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Research progress on chemical constituents, biological activities,
guality evaluation, and product development of Panax quinquefolium

WU Shou-rong, GUO Xiao-yu’, TU Peng-fei, JIANG Yong"

(State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences,
Peking University, Beijing 100191, China)

Abstract: Panax quinquefolium L. is a valuable Chinese herbal medicine with a large market demand. It has a
complex chemical composition and numerous biological activities. At present, research on P. quinquefolium is
focused on its underground parts, with especial interest in its saponins. There are few studies on non-saponins and
the aboveground parts of Panax quinquefolium. Current quality standards are based on the saponin contents, which
does not address the other benefits of Panax quinquefolium. This paper summarizes progress on the chemical
components, pharmacological effects, quality evaluation, and product development of P. quinquefolium in recent
years, and provides references for its further R&D and comprehensive utilization.
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C17 side-chain varied PPD/PPT-type
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81= Floralquinquenoside A 18 -H -0Gle -H 106= MNotoginsenoside E 18 -Glc -H -Gle-'Gle
82= Floralquinquenoside B 17 H -0GIc>-'Rha  -H 107= Notoginsenoside K 18 -Glc®-'Glc -H -Glc?-'Glc
83= Floralquinguenoside C 18 -H -0GIc*-'Rha -H 108= Quinquefoloside La 19  -GIc®-'Ara(p) -H -Glc®-'Gle
84= Floralquinquenoside D 17 -Gle H Gle 109= Quinquefoloside Lc 19 -Glc®-"Xyl -H -Glc?-'Glc
85= Ginsenoside F4 2 - -0GIc*-'Rha  -H 110= Quinquenoside A 7 -H -H -Gle
86= 20(E)-ginsenoside Fy 14 = -0GIc®-'Rha  -H 111= Quinguenoside B 8 -H -H -Gle
87= Ginsenoside | 17 -Glc:(245) -H -Glc?-'Gle 112= Quinquenoside C 9 - -H -Gle
88= Ginsenoside Il 17 -Glc:(24R) -H -Glc®-'Gle 113= Quinquenoside F; 15 -H -H -Glc®-'Glc
89= Ginsenoside IIl 5 -Gle H -Glc?-'Gle 114= Quinquenoside F, 15 -H -H -Gle?-'Gie
90= Ginsenoside Rgs 14 " H Gle?-'Gle 115= Quinquencside F3 15 -Glc®-"Xyl -H Gle2-'Gle
91= Ginsenoside Rgs 3 : -0Glc™'Rha  -H 116= Quinquenoside Fy 15 -H —Oglcz—'Gm H
92= Ginsenoside Rgs 16 - -0GIc*-'Rha  -H Rha
93= Ginsenoside Rhy 2 - -H -Glc 117= QuinquenosideL;y 4 -Glc -H Gle-'Gle
94= Ginsenoside Rhy 3 = -0Gle -H 118= Quinquenocside L, 11 -Glc H -Glc-'Gle
95= Ginsenoside Rhyy 20 - -H -Glc 119= Quinquenoside Lj 6 -Glct-Xyl -H -Gle
96= Ginsenoside Rkq 3 2 H -Glc?-'Gle 120= QuinquencsideL; 6 -Gle-Xyl -H -Glc?-'Gle
97= Ginsenoside Rk; 3 - -H -Glc 121= Quinguenoside Lg 4 -Glct-Xyl -H -Glc
98= Ginsenoside Rks 3 2 Folcl H 122= Quinquencside Ly 15 -H -0GIc®-'Rha  H
99= Ginsenoside Rsy 14 - H -Gle?-'GIct-Ac 123= Quinguenoside Ly 10 -H -0GIc®-'"Rha  -H
100= Gypenoside LXIX 6 Gle?-"Xyl  H -Gle?-'Gle 124= QuinquencsideLy; 1 -Glo -H -Glc?-'Glc
101= Gypenoside LXXI 8 Glc®-'Gle  -H Gle2-'Gle 125= Quinquenoside L3 2 - -H -Gle2-'Glc
102= Majoroside F, 8 -Gle H -Gle?-'Gle 126= QuinquenocsideLis 1 -H -H -Glc?-'Glc
103= Majoroside F 8 -Gle H -Gle 127= Quinquenoside Ly 15 -Glc5-'Gle -H -Gl 'Gle
104= Notoginsenoside A 6 Gleb-'Gle -H Gle?-'Gle 128= Vinaginsenoside Ry & -Glc -H -Gle®-Glc
105= Notoginsenoside C 17 Gle®-'Gle  -H -Glc?-'Gle
Others
OR;
Ra Ra Ry R;
129= Quinquefoloside Lb -Gic®-'Gle  -H -Glc®-'Xyl  132= Notoginsenoside G -Glc?-'Gle  -Gle 134= Dammar-20S, 255-epoxy-34, 128, 26-triol
130= Quinquefoloside Ld/Rhyg -H -0GIc?-'Rha -Glc 133= Quinquenoside IV .Glc%-'Glc  -GIc®-'Gle
131= Quinquefoloside Le Gle2-'Gle  -H -Gle

Figure 1  Structures of saponins isolated from P. quinquefolium. Ara: Arabinose; Glc: Glucose; GIcA: Glucuronic acid; OA: Oleanane; OT:

Ocotillol; PPD: Protopanaxadiol; PPT: Protopanaxatriol; Rha: Rhamnose; Xyl: Xylose

frfmE 2N 3, Ko p-& &6 & B i m, 205 BER
PE LA 11 29.79% ~44.50%4 - Si ZE 4% AN [R] 7= L A
) 4 PR 1 PG 5 1 R M By B AT I e, L% e T 151
ML G, B 99 MR 21 AN IS L 15 AN S B 2 A
J 16 At pli g o Jiao ZEUS%) [ Py AR AS R 4F PR 75
S PE R VR RO AT 0BT, FR 558 147 MEE D, £
FEO2 MK 1T AN EESS (16 AN EEFR 28, DA K 22 A~ HoAh

KL
19 EARX  TOVES TS o A SRR,

% Fi e £ R W1 VALVB. VB, VB, %, £ Fh it & i
Fe.Al.Mn.Mg.Ca.Cu-Zn %, DL K& ik A 2R (i 241k
a0,

2 HEYEM

21 MERIPER  FHES RN PR S E p 2



REES VSR ENE T ST S T R Uk - 1715

Table 1 Structures of polyacetylenes isolated from Panax quinquefolium. PQ: Panaquin-quecol
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Figure 2  Structures of flavonoids and lignans isolated from Panax quinquefolium

Figure 3 Chemical structure of dencichine

RGyhe, SISy, SE 2Ry, AR T4
BB MR B . TS hRME R E
F A B 5y £ 29 N5 2 1 Rb,Rg, Rg,* Rct",
Re Rh, "1 Rh,PY, Yamaguchi 255138 i 4% 1] 2k &
S R I R, A U8 AR B BRIT B0 R BR s ) A 5T B
1, 30 1 T AR E B 2 7 AR R R I
Benishin 5552 %% I Rb, i ik 2 1k b Hx I BRRE T8, s K
5 ) % 30 [m] 388 14 2% 5T o Mook-Jung 255538 1o /N 7K 2K
B S35 IE 52 Rg, A Rb, AT 7 E B AE 40 22 T RE,
138 5 VA I A AR S e 2 ST AAEAZ, A R B A A, AT
g2 47 FR 3 R BT R IR BR O RR A I id 2 g 38 70 . Qu
LB R I Rb, B R 2 L RE p & on AR T,
8 43t 2 () 2 3] FICAZ BB, mT F IR 97 I & AR 7=
A EAZ B o Tian ZEPHIESE 20(S)-Rg, T8 /D g A%
AR O A, S R B R, S e AR, T
SR K BRI P 45 A SR AR 2 R A

22 DLMERPER AFESPRET RS ESA
R L LR ML AR, PO UBRE SR . BT
RIS B H 4K Rb, R Rg,* Rb, fll Ry, H
A BA S 1RO LR L P R B3 4 PR VE F o Sun PR
VG2 280 5 B BR IOE AMPKH B, # Erk1/2
F1 CaMKII/HDACA 38 %, 1 117 o 5 B4 2% B 5 350 i) K
OO ULEE . BhAk, Wei ZEC0F 50 Kk LT S
B R T AR A SR RN R BRI I, AN R O LI
71, BRE Y ik AME MR .

23 RBHATER  Yin SRR T IS S B
V70 A g A v LB KBRS R, A G e B PR
B, I 52 o M35 R 5 R KT . Zhang ZK 2 T HE i

1 6 J 8% 2 KPR LT 9 U Vo S 2R B X B IR AR
RS2 A, R I B R R IR U7 4 P R P e TR, R
TNF-o [ R AR, C5038 R 8 3R BT . Cao'™ Wit 8 &
P Rb, 8 5 1 55 INK A5 538 %, ] o038 0 R K BRI
JHEA5 00 B IR A S 88, I BRSO S B o R Ab, AT B
FEAE SE P 2 v (1358 40 52 1 40 Rb, A Re® ik FLAT 1
R B

Xie ZEONIE B T G 1 2 B b 1) 2 08 1 oy T AR
H PR 955 ob/ob BRI LA . Chen 258038 i 5 4 52 56 & B
VG2 2 B I A B2 ATCRE PR A5 1L /) BRI Wk, 9715 FL IR
AR, e i AL .
24 SRBATER TUHES NP, AR
R IR, SRS 1. TIES TR R
T 2 B oy 0 W R I G s SR A o Liu 008
BT PURE SRR ThUTh2 4 KA AL, 457 Ry,
Ja RIS G g S A WA . Ly AEUNE i i
o A% N BE Ly fa A R I VG VS SR B RE 4
TR i B BRI, R SO R IFN-y
&, BRI ER .

Liu SV FEIIE 52 76 15 2 46 1K) 22 05 BB 3 i 0
S 6 1 W R 0, R TR G g DL, B BETLAR S 7). L
SR 71 2R B VG 7 2 MU 22 BB CPPQ A o35 34 1k i
PN AR, I BmLAR Sz, HLAE HIBE ) &
DGR, Zhu S5V TR BTG TS 2 05 PPQ 1-1~4 B8
1 1R 70 5 E A RS BRI T e Ak, R E 1L-2
B, BETT SR LA % . Lemmon VIR 7T IR SE PG
Z it o 1 & 2 W O MAPK (ERK-1/2).PI3K.
p38 Fll NF-xB i %, F {2 % 40 ffa 5§~ IFN-y. IL-23A.
IL-6, 3 '~ 1 TGF-B-IL-13.CD,, 1135k, M ifi ik B 4
WATER
25 MMEER S s etk hewh A
AHMEER M AZ 21 H PPD.PPT. NS 21 F,.
F,.Rg,-Rg,.Rg,-Rk,.Rk,.Rk,.Rh,.Rh,.Rh,.Rh,, it 5



REES VSR ENE T ST S T R Uk - 1717

Table 2 Polysaccharides isolated from Panax quinquefolium. Ara: Arabinose; Gal: Galactose; GalA: Galaturonic acid; Glc: Glucose;

GlcA: Glucuronic acid; Man: Mannose; Rha: Rhamnose; Xyl: Xylose. *Neutral polysaccharide; "Acidic polysaccharide

No. Name Monosaccharide constitution (mol %) Mw/kD Source Ref.
1°  A-DWSPE-1 Glc, Gal, Ara, GalA, Man, Xyl 5-410 Roots [25]
2 A-DWSPE-2 Glc, Gal, Ara, GalA, Man, Xyl 5-410 Roots [25]
3"  A-DWSPE-3 Glc, Gal, Ara, GalA, Man, Xyl 5-410 Roots [25]
4  A-DWSPE-4 Glc, Gal, Ara, GalA, Man, Xyl 5-410 Roots [25]
5°  A-DWSPE-5 Glc, Gal, Ara, GalA, Man, Xyl 5-410 Roots [25]
6° A-DWSPE-6 Glc, Gal, Ara, GalA, Man, Xyl 5-410 Roots [25]
7°  AEP-1 Glc:Gal:GalA = 4.67:0.97:3.92 771 Roots [26]
8"  AEP-2 Ara:Man:Gal:Glc:GalA = 1.03:0.76:1.68:3.02:3.65 112 Roots [26]
9°  AGP-1 Ara:Rha:Xyl:Man:Gal:Glc:GalA:GIcA = 7.58:9.78:8.55:23.34:26.42:13.74:8.86:11.73  >100 Roots [27]
10° AGP-2 Ara:Rha:Man:Gal:Glc:GIcA = 19.66:5.06:8.13:23.88:41.26:2.01 30-100 Roots [27]
11° AGP-3 Ara:Rha:Man:Gal:Glc:GalA:GIcA = 8.10:3.96:2.98:7.21:12.28:27.59:37.88 10-30 Roots [27]
12° AGP-4 Ara:Rha:Man:Gal:Glc:GalA:GIcA = 8.47:3.18:5.27:10.79:32.41:15.47:24.41 <10 Roots [27]
13" GSP Rha:Ara:Gal:Glc:GalA = 1:4:8:8:50 85.4 Roots [28]
14 CVT-E002 Rha:Gal:Ara:GalA:Glc = 32.7:22.1:19.8:19.1:10.7 (%) - Roots [29]
15*  PPQ Glc:Gal =2.1:1 54 Roots [30]
16° PPQI-1 Uronic acids = 30%, Glc:Gal:Ara = 10.0:58.5:31.5 610 Roots [31]
17° PPQI-2 Uronic acids = 32%, Glc:Gal:Ara = 5.5:59.5:34.3 470 Roots [31]
18 PPQI-3 Uronic acids = 35%, Glc:Gal:Ara = 10.0:46.2:43.6 390 Roots [31]
19° PPQI-4 Uronic acids = 60%, Gal:Ara =70.2:29.3 280 Roots [31]
20" PPQl.2.2 Rha, Gal, Ara, GalA, Glc, Man, Glc 23 Roots [32]
21"  PPQ5-2 Ara:Gal = 1:1.1 21 Roots [33]
22 PPQ50-1 99.28% Neutral polysaccharide 47.9 Transgenic [34]
crown gall
23 PPQ50-2 98.85% Neutral polysaccharide (a-Pyran D-Glc) 29.2  Transgenic  [34]
crown gall
24 PPQ70-1 98.34% Neutral polysaccharide 75.2  Transgenic  [34]
crown gall
25 PPQ70-2 99.26% Neutral polysaccharide (5-Pyran D-Glc) 137 Transgenic  [34]
crown gall
26" PPQA2 Ara:Rha:Man:Gal:Glc:GalA:GIcA = 8.0:4.0:2.9:7.2:12.5:26.6:38.8 23 Roots [35]
27° PPQA4 Ara:Rha:Man:Gal:Glc:GIcA = 19.7:5.1:8.1:23.9:41.3:2.0 120 Roots [35]
28" PPQA5 Ara:Rha:Man:Gal:Glc:GalA:GIcA = 8.5:3.2:5.31:0.8:32.4:15.5:24 .4 53 Roots [35]
29" PPQ-d Ara, Gal, uronic acids 21 Roots [36]
30" PPQN Glc:Gal = 1:1.15 31 Roots [37]
31* Quinquefolan A Man:Glc =1.0:2.3 >2 000 Roots [38]
32" QuinquefolanB  Man:Glc = 1.0:5.5 >2 000 Roots [38]
33" QuinquefolanC Xyl only >2 000 Roots [38]
34" LA Ara:Gal:Glc:Rha:GalA = 1.0:3.1:4.1:0.8:4.5 132 Leaves [39]
35" LN Ara:Gal:Glc:Xyl = 0.75:1.0:8.5:1.5 7.4 Leaves [39]
36" SA Ara:Gal:Glc:Xyl:Rha:GalA = 2.13:2.88:3.25:1.0:0.75:2.5 100 Leaves [39]
37" SN Ara:Gal:Glc = 1.0:1.0:0.83 3.2 Leaves [39]
38° WQPA-2-AG GalA:Gal:Ara:Glc:Rha = 4.8:52.8:35.5:2.0:4.9 230 Roots [40]
39" WQPA-1-HG GalA:Gal:Ara:Glc:Man = 25.7:13.3:4.4:54.7:1.9 5.5 Roots [40]
40" WQPA-2-HG GalA:Gal:Ara:Glc:Rha:Man = 72.3:9.1:11.9:2.7:2.8:1.3 17 Roots [40]
41" WQPA-3-HG GalA:Gal:Ara:Glc:Rha:Man = 78.6:5.0:9.8:1.3:3.4:0.4 69 Roots [40]
42" WQPA-4-HG GalA:Gal:Ara:Rha:Man = 86.9:2.5:3.4:5.1:2.1 93 Roots [40]
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Table 3 Health functions and quantity statistics of American gin-
seng health products (State Administration for Market Regulation)

Health function Quantity of Proportion
approval numbers 1%

Increasing immunity 393 54.66
Alleviating fatigue 359 49.93
Decreasing blood glucose 25 3.48
Improving hypoxia tolerance 17 2.36
Antioxidation 10 1.39
Improving intestinal tract function 8 1.11
Anti-aging 9 1.25
Protective against chemical liver 6 0.83
injury

Cleaning and nourishing throat 6 0.83
Improving memory 5 0.70
Decreasing blood lipid 4 0.56
Increasing bone density 3 0.42
Radiation hazard protection 3 0.42
Improving sleep function 2 0.28
Losing weight 1 0.14
Diminishing the chloasma 1 0.14
Improving nutritional anemia 1 0.14
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Table 4 Major functions and quantity statistics of Chinese patent

medicines containing American ginseng (State Administration for
Market Regulation)

. . Quantity of Proportion
Major function
approval numbers 1%
Regulating endocrine 29 31.87
Relieving cough and asthma 19 20.88
Reducing blood lipid 11 12.09
Supplementing lung 10 10.99
Strengthening kidney 8 8.79
Treating coronary heart disease 4 4.40
Treatment of aplastic anemia 3 3.30
Alleviating chemotherapy symptoms 3 3.30
Decreasing blood glucose 2 2.20
Nourishing liver 2 2.20
Ameliorating withdrawal symptoms 1 1.10
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