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of Panax quinquefolius L. from Shandong "
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Abstract Objective: To establish the fingerprint of Panax quinquefolius 1.. from Shandong by UPLC — PDA,
and to simultaneously determine the contents of 16 ginsenosides. Methods: The chromatographic column was an

Acquity UPLC BEH Cg column(50 mm x2. 1 mm, 1.7 wm) , which was eluted with water — acetonitrile by gradi-

ent at a flow rate of 0. 4 mL + min .

The detection wavelength was 203 nm, the column temperature was 30 °C,
and the injection volume was 2 wL. The Chinese Pharmacopoeia “Chinese Medicine Chromatography Fingerprint
Similarity Evaluation System (2012 Edition)” was used for evaluation, and 42 batches of Panax quinquefolius L.
from different habitats were compared with cluster analysis and principal component analysis. Results: The total

content 16 ginsenosides in Panax quinquefolius 1. from in Shandong were 19.73 —58.07 mg + ¢~', and the
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average value was (34.72 +8.22) mg - g~ .

The fingerprints of the ginsenosides in Panax quinqguefolius L. from

Shandong were established, and the similarities were above 0. 90. And 10 common peaks constituted the charac-

teristic peaks of Panax quinquefolius L. . Cluster analysis and principal component analysis showed that the con-

tents of ginsenosides in Panax quinquefolius L.. from Shandong were stable. Conclusion: The fingerprint of Panax

quinquefolius L. established is highly characteristic, and the method issimple, which provides data support for the

identification and quality control of Panax quinquefolius L. .

Keywords: Panax quinquefolius L. from Shandong; ginsenoside; UPLC; fingerprint; quality evaluation; cluster

analysis; principal component analysis
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P A PR PR 7], HPLC I — A3 I o o3
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(S) ~Rgy 20(R) - Rg, 20(R) - Rh, F120(S) - Rh,
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Fig.1 Collection places of Panax quinquefolius L.
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Fig.2 UPLC fingerprints (A) and reference fingerprint (B) of 42 batches of Panax quinquefolius L.
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Tab.1 Similarities of fingerprints of Panax quinquefolius L.
FE i ARALEE FE i AAALEE FE i ARALEE
('sample No. ) ( similarity) ('sample No. ) ('similarity ) ('sample No. ) ('similarity )
S1 0.978 S15 0. 964 S29 0. 964
S2 0.991 S16 0.977 S30 0.933
S3 0. 963 S17 0.987 S31 0. 964
4 0.920 S18 0.992 S32 0.991
S5 0.986 S19 0. 990 S33 0.976
S6 0. 989 S20 0.934 S34 0.963
S7 0.972 S21 0.987 S35 0.987
S8 0.978 S22 0.987 S36 0. 987
S9 0. 928 S23 0.920 S37 0.920
S10 0.962 S24 0.938 S38 0.938
S11 0.958 S25 0.958 S39 0.936
S12 0. 964 S26 0. 980 S40 0.941
S13 0. 986 S27 0.920 S41 0.972
S14 0.977 S28 0. 965 S42 0.982
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X R VA4S 2 L, 762, 37 A i S5 T A, LA UPLC a3 & LK 3,

K2 16 MASEELERIWEMELIEAFEAXRY(r) RESTER

Tab.2 Linear equations, coefficients(r), and linear ranges of 16 ginsenosides

A S BT (ginsenoside) [8])9 J7 %2 ( calibration curves) r 257 B (linear ranges)/(mg » mL~")
Rg, Y=1.15 x 10°X +193 0.999 6 0.050 0 ~1. 000
Re Y=9.94 x10°X +185 0.999 8 0.050 0 ~1. 000
Rf Y=1.10 x 10°X - 2360 0.999 3 0.050 0 ~1. 000
20(S) - Rh, Y=1.19 x 10°X +489 0.999 9 0.050 0 ~ 1. 000
20(R) - Rh; Y=1.16 x 10°X - 583 0.999 9 0.050 0 ~1. 000
Rb, Y=2.36 x10°X +139 0.999 8 0.050 0 ~ 1. 000
Re Y=9.61 x10°X +598 0.999 6 0.050 0 ~1. 000
F, Y=9.50 x10°X + 124 0.999 8 0.050 0 ~1. 000
Rb, Y=7.77 x10°X -252 0.999 7 0.050 0 ~1. 000
Rb, Y=1.58 x10°X - 265 0.999 6 0.050 0 ~ 1. 000
Rd Y=1.06 x10°X - 626 0.999 6 0.050 0 ~1. 000
F, Y=1.19 x 10°X - 402 0.999 9 0.050 0 ~ 1. 000
20(S) - Rgs Y=1.43 x10°X -451 0.999 7 0.050 0 ~ 1. 000
20(R) -Rg Y=1.74 x10°X +1 190 0.999 9 0.050 0 ~ 1. 000
20(S) - Rh, Y =8.39 x10°X +2 820 0.999 9 0.050 0 ~ 1. 000
20(R) - Rh, Y=2.28 x10°X +1 200 0.999 5 0.050 0 ~ 1. 000

0.64 - A
C
o
13 14
Ju
2‘2 27‘.5
B
E
15]6
5.5 11 16.5 2 275

¢/ min
1. AZ B3 Rg, (ginsenoside Rg, ) 2. A2 H Re(ginsenoside Re) 3. AS R Rf(ginsenoside Rf)  4.20(S) - AZ 23 Rh, (20(S) - ginsen-
oside Rh;) 5.20(R) - AZ R F Rh, (20(R) - ginsenoside Rh;) 6. AZ: g4 Rb, (ginsenoside Rb; ) 7. AZ a1 Re( ginsenoside Re) 8. A%
J2FF F, (ginsenoside F,) 9. AZ T Rb, (ginsenoside Rb,)  10. AZ T Rb, (ginsenoside Rby)  11. A F Rd(ginsenoside Rd)  12. A&
J2HF F, (ginsenoside F,)  13.20(S) - AZ 21 Rey (20(S) - ginsenoside Rg;)  14.20(R) - AZ2F Rg; (20(R) - ginsenoside Rgy ) 15.20(S) -
NS HEAF Rh, (20(S) - ginsenoside Rh,) 16, 20(R) — AZ: 324 Rh, (20(R) - ginsenoside Rh,)
E3 16 M ASEFEXNRME(A) RAFSHEM S1(B)# UPLC B

Fig.3 UPLC chromatograms of 16 ginsenosides reference standards (A) and S1 sample of Panax quinquefolius L. (B)
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2.5.2 KRS H20 pg - mL T ATRA X R
VSR, B CHEARE 2 WL, S SRR 6 I, TH5 45 10
TR RSD, 4558 16 > A2 511 i 43 18 ALY RSD
Ak 1.2% . 0.36% . 0.15% . 0.65% ., 0. 14% .
1.8% . 1.6% . 0.95% . 1.0% . 0.45% . 0.24% .
0.10% 0. 11% 0. 41% 0. 67% F10.59% .

2.5.3 EEMEE H6 iy SRR R, K% AR
AL H2.27 TR Ty ik A A VR, A3 o) A
2w, W W E AR, THER 12 AN NS BT S U T
P RSD, 4553 12 A~ AZ 1 Rg, \Re 20(S) -
Rh, .Rb, \Re.F, \Rb, Rby Rd.F,.20(S) - Rh,.20
(R) — Rh, ¥ &85k 1.15,10.17.,0. 37,

14.02.2.25.0.22,0.54,0.94,1.85,0.22,0.07,
1.07 mg - g~ ,RSD 4351/ 0.14% .1.8% .0.56% .
2.6% 1.1% 0.80% .0.64% 2.1% 0.61% 1.1% .
1. 1% F1 0. 39% .

2.5.4 FaEtEiRnG  HCST AR AL R A, 1]
“2. 37T R A A4 R F 0.2 4.6 .8.10 12 Fil 24
h R 2 L, M & s e AR, 1155 RSD, 252183k
B 12 N A2 F Rg, \Re 20(S) - Rh, .Rb, .Rc.F,

Rb, Rb, \Rd.F, .20(S) - Rh, 20 (R) - Rh, I§TH F#Y
RSD 4y % K 0.74% . 0.76% . 0.46% . 0.75% .
0.24% . 1.0% . 0.44% . 0.90% . 0.16% . 0. 12% .
0.57% #10.49% .,

2.5.5 JFERIBCRIRE  REARBOY RS AS B
80 -
[ Rb, B Re [N 20(R)-Rh,
X Re B Rd [T Rb,

60

40

21 % i (saponin content)/(mg-g)

JESEEE RN CEEEH
S DD P e QPN EN U R
Y

B4 R#FEISHRIASEHSE

e ane anecmal

20 | ‘
15 H ’
10 ||

1 Rg, \Re 20(S) - Rh, ,Rb, \Rc.F, .Rb, Rb, Rd,
F,.20(S) - Rh, 20 (R) - Rh, % 10 mg, 7} & T
10 mL A, 80% HF e 25 28 220 J3 4%, T ol sl o o
WPEN 1 mg - mL™ (45X AR . BT 4 CRYuK
R I R BRI AT o RS2 BRI O £y ST B ol R 45
0.1 g, 5 5IVKG % I AKH 24 F R i 45 18 DU s o3 & A
2 80% . 100% F1 120% (1) 45t BE S 7R W, $e 2. 27 T
O A BRI, $ 2. 37 R A A E kAT
Wi, 12~ AS B Rg, \Re 20(S) - Rh, \Rb, Re,
F, \Rb, .Rb, Rd.F,.20(S) - Rh, 20(R) - Rh, [J-}-
3 0m ke [\ 0k Z h 99. 1% . 99. 6% | 102. 9%
100. 3% .99.2% .99.2% .100.7% .98.1% .98.6% .
101.3% .99. 6% F1 101. 1% , RSD 4} % 4 0.54% .
1.6% .0.22% .1.0% .0.64% 2. 1% .1.6% .1.1% .
0.91% 0. 18% 0. 67% F1 0. 23% .

2.5.6 FESNNGE  ER A2 FLVGEES RN, $42. 27 T
5 A A A A A AR R VA, H 2. 37 T AR
E 16 MAS BTG &, SR 2 NS ASE
# Rg, .Re.20(S) - Rh, .Rb, .Rc.F, .Rb, .Rb, .Rd .,
F,.20(S) - Rh, 1 20 (R) - Rh, i) & & ¥I{E 53 51 K
(1.12 £0.35) . (11.44 +£2.32) . (0.4 +0.47) .
(14.94 +4.45) (2.35 £0.81) ., (0.18 +0.12) .
(0.51 £0.16) . (0.78 £0.51) . (1.68 £0.57) . (0. 14 +
0.12) .(0.04 0. 12) FI(1. 02 £0.23) mg - g~ ,42 LV

WS 12 NSRS EEIRILE 4,
B R, 1 20(S)-Rh, 3
B Rb, B F [ 20(S)-Rh,

D Immllnie

WA WA

@ MR b@@“’@ NENSTURGIRSTRDPRUYS

5] (sample No.)

Fig.4 Contents of 12 ginsenosides in 42 batches of Panax quinquefolius L.
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P T2 0k, LAINAS 9 12 A 1040 10 75 i ol AR
042 P EES T .
2.6.1 EAESHT RFH SPSS23. 0 AR {4XF 42 HLPE
S NS B BT RE RIS, Bl R A
37 2, SR A RRGCHE B8 A Ward linkage P gk
RUNE S Fin. 42 #EAR ] H r RF & DARS 1 12
NS RBEFEENRRL R, M d=25K,1R
h 2 25:814 816 ~ 926 R 1 3 HARR N 1 2K,

EHARE R ERAE S

(rescaled distance cluster combine)
5 10 15 20 25
1 1 1 1 1
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519 19
521 21
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825 25
S16 16
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$523 23
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S18 18
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826 26
528 28
541 41
S12 12
S31 31
S38 38
540 40

59 9
S10 10

S5 5
S35 35
S36 36

S8 8
S11 11

S1 1
S39 39
S30 30
S32 32
837 37

H\j_IL \_L'H\_I_I__I_I_
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529 29
S13 13
827 27

S6 6
S15 15
S3 3
S33 33
54 4
s7 7
S22
S34 34
542 42

5 AHESAEFMEESTRKE

Fig.5 Dendrogram of cluster analysis of Panax quinquefolius L.
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|
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from different habitats

2.6.2 FRAaMr FERG 4 # (principal compo-
nent analysis, PCA) J&# I JC W5 & 3 75 ik, idad
Wi AT 248 B2 AT RH OGPk i 48 A B A Sy JLAS oA o v 3R
BB AT 8 B, T LA SR R BR R b 44 IR KK 40 R
fiE" . FIFH SPSS 26 M PHTES Y 12 S A S -
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B R #E4T PCA 15 3] 12 A 5040 1Y R A F1 2R
THoTERAE, W3R 3, MRAEAFIEME > 1, 42 0/ o
A4 A, HRETTHRE Ny 80. 492% , 4055 1 42 #iL VY
FESHR SUEITE 1) 25 B, AT LLA 20 i A [
VG S b URR I 9 AR 5 87T 1 4 X AR R
X ERSHTTHOE K, SR K 4, NS R
1f Re Rb, \Rc.F, \Rb, Rd F,7% 1 FnHAa
Wl Ry 8 (i ; NS R 20(S) - Rh, (F, 7E%55 2
F RS A W R AT E A S R 20(S) -
Rh, 20(R) - Rh, 755 3 F B2 A W 52 19 28 1oy
H; A 20(S) - Rh, Rb, 7E55 4 F A
W A (. R WIRZ e P9 v 2 o i 25 R PR 2
ZA WOy, A 2 H— 3. F A SIMCA14. 1 4y
B Heate 47 PCA 45 R LKL 6, B PCA K[ A] LA
F LB S26 F1 S41 BE SR 22 8k, S14 ,S16 ~ S24
BRUEHRARM K, 5RESIERLEAR—
o WL ULE 42 #EVEES T R O o A BT
H RS E 1, 22 PR R

3 5%

AGRES 2 MR 16 ] 197 2, B 48 T R LA
(HPE 80% WP 60% H B | £, % .80% £ .60% £,
M) PRI IE O i RS S IGE:) B i)
(30,60 .90 min) JEH& L (10:1.20:1.30: 1) % 7 7
PRI W 5 ), 2 304 ] 3 32 A0 P 4
Uk e g2 5, LA 80% HI B U R e i, HLIGE
PRI B FURHR LG 1 388 I 48 OR3GO B 2, i
2 2 LA 80% IR Ry $ U )RR LE 102 1, 8 A
(300 W,40 kHz) $&H¢ 30 min, FEF&SCEIG A9 73 A ik
Firp, Z 4T Wi sh A (0.3,0.4.0.5 mL -
min ") OR[EAG HUA ( 206 B ) X 48 80 3 1 5%
M, 25 5 7R, PR AHEE 0. 4 mL - min ™' B, Z i 1E
i SRS 1 e SRS SR LA, S R
TERE RAF . TEARR KT ,203 nm 4b {4455 16 53
B RO, AR I A) IR, B &R 203 nm A
eI K

R PGHESHAS AT RE20(R) - Rh, 20(S) -
Rg; 20(R) - Rg, 7EAHER P IARK . WS A
HANSEE RO AS A S s NS R4
20(R) - Rh, .20(S) — Rg, 120 (R) - Rg, Kt i,
A RE R HASEVFES SRR, 12 4
ANSBHEEN S G RZEEA —E 250, L
ANZ B4 Rb, 1 Re & & e i, i B S 1Y 70%
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Tab.3 Eigenvalue and variance contribution rate of principal component

BHAEAH (eigenvalue) PRICE )5 #ZEA (extract sum of squares and load)

FEsr

(principal it Iy 22 A SRR e VLS SR

component) (total) (variance contribution (‘cumulative contribution (total) (variance contribution (‘cumulative contribution

rate) /% rate) /% rate) /% rate) /%
1 4.850 40. 420 40. 420 4.850 40. 420 40. 420
2 2.077 17.307 57.727 2.077 17.307 57.727
3 1.579 13. 160 70. 888 1.579 13. 160 70. 888
4 1. 153 9. 604 80. 492 1.153 9. 604 80. 492
5 0.912 7. 602 88. 094
6 0.597 4.976 93.070
7 0.39%4 3.282 96. 352
8 0.174 1.453 97. 805
9 0.142 1.187 98.992
10 0.076 0. 630 99. 621
11 0.041 0.342 99. 963
12 0. 004 0.037 100. 000

x4 WMEETFERETER
Tab.4 Initial factor load matrix
NS 84334 ( principal component loading)

( ginsenoside ) 1 2 3 4
Rb, 0. 851 -0.428 -0.103 -0.070
Re 0. 836 -0.39%4 0. 140 0. 083
Re 0. 815 0.318 0. 306 -0.149
Rd 0. 883 -0.266 -0.116 -0.112
20(R) - Rh, 0.309 -0.682 0. 587 -0.139
Rb, 0.318 0. 143 -0.030 0. 692
Rg, 0. 502 -0.079 -0.572 -0.196
Rb, 0. 842 0.171 -0.437 0.016
20(S) - Rh, 0.286 0.610 0. 638 —-0.090
F, 0.576 0.717 -0.188 0. 108
F, 0. 639 0.254 0.356 0. 059
20(S) - Rh, 0. 058 -0.310 0.091 0.739

DL b AZS AT Re Rd Fl Rg, Fil i AT S 1Y 20%
DL b HORAR IR O NS 4T 20(R) - Rh, \Rb; \Rb, |
20(S) - Rh, .F, .F,.20(S) - Rh,. 2020 4F i { 4k
NI EZG ) (LR FARCh E 25 80)) WP S
A2 EH Re, \Re fil Rb, (& 4T T &, BoR
ZH=2.0%" . 42 HEES IR SR N 16.67%
RAHERE Sh 4y 51 S17 .S18.S19 ,S21 S22 . S23 #il
S24. % GB/T 36397 - 2018( P v 5 /3 & Fe i)

XAZ BT Rb, & 2K =2.0% ,Rg, \Re ZFHil =
0.6% . 42 It ¥ it A = 2 Rg, . Re Z Iy >
0.6% ,{{ S28 .S38 . S40 Fil S41 £ i H A3 B 1F Rb,
Mt > 2.0% , 42 fikrh 35 SRR S A A 2020 4R
(HEZAI) N AS B H T ENER BHEAS BT
Rb, )& A I

2020 AR 24 3 ) B VEVE S — Rk EER
WS, SCHR i 38 T W PGV 2 2 B 78 Bk R BT SR 1k

RO S
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Fig.6 PCA plot of Panax quinquefolius L.
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