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Abstract: In this study, 75% ethanol solution was used to prepare the total extracts of arecanut nut (ANE). Then differ-
ent fractions of the extracts were prepared by fractionating with petroleum ether (PE-ANE), ethyl acetate (EAC-ANE),
n-butanol (BU-ANE) and water (W-ANE) in turn. The inhibition of hypertension from ANE was determined by angio-
tensin converting enzyme (ACE) activity inhibition assay in vitro. The inhibitory was evaluated with the fraction dis-
playingthe best ACE inhibitory activity by the enzyme kinetic method. In addition, the contents of total polyphenols,
total sugar and total protein in each fraction of ANE were determined. The correlation between the contents of the
compositions and ACE inhibitory activities was analyzed. Finally, phenoliccomponents in the four fractions were ana-
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lyzed. The results showed that all the fractions of ANE at different polar parts exhibited ACE inhibitory activity, and
EAC-ANE displayed the best. Enzyme kinetics tests showed that the inhibitory effect of EAC-ANE from tender areca on
ACE was a mixed type of competitive inhibition and non-competitive inhibition. The correlation analysis showed that
the 1Cs, value of the ACE inhibitory activity of each polar part of ANE was significantly negatively correlated with the
content of polyphenols and total sugar. And the absolute value of the correlation coefficient between the 1Cs, value of
ACE inhibitory activity and the polyphenol content reached a very strong correlation (r=—0.912). And a variety of
polyphenol components such as catechin, L-epicatechin, procyanidin B,, protocatechuic acid, and quercetin were identi-
fied in the four different polar parts, and the content of polyphenol components in EAC-ANE was the highest. In con-
clusion, ANE has a certain blood pressure lowering potential, and the ethyl acetate extraction site is the best, and the
polyphenol content has a strong correlation with the ACE inhibitory activity of each extract. It can be preliminarily in-

ferred that polyphenols may be the main substances that inhibit the activity of ACE in ANE.

Keywords: areca nut extract; angiotensin converting enzyme (ACE); inhibitory activity; enzyme kinetics

DOI: 10.3969/j.issn.1000-2561.2024.03.016
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W (5 mmol/L ), UL 2 mL EP &1 NN AeS,
YIS 0.10 mL HHL JEEYP T . 0.05 mL A5 7
F10.10 mL ACE ¥, F/HREAIEET 37 CRI/KR
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0.20 mL /¥ 3 mol/L HCl R IE N FI &%
K 340 nm., BHF 455 nm ST, g B N
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R N KR 1 R ORTRI AL A SR A R 435
IMAFE R ARG AT R o BEARE S A TIRER 3 K,
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HR=[1-(1a10)/(1p~1p)]¥100%. ZUHT, 14 J9RE
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Tab. 1 Reaction system of inhibition activity against on ACE mL
) FE 20 FE S X AR 2H = HH 25 xR
Reagent Sample group Sample control group Blank group Blank control group
HHL 0.10 0.10 0.10 0.10
it 0.05 0.05 0.00 0.00
ACE 0.10 0.00 0.10 0.00
TR 22 il 0.00 0.10 0.05 0.15
0.3 mol/L NaOH 1.50 1.50 1.50 1.50
2% OPA 0.10 0.10 0.10 0.10
3 mol/L HCl 0.20 0.20 0.20 0.20
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ACE ¥ % (0.025 U/mL ), 278 0y JiEY) HHL i
W (1. 2, 4. 5. 7.5mmol/L ), k78 A[a]#E
IR RE e (0, 1.5, 2.0 mg/mL ), T 37 C
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0.3 mol/L NaOH ¥ % 0.10 mL f) 2% OPA &
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JE 7N 0.20 mL 4 3 mol/L HCl IF W& 1k [ v o T
ORI 340 nm, & SHIE 455 nm AR E I AR

RINTOERE . SR BE, TR N AR R R
HA(V, AAmin), LURPIHRE (S) MEIE(1/S)
AR bR . R VI (V) AR,
21 Lineweaver-Burk XUEIZith2k, 4381 ACE i
PEINGIVE R AF I ZEBGBAXF ACE 522 3L 41 il
JH
124 #FHRaosznzE (1) ZHEENE.
W22 Ty 2 BESCHR [12] 70 A 48 bR I 48 A T R A 7
B 1 mL — VR BE A 25 G AL AE T B 2R U
. 5 5 mL 10% AR E G 1R 21 J5 KW 3~8 min,
KR 5 mL 7.5%BkFRENS IR, FE5), =R
AT BV 60 min, ZEPE S 595 nm AN A
VWA OEE . AR EE TR AR LR
y=0.0093x+0.0695 ( R*=0.9992 ), 7 R ¥k J& i [
1 0~100 pg/mL, X M & FRRARMEM LT 7 £
[

(2) SOBE BRI E o 0 7 S IROSCHk[13]
W R B - R TR AT, AR HE SE PR BURS 1R
Mo B 1 mL — 5 W A HGER A AR T L 38
REF, 5 1 mL S%EBEBIRA G R PUmA
SmL FRFBRE R . ERFE 15min J5, HT
30 C/KIBHLE 15 min, BUBRHIE =, K
490 nm AL 5 BE SRR OGAE o A 2 A AR
HERZE N y=0.0106x-0.0409 ( R*=0.9967 ), i %0k
JETL RN 0~100 ug/mL, X 875 4 Wi b o 28 11
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(3) SR I . Mg J5 k2 IRk 14]
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SN, FAJEHE 3 min, T 40 C/KIB
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FERE SRR O W GAR o A5 A 0l i B A o fh £k
M y=0.0042x-0.0172 ( R*=0.9940 ), 4 &k e J& 5 FEl
K 0~100 pg/mL, XFHE 4 1L 2 (A bw il 415
EART &,
125 S8R e o RAIEH LCMS8050 # 5
W ST SO, Z2 W 28 43 645 o B, AR T 0T 28
BER ) AT O SO T AR, R
Fras ERE e B (1~20 pg/mL ), .

ISR A%k % ] ACQUITY UPLC BEH
C18 B354 (1.7 pmx21 mmx150 mm) ; ¥ {5 A6 15
WHh 40 C, HEHFEERREE RN 8 C, SR
J2uLl. WEhAH A N 3%LRRKIER, Fishid B
A 100%FEE; BUE A 100 uL/min, s B
FEEEVENFEF M. 0~6.00 min, 10%~30%; 6.01~
10.00 min, 30%~40%; 10.01~30 min, 40%~70%;
30.01~40.00 min, 70%~10%; 40.01~55.00 min,
10%.
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0.07)mg/mL, HHX} ACE #9410 il 3% P & 35 0 7 H
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() ACE il 36 P48 55, 1Cso fH 2051 Ry (2.15+
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HE RS, 1Cso B M(6.92+0.34)mg/mL, {2 4
AN AR CT CKT, CK') 1Cso
{8 4(5.53+0.32)x10 * mg/mL.
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Fig. 1 Inhibitory effect of different polar parts of areca nut
extract on ACE activity
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Lot UO TR ARAE IR A B0 2 it
S ] ) ) AT A R A5 1T 3

A 5T R B0 8 J1 2507k, #ElE ACE
PO FH B B AR Z oA EAC-ANE (0. 1.0,
25mg/mL ), F A [ E K ¥ HHL Bk &
(5 mmol/L ), AR (12.5, 25.0. 37.5. 50.0.,
62.5mU/mL ) ) ACE W Egsm il /e, DL h
A (V) X ACE MRk B iE 17 ¥l . EAC-ANE
XF ACE Ryl sh J12# e WKl 2, #& ACE il
VEH R R R 22 RO INS AN i EAC-ANE i, H
SN i e B3 B AR R IR A, I EAE
S hn EAC-ANE 9 s & v, JH: vy o 38 i 4%
AR B /N T RN EAC- ANE 1, BEE
k& h EAC-ANE WM TR, HhE R
/No BHIEFTAT, EAC-ANE X ACE 3 ¥ (3 i /8
FHJEF nl i 4mil .

4 -
e 0
= 1.0 mg/mL
3+ a25mg/mL ;
&
€ oL
& 2
s *
N
1 N "
0 12.5 25.0 37.5 50.0 62.5

Eff ¥ Enzyme concentration/(mU-mL™)
Bl 2 EAC-ANE 3t ACE &R iM&Ish =t 4k

Fig. 2 Kinetic curves of inhibition on
ACE activity of EAC-ANE

2.3 EAC-ANE X ACE &M/ wT & 15 A
i)

ARG SR R O &, Al e AL )
rRTE A . AETE RIS . R TE R
AR A TIPS 4 PR, Hod, JRA A H A
fEe P HIEEFMIRAM . P 5 EFNIRS
7 2 FUS ) ZE Lineweaver-Burk [ %UE| %k it £k [&]
B R R B R I, A ROV AR R R K

R (Vi ) AZE, KERFEE (K,) HK,
FWNZAMHN YR TR PEME]; # Vinax B,
Kin AAE, RBZANHIE RS FAESE FrbE Gl 2
Vinax B8/, K B8/, 2 BZ 0 61 270 8 1 i 5 4
PEIIH] s 25 Vinax BN, K 3K, FIIZH0 6 255
BT 5AEE IR ARG 2 Vi /DN, Kn
W, REIZAM I SRR T3E g 5 Soe iR AR
200,

AW 5 2 e R VAR R Y ACE Wk
(25 mU/mL ), SUZEJEY HHL (¥ EE (1.0, 2.0,
4.0.5.0.7.5 mmol/L ), /£ EAC-ANE A[a¥ (0,
1.5, 2.0 mg/mL ) 4FF, W R AR R A9 R0
R 224 Lineweaver-Burk SR Z £k B E 3 ).
HR 8 SRR 11538 R [A) EAC-ANE ¥ 3 s v
I Viax M1 Ky (£ 2). HHIE 3 FI5E 2 Al %0,
EAC-ANE AR B 3 AN i iR RIS 510 3 4
LA T 2 2B, HR#%E EAC-ANE WE T+
B VAR R Vinax BN, Ky BT K
SR X TR AR A R RN 5% 4 5 A 5w 4 TR A AL
TR S ARST, B EAC-ANE Xf ACE 3% P (9 7] 3%
T 2 Sy 5 4 S AR S G R A B

F o
3 e1.5mg/mL
~ A2.01‘[1g/II1L
5 2t
£
£
= 1k >
-1.0 ﬂy'o 0.5 1.0 1.5
-10L

1/8/(L-mmol™)

Bl 3 EAC-ANE X} ACE i&E1Ei411E B
Lineweaver-Burk fk

Fig. 3 Lineweaver-Burk curve of inhibition on
ACE activity by EAC-ANE

24 IEWMREMWIH SMUEYREE
TR A o B 2%, R A AR . R
ZHE. AR TR RLLR LR — e ) R
Sy AR A RO I 2 .
i RS R 3 /R, EAC- ANE )£
o & LA K. W-ANE 2R 11 RGOS & it i 3
[T s R & S VAL RN R VR =295 s i A E
EAC-ANE 11 Z B & S AH T 2B & 2 HEESS 2
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& 2 EAC-ANE ¥ ACE iFMEMMH Z W ESH
Tab. 2 Kinetic parameters of inhibition on ACE activity of EAC-ANE

G W it R Vi Kn

Sample Concentration/(mg-mL ") Equation /(AA min") /(mmol-L™)
CK 0 y=1.3021x+0.4683 0.973 2.14 2.78
EAC-ANE 1.5 y=2.0658x+0.6014 0.999 1.66 3.43
EAC-ANE 2.0 y=2.5174x+0.6998 0.996 1.43 3.60

{7 BU-ANE &5 34%.

[ SR by = | Nl e IV A )
ERPEATIE R, KBRS 2R 2 BEHB ALY B2 1
TR T RSB . HAEHADAE Y SR | 77
keI T R C RS B 2 By et i

FAIEE  OE TR RO AL P B A
FEAERENL . N LRER AT UE 5 A
PIBTAHLE , HERE 2 1 48 O TR LR AR IRUR RERS 4R 15
SR RO BR IO, X aT B T 2 I A v
5O OBEWAEAIE , 75 LR OBEH I S 52 B

®3 EHRERIMEREBLHSH. SHENEARSE

Tab. 3 Contents of polyphenols, polysaccharide and protein at various polarity fraction of areca nut extract ug/mg
¥ Sample Z 1 Polyphenol JBHE Total sugar FE M Jfi Protein
PE-ANE 50.00+1.08* 22.35£1.50¢ 63.46+3.23¢
EAC-ANE 647.49+3.78" 304.00+11.26° 125.81+0.95°¢
BU-ANE 428.49+5.38" 460.60+£12.46° 187.71£7.01°
W-ANE 347.49+5.52¢ 481.35+8.51* 210.09+5.04*

I FSIARVNG FHRRZEF B3 (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

25 HWEYRESEWHEXES T

AR AR IR 4R B R TRl B PR 02 /9 ACE 1 kil
MR 1Cso 5 2l . B, B RS A
PEOHT AN 4 Wi BRI R BN S HHE
PERRBE Z M C RN, FHOCREL (r) 4R T
1E-1, MISEREMBR, r BRI 0, AHOCHEE M
2 P4 XHETE 0.80 LU, FoRA AN T
0.60~0.79 Z[H], A HAEAH M ; 7F 0.30~0.59
ZIE), RS WAE 0.30 LIS, SR
IR TH MR R 4 AT, BRI B
AR AR AN 6T ACE il 1 1 1) 1Cs {5 3 i
PEY) BT B S O DG, (R SRR A
FrES, ANFEMMA X ACE #IHIEHER 1Cs
HE5ZWmaa, B ERmAEH, M5EA
J ey S P A e . PRI, 221 AT B R A
HREEEYI T ACE SHITETER FE/ERY R, JFH
S L E T — & 1) ACE IS HEIMHIVER

WYL MEZ A ACE MHIEH:, x58
B Z IS R—2, st g
FERIBERE e g 2 g By, 2r Bt gt
o e g 20 DL R — st i SR DOV ey g L B 4 B4y T
TP ACE RITEE, I 2k 31 J iR AR5

R4 EBHRIYARREIIY ACEM I1Co 5
E M RE EREX TS
Tab. 4 Correlation analysis between ICsy of ACE and con-
tent of active substances in different polar parts of areca nut

Eizg ) ICs E4) Jst s HH Iﬁ
Index Polyphenol Total sugar  Protein
ICso 1
Z 1 -0.912" 1
S -0.873" 0.608" 1
LS -0.766" 0.446 0.977" 1

e EARBEMSE (P<0.05); "EAHREFEE (P<0.01),

Note: " indicates significant correlation (P<0.05); ™ indicates
extremely significant correlation (P<0.01).

26 E#EIMSHASEESHT

WA g - RS (LC-MS/MS) HiAREA
R vEPEvESR . EANEET g2 is, T
CRHF &M 25 MRS b o i e 5
BN RER DGR IGSE R, AR R £
Wy iS5 ACE $IIE L =2 [a] HA B A AH DG
DR S 3 o A2 B T o P e R R T R L R
LR . LAEER . FRAERS 33 FiZmbritaxt
MR W B b () BAR L b AT 8 BorHr, Skg
S S EE AU BT S, NS 3 & B
() 14 FhZ a1 sy (22 5). M 4 BB e &
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FULEE . L-RILEERE. FAEH R By, JFILER .
Wil e Z L= P Z YL 4Y ., 14 FhZ Y2 o) B B AE A ]
WAL T AAAE—E 22 57, Hoh EAC-ANE iy
2 sy a s, T 14 192.42 ng/mg, HUOZ
BU-ANE #il W-ANE, PU-ANE £ o0& &
M. 7€ EAC-ANE ', JLAHESGHES, N
3956.89 ng/mg, HUE L-RILEZEMEILT E B,
SR 3341.86. 3130.05 ng/mg. J5L LAY
£ EAC-ANE g s 3, 1 HAb 3 ks o i T
TRRPEET, JPREEBILN R,
ANWARUL ZCUE I T 7E AR RR Y A

DL ) LS R B — 2 R I R RO o [R] i 7E
HA KRR =P F LR REF £,
R P R RAERPY gRRPI% 2R L
G P uE B 2 B ACE S 4 1R
. TAEABISEH) EAC-ANE H, X2 /054
E, XA BB EAC-ANE 4 ACE #1736 P fx
WA, 25 FArd, ACE (MG S 20 &
TR ARG, AR AR I ) 22 By 4 4 T AR IE
AJEII 6] ACE WG PEM F 25, B2 WAl s &
HIEMIILAE . L-RILEER . JFIEE R B RA
Al RS ACE TE 1 L B9
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Tab. 5 Contents of specific components in extracts of different polar parts of areca nut

s latgy] % it Content/(ng-mg ")

No. Compound PU-ANE EAC-ANE BU-ANE W-ANE
1 JLA & cianidanol 0.19 3956.89 532.40 127.14
2 L-# JLA & L-epicatechin 152.77 3341.86 672.97 336.18
3 JEAET % B, procyanidin B, 108.72 3130.05 473.13 248.53
4 JiLASH2 protocatechuic acid 145.52 752.84 431.94 782.86
5 Mitl2 2 quercetin 113.65 616.31 170.76 166.35
6 JELZS I protocatechualdehyde - 375.61 - -

7 242t & taxifolin - 343.72 112.40 -

8 B2 TR gallic acid - 320.54 303.96 303.55
9 FH MR cumaric acid 94.27 312.31 140.20 138.75
10 T rutin 105.20 268.88 258.46 174.30
11 525 % isorhamnetin 85.88 250.04 118.23 115.40
12 11128 1 -3-0-25 75 B kaempferol-3-o-rutinosid 101.94 181.85 160.19 153.84
13 ARRBFZ luteolin 104.17 174.24 155.20 154.60
14 Hh 2 % naringenin 89.85 167.29 133.63 132.95
Bt 1102.15 14192.42 3663.46 2834.45

G YN S A

Note: — indicates undetected.

3 itig

H AT 8 1A 3 7 T B 5 R A 4 rp
TV . G AKDL R — S R ()76
PSR B AR (0 R A A X R R g o o 5
WFFEH+43 8 = . INOKUCHI Z507058 1+t 5 Wy 44 1y
BRI, PRS0 57 o 4 U R 3 Ao B 4
R v IR R R I 4 S TR A, DT s )
R I PRI o AR IR IR AT AR SN 56 A 52 2 B X
Yy i) A2 o SOHAE LI . ANWARUL
DU R0, FEBERRRIAR ) TGl H A LS &
JI 43 T 3 3 e O A T R B — S AR IR AR
R AT A U B L A8 28 2 B A3 2 75 68 I s ] 4 G

fif—— 1M 55 B ok R A R — s
NS R e I e Y S R SN DA
K, HIBCRME 40%00 F, BRI 25
It 80%0Y . MERBIR I HA — &
ACE THMAEH, (BIFR WA S ACE W) /)
257 I A AH G HiGE .

AR R, FERBRCR LI 4 FhAS TR
IR X ACE 1M AT — @ i acR ,, HR
B BERHME . EAC-ANE 35 35 SR 5 ok i 32
I1Cso {f }9(1.5140.07)mg/mL, PARK 25188 4§ 3 477
FEEHUIAT ACE A Br st vk 29 6 g/L,
M ZWF5% # EAC-ANE . BU-ANE . W-ANE [ ICs,
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HY) B EMRTATE o EXT 4 R s 07 b i 2 8 |
SO B 3 M S Ik kI,
EAC-ANE Hr i) 2 By & o 2 i T HAh 3 etk
TBAE o AN IR PE R AL ACE 4036 M4 1Cs, 1 5 /&
HE. B, ZhEEERBEnMt, 52
By, B S R EIRACH:, H5 2 ARl
AH M o TEAR R R AR A e A5 5 14 Fh & 24
mZ A sy, Hp LA R L-RILERERELE
% B, 7£ EAC-ANE " & it fie . CA IF5TIEM
X3 P AT — BRI R AR, R AR
A i ) LA 22 8 553 R R oA A Pt B BE
W ELAG 1] ACE W& mIVER .

Zi Bk, At vi2uEl EAC-ANE A
FESF ACE MR, IF HARRR LUy h i £
Wy i 5 ACE IR Z [ A7 25 VIR 3R o A
BEEN R LRI, X —0F 78 R A LR AR
Y 2219 5 % ACE #1500, LA SRR 24 F
E A TF LA T — 2 i WF o8 3 mt . (AT 5T Pk
A A AT 22 Wy A 53 b & HE OCARAE Y R e A
Yy K AN ACE 15 A9 /R I R0 1 P e 1,
R JE S IIBIFSE o Ak S i e ) B gk AT I IR
EWRBRER M2 5 ACE 8§09 /E F 75 ok 5
TTHE5E
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