15), 4.81(1H, m, H-20), 6.86(1H, d, J = 8.4 Hz,
H-3"), 6.86(1H, d, J= 8.4 Hz, H-5"), 7.15(1H, d, J =
8.4 Hz, H-2'), 7.15(1H, d, J = 8.4 Hz, H-6'), 18.3(1H,
s, 7-OH) . "C-NMR(CDCl;) &: 21.6(C-17 and 23),
29.3(C-12 and 13),32.3(C-18 and 22), 33.8(C-11),
41.2( C-14 and 19) ,45.5( C-10) ,58.9( 4 -OCH,) ,
60.6( C-8), 84.8(C-2), 109.7( C-4a) ,111.4( C-6) ,
117.4(C-3"and 5'),118.1(C-4), 121.7(C-15 and 20),
126.8(C-3), 133.0(C-2’'and 6),137.0(C-1"), 138.3(C-
16 and 21), 161.4( C-4'),176.0( C-8a), 189.7( C-
5),198.8(C-7), 205.5(C-9), 53¢k [33] X HE, FLykis
BARFA—F, W iZz46-& 49/ Philippin Do
244 k&Y 4 FWOMMRY, ESI-MS: m/z 509
[M+H]",53 F 2 & C3yH, 004 ' H-NMR signals at §
3.10(1H, m, H-19), 3.00(1H, dd, J= 7.5, 14.5 Hz, H-
19), 5.11(1H, t, J = 7.5 Hz, H-20), 1.72(3H, s, H-22)
and 1.68(3H, s, H-23), 8 2.50( 1H, dd, J =8.0, 14.0
Hz, H-14), 2.39(1H, dd, J = 7.5, 14.0 Hz, H-14),
496(1H,t,J=17.5 Hz, H-15), 1.66(3H, s, H-17)and
1.52(3H, s, H-18),4.51(1H, dd, J = 6.5, 10.0 Hz, H-
2). BC-NMR(CDCl,) &: 17.8(C-18), 21.5(C-19),
23.8(C-13), 25.6(C-23),25.8(C-17), 26.6(C-12),
30.6(C-3), 31.0(C-10),40.0(C-9), 55.2(4-OCH;),
60.6( C-3a) , 71.2( C-11), 90.5( C-2), 106.5( C-
7),107.3(C-5), 113.7(C-2"), 113.8(C-6"), 117.1(C-
15), 129.4(C-3"), 129.4(C-5'), 132.1(C-21),133.3(C-
1", 137.0(C-16), 158.0(C-4"), 175.1(C-4), 192.3(C-
6), 5 3CHK [34] X IR, HAp SR A — 2, S 1%
1b&%)4 Flemiphilippinone A .
2.5 PUFEERCSI%T Bt R RBEESAOHNHIE M
B2 S P XT AChE $HI/E A S22 834
P I K AR LA B ge v, Hor T2 S5 auiify
E WAL, BEEINT S AChE .0 FI4 N & P15 L
MRS G, AT SR INEIETE . R A
Wytd. AChE 57 an 22 25 WR ST . AR w132 B A5 4 i)
FUN AT G546 R ER B — DTG RS, B
Yyt < EE AR OREREF AP B — 2 i E AR
RS PE T )k TP s R AL A A i £ e NE ik

PR T ATLEE, AR B I AR b, AR ORI 1Y
TERE, PEPFAS R L, K452 S A R g i O'G B2
it s 1] A2 Al Hh 2, 453 310K BT R T 2 an 5] 5 oS o
i 5 T LUE I, TEA RS BEE AT R, fe &)
3 B PLEFRALEY) 2 R G 4 1)
BRI G 1 09N, R Al GEAE T35
ST E 2 (B RO EE &) TS5 s o, AAs Ml i
Mook R, BrA LSS5 BB SN R = 1
SRR BEAR LA N, IX RS, 755K D7
AR, DR AT DL S oK [ 7 R AR SC A il 3l 77 2723
56, X &RV T T SR TP RS % AChE B4 i
RIHATINRE -

R —l
~ —— k&4
% 081 —o—ﬂ:ﬁ%z
T =53
‘E 06
£
5 04
e
E
x 02

% 10 20 30 20

JEHIHEEE (mmol-L™)
Bl 5 ANRIREEZEEEEIX AChE IR [ REZk
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concentrations of purified flavonoids
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