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Abstract; The chemical transformations of protopanaxatriol-type ginsenosides Re and
20(S)-Rf were performed using Keggin-type heteropoly acid catalysis dodeca tungsto-
phosphoric acid. All the transformed products were identified based on a high-perform-
ance liquid chromatography-electrospray ionization-tandem mass spectrometry ( HPLC-

ESI-MS") method in association with the comparison of retention time to authentic
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standard. Each of the generated ginsenosides had isomeric counterparts, all of which
were further differentiated through their multiple tandem mass spectra as well as the po-
larity difference. The molecular mass of ginsenosides could be obtained based on the
deprotonated molecular [M— H ™ ions and formic acid adducted ions [ M-+ HCOO] .
Based on the neutral loss information, the kind of the saccharide substitution was recog-
nized rapidly. And the constituents of the saccharide were also identified on the basis of
the fragment ions from glycosidic bond cleavage and rearrangement after cross-ring
cleavage. Ginsenoside Re was transformed into 8 products, i. e. 20(S)-Rf,, 20(R)-Rf, .
20(S)-Rg,, 20(R)-Rg; . 25-OH-Rg,, 25-OH-Rg,, Rg; and Rg,, while 7 products were
derived from ginsenoside 20 (S)-Rf, i. e. 20(R)-Rf, 20(S)-Rf;, 20 (R)-Rf;, 25-OH-
Rgs, 25-OH-Rg,, Rgs and Rg,. Based on the established HPLC method, all the prod-
ucts were well separated. Moreover, the specific aglycone structure of 38, 1283, 25-
trihydroxy-dammar-20(22)-ene was obtained for the first time through chemical trans-
formation, which has been proved to be safe and effective therapeutic agents. Chemical
transformation pathways of ginsenoside Re and 20(S)-Rf were also summarized, which
involved deglycosylation, hydration, dehydration, and epimerization reactions. Degly-
cosylation at C-20 position was thought to occur prior to the other three reactions during
the transformation of ginsenoside Re, whereas since there is no saccharide substitutions
at C-20 position of 20(S)-Rf, epimerization occurred firstly in the dodeca tungstophos-
phoric acid dissolved strongly acidic aqueous phase. The double bond between C-24 and
C-25 tends to be hydrated, while the tertiary alcohol at C-20 is reactive for dehydration.
All the transformation process could be deduced through the analysis of tandem mass
spectra. Furthermore, the conversion of ginsenoside Re approximately reached to 100 %
within 90 min. Especially, the conversion was up to 45% within 15 min. While for
20(S)-R{, it lasted for 4 h to reach 100% conversion. The conversion of Re was superi-
or to most of that resulting from biotransformation. All the results indicate that HPLC-
ESI-MS" is an effective method for the rapid identification of ginsenosides. Heteropoly
acid catalysts open up a clean, economical and environmentally benign process in the
chemical transformation of saponin-type active components in traditional Chinese
medicine.

Key words: protopanaxatriol-type ginsenosides; high-performance liquid chromatogra-
phy-electrospray ionization-tandem mass spectrometry ( HPLC-ESI-MS"); Keggin-type
heteropoly acid
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206

L S TS PRLE &

¥ FLUIM—H] MM+ HCOO] JE
FAFTE AR AR v S LR BT LR E W 3l R
P Re, R Re B[ M+ HCOO] & T m/=
991 MM —H]™ B F m/x 945, #fE i Re A A
XHorF il 946, 7E RelM—H]™ 87—
BT, EEMEE Y. Yoo Zoos
Yoo /Y1 \Zig B0 Yoo "B F T 2, Y F1Z 5
TR T T 2R 114 R T B T A i 1
Fo Y B Yo, 50 B B B 5B — 4 7 AR
B 2 (Rha, 146 u) F1— 43 - 4 %5 15 IO 5k
(Gle,162 w =4, YL B Re Z5#4 tf A7 2 S B3k
BRI Yo EEEES T Y. di8 C-20
fii Gle b C-6 fii Rha 45k %, C-3 fipHir
B/Y Wi E Yeri 7. Yo BEAS =R
BB R E[M—H] B F. B, M C &
BT 5 B/Y N C/Z i), H for Of B2 AR R R
Ui (4 8 F  #E— B IEB T Gle BIAEAE " Xop 25
i Rha &5 4 Gle B4 0 FIEE 2 W7 24 7= A= 1 i
KEFUIER (164 u+41 w.E B Re i 1 4~
Wy Rha 5 Gle A% 4% 09 — 8 JF H
Rha Jyuii 3k, 5 — 40 Gle #ubk,

WE 4.5.6.7 BYAIXS 4> F B 4k 784, &
Re ZoMiFEAL SN 1) 7= . W 4 R 5. 06 6 Fl 7
43 ) B A AR AT B 5 BT DR A R 4 il [
SR LA WA, 4 R M+
HCOO 1™ 8 1 — 90 H 15 3% ) 1A A0 7] 1Y

/ \7(§“3 43 7
miz R 0
OH m=76548  a

FEF Y Zip M Yoo . WX 4 Rl =¥ H A M
[F] P B B IBCA 3 7 T 81 3. DAY G AR K T i
BT LA W, Yo it — B4 m/2 417 F
m/z 391 B, X 4 F = 4 () B2 1 J0 45 14 £
S R TE 4, Yo PPk LK 58 u ™4 m/=
417 B 5,58 u X i oy 30 CH O, Bl a4 T
2 AW R AUBE 25 48 BT R T R A KB R
N AR C-25 o7 AU . A, BT LAE BT Re 2
BEIEAL 7 AR 1 C-20 138 58 Kk AR i K BN - 4167
KA R ARBON 418 u i 2 5 B A1 R
3B, 128, 25-= ¥ He-3K H 4E-20 (21/22) -4 19 [7)
SRR, T A20 (21) YRR E R BR T
A20022) (AL IT @ 0 4 F0 5 4300 NS R Af
25-OH-Rg; 1 25-OH-Rg,. & 6 Fflig 7
Yo, 5m/z 391 B F 1 84 u th ik KR KW H Ny
AZ B 2005 -Rg, fl 20(R)-Rg, . TitiE A
Z B4 Rg, . 25-OH-PPT, if 2 ELA5 4 ol 45 #4
() —FET B AT 25-OH-PPD, AR 87w Hh R 47 g4
Tl 5 200 A G L BN B v B A A s PR L O B
AR T R Re Fe bt B M A 2 A E
A R R

WA 1 MG 2 S AR - e o 802 (Y [W] )
S, HIM—H] 8 F Gn/z 801) 5 Re
(m/z 945) k2% 144 u(162 u—18 w), A] D) i
W 1 A 2 0t Re (2o IEAL RO . —
RS KR TEISa, AT LB 1. Y, S5 Re A

0.
Con P
m/z 161.04
B

| 101.02 b
/11{01 0o OH 8 I Y 1001 M1e
m/z 101. op
257 "%01173‘05 ok 47338 Y,7Y 5 80 B,
- 63743 g0l 161.04
2 ot or Cla 2%,y
= 201 | 179 05 205. 07
E obulll Ll wl
Ho™ >~ S 60F 100 120 140 160 180 200
OH ™ Z 7 mlz
O mzgssgmizeas 2| 19 You78343 " M—H] 945 54
o Yo Yo 3 619.42
OH ,
miz 619.42 o
OH " 20 765.48 Yig
mz20507 & 799.59
Xop mi=799.59/mlz 63743
OH YIB YIB’ (s e L 1 T T T
0o 400 500 600 700 800 900
e mlz
OH OH

B2 A%

EH Re IEMBHE(a)FA m/z 945 BEFHI R BEFRIEE (b)

Fig. 2 Fragmentation (a) and MS/MS spectrum of the ion at m/z 945 (b) of ginsenoside Re



WoWl @ 1% LT HPLCESIMS' (0742 ML 8 (LR 5 = B 5 4F Re.20(S)-RI B 5 207

a - 783.4 b

. 100} [M—H]™ 783.45 < 1000 47538
3 kS
s 80r Yig s 80
3 63723 S
f=] f=]
23 60F 2 60f
< <
g L g | v
g Yop g 63743 [M=HI” 78349
] Z O B
o~ L 47547 1B zz L Zyg

2041734 619.56 20 619.42

| 391.28
0 T — T T T 0 L T T T T
400 500 600 700 800 400 500 600 700 800
mlz mlz

E 3 A3 EF 25-0H-Rg (a)F1 20(S)-Rg, (b) HILM~+HCOO]™ m/z 829 B FH — R BB KR E
Fig.3 MS/MS spectra of the [M+HCOO]~ ion at m/z 829
of ginsenosides 25-OH-Rg; (a) and 20(S)-Rg, (b)

ok a 417.58 ok b 391.48
ES S
8 8ot 8 L
g g 80
= =
5 60f 5 60f
=] =]
< <
£ 40t 2 40f
E k= 457.57
& 200 & 20}
0 T T T T 0 T L : T T
200 300 400 500 600 200 300 400 500 600
mlz mlz
B 4 AZEFH 25-OH-Rg (a) 0 20(S)-Re. (b) B m/z 475 B F 89 WU 4 & B R i%
Fig. 4 MS*spectra of the ion at m/z 475 from the [M+HCOO]~ ion
of ginsenosides 25-OH-Rg; (a) and 20(S)-Rg, (b)
100k 493 39 a oL 45748 Yip b
S g 619.23
& 80 g 80
= - g r _
2 = [M—H]
g 60f 2 60f 765.31
2 2
g 40 i ma TI— ‘g 40 B ‘
6 llVl_rlJ E
& 5ok 41734 v 801.50 &0t L ’
1B |
olLd. 1l 65344 . T
T T T T T T 1 T T T
400 500 600 700 800 400 500 600 700 800
mlz miz

B 5 ASEH 20(S)-Rf;(a)f0 Rg (b) I[M+HCOO]™ B FH R FHERRILE
Fig. 5 MS/MS spectra of the [M+HCOO]~ ion of ginsenosides 20(S)-Rf, (a) and Rg, (b)

+18 u M 22 S U B TR A T KA IR M ANZ B 20(S)-RE, F1 20(R)-Rf, . IR Y,
Mo G55 IR NS =R R B 45 KRR AR BT LA W 8 FUE 9y Re ZoWEEEAL )by J5 7€ C-20 fii &
i KA R & AR TE B T C-24 (25) 7 1y WL A K R R A IR A20(21) T A20(22) ] 4 5
. T 200 BAS B T H 20(R)  fi, B A S B4 Re, Ml Rg, . 7x T 5b.

T 22 i) S AL AR TR D A A 0 1 R 2 43l 1E 12-B R Re 158 & 4 C-20 Ay 2



208

JiBE 4R

$38%

WAL BN 5 3% AT BB T C-20 A iy M Ak
B AT DAAE JAE X C-6 A3 17 P B i 1 AU 45
R T 6a, 2305540 &N ™ W] DL i
C-24(25) XA F1 C-20 U FESS #4175 2L K & DA
SR BNE 33— 2 e Ak, A LR A T
2.2 ASEF20(S)-Rf L FEN
ANZRBAF 2009 -RI 18 12-B 8 R h i 22 5%
A6 7= P 8 i K s T 1b, 8 Bl = K Ik
fir s Mg 10~17, H, B4 20(S)-RE 1y
AHXT 43 T HE 2 800, 78 — 9 53 1k T 31 1 o &
BEMELR) Yo Zip M Yoo B F o8 T 7,77 Xy
By B T B AEAE UL T B 38 Gle-Gle, ‘Fﬁ
PR IR BT 2 7 AR BT A L BRAE B
ok 0 U 14 T AT % HR IR B ﬁ*ﬁ%ﬁ'ﬂr{ﬁun

oHl1Oy

Z 20S)RA,
OO O-Gle-Rha
ol

20(R) RI
o (R)-

U(-l -Rha

%,
%
HO™ X Rg —>u<

1 O-Gile-Rha " O

HO ol ol
Gle-Rl

zmx) R

) ls(:)-(jlc-l{lm 55\“
209Rg, &

on A

‘>
HO' HO' 2 -OH-Rg |
"~ dcle-mit " O-Gle-Rha

25 OH- Rb‘
Gle-Rha

5 B BF 1) B X AT AR A 14 J& R 5E 2 by
LY 20 (S)-RI, W 15 2% 14 1Y 1R 4> 54
A, EA AR DL A 3 6 % 181 L O LR B A R A
AT, BRLHGCRT DB AN 08 15 Oy 20 (S)-RE By 2% ] 7
P 20(R)-Rf, W 10 F1 110 12 f1 13 .1% 16
F 17 43 5] 8 A X 43 F B fE 818,800,782 1) 3
XoF R 4 S A AR, g H B B 0 R O T I 8
Lo T Re e Ak 7= 9 i) 3% L BT LUOKE X 6 Fp
P4 A JE R 20 (S)-RI, F1 20 (R)-Rf, . 25-
OH-Rg, f1 25-OH-Rg, .Rg, fl Rgs.

20(9)-RI W5EALiEE R FE 6b, BT 20(S)-
RIFE C-20 o7 B A R A2, R I & 4
EWERAL N . MR E R4 T C20 iy 2
] S K Ak B0 AR B2 T S A AR 20 (R)-RI L 4R

HQ;

b 20-RE,

" O-Gle-Gle
()H

OH
— HO ZU(RHU
OH J:/\é%x[;/\/\&
!\d atio
Rg,
< T 25-OH-Rg,

O-Gle-Gle

o
OH

~ 4 & HO'
0-Gle-Gle * 0.Gle-G Il -OH-Rg,

B 6 12-BEBERILEFL AS EF Re(a)F 20(S)-Rf(b) FELIER
Fig. 6 Chemical transformation pathways of ginsenoside Re (a) and 20(S)-Rf (b) by H; PW,,0,

m/z 391.51

b v 237, N B,
475(?29 100 1101.22 161.21 O‘ZX(,
100 N 221.17

e 80

3

3 60

S 80F 40+

2 20 l
OH" .§ 60 Il i 1]1 r II : |
miz 475,49 5 100 120 140 160 180 200 220
OH * § mlz
OH m/z 619.54 K 401
— ] Z
mlz 221 17 1 Y -
m/z 637.61 | [M—H]"799.42
H ,_4 Yy 20 o151 6%761
0 61954
0 T L T T ! T 1
400 500 600 700 800
mlz

m/z10122 OH
25
A

B7 A%

BEH20(S)-RIMAEBME (a)MAIM—H]" BF m/z 945 I ZRHREKR

& E (b)

Fig. 7 Fragmentation (a) and MS/MS spectrum of the ion at m/z 945 (b) of ginsenoside Re



oM B A% LT HPLOESEMS' (97 SR ILEE (LIS SBIR T Re.20(S)-ROFFS 209
. Y
M-H 1 Y
< 100k @ e T 637.66 S0k © 619%
j53 ¥ [ ]
£ sof S sof g sor
= = =
Z oot 5 oot 5 oot
< < [M-H]"| =
2 40r Yo R 79981 | 2 40F
g g g
S oL ass Y S oL 4756 s 20k M—H]~
2 20 Zig 65552 2 20 e ¥ £ 2 Y 87
0 637.55_| ol 619.75 ol457.34 i
T T T T T T T T T T T T T T T
400 500 600 700 800 400 500 600 700 800 400 500 600 700 800
m/z mlz mlz

8 ABE% 20(S)-RE (a),25-OH-Re, (b) 7 Re, () (IIM—H]" BFH = R B R E
Fig. 8 MS/MS spectrum of the [M—H]~ ion of ginsenosides 20(S)-Rf; (a), 25-OH-Rg, (b) and Rg, (¢)

J 4k S5 1 C-20 1 C-24 (25) 7 [ i 7k B K &
JN BG4 RO A R AT . RIS A R
T . Re #l 20 (S)-Rf ££ C-6 fir 1y — B B 3£ I
B WA e A RN 2B Rk A e C-20 14
B 5 W BRI 2 I

ANZBAF Re Fl 20(S)-RI WL % 5
BRI R R TR 9. Al LA 1, 12-W 45 1R
XFiX 2 Fp e AR AT R AT LG E. Re 19
B Ak 2R B2 I B () 8 TR 0, 15 min B, §% 4E
FiKF| 45%, 3¢ F 90 min J5 UL 100 % 1M
200S)-RI 15 ALHEART Re, SN HF IR 4 h J5 %%
fEFHE 1002 . A X F 25 4 e Ak O 15 O
12-BR A R RN 2 = WA R A 5 55 1 %
3 AR 77 I e PR AT T 4R e

100 P g
o 80F A e
ERPA g
: o/ AL R
2 aF X 4 20(5)-Rf
S Ll [ £

¥

ok &
0 50 100 150 200 250 300

B9 ASEFH Refl20(S)-Rf &L EBEREMEL
Fig. 9 Conversion of ginsenoside Re and

20(S)-Rf versus reaction time

3 it

A5 2R FH 8 80 €8 13 - v S 55 - 22 9 R
EG JBT 7 H AR R 121 48 R Ak 2 B AL N 2 =
AR Re,20(S)-RI 15 3 1) Z F i A 2 A i
17 TS M S AL i A2 BT . Re 95461 1

20(S)-Rf, .20 (R)-Rf, , 20 (S)-Rg, . 20 (R)-Rg; .
25-OH-Rg; . 25-OH-Rg, . Rg;, Al Rg,; 20 (S)-Rf
HIEEAL =8N 20(R)-REL20 (S)-R{, .20 (R)-Rf; .
25-OH-Rg, .25-OH-Rgs . Rgs Fl Rg,. 52K 4%
R W], HPLC-ESI-MS" 4 A ] DL o 48 78 A
Z R AT L5 M 1 2- B ES R VT LA A A i Ak 28N
Z BTN Z A AT B 2% 2 1R 45 [ AR R 4
PR LA Al 5 Ak s T 2 AR 7 0 1 v A g
VINIE

SE K

[1] SHINK C, SEO M J, OH H J, et al. Highly
selective hydrolysis for the outer glucose at the
C-20 position in ginsenosides by f-glucosidase
from thermus thermophilus and its application to
the production of ginsenoside F, from gypenoside
XVI[J]. Biotechnology Letters, 2014, 36 (6):
1 287-1 293.

[2] ZHEMW, T%E,IK.%. RRLC-Q-TOF-MS #:if

FNS R Rhl A i S 44 7R 78 R R Y 19 25 £
A7 ). B o . 2014, 35 (6): 509+
515.
LI Chunmei, YU Qing, SUN Le, et al. The
pharmacokinetics studies of ginsenoside Rhl en-
antiomers in rats by RRLC-Q-TOF-MS [ ] ].
Journal of Chinese Mass Spectrometry Society,
2014, 35(6): 509-515(in Chinese).

(3] M. 45,8 EMH. % ASEIF Re X H9c2
O UL CYPASO Fi i s my [T 1. b 2 2 41z
2016,32(4) :494-498.

MA Zengchun, XIAO Yong., ZHAO Jiawei,
et al. Effect of ginsenoside Re on cytochrome

P450 in H9¢2 cells[J]. Chinese Pharmacological
Bullet, 2016, 32(4);: 494-498(in Chinese).



210

N Sl

[4]

[5]

[6]

[7]

(8]

[9]

JAE S BOERL X ERE .. AZRBH RIBFER
Je AL DNA S5 05 R 52 52 DA A SCET 28 40 T F
FElI]. L TAFBR R, 2016, (6) : 35-38.
ZHOU Qing. XIANG Guanggang. LIU Chao-
qun, et al. Ginsenosides-Rf induces DNA dam-
age in human osteosarcoma cells and reduces
DNA damage in human fibroblasts[J]. Journal of
Liaoning University of TCM, 2016, (6): 35-38
(in Chinese).

FUER, B F, R fE, %, BT UPLC-TOF-
MS 4387 N2 A WL JR 21 2 4 i A2 R LT .
JR % 4 ,2013,34(2) :88-95.

ZHOU Sisi, MA Zengchun, LIANG Qiande,
et al. UPLC-TOF-MS based profiling approach
to evaluate ginsenoside composition in combina-
tion of ginseng and radix ophiopogonis[J]. Jour-
nal of Chinese Mass Spectrometry Society, 2013,
34(2) . 88-95(in Chinese).

YANG HJ, YOO G J. KIM H S, et al. Impli-
cation of the stereoisomers of ginsenoside deriva-
tives in the antiproliferative effect of HSC-T6
cells[J]. Journal of Agricultural & Food Chem-
istry, 2012, 60(47). 11 759-11 764.

LEE S M, SHON H ]J. Ginsenosides from heat
processed ginseng[J]. Chemical & Pharmaceuti-
cal Bulletin, 2009, 57(1): 92-94.

WA, Gk B, k. % A 2RO UE AR IR R R
WAZBHENHRAEANSBEHANRELD]L &
SR 2 ), 2014,35(11) .2 317-2 323,
YAO Hua, JIN Yongri, YANG Jie, et al. Con-
version rule of rare ginsenosides produced from
major ginsenosides by confined microwave pro-
moted degradation method[]J]. Chem J Chinese
Universities, 2014, 35(11): 2 317-2 323(in Chi-
nese).

SADJADI S, HERAVI M M. Recent advances in
applications of POMs and their hybrids in cataly-
sis[J]. Current Organic Chemistry, 2016, 20

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

999 . 1.

IVANOVA S. Hybrid organic-inorganic materi-
als based on polyoxometalates and ionic liquids
ISRN
963792,

and their application in catalysis [ J ].
Chemical Engineering, 2014, 2014.
1-13.

HUANG Y B. Hydrolysis of cellulose to glucose
by solid acid catalysts [ J].
2013, 15(¢5): 1 095-1 111.
TIAN J, FANG C, CHENG M, et al. Hydroly-

sis of cellulose over Cs, H;_, PW,, O, (x=1-3)

Green Chemistry,

heteropoly[J]. Acid Catalysts Chemical Engi-
neering & Technology, 2011, 34(3): 482-486.
LI X, JIANG Y, WANG Y, et al. Effective low-
temperature hydrolysis of cellulose catalyzed by
concentrated H; PW,, O, under microwave irradi-
ation[ J ]. Rsc Advances. 2012, 2(17): 6 921-
6 925.

DOMON B, COSTELLO C E. A systematic no-
menclature for carbohydrate fragmentations in
FAB-MS/MS glycoconjugates[ ] ].
Glycoconjugate J, 1988, 5(4): 397-409.

WANG W, ELIZABETH R, ZHAO Y Q, et al.
Novel ginsenosides 25-OH-PPD and 25-OCH;-

spectra of

PPD as experimental therapy for pancreatic canc-
er; anticancer activity and mechanisms of action
[J]. Cancer Lett, 2009, 278(2): 241-248.
WANG W, RAYBURN E M, ZHAO Y, et al.
Experimental therapy of prostate cancer with no-
vel natural product anti-cancer ginsenosides[J].
Prostate, 2008, 68(8): 809-819.

YANG H. LI D L, KANG K B, et al. Identifi-
cation of ginsenoside markers from dry purified
extract of Panax ginseng by a dereplication ap-
proach and UPLC-QTOF[J]. Analysis Journal of
Pharmaceutical &. Biomedical Analysis, 2015,
(109) . 91-104.





