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Abstract; Panax notoginseng saponins ( PNS) are the key active components extracted from Sanqi [ Panax notoginseng
(Burk. )F. H. Chen. ]. They mainly include constant components such as ginsenoside Rb1,Rd, Rgl, Re and notoginsenoside
R1,as well as rare components such as ginsenoside CK,F1 and F2. These components can be converted from constant compo-
nents to rare components by biological enzyme catalysis such as B — glucosidase and o — L — rhamnosidase or chemical methods.
The main action sites were the C —3 and C -20 glycosidic bonds of protopanaxadiol — type ginsenoside and the C -6 and C - 20
glycosidic bonds of protopanaxatriol — type ginsenosides. Studies have shown that PNS can exert anti — tumor effects by inhibiting
tumor cell proliferation, inducing tumor cell apoptosis, inhibiting cell metastasis and invasion,regulating cell cycle and energy me-
tabolism, promoting tumor microvascular normalization ,reversing multi — drug resistance ,and sensitizing chemotherapeutic drugs.
In this paper,the structures of 32 monomer saponins in PNS were summarized. The mechanism,action sites and groups of enzy-
matic and chemical conversions of PNS structure were comprehensively analyzed. At the same time,the anti — tumor activity and
mechanism of PNS and its derivatives were discussed. In addition, this paper believes that future research should explore the
structure — activity relationship and pharmacokinetics of PNS in order to efficiently and multi — directionally develop anti — tumor
drugs based on PNS to optimize their efficacy and provide reference for their further clinical development.

Keywords : Panax notoginseng saponins ; derivative ; structural modification ;structure — activity relationship ;anti — tumor

E S Bevyas B ir A R H (2022SF -406) 5 Bph B TR 228 DAY W IR 5 AL AN PREE EE R S0 e 8 (J ) “ A3t gt BHUEL 101 (SXZC -
2302)

BB RIS EH (2001 - ), 55, BRPURBHA , B A2 32, 5807 1)« KARZG W LW HA

BIEE D HAL(1979 - ) 55 BRPGDUR A, Bl , B LS8 2L S0, 1, RS0 18] - KA . E-mail : fengzili@ snut. edu. en,

248



F83% Fam L
2025 %4 A4

b E W ¥ 7
CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE

Vol. 43 No. 4
Apr. 2025

AR 1) S5 MR FE A IB AR Y, X NS0 fE B 5 2 A it
JT I, LR A R R R AL R TR ARk —
ST TR AT IE YT I LT B, 55 R AR EA R I
TN, TS AT R 2% . TR R TS 25 L g L], B
R T A WU 25, % T R T 1 IR YR T I 1Y
MERUE F R o

= 21 (Panax notoginseng saponins , PNS) & #1254 =+
TSRS, B PR BUBEIL RGO 18 R 55 2
PG PE™ o i WAL A A 2 e CK Sk A fk g i
o 00 PR 2 O L e R R A5 S 0 B Ak B BT R 1Y
Y, o T 4 S 36 97 98 G 1 16 & 25 W 08 A7 iy 2 il B A
RIS ASOM = S R R AT TR, A TR
W AZBHHSEWA NS BT, Gk T IR
FEFBLTI RIS, G SER AT R =& B IS hi i 25 4 4t
—EMZS%,

1 =tHHBREEFEHS

HET =L 25p oy s B R B A 70 R, £

B AE R NS B 1 Rbl Rgl \Rd \Re FI=-L 2 H Rl &

i NS 84 CK F1 F2 % Spiin g 1 & 1, KEZHONK
e B DU IR =5 28 AR A SO R, T 430k 20(S) JRA S
TEERI(PPD #,Fh 1~ 15,26 ~27,31) 20(S) it A2 = EEH
(PPT 7, 1 16 ~25,28 ~30) FIFF B E T (Ferr 32) 1207,
2 ZtEHSEURLSEK

WFSE R I, X NS BT S5 P A T s 48 1 Pl el Lt oo
W U YR B B AT T LSS B = L R
SERIIE TR AL, S k2R A AR B, B SO0 4 PRI A (SR (0 3R
PRAE A5
2.1 ZhEHFWEHENL =ZLRESEHWNAEYETE N
WE Y £ E A AL AE A W S165 (R JiK 5. CCTCC NO;
M2022783) 1" RUBGFF IR Y B T R i L R
Sk A5 HRR (TS . CGMCC No. 22450) 7 FIFLAIAT 1 MB11
({585 : CCTCC NO; M2022221) 7 4 5@ 1) B — &5
FFEG o — L — BTRLAF kMR I L ox — 4 2L B 6 55 7 A 0 e
I, NLENREANS ZEERIBAT C -3 {1 C-20 i FIJR A S
=R AR C -6 A7 C - 20 foBEEL VE VLRI 2 FiR.
2 b, b R A A A M A T R I U A K A R 52

#1 =ZLRERRRLEY

F R 5273 Ak CAS Sk
1 NS4 Rbl A Rl = -Gle(2-1)Gle,R2 = = Gle(6 -1)Gle,R3= - H 41753 =43 -9 [4]
2 AZ A Rd A Rl = -Gle(2-1)Gle,R2 = -Gle,R3 = - H 52705 -93 -8 (4]
3 2 R A XU A Rl = -Gle¢,R2 = -Gle(6 -1)Glec,R3= -H 80321 -69 -3 [5]
4 28 T S A LXXV A Rl = -H,R2= -Gle(6 -1)Glc,R3= - H 110261 —-98 -8 (6]
5 AZ B4 CK A Rl = -H,R2= -Gle,R3= -H 39262 - 14 - 1 [7]
6 ABBH c - Mx A Rl = -H,R2= -Gle(6 -1)Xyl,R3= - H - (8]
7 AN B ¢ - Mc A Rl= -H,R2= -Gle(6 -1)Ara(f) ,R3=H - [7]
8 AZHAF ¢ - Mcl A Rl = -Gle,R2 = - Gle(6 -1)Ara(f) ,R3= -H - [7]
9 ANZ B CY A Rl=-H,R2= -Gle(6-1)Ara(p),R3=-H 83480 - 65 -3 [9]
10 ABBH R A Rl = -Gle,R2= -=Gle,R3 = -H 62025 —49 -4 [7]
11 AZHEAF Re A Rl = -Gle(2-1)Gle,R2 = - Gle(6 1) Ara(p) ,R3= -H 11021 - 14 -0 [7]
12 A B R3 A Rl = -Gle(2-1)Gle,R2= -H,R3= - H 41753 =43 -9 [10]
13 AZ A Rh2 A Rl = -Gle,R2= -H,R2= -H 78214 -33 -2 [2]
14 AZBH Rs3 A Rl = -Gle(2-6)Gle —Ac,R2= —H,R3= -H 194861 =70 -6 [11]
15 =Lt ST -4 A Rl = -Gle(3-1)Gle(2-1)Xyl,R2= -H,R3= - H 155683 —02 -6 [12]
16 AZ B4 Rel A Rl = -H,R2= -Glc,R3= -0 -Gle 22427 -39 -0 [7]
17 =tRHFRL A Rl = -H,R2= -Glc,R3= -0 -Gle(2 -1)Xyl 439858 23 -8 (4]
18 AZ BT Re A Rl=-H,R2= -Glc,R3= -0 -Gle(2 -1)Rha 51542 =56 -4 [2]
19 ASHA FI A Rl = -H,R2= -Glc,R3= -OH 53963 —43 -2 [10]
20 AZ B RE A Rl=-H,R2=-H,R3= -0-Gle(2-1)Gle 52286 -58 -5 [12]
21 AB BT R A Rl=-H,R2= -H,R3= -0-Gle(2-1)Rha 52286 -74 -5 [13]
22 ANZ A Rhl A Rl=-H,R2=-H,R3= -0-GCle 63223 -86 -9 [7]
23 =LA R2 A Rl=-H,R2= -H,R3= -0-Gle(2 -1)Xyl 80418 -25 -3 [14]
24 ANB A T4 B Rl = -H,R2= -0-Glc(2 -1)Rha 181225 -33 -2 [11]
25 AZBH Rhd B Rl=-H,R2=-0-Cle 174721 =08 -5 [15]
26 NS AT Rgd B Rl = -Gle(2-1)Gle,R2= -H 186763 —78 -0 [2]
27 NS4 Rkl C Rl = -Gle(2-1)Gle,R2= -H 494753 -69 -4 [16]
28 NS RBH Red C Rl=-H,R2= -0 -Gle(2 -1)Rha 147419 -93 -0 [11]
29 AZBH RK3 C Rl=-H,R2= -0-Cle 364779 =15 -7 [17]
30 =LRHETS C Rl=-H,R2=-0-Gle(3 -1)Xyl 69932 -34 -5 [18]
31 =LRHE R7 D RI =Gle - [19]
32 AZBH Ro E Rl = - Glu(2 -1)Gle,R2 =Gle 34367 - 04 -9 [2]
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[ AP HAbigiR SCHK
B — g Bl T i IK AR NS BAF C —20 i F1 C -3 37 B4 45 bl 5k F2 .Rbl .Rc .Rg3—Rh2 [29]
Rbl—F2—Rg3—Rh2 [14]
Rbl—Rg3 .Rd; LXXV—CK [30]
B W XVI-ZE B iE B AF LXXV—CK [31]
Rd—F2 .CK J§ A% [ ; Rh3—CY
Rbl .Rb2 .Re—CK ¢ — Mc;Rb3—c¢ — Mx
= LRET RI-=LEHF R-=ZLEHFTS
o — L — Bl LA ok MR 4 TR C =20 57 BT L A7 Wk MR Re—Rd,c - Mc—CK [30]
o0 — L — P e i IKAFE C =20 37 BT LA H Mg Rb2—Rd—F2 [32]
B - EFLIE KIS o - L — BURCAABEH , KM C -3 (i 4 Re3—Rh2,CY—CK [30]
o — L — FRAHE IKfiEE C -6 {7 FLZEHE 5L Re—Rgl ,R2—Rhl [23]
B — AHH Tl IKFRARSENE R1—Rgl ,R2—Rhl, ¢ - Mx—CK [30]
NS BA T IKIF C -6 Pkl Rgl \Re Rf—F1;Rhl RQ2—JF A5 =R [33]
SUERBRRIEHR S — Rbl—Rd (34]
IR 7K B — Re—Rg2 .Rgb .F4;Rgl ->Rk3 .Rh1 Rh4 [35]

B, X ST DA PR MW =B R O S R R, R
T, 7K e R AP T 6T, 78 52 s hig FH v o7 6 435 53 1) T 215 AR s
N A, DAGK B SR A AR RO
2.2 ZHEFWENBE MR SCEIRE ¥ A S BT
ZERA 1 1 e ol L T GE OB R L AR R TR W 2R R A ) R
RIS,

X RS A E S S E R Y R R =8
1 R1.AZE1 Rhl \Rg2 5 PPT B B4 $E4T € 1] % 4k, A &
2A B i, 783 25 - OH -20(S/R) - Rhl ,20(S/R) - Rf2,
25 —OH -20(S/R) — Rf f125 - OH -20(S/R) - R2 8 ik 4
THAEY) , IFBFTE T HAT A= 0% I 96 A | S8 240 . 32 B e 22
A1 O WLAR M3 77 52 ) , 45 SR 3 B, O o BLan i i iz =2
TERMRF IR B4, TG T 24 20% |, 34 H 2 20 i 35 PR ik
F W] 8 P ITA=HI7E 10 ~ 100 g/ m ¥ B2 B PN, 4T Bl X 20
M JCAnpREEE T o LK K 4558 3406 T mi R s 4 A S 4
Rh2 A5 M, AL4EXT C -6 .C — 12 {37 J2 FE AT R A 08 1 15 30 B
BEAGAEM G -Rh2 - O 1 D — G — Rh2 — O, FIx C — 17 {74
AT BB R R A Y I NS 21 Rh2, Inf& 2B .C PR,
FEXFAR BN AT AE P EAT T A P9 SINE g 1% o, 25 SR 3R B
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M I NS B AF Rh2 36 220 A i3 20 0 28 A PO e
FEhs . ZHANG J J %5000 A2 84 CK B IEE T 2 Bk
33 CK -3, & 2D Frw , A i 16 vk 27, CK -3
M2 85010 1 ¢ 7 ( Halfmaximal inhibitory concentration, ICy, ) %
FAS AR CK, BAETE T 40 1 8 I B 76 G2/M 1. A
Z R IRAS A A i B = 3 Y itk e S0
(YLK, W& 2A, TENG J Y 261900 6 — S5 - 5 — 5w i s
MG ER S | AR A S s, i & 2E s, 3095 T 25 Foli A
SR, M HATAE W B MR s S FIRAS
o 2 1, =B B MBI S Z a5 ASME R ML
FRAL, USSR AL A 0 10 K G 25 il
3 =LtEFHHRMEER

S AT Y B e T T AN R B R R (e
20 P W R T LT AR VR . LR B AP R A
ML anE 3 fis
3.1 fLBE XIA LY S5 BRS04 PNS 76 RNA ZKF 14
il EphA2 SZ 1435k , 036 LI ( Breast cancer, BC) S i BF
35 AR R by it A5 1 Ak, B0 ) FLAR S (A AN B2 . GAO H
SR T M A S BT R —2 - A - AS R
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d Rs R,OJ oY J\ ‘\ } : = j\ Y\ W[
R, HO' / AcO / >
C D
et b 3 )
on 2 ) on 2 ) (IJH \T/
/y\ ){?T/ B J ) /;?T ‘,,/ L/
. d s O 2L oM 2L I
SN A NN Cl A X S H’ /
[ Cn "7 B/LTN
NG Beia, iR [ R,=3-Cl
173-F~ 4~ LBz 2
© 3-Cl\ 4-Cl ;g:
3-Br. 4-Br 6-Cl
3-CH3, 4-CHj, N <3
3-OH. 4-CF; on o ) S-B
3-OCH;. 4-OCH; TN pped
3,4,5-30CH;. 4-CH(CH3), [f'x \[/\‘ 5'N03
S
a
l N
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OH \ /
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o, Tw | L)
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4-Br Cl \4’/J\~ ~N ﬂ \J( \J’ B o]
RS L N R4~COOC(CH3);» Rs=CH,CH,CHj
2F N T 7 R,~CH,CH,CH;. Rs=H
o=l G0 R=C¢He- Rs=COOC(CHj);
2,42C1 E Ry=CgHgn Rs=H
B2 =LBIFmaiaeih

Rh2, B SRR T AR A% . 178 B Ik EL 40 % - 2 A6 X
#E 1 (B - cell lymphoma -2 associated x protein, Bax ) F12f bt &
g RA R R E M /K fit il — 9 (Cleaved — caspase —9) [ 3k, i
ENFLARIE MCF —7 20 0 1 5[] P 400 60 0 8% A e A2, AR A e
I 4 SR IR 2 B A AR B ATP RO RE 7, 52 g B Q18 FANG
XY il B - #4517 liF Tpebgl3 #f PNS #4464 E - PNS( &
B NS B R2 Rl Fil Rg3) , HOpF5¢ s E - PNS Al g
JE I B B( Protein kinase B, AKT) BEFR AL (2 KL A FI
BETSZARERAR AT 00 A0 ML 0 T35 g 2 A 1, X/ L
JRREA L 2R 4T1 B 1CS0 A 132 wg/mL™ | YUAN Z G 21 i
HE NS B Re3 Wi SAZEEA 24> = BIPEFLIRE (Triple
negative breast cancer, TNBC) 40 i1 1% 77 i) 5% 0, 3E B A 2 2 H
Re3 REARHESEAZEENT TNBC 1) 200 M 75 14 F1 5 R A A 40 i 0 1,
A TNBC 4 i94% I F — kB ( Nuclear factor — kB, NF — kB)

154k, N U p65 F1 B Wk EL 409 - 2 (B — celllymphoma - 2,
Bel - 2) ik /K, i Bax F12F bt & B K 4 2B 5 11K iR
i~ 3( Caspase - 3) 2 [1 5235, 1 )5 — RS HCRI X347 TNBC
EAE

3.2 AP QU L LA g sy /N GUSF A1 ( Hepatocellular
carcinoma , HCC) #5815 R A S 24T RK3 A/ B R 40
JfisE T Bel — 2 F1i £ # ( Lipopolysaccharide, LPS ) 75 3 (1)
Toll ¥£AZ 44 4 (Toll - like receptor 4, TLR4 ) {55 18 % . |4 Bax
13 Fh TI 40 (2O -1, occludin FI claudin) ) 357K -, A
CEI EL AR SE  JEAh T LR 422 A SIRNA 9250
NS A RK3 HAT S 16] 40 1) 845 Jig 196 UL A — 3 3847 ( Phosphati-
dylinositol3 — kinase , PI3K) /AKT B/ LAEF , 5 siRNA JL4b 3
] D AT 2 S0 A 8 1 it 4 ( Cyclin — dependent kinases4
CDK4) 2 Jfa J& 1912 14 D1 ( Cyclion D1) FHi A W 7E [ p62 7K
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-, JF E A Bax FIZLAE YR ADP B4 5 4 i [ Cleaved poly
(ADP -ribose) polymerase,c — PARP ] /K3, w] DABH i HCC 44
M F Gl ALt AR T . PU Z T % HEAT T R4
AP e S R I, NS Re3 Wi T PI3K/AKT %42
M BEIE SRS RNA ( Long noncoding RNA , IncRNA) HOX #%4 5%
Jz CHEEH [A] RNA (HOX transcript antisense RNA, HOTAIR ) 3
i, Al HCC 40as s TR MIFS% . WANG P H 45 fli
PIFLAFIA S165 % =1L B RI #4624 20(S/R) - =L 21
R2, e BLILAT LA b BHL W PI3K/ AKT/ 7 A 25 3% 4K [ ( Mam-
malian target of rapamycin, mTOR) {5518 P& ¢ 7k 985 40 i H22
JHT. CHEN Y J % 5% IR AR i 25 HepG2 21 il A1/ RS
BN NS Re3 A 75 8 B BA (Artesunate, ART) (40T
AT WHFE R W% 20 & BRI T8 40 i HepG2 195 5 4% 5
N5 S s IR 7 3 (Signal transducer and activator of transcrip-
tion3,STAT3 ) jifi %, 5e /IR HepG2 MRk BT 2y .

3.3 ZHME LEECY &™UEM = LR RI Al i
TR AZZEFNREIR LA RGE L 5 5 R A A5 5 43T 4 i 771
P23k 3k s i A 45 B 98 40 i ( Colorectal cancer, CRC) HCT —
116 6. WU'Y C 4 HFER T, A S 1T Rhd 35 i 1%
P4 ( Reactive oxygen species, ROS) /41983 2L K p53 {553 #% .
WO AN B 5T CRC 20Tk ST T, DT 00 7] A6 40 35 7
SHAO L 4™ 55 4 B 60 mg/kg )ik i9 A2 R CK A1 4%
K CRC 5IE M HE ERE I, I CRC Mg 1<, DAIG L
AU B KBNS AF Rb2 %45 B s HCT - 116 il SW -
620 20 A BRI A0 M 5Pk , BEBR RS AL A 4 IR 7 1 ( Trans -
forming growth factor — 81, TGF — B1) A — 1k, M T i 5 5
] Smad4 FIBEER AL Smad2/3 [ 3R3K, MGl 40 A B R -
[8] 78 J5i %% k. ( Epithelial — mesenchymal transition, EMT) A=K Zh
MHFIEEHR . LIU H 250 B 58 & 3 , 4 1% 75 % ( Rosmarinic acid ,
RA) 5 AZ AT Rel WA, REA RO 45 i 42U P IR R
&1 2 ( Cyclooxygenase —2,COX - 2) FIFR P HEIET- 21K 1/ 727
PEFET-HCAA 1 ( Programmed cell death 1/Programmed cell death —
ligand 1,PD —1/PD - L1) (3K 7K, B A R 0 ) /)N BLES
a2 & MC38 (kLR , B EL COX - 2 40 53] A 470 240 i
FEFHESETS — i 4 1 ( Anti — programmed cell death — ligand1
aPD — L1) it 50 ) 2 AP B g

3.4 s KIM H 257 it (Lung cancer, LC) 4fi s AS49
4T TGF - B1 B¢ Rk1 I RgS BB, & B Rk1 Fl RgS READ
il TGF - B1 551 2 5 4 )& 5 H i 2/9 ( Matrix metalloprotein-
ase, MMP2/9) 144 , 7% Smad2/3 F1 NF — «B/ 4 i /M= S8
14 ( Extracellular signal — regulated kinase, ERK) {5 58 %,
5 EMT 5 TGF — B1, 41 il Jifi o 40 i 5% 7% . {2 2%, CHEN P F
UV R B S T Rel AEANH] miR — 126 15 i 40 h
225k, 80 ) PI3K/AKT/mTOR {538 % , F- 3l Caspase — 3
Fll Caspase -9 (315, e A549 I H1650 41 R AL T
HUANG Q % @501 20(S) - th A S 4T Rh2 A T IR
BER G o — I AL GRS 5 IR TR B — Ak i A5 , vl 20>
ATP FI R4 A 97 A, S it e 14 4 /N R 7% 5 L B
i S B B AH 5 2 19 2 (S - phase kinase — associated pro-
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tein2, SKP2) Xf p21 FlI p27 B fif 11 1, 3 04 i ol 309 2 1 4K
Ve T B/ 40 i B 39 2 B ( Cyclin — dependent kinase cyclin,
Cdks/Cyclins ) &2 & %) < 1 , ¥ 988 20 Mo B 3= S 1. PENG Z
Vi RGN Meta 537, WIS 595 Re3 T LLAE N
H B 2GR A /N R AR TT , RE RS  H f =
WL PG P AR T R SF HE AR o

3.5 HAh SLREREBEE CESUE RO RS2 MR
It AR T YIN Q 4557 B & B, A SR AT
CK A5 |2 ey 85 HeLa 202 252072 3400 1 40 L M 57, L 1G5,
47 45.95 pmol/L, SHAN X 2511 %31 A 2 4 Re3 FRAL A
IR AN A B S BEHE 3 (HDAC3) YR3A A pS3 I
A B Z AL R € ORI, WANG X D % Gl T
AN ZS R HAT A 4 - XL - PPD, HfE 8 3% i Cl -
caspase —9 .8 .3 1 C — PARP, ffi{i] MMP -2 MMP -9 E - §5%%
H 1 (E ~ cadherin ) Fll i BEREREAL I T ALES [BORE 25 11 34 (Highly
glycosylated 1 — type transmembrane glycoproteins34, CD34) 1) &
3K, B AR IR P 2 8 Bk 200 i MGC — 803 )il 7 il {2 2% g
77, [R) ™ A ROS 75 S A A o o, 30 40 ML IE RS Rl a2

Rg3+EMZEE  2fiE-Rh2 E-PNS R2 /Rg1 *120(S)-Rh2E2,
! J J miR-126 :; SKP2 :
U l |

NF-kB Bax, caspase-AKT PI3K/AKT «—Rk3 :: p21. p27 :

"
mTOR CDK4, p62 i

/7

I
Cdks/CycIing

: cyclion D1 :[ ‘
. p65 . Bcl-2 i ‘
\Bax,_Caspase-3~ AT ———— Bax_c-PARP~— B[R]
[ sz\*TGF—BismaM\' EMT @2 :
‘RgRg5™ Smad2/3——~ ERK— /
e~ ROsipas . BRIET V244-Rh2 20(S)-Rh2E2
, Rg3+ART STAT3 15 l l :
' Rg3 HDAC3 —p53 K |

oo CC-o-ooo-TToo-----771 EMP BEK
,“Rg3—IncRNA-HOTAIR —» PI3K/AKT ! |
I Rg1+RA——> COX-2. pD-L1\\_\: " ATP / !
| R+—MMP9 | EA hy926Zi _iE |
. BE%R-1. HREAHET1 y g :

K3 =LAt AL

4 ZFRE5RE

R R SR BRI, A AR
ER. =L R R HATAEY B Johti i PIBK/AKT/mTOR
NF — kB STAT3 5 #L £ 3 410 il 22 0 fies A0 1oy 389 20 6 B L 12
ARSI 2N 1 s 5 HL, BE AT i 2
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