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Abstract: The dry aerial part of Panax japonicus var. major is called “Zhuzishen Ye” , it is a characteristic Chinese

herbal medicine in Qinba area. In order to rationally develop and utilize “Zhuzishen Ye” and clarify its chemical
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constituents, the main chemical constituents of the saponin fractions from “Zhuzishen Ye” were analyzed with HPLC,
the inhibitory activities and inhibition types of the saponin fractions of “Zhuzishen Ye” on lipase were determined, and
the lipase inhibition mechanisms and hypolipidemic effects were verified with molecular docking and animal
experiments. The results were as follows; (1) The chemical constituents of saponin fractions from “Zhuzishen Ye” were
20(S) -ginsenoside Rg,, 20( R) -ginsenoside Rg,, ginsenoside Rb,, ginsenoside Rb,, ginsenoside Rd and ginsenoside
Rh,. (2) The saponin fractions of “Zhuzishen Ye” and 20( R)-ginsenoside Rg, had strong inhibitory effects on lipase
with 1C,, values of 0.14 and 2.30 pmol - L, respectively. (3) The saponin fractions of “Zhuzishen Ye”, 20(R)-
ginsenoside Rg, and ginsenoside Rb, were all reversible inhibition, and the inhibition type was non-competitive
inhibition. (4) The binding of ligands to ARG337B, ASP331B and ILE248B residues might help to improve the lipase
inhibitory activity of ligands. (5) Saponins of “Zhuzishen Ye” could significantly reduce the content of cholesterol and
triglyceride in serum of hyperlipidemia mice. This study provides the theoretical references for the further development
and utilization of “Zhuzishen Ye”.
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KT S0t & TN EE (Araliaceae ) ¥ ¥k T2
( Panax japonicus var. major ) F) 1184 #1 i V£ 1L
FE T T b B 2, B Wk A
W | B iR Ab iR Y DAL, 7 R ) 29 2 AR (R
NI, 20115 [ 25 L 2R B 42, 2020) , BRT S0
AR D s T E R, th T AS MAS
ks H O 5, 2k TS AR I NSRS
BACR T IR R (B2 f, 1963 5 B4k 7K ,2016)

I Tt 2 7K i B b I B (%) DG BEE B ( Jaeger &
Reetz,1998; BIF 5k ,2022) , 5 5 g 7 14 16 L
FIUF ) 2 ad A8 (B4 ,2013) 5 904 s P BE A 8%
el R T 140 T A B A, DT B3R ARG it i 7K -, 4900 4 g
I R 180355 P TR T s i I A R | AR RS 1 i D
AR B9 A R K WS ( Yun, 2007 ; de la Garza et
al., 2011) , =il 524V 2465 W) B A I8 17 B 40 1
YRR, ST A8 A 3806 7 R JHE e A 5 5 19 1k
&%) (Han et al ., 2005; Yoshizumi et al., 2006;
Ercan & El, 2016; Liu et al., 2017 ; 1&g 2019,
IS5 , 2020 ; Navarro Del Hierro et al., 2020)

T SAE 0 b 25 bt Az K S8 il 24 T8 )
K, BRTE AR 7S 24 T RS, ik 72t
VE g AR 24 HIT A Bl 3t 7, 36 A BT TR 2% . iy 0T R
BT R B, R 2 0 0 2 A0 22 i) S =k
KA, 45 20 (22) E, 24 - 353 )38, 6a,
128-=1 AZRAF RA,AZ 1 Rb, AS BT
Rb, AZRAF Rb, MIAZ AT Re, AZ AT Rs, |
PESRE R OASEHE Rs) . —LRH Fe NS
AT Rd, . Gypenoside 1X,20 (21) , 24-3k ¥ — Jf-

3B,6a,12B-=  20(22) Z,24-ikF 4738, 6,
12B-=B kTS 2% ,04 5, - H-8-H A
SRR (BZR 7R A, 2013 5 ] B 55, 20145 4% 18 45
2019;5kfb H55,2020) , L, BT ER TSR
) o ik RN AR TS PR X R S R T S 2R Y
FIAPREAEZEE X, BHil, k= 2 1
175 A S ATL A B o ot g FH 16 R DL, AR5
DIBRT-Z it R 55 00 52, K HE 58 38 1) R SR8 77 W JF
KW G, 256 R PR 0 3 43 5 T B A e 4¢
BRI R T LR L. (1) SR PSR
RO FEE AT R s (2) Bk 2 it B AR A%
i 107 it 2 5 HAMHIVE I s (3) Bk 2 2 1 AL
Xof i it A1 T S A MR 5 (4) BRF- S0 B A EAL
JL53 5 W % S 445 5 T 4R R B U7 AT A0 P 5 (5)
WS B AF A S 0T LARES
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1.1 FEXWUF/MA H

SYHTHL T KO [ EX125ZH I B SE AV 2% (4
M) B BRA T ] ZIHEREFR YL ( Synergy TM H1 Y|
F [ F HF Bio-Tek ) ; 5 R W AH €4 i 1Y ( Waters
€2695 I 35 [E Waters 24 1) ) 5 HF| &] Ab I8 58 (it
51190204, B K AR BR ] 25 A R A | ) 5 B W A
(Research Plus F %1, 78 & 3L A 18 % My 2 A
Eppendorf AG) ; fiii# 15 2 8.0 L ( TDL-50B &, |-
Mg =R AR ) s il B O HL(TG16-WS
AL WIS O AU A5 AT BR A F] ) 5 35 R8 B 22 1% B B
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B (I 55 . S25740) | 4-fil 3 7% KL A HE AR 1S (4-
nitrophenyl palmitate , 4-NPP | it 5 . EC250112)  #F
BRI (S .75164) | DL EIRF 0 A 55 [ Sigma
N A 2 (AHOL5 A Honeywell ) ; DMSO ( 4t
5. D6370) W [ 4t 5t 1 B4 3k B B A BR A F
D101 R FLA i W A K HE R JF K244 T.) ;20
(S)-AZHAT Rg, (575 :B21058) 20(R)-AZE
# Re, (18 5. B21727) . A & 2 # Rb, (18 5.
B21051) AZ 21 Rb, (%% :B21052) AZ B AF
RA( 585 :B21054) ¥104 [ 15 A= Wy B4 A R
ANHE NS EAT Rh, (1855 . 111748) 1l 7 o [H 24
A=) B S8 52 BT 50 mmol - L Tris-HC1( pH:7.8)
(it . BBO512) W) [ Bk 74 o 0 o 72 A6 ) 1= 24 L4
ARRAH]
1.2 K EH

SPF 2% SD /R, 4t 60 H IRTE K 18~22 ¢, 1
BRI 5 S 56 3l ) AT RS W] SE 88 Bl i A R
AIES R SCXK (J11)2020-030 , 38 i P4 37 5 d,

2.1 HPLC ES UL ER S

2.1.1 &3 &4 {4 % #. Agela Technologies
Innoval ODS-2 (4.6 mm X 250 mm, 5 pm) ; Ji 3/
FHAKIE W (A)-C B W (B) , BB FZ Ve : 0 ~ 10
min, 10%—28%B; 10~27 min,28% >28%B; 27 ~
33 min,28% —31%B; 33 ~ 46 min,31% —31%B;
46 ~50 min,31%—36%B ;50 ~55 min,36%—39%
B;55~70 min,39%—60%B ; H:i& 30 °C ; YEFEE 10
L, K3 K 203 nm; i 1.0 mL - min™

2.1.2 BHX S Rk 0y R & R SEE i 24 6 H BR
VG H B 24 K2 Ak W e S 3 T 5 Sy O RE A
Z J& R T2 ( Panax japonicus var. major) BT 1M
SRR AR S (2013) 1Y J7 L $2 OBk 7 2 T4 0t
BRI 70% L BEBE L ER AL R R 29 0.05 ¢, B T
50 mL HIEHE IR % A B2 50 mL, FRE
AR 10 min, B0, FRE A ] EEAR
AR B & RS, IR, ISR, 42 0.22 pm
TALUB RS, 15 3 ol 7 R B I T

2.1.3 xPE S ik A BL R ORGSR BR U IR 20
(S)-AZRH Reg, 20(R)-AZRH Rg, LS
1 Rb, AZ B Rby, AZ B AT Rd,AS BT
Rh, , I HY 5 43 53] il v B2 2 0.10,0.25.,0. 10,

0.25.0.11.0.50 mg - mL™" IR .

2.2 BERAEEHD §I K16 K 3h h# M S R

2.2.1 R L xFAE W B E e Hom RN D
G PRI 5 2% (Liu et al., 2018; F W R &5,
2020; B EESE,2021) 238 1Y 7 L R A& o, i i i
Tris-HC] ¥ ¥ W & & 280 U - mL', 4-NPP iy
DMSO % HJE 750 pmol - mL™" | B F] =] Ath (1) e
9250 pmol - mL™* Bk S0 B AT L DMSO
VT BC R N 2.52 mg - mLT VAR, 20(S) -
ANZ B4 Rg, 20(R)-AS B H Rg, ASREAF
Rb, AZ R Rb, AZ 2 H Rd.AZS B Rh, LU
DMSO R il 5 500 wmol « mL™ A A , i FH
A R AN [R) MR B, FH T IR 25856

¥ 25 L R F S M B AL (R T S0 R AT
PR JEE 7K Jo i e L FI) ) Al B JR BT i GAL, AR R
0.0.625.6.25 .62.5 125 pmol - mL™") . A Z B 1F
Rb,( &M ¥} 0.5,12.5,125,250 pmol + mL™") |
20(S)-AZ A Re, (LW EHN0.1,2.5.5.12.5
pmol + mL™") 20(R)-AZBAF Re, (RWEN O,
25.50.125 250 pmol -+ mL") (A Z B Rb, NS
B RdAZRBAT Rhy (LN 0.12.5 .25 125,
250 wmol - mL™") I 45 wL JHEHE W5 B T 96 LAk
37 CH#E 30 min, FF A 90 pL A9 4-NPP ( &9k
J£ 4 750 pmol + mL™") 37 CHIRE I 20 min, JITA
FPREEFR AN 11 SN, 405 nm 58 OB

Fie RN R A S H A R T e

TR Mg i g 5 J1 = (A, ~ Apgan )/ (A —
Asspypm ) X100%

S Ay A IITARE ORI P RN IR
FCBE 3 Ay g AR S R 2 006 T 2 7 S5 %) W'
JE 3 A FIIATE PE AT DMSO J B J7 B W O B
Ay A B AN DMSO S R S5 #) WR 6 BE
JiT A RN H A 4-NPP,

2.2.2 RE) 23 2t g by B & b o dp ) LB HREIE
“217IWN R F S BN O AS B Rb,
20(S)-ANZ B Re, BV B 4-NPP YR L,
Z: HRWRFRAE (2021) 1 J7 5 7 A8 e, 3 2 o A8 i
U T E (4 JEE A 0,70 140 280,560 U - mL™")
2 A (] v A o AN () 3k 32 s I it A A T 7K fi
4-NPP JEW " A= W OCJE . 85 25 WL A [l AR i J
WL R 45 WL AR D7 B T 96 fLAkH 37 C
5 30 min, I A 90 pL 4-NPP ( & ¥ & & 750
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pwmol + mL™") 405 nm FIEWICE, % FiHE
AR S 77

AN BTG 1= (A,-A,) /(A,-A;) x100%

K. A R A RS 2 AT G 7 B 5 4-NPP
SRR B W G AL R A S IR WG B 5 4-NPP [
INEIENOL)S 5
2.2.3 ) 2 3 2 g By B & M 4G dp ) K AL e By )
WA HRHR2.2.27 TN BN Ok, [ Ng D
FHR BE , B AR 4-NPP (23R 8 0.375.0.75. 1.5,
3 mmol + mL™") , W5 AS [] ¥ J3E 2 X i 1 g 44 £k
IKf# 4-NPP J5 7= HE WO B
2.3 FNEEIEE R Y

B 4 £ 45 ChemBioDraw3D | AutoDock
Tools1.5.6 . PyMOL, CADD1.5. 6 Visionl.5.6, M
PubChem 48 i v N 2 AH G AL & 9 19 2D 4544 5L
P B A SRR ZE R L PDB B0 1 Rk, A1
PyMOL 4%t 88 2 (#4725 B K 3+ I & 45 il
AbBE R AutoDock Tools1.5.6 Xt fb-& 4 Al
BAMAT TR, RO RILEE G0 500 ILPB
FEHM A-BOG 1 4,
2.4 YK
2.4.1 By Rl & B 42 LI/ R AL
6 H A0 H) (mlR A4 (10 H) (B
AL (10 H) B & PR 4L (45 10
FUy o i, a5 ) R 3 A A R L Al 2 ] I
e GRDRE , #T m A IAEARE AY

T RG AR BC 5 IR < 15% 5 5% & B 20%
W5 .0.5%%8 .0.5%FF .

B /N IR AR 35 d JF T IR 2, 25 4 e
1o IR AR A 25 T — 7 391 2 1 A B R K, B ] th
IR 46.8 mg - kg EB A, KL LU RN
B3 H R & A ECY R 5, = R i A e
117.0 mg - kg 45 T/NRERF S0 B AT ALY
(FH24F 70 kg BIMAEE H AR 20 ¢ $254) , 5
AR 58.5 mg - kg 45 T /N RER TS0 AT
AR AR FI R 29.3 mg - kg 45 T/ RUEK
TS BRI, B H 42— ELLHEE 3
Jil, FARRGHERRERE, 25 (4], = g AR m
207N BR& 247 300 [] 43 90 A 25 ) W il i Rk 2% 15 g )
L ) 521N BRI IE R R oK,
242 HARERLE RRGYE, A /NS
BAEEK,16 h JFIRBREUm, 1M FE, T 4 CT
A7, FELL 3 000 ¢ - min™ (UFEH B0 15 min, 705

L3 R LAMIR 556, T =80 CvKAfH IR AF, %5 H o
2.4.3 AAudgAr ey w2 LI R IE E R (otal
cholesterol, TC) Fll H ¥l = M (triglyceride , TG ) #J 7%
T2 73 4 RRORR) & 0 T A AT E
2.5 ZitZEAE

A PG5 B 448 F Graphpad Prism 8.0.1
BAE B DL S B bR 227 (wts) T, B
I ¢ K5, Z2 4 Z [ P L35k TS R &R 7
22037 o

3 HERG M

3.1 BiEHERE

H L1 A 2R TS AT AL Y A
20(S)-AZ 8B H Rg, . 20(R)-AZ B H Rg, A Z
B Rb, AZ R Rb, AZ R RILASHE
H Rh,,
3.2 FEREEEMNEL R

PA“2.2.17 Bk J7 v D0 A 45 W11 0% B ol 4 o)
T, MRZE R L ER 1, I 2 ATAL RS0
AL 20(R)-AZS B4 Rg, ASRBAH Rby &I
AR 2R W Y ot FsF (1] 10 B T 3% 34 448 A, WO'G B i
i (] A5 £ 179 il 43 0k A, N A AR AR W RRON . 7
AR A S B[] Bl 2R 2 i 2 367 20 (R) -
ANZ AT Rg, A S AT Rby M 5l vk B2 (93 K iff
LRI RERAS B /)N, BB 7 A8 1L 7K % 4-NPP (1)
L AN T A6 A1, U P 5L A 4 i B 7 e M T AR
FH. E M 0~7.5 min B Ao om-Time i £ L 2
RN, B A B R) Y RE A i 26 32 T30, L
BRATR , S 0L 1) 3k B A, I 2z A, Okt s 300 745 1 il 3%
ARER R B IEE T, SO RN 7.5 min B
R ORI 1 R 3 AT Bk
HE AZS B R, ASBH RILASEBH
Rh, 20(S)-AZ 2 H Rg, . 20(R)-AZEH Rg,.
ANZHH Rby ) 1C5, 43 %I 24 0.14,28.00,31.00,
18.00.8.73 .2.30 .60.76 wmol -+ L,
3.3 A[EEF I E B g A9 HI H14E A 4132

FEHR“2.2.27 WU A0 5 7 ik 8 RV E T
FEARA H 37 CfE R, BIF&E 20 s P 1 Ak 7.5
min, YEHL (0 ~7.5 min WG BE Rl s [8] A9 2k A S5
B FLRER) RIS T3 H . LUK T Bl & g X il ik
FEAE P& AR B8 A5 0 W7 A ) 8 6k i 05 e 34t 12 1)
IRIPER RS, A RERI SR oy — 2 HZH
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1. 20(S)-AZ B Re,; 2. 20(R)-ASHEH Re,; 3. AS R Rb,; 4. ASEH Rb,; 5. AZBH Rd; 6. AZ2H Rh,,
1. 20 (S)-ginsenoside Rg, ; 2. 20(R)-ginsenoside Rg, ; 3. Ginsenoside Rb, ; 4. Ginsenoside Rb,; 5. Ginsenoside Rd; 6. Ginsenoside Rh,.

H1 EFSHEEISUL(A)SREAXRBMEAR(B) K HPLC B

Fig. 1 HPLC of saponin fractions from Panax japonicas var. major leaves (A) and mixed reference substance solution (B)

&1 EHEMEFF M A0SR EEE B HIR E
Table 1  The half inhibitory concentration on

lipase of saponins and orlistat

wan FEMHI AL 1C,,
H Half inhibitory concentration 1Cy,
Compound .
(pmol - L)
BAE b a
Oxlistat 3.84(1904.60 pg - L)
69.40 pg - L
BRTS 0 aAEr (FH 2 T B = Al
Saponins fraction of Panax 0.14 pmol - L

Equivalent to orlistat
0.14 pmol - L")

Japonicus var. major leaves

AZZH Rb,
Ginsenoside Rb, 28.00
AZEAF Rd

Ginsenoside Rd 31.00

ANZ B Rh, 18.00
Ginsenoside Rh, ’
20(S)-AZ 2 Rg, 73
20( S) -ginsenoside Rg, ’
20(R)-AZHH Re, 530
20( R) -ginsenoside Rg, ’
AZ BT Rb,

Ginsenoside Rb, 60.76

A SR D A AT S o SR R4S B — 2 AT
2, WA A AT A

H & 4 mTN DL TE %o il v AR TR A5 3
— A B, HE N RPREE R TS
M ATF AL 20(R) -AZ AT Rg, . AZ B 1T Rb,
W BE T 15 R I T B AR, SR A 2R S i AT BB A
20(R)-AZ 24 Rg, AS B AT Rb, &8 i 1) il B
9 Wt % 7 5 BONR W5 it AR A K il 4-NPP ARG 8 32 I
P, TN 2 Ik o I A R A T 3 3, DR 2R T
ZM B H AL 20(R)-AZ B H Rg, AS B
Rb, XoF i 1975 it 305 P v 490 ) 1 T 3 U ]
3.4 AN [E] B F XT RS B B A M A9 H0 S0 28 B A0 HD I
B

FIHT“2.2.37 TR (0058 25 AL IR V= A4,/
TR AL S N B DA B AR AR (17 V) XK
Y BE R (1/S) VR, ) Bk 2 it B2 3
i NS BAF Rb, . 20(S)- NS BAF Re, Xt A5 Wi i
T P ) 410 o 28 28 R 4o o o A

i Lineweaver-Burk XU /& (& 5) B] 51,3 4~
R ity 128 S A A2 T R il — Y 4 G A VR
MR K JEARAE VBB, FF 6 AR 5 4 Al
IR B R AE . LA Lineweaver-Burk £ H i &%
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B} i) Time (min)
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-
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B} 6] Time (min)

B2 HRFSHEHFIM(A).20(R)-ASEH Re,(B)
B ANSEH Rb,(C) XA RABEHYHDH 1 A #h £k

Fig. 2 Effect curves of saponin fractions from Panax

Japonicas var. major leaves (A), 20( R) -ginsenoside

Rg,(B) and ginsenoside Rb, on lipase(C)

X 3 AFESRIEER 58 3 NFER B K, {5
A 1.07,0.83,8.64 (K 5) , #5045 & H K,
SRR 0.27 .2.53 .0.17 (I 6) , LAk IE o e 3 45 3]

IO HBCK 5N 21.46 .28.00 .3.80( 1K 7)
35 PFRNEER

KA T e H ARV LA S5 8 A ILPB 1)
MHEAEH, 20 (R)-NZ & H Rg, 5 ILPB
ARG38A., LEU41A, ASP331B., SER333B,
ARG337B | LYS367B JE W & # 45 &, 55 HIS30A |
ALA40A | ILE248B 45 24 5 i 5% LB il i K 5.4,
WK 8:A;20(S)-ANZ B 1F Re, 5 ILPB 45 &
KX 520(R)-AS A Rg, LK 8. B, HARH
IEFETF 20(S)-ANZ AT Re, Wit 3L 4 (7 F1 5 7 &
HE[F 5 SER333B & ARGk ik A S B H
Rb, 5 ILPB W&5 45 X LK 8.C, AS BAF Rb, 5
GLU13A, GLN29A . ASP31A ., LEU36A . SER35A .
ARG13A ,CYS39A  ASP331B, ARG337B,LYS367B
T E 44, 5 GLUI3A B 508 i K BAE, A
Z2AF Rb, 5 LYS367B Z [AIJE AL - FH & 1A HAE
74 A ILPB 25 (G PE 48 SC 3 5 ILPB 1Y
44, NS RAF Rb, 5 ILPB 454 7 X WK 8. D,
AN Z 2 Rb, 5 ASP31A, LEU36A . LEU4IA
LYS42A, CYS61A JE i & # 45 &, GLUI3A,
ARG38A (ALA40A 55 5 kR 5% 3L Y 1 i 7K B4,
itk A ILPB 85 16 1 H 48 SE 8 5 ILPB 45 &
AZ B Rd 5 1ILPB W45 &7 ALK 8. E, A&
1 Rd 5 ASP31A ,ARG38A ,ALA40A ,ALA43A
ARG44A JE WL A 45 &, 5 GLUI3A | ALA40A |
LEU41A (ALA43A %52 R IR IV st /K BAE , %
A ILPB & H A48 SE 8L 5 ILPB 4565 A
Z B4 Rh, 5 ILPB &5 A5 X WLE 8. F, AS R
1 Rh, 5 GLN29A | LYS42A  GLU48A ,CYS61A JE
WA BE 45 A, 5 GLUI3A, ALA40A | LEU41A
ILE248B ,ALA332B %3 i 5% L P it /K B.AE , ik
A ILPB Gk H 48 SE L 5 ILPB By 45 & |
FlE 5 ILPB 25 & 7 NI 8. G, B w5
ARG337B, ALA332B . ASP331B JE i & 45 &,
ILE248B Fll LEU41A 2 FER 5% FLIE s K B AR, ik
A ILPB 2 G P D48 b SC 8L ILPB 456,
3.6 EEEBEFEH=ZEUELER

1 9 Al AT, = A i AR AR 2 /N BRIV P TG
TC S HEHHEE TS HA(P<0.01) , Ui & Mg
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