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Abstract: Ginseng is popular among scholars at home and abroad, it is an important and
widely used herbal medicine in Asia and western countries. Ginseng mainly contains gin-
senosides, polysaccharides and amino acids. Ginsenoside is the main active ingredient of

ginseng and has many pharmacological activities, it is mainly divided into two types
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according to its structure: protopanaxadiol (PPD) and protopanaxatriol (PPT). Gin-
seng products are usually administered orally, studies have shown that ginsenosides
have low oral bioavailability and metabolized into secondary glycosides in the gastroin-
testinal tract to play its pharmacological role. In order to discover the metabolites of
protopanaxatriol saponins in human intestinal flora, ginsenoside Re, Rg,, Rg,, Rh,,
Rf, F,, R, were incubated in bacterial solution, the identification and quantification of
metabolites of protopanaxatriol ginsenosides were determined by using rapid resolution
liquid chromatography-quadrupole time-of-flight mass spectrometry ( RRLC-Q-TOF
MS) and ultra-high performance liquid chromatography-triple quadrupole mass spec-
trometry (UPLC-QQQ MS). As a result, ginsenoside Rg,, Rg,, Rh;, F, and PPT are
transformation products of ginsenoside Re, with the conversion rate of 91%. Ginsen-
oside Rh;, F, and PPT are transformation products of ginsenoside Rg; , and the conver-
sion rate is 80%. Ginsenoside Rh; and PPT are transformation products of ginsenoside
Rg, s and the conversion rate is 73%. Ginsenoside Rh, and F, are mainly metabolized by
PPT, the conversion rate is 82% and 81%, respectively. Ginsenoside Rh, and PPT are
products of ginsenoside Rf, and the conversion rate is 89%. Ginsenoside Rg, s R,, Rh;
and PPT are conversion products of notoginsenoside R,, the conversion rate is 79%.
The study suggested that protopanaxatriol ginsenosides can be metabolized by human
intestinal flora, the transformation products are mainly formed by the loss of glucose
residues, it is revealed that secondary ginsenoside is the material basis of pharmacologi-
cal action in vivo.

transformation; rapid reso-
.C-Q-
TOF MS); ultra-high performance liquid chromatography-triple quadrupole mass spec-
C-QQQ MS)

Key words: Protopanaxatriol; human intestinal microflora;

lution liquid chromatography-quadrupole time-of-flight mass spectrometry (RRI

trometry (UPL

}\Z‘%ﬂj}ﬂ ﬂ'fﬁ%]\i;‘ Pananx ginseng
C. A. Mey. TR, FETHASEH .2
Wi EERE . P ASBEREASH
G R B A1, He B AR 2 25 4 AT 43 O RN
Z TR R A (PPD) F RN 2 = A g A
(PP, o, i A2 =[5 2 4 Re.Rg,
Ji N2 TR R A Rb, J2 2 SR E 5 AR UE 1Y
SE 5 A A

JRANZ =R AS BN ERTE L,
F A4S Re . Rg, \Rg, .RI.Rh, .F, I R, , Bk
fh2r gty 5 85 F3& 1. Hd, AS B Rg
M RIECRhy #Fy B R[4y 504 0k X 50 76 T
%) Wi 1) 3 0

NS B 1R A W R RS A A6 8 g 1
PR AR S IR OB R R FEZ AR T . ok
B S o Bl 3 1 R N 2 R R R A T
AYEEE &, . NS 21 Rg AR

NS B2 Rhy X%F A375,T98G FiI 1.929 Jip
Jed 20 LA Y S O M TN 2 B Rgy TG
G YE s N2 B Re J& A2 3 2225 305 M
JSCG3 LA ) e A0 B RS | BEL L e A0 A B M
TRApph e 4 A L W A N2 21 Rhy 1E9i0
S 7 T YT O

&1

BEA8=
Fig. 1

BE(PPT)BAS EHFHNNUFEN
Chemical structures

of protopanaxatriol (PPT)-type ginsenosides



68

=)

W B

®1 BEAS=BEEASEFNULZFENER

Table 1 Chemical structure information of protopanaxatriol-type ginsenosides

AN =B HHX 737

R R,
Protopanaxatriol Molecular weight

Re 946. 5501 Gle Gle(2—>1)Rha
Rg 800. 4922 Gle Gle
Rg 784.4973 H Gle(2—~>1)Rha
Rf 800. 4922 H Gle(2—>1)Gle
Rhy 638. 4394 H Gle
F 638. 4394 Gle H
Ry 932. 5345 Gle Gle(2—>1) Xyl

TE: Gle R WA s Xyl 78 AHE ;s Rha R A

A5 80 AN R 4 B R R A 8 -
AT € AT I [E] BT % (RRLC-Q-TOF MS) 1 # 5
RO A %= 5 DU AR AT BT 5% (UPLC-QQQ
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REVF Ry 76 AW 38 T B v 09 A= 9 %% A6 7= 0 F
118 M o BT . 25 58 LA AR 12 MG Ak 3R
B R — BN 2 B A Ak S50 5 AR i ik
R R A NS B YR E 2 7
H O NS TEIGR I % A3 iRt %,

1 KBEHS
L1 FEMRFERE

6520 Accurate-Mass Q-TOF MS(fid & H,
Wi 2% B 1 J& ESI). Masshunter Qualitative
AnalysisB. 03. 01 $t4E 40 B R 45 . 5 [E Agilent
Nl 75 s UPLC-TSQ-Endure 1% : 38 B Thermo
Ny
L2 EEHRSHEA

AZ B Re.Rgi Rg, \Rhy (REF (R, X
HE A (Al B2 39 =98 20) « 1 ifg I A Py Bl H A PR
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L3.1 XMMEmms s 20 % 10 mg
ANZRATR ML ReRg) Re, (Rhy (REVF LR,
T 10 mL 78800 P ORGSR 2 . T I I R O
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T 37 CHiFF 24 ho P IO 3 BT AE 37 °C
DRAEAAT T TG A S F5 B A s 4 M 38 TR
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HEWFRIGE 8 A S 21 Re.Rg, \Rg, .Rh; \RI,
Fo Ry A S, S B 36 (DMSO) %
fite BRI 0.1 g/ L A ik . S5y b s A
(1) FIPEXT BRZH (2) FOSE S 4H (3) . 45 1 ZHfnid
T PRAE RS 35 3L (GAMD B IR . 15 35 60 h;
92 A AGE R GAM il A& 24 Re,Rg, .
Rg, .Rh; \RIF) (R, #5555 60 h; %5 3 4
A ACE B GAM., | M AN 2 B AF Re.
Rgi .Rg, .Rh; RIF, Ry 55, % 3, % 5]
E R IR % 15 #2486 . 78 37 "C A1 100 r/min KK
5T 0.1,2.4,6,8,12,24,48.60 h HUkE,
IR GAM (KR R £ B K% - B A A A
R 7K A0 R TE T 1 25 R, 45 JF 42 BBOR . 180 i v
R T R E A gL TR
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25%1B),13~15 min(25% ~28%B),15~18 min
(28%B),18~22 min(28 % ~30%B),22~25 min
(30%~35%DB),25~30 min(35% ~40%B),
30~35 min(40% ~60% B), 35~ 38 min(60% ~
80%B),38~40 min(80% ~100%B),40~42 min
(100%B) ;i 0.5 mL/min; #EkER 5 L,

Jo T S A - HL S 25 1 - AR S (EST ) 5
TS (N9 L/min, i B2 300 C; S
JE 2.41X10° Pa; B E MK 3.5 kV E R i
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Shigffb M B FimE R T 2. 504
FEAPEXT BEZHAH LG . N2 B Re 5256 20 B 5
RIAL &4 Re, Al g U 2] 5 A A3 ™ 91, 4390k
m/z 845.488 4 (M1),829.490 6 (M4), 683.435 3
(M3).683. 434 1(M5),521. 388 1(M6), ML,
M4 M3 . M5. M6 . M9 ) G ERTHE 3,

P M1 Gn /= 845. 488 4[ M+ COOH] )
A% B8 f1E] o 12. 402 min, m/z 845. 488 4 [
ANZBH Re /b 146 w AN K 25 1 70+ W
. ML ) R F LR E TR m/=z
799. 477 8,637.426 5,475.376 9, 5 4y fE i
R, 0% B I 18] F0 — 2% Joa 3% B84 — 20 e M1
A Rg . 7E¥) Ma(m/ =z 829. 490 6] M+COOH ] )
FIAE BE ISR A 19. 912 min, b AB T Re AYAHXT
G3F BRI 162w HE I A 2% 25 140 i A .
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Table 2 MS/MS data of the original three alcohol ginsenoside Re, Rg, , Rg,, Rh,, Rf, F, and

R, in human intestinal flora metabolism in vitro

BB BB memiE Mo RHBT AP
Molecular [M+HCOO] Relative error/
No. Name formula Caled Mass o/ Fragment ions(m/2) 105
M1 Rg Cy2 Hz2 Oy 845. 4904 845. 4884 637. 4256 M—H—Glc] 2.3
475. 3769 M— H—Gle—Glc]
M2 Re Cus Hez Ors 991. 5483 945. 5407/991. 5499 799. 4818L M— H—Rha]~ . L6
783. 4866 M—H—Glc],
637. 4339[M— H—Rha—Glc]
475. 2391 M— H—Rha—Gle—Gle ]~
M3 Rh; Cs6 He2 O 683. 4376 683. 4353 475. 3748 M—H—Glc]~ 3.3
M4 Rg CyoH72 013 829. 4955 829. 4906 637.4330LM—H—Rha] ", 5.9
475. 3819 M— H— Rha—Gle ]~
M5 F Cs6 Hgz Oy 683. 4376 683. 4341 475. 3866 M— H—Glc] ™ 5.1
M6 PPT Cy0 Hs2 04 521. 3848 521. 3881 475. 3819[M—H] 6.3
M7 Rf Cy2 H72 014 845. 4904 799. 4960/845. 4937 637. 4394 M—H—Glc], 3.9
475. 3766 M— H—Gle—Glc ]~
M8 Ry Cy7 Hgo Oy 977.5327 931. 5433/977. 5539 799. 4818 M—H—Xyl] . 9.0
637. 4866 M— H—Xyl—Glc]
475. 3846 M— H—Xyl—Gle—Glc] ™
M9 R, Cy1 H70 O3 815. 4798 769. 4544/815. 4878 637. 4866 M—H—Xyl] ™, 9.8

475. 2391 M— H—Xyl—Gle]~
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Fig. 4 Metabolic pathway of the protopanaxatriol ginsenosides isolated from the intestinal flora
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Table 3 Linear regression equations, correlation coefficient (r*), linear ranges, limit of detection (LODs) and

limit of quantification (LOQs) of protopanaxatriol ginsenosidesand transformation products

o LA A 5 AR LIP3 LML 600 R E R
Linear regression Correlation Linear ranges/ LODs/ LOQs/
Ginsenoside

equations coefficients (%) (mg/L) (mg/L) (mg/L)

Rgi y=28420x+18421 0. 996 0.2~125 0. 006 0.02

Re y=1871202+3370 0. 997 0.01~200 0.001 0.03
Rh, y=15250x+10190 0.995 0.1~114 0. 005 0.016

Rf y=24620x+10493 0. 991 0.04~109 0.003 0.01

Ry y=14950x1 38464 0. 994 0.1~131 0.0016 0.05

F, y=18450x+12930 0.992 0.05~127 0.002 0.07
Rg, y=29350x+184785 0. 995 0.06~136 0.008 0.027
PPT y=18750x13648 0. 991 0.01~90 0. 005 0.016

R> y=251422+20791 . 993 0.01~121 0. 004 0.013
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