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Inhibitory Effect of Polyphenols from Arctium lappa Roots on Lipase

LIU Yi, XU Nan’, WANG Yi, QU Yang’

(College of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China)

Abstract: In order to demonstrate the inhibitory effect of polyphenols from Arctium lappa roots (ALP) on lipase, the ALP
were extracted and enriched. The content of total polyphenol was determined by Folin-Ciocalteu method, and the index
components in ALP were determined by high performance liquid chromatography-UV (HPLC-UV) method. The inhibitory
effect and type on lipase of ALP and its index components were determined by p-nitrophenyl butyrate (p-NPB) method.
Combined inhibitory effect of them were evaluated by equivalent line diagram method and drug combination index (CI).
The results showed that the total polyphenol of ALP reached 51.23%, and the contents of the five index components, i.e.,
neochlorogenic acid, cryptochlorogenic acid, caffeic acid, chlorogenic acid, and isochlorogenic acid A accounted for
12.87%. ALP showed reversible competitive inhibition on lipase with half maximal inhibitory concentration (ICs,) value
1.706 mg/mL. The ICy, of neochlorogenic acid, cryptochlorogenic acid, caffeic acid, chlorogenic acid, and isochlorogenic
acid A were 0.872, 0.910, 0.280, 0.847, 0.244 mg/mL, respectively. When the concentration ratio of chlorogenic acid and
isochlorogenic acid A was 1:2.15, the CI value was 0.549, and when the concentration ratio of caffeic acid to
isochlorogenic acid A was 1:0.87, the CI value was 0.282, which indicated synergistic inhibition effect on lipase. This
study provides a theoretical basis for exploring the chemical basis of the lipid-lowering effect of Arctium lappa roots and its
lipid-lowering mechanism, and layed a foundation for the development of Arctium lappa roots.
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FE T PRNE (p-NPB) ¥ a2 A= 35 4R Z2 19 F HFR AR ik
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1.1 MRIEEE

A3 R INIL R A PR AL, 21T TP R 2l
REEVF 2 B Y 8 N2 B 35 @i i 4 3% (Aretium
lappa) W THEARZE; REIRAR I BE (30000 U/g) i
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k. RIS S SRS 1IE T AR 1:1 AL
BT 53 v, P35 e MR AT A P AR TR T
fl, R 1 b, LR FEEORA S, $ iR Ty TR Ab T
5K, GBI EEFERGEPY, T 60 °C ygE EIE T
Pt MR 45 S A5 B B 188.13 g, MK EUS i D101 K
FLWZ BT R, A 55 R L W SR AR B 1 5 LE Sy
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JEEFRIBEME 5 AR, AR 40% 2SR, B
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0.04. 0.05. 0.06. 0.07. 0.08. 0.09, 0.10 mg/mL HJ¥R
HEVR, S | HETR AR B IR ER 0.3 mL, iID AHE ARGy
RF] 1 mL Fo4rR G, EIRMEOEHE S min &5, TIA
0.1 g/mL BRPRENIEW 3 mL, ZRIW/KERZE 5 mL,
FIRREOGHCE 1 h, 76 760 nm AL E WS CRE ., LA
BT IRUE R AR, WG YA AL bR, 2l ARitE pl
28128 y=6.9536x+0.0021(R*=0.9995, L& FLFEl 0.04~
0.10 mg/mL) . }EFEFRHLAILIE Y ALP 0.2087 g, Nl
A 9 mL HEEFESTHEAR, B I WA RS 120 1%, ¥ 1
R 7 VI 2 W OGO B Y AR UE il 2645 B
ALP R
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FHEAFEACN 2 2lifb 5 A S5 AR b2 . it
Diamonsil C,g (250 mmx4.6 mm, 5 pm); i shHH: £
7 (A)-0.1% BEIE /K (B), BEEEPENL: 0~20 min, 11%-~
15%A; 21~35 min, 15%~22%A; 36~60 min, 22%A;
61~70 min, 22%~60%A. it : 1 mL/min; £ & :
30 °C; #iAEEE 20 pL, KNP C: 327 nm™ . DIbRiE
R R AR AR AR | DAGS TR R PN AR AR 22 ) A5 R v
P TAERZR(GGE D,

R AREA BT AEHZ

Table 1 Working curves of standard products
B i [ =1 75 7 R ZMEVER (mg/mL)
R EIR y=67058x—254.47  0.9998 0.04~0.80
Sl y=81990x+34.05 0.9997 0.0125~0.25
R y=88985x+2413.2  0.9994 0.05~1.0
ZRIRR y=64794x+508.64  0.9993 0.075~1.50
SERIRA  y=82737x+3095.4  0.9993 0.075~1.50

FREL ALP 10.4 mg, VA 1 mL B B¢ % fi, oo
0.45 um FAFLUEREE, HUELNEWFERE ST, 10 SR TR X,
IRABRAERNZR T ALP R4l it
1.2.4  JBWHE 525
1.2.4.1 ALP XJARWIEGRMGIEH AR5 SCEk [30]
TRV, BIK p-NPB WiZeiafiAE 25, ie il
Ji% 5.6 pmol/mL MW, —20 C ARAEL . FEHl &
A CaCl,(1.3 mmol/L) . NaC1( 150 mmol/L) ) Tris-
HCI £ ##% (13 mmol/L, pH=7.2), 4 °C {%1F %51 o
B3 F I D S % AF Tris-HCL ZZ v b, 4 °C,
3600xg 5.0 20 min, WHL_VEWL, BCHE 0.25 mg/mL
FIRITEERAWL, 4 °C PRAFEH, SUHIBC . DL Bl
WU EE Ny 0.4, 0.8, 1.2, 1.6, 2.0 mg/mL [ ALP %
W, FF 50 pL AR B9 ALP W4 3 A 96 L
M, IEINA 130 pL AEWTBEHA W, 37 °C %7 10 min,
S 20 uL 5.60 umol/mL JiE#) p-NPB 5k, 37 °C
WEE 20 min f5 T 405 nm AMEEHKSCREE(H . 25 X
HEZH FH P AR ALP ¥, Tris-HCl 22 A g
Jiis Pt 5 T, B R1) ) A, Sk B A o B, g2 52 0 S A T A
3 WK, AR,

& (2

o[, C—D
%fﬂﬁ%uaim)_(1 A_B)XIOO

HH: AL B, CHll D 43512825 4 CAS A
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it ) FIVEE fity et BEZH OIIAEAS NG ) A G R
1.2.4.2 ALP XTHgiBradndl2emy SRk [31]
M 7 IR A AEAE B, S 5 E 50 pL 0, 0.5, 1.0, 1.5
mg/mL ALP T 96 FLAR 1, 435 A 130 uL 0.
0.2, 0.3, 0.4, 0.5, 0.6 mg/mL BY IS EEIRW, 37 °C
¥ 10 min, LA 20 uL 5.60 pmol/mL JEE4) p-NPB
VW, 37 °C ¥ E 20 min J5 T 405 nm A SEEUN G EE
{fH. 0 mg/mL /Y ALP W EEICER, 0 mg/mL 1Y
5 B M Tris-HC1 28 vhig A QRS , 4540 S 8647
% 3 .
MR A B R AE AL IR, [ 2 HE W R
0.25 mg/mL, BAFJIEY p-NPB #3(3.36. 4.48., 5.60.
6.72. 7.84 pmol/mL), 43 EAS R B (1) 435 AR 22
PRI (0. 0.4, 0.8 1.2 mg/mL) (B 52 W 3%, 15
ZH SEBG AT 3 YR . L p-NPB ¥ J3 i1 55 o 1l Als
P SN T 28 B 2R D Ak B 22 1 Lineweaver-
Burk XUEIE £k, MBS AR 200 H L 5 Ak brfhi s
S TR D AT i S A2
1.2.4.3  ALP HHRALE Pt N 07 1 ot 30 il 4E H
BOHR R 0.2, 0.4, 0.6, 0.8, 1.0 mg/mL HHT4E
Wi . Bz i . WnMERR | SRR R S AR R IR A T,
MIZE TR 1.2.4.1,
1.2.4.4 ALP " fRAGA W%t N 07 1 04 5565V H
e ALP P& i i LU 1C 5, TH B IR A% B4k
BYIRIEXT S, S BI U HAEZG M | ALP &=
Eb LA R il e B2 EUAE B SV E FH Y ERE, SRS
Rk & % 12 A1 Chou-Talalay 25 8B & 45 % (combi-
nation index, CD) A TIEM PRZHELSAEFHRCER . CI i
D, D,
~D. ' D,
o D, D, 530N A R Gerh e Ak — e i
IR G 1A 2 [5G Dy, Dy, 200 Bl
NS0 RSP BRI L E9 1 A1 2 5l .
1.3 HIEAIE
i JH Excel 2019 44k FEPE S 22> K2, BIr
B SEBARR 3 A TPATREAR ORI, $dE R H
SEIEEPREZE RN o
2 HBRESH
2.1 ALP MESEMEMRMELERSNEENE
Zed KA B E A ALP i85 % N 1.15%,
ZW ol 51.23%.. RHAIMRENE ALP 48
PEAZE BT TR SR I . B i . W ERR . SR 5
MRGREZ A & B30 0.64%. 0.58%. 0.65%.
4.5% 1 6.5%, 5 F 35 br 4 1 & = 5 ALP 19
12.87%, IZF AR Z W & 5 51 ba it il o e R 1R
i 5 SCHRAHIE Y, ALP IR HRUAE S ITRAH (013
PELIE 1 FE 2,
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Fig.1 HPLC-UV chromatogram of ALP
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Fig.2 HPLC-UV chromatogram of mixed authentic samples
1 1 4% R (neochlorogenic acid ) ; 2 “H%% 5 R (chlorogenic acid); 3 A B4R R 2 (cryptochlorogenic acid); 4 S MIHERR (caffeic

acid); 5 N F4JF R A(isochlorogenic acid A) .

2.2 ALP XJBeRAEGAOHNEIVE R K28y

22.1 ALP XTIRUiBgEANHIVEN]  BEE ALP myik
BEXE N, FOXE AR s I R s (ULIEL 3), SRFHZR
PERLG T 315845 1C,, (B~ 1.706 mg/mL. FHIEZS
BRI F] X B A A A 25 R UL IR 4, FEAS S50 W
RET, BA] AL AY 1Cs, {H4 0.018 mg/mL. 53¢
ik [30] AH bk, B S 1C, (85 HAR T, PhHH X
I RE S TIPNRITBEHDHIVEH . Segeghi 1R ]
ALP X Hi D7 1 P A S AR FH , B0 i 28 R A an BH
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Fig.3 Inhibitory curve of ALP on lipase
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Fig.4 Inhibitory curve of orlistat on lipase

PEZ5 BRI FEAth

2.2.2 ALP XIHEWIEGAIIIHIZER  ALP XA B
Hlsh F12E s HE ULIEL 5, AT B g Mam il IR ek, b
B ALP W EERGINTva)N, 5680 ALP XHAR T
IPHRIVE I S e FEEAR R, ALP BEA% AT 306 #3101 11 B i
B TS . AT R KSR Th i 2 2 54
QARG SR BT X R W B SR T R R Y AR SR BE
FELE L IRIRE W] ALP J 3 oo BRI G Wi 19 1 1 A sk
SR, AN 238 3 Yol AT 24 5t S B U Tt i)
YERIP,

0.014

« 0 mg/mL A
_ 00121 g5 mg/mL 4
g 0.010F .10 mg/mL
g 0.008 F 1.5 mg/mL
2 0.006 -
> 0.004
0.002 F
0 . . . . .
Q Q \} Q Q Q Q Q
N N \ N Q \ N
Q"\ Qf} Q’b Q'b‘ Q(p Q"o Qf'\
B (mg/mL)

P 5 ALP Xl e 4 o] 390 A i £ 1
Fig.5 Reversible inhibition of ALP on lipase

ALP X JI5 s B0 o] g XU E it e 25 2R ULIA] 6,
A B y BIETTMARSS, REREE ALP $RY
WREEHEIMMEG . IX SR ALP XJ ARV An 4R H
J& el . AR Z Mm-S RS 79.18%
A4 LU H A i 25 et P 0 Rl [t I AT BEAE 52 4
PEIIRINRIDIBEE . A SCROMTSEEE SRR T ALP fE
SR PE TP Es A, S YRIRY) p-NPB Y455
DLET, FENE T HEITE-S Y p-NPB 2R HIEE, AT
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&l 6 ALP IR Lineweaver-Burk ik
Fig.6 Inhibitory types of Lineweaver-Burk curve of ALP on
lipase

2.3 ALP R EKLEIXTAERRERRIHIHHER
PRI PR aR TR . Bk IR . WIMERR | S
T F SR 2 . A X B U Tt Fo) 400 Tl VP Bt e 2 5 o g
FhvEr, SLge g R ULIE 7, 1C,, {H43-51°4 0.872. 0.910,
0.280. 0.847. 0.244 mg/mL, B ALP w19 i1k
G el LI is D EEE . A SCHRR SR ER . 5
LRIFTR A SRR . BRek IR s AL S X B DTt
HLA B W I HIEFH, ICs, (B4 %1~ 0.114., 0.081,
0.647. 0.677 mg/mL, "] fES& LIAE A BEAEFSS &
TRRIIHE, M &R RR B SR /E 400,

90
80
70
S 60
J; 50
= 4of e BRI
£ 30} —e— [RERJER
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—— SRR
107 —— SERIEERA
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Fig.7 Inhibitory curve of neochiorogenic acid,
cryptochlorogenic acid, caffeic acid, chlorogenic acid,
isochlorogenic acid A on lipase

2.4 ALP B LSV IEIESHEXS1ER

U LE R FRAE ALP P 4R IR A FISR R IR
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Fig.8 Inhibitory curve of combined use of chlorogenic acid and
isochlorogenic acid A on lipase
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Fig.9 ICy, equivalent line of combined use of chlorogenic acid
and isochlorogenic acid A on lipase
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