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The metabolic profiles of Panax quinquefolius and its associated therapeutic values are critically affected by the repetitious
steaming times. The times-dependent steaming effect of P. quinquefolius is not well-characterized and there is also no official
guideline on its times of steaming. In this paper, a UPLC-Q-TOF-MS/MS method was developed for the qualitative profiling of
multi-parametric metabolic changes of raw P. quinquefolius during the repetitious steaming process. Our method was successful in
discriminating the differentially multi-steamed herbs. Meantime, the repetitious steaming-inducing chemical transformations in the
preparation of black American ginseng (American ginseng that was subjected to 9 cycles of steaming treatment) were evaluated by
this UPLC-Q-TOF-MS/MS based chemical profiling method. Under the optimized UPLC-Q-TOF-MS/MS conditions, 29 major
ginsenosides were unambiguously identified and/or tentatively assigned in both raw and multi-steamed P. quinquefolius within
19 min, among them 18 ginsenosides were detected to be newly generated during the preparatory process of black American
ginseng. The mechanisms involved were further deduced to be hydrolysis, dehydration, decarboxylation and addition reactions
of the original ginsenosides in raw P. quinquefolius through analyzing mimic 9 cycles of steaming extracts of 14 pure reference
ginsenosides. Our novel steaming times-dependent metabolic profiling approach represents the paradigm shift in the global quality
control of multi-steamed P. quinquefolius products.
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INTRODUCTION

American ginseng, the dried root of Panax quinquefo-
lius L., 1s “cool” and mainly used to tonify “qi” and nour-
ish “yin” according to the description in Chinese pharma-
copoeia [1], and has gained great popularity in the East
in the last two decades as a medicinal herb. Undoubtedly,
ginsenosides are known to be the major bioactive com-

ponents of ginseng (or Korean ginseng) and American
ginseng, having various bioactive and pharmacological
activities, including anti-diabetic, anti-inflammatory
and anti-tumor properties [2-4]. To date, more than 80
different ginsenosides have been isolated and character-
ized, and shown many bioactivities responsible for the
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Fig. 1. Major goinsenosides identified in the preparation of black American ginseng.

pharmacological effects. As summarized in many review
articles [5-11], ginsenosides were generally classified
into four groups, namely protopanaxadiol (ginsenosides
Rbl1, Re, Rb2, Rd, Rg3, Rh2, and Rs3), protopanaxatriol
(ginsenosides Rgl, Re, Rg2, and Rh1), ocotillol (24 (S)-
pseudoginsenoside F11) (Fig. 1) and oleanolic acid (gin-
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Recently, American ginseng and ginseng, two kinds
of the most widely-used traditional Chinese medicines,
have become popular in oriental countries as dietary
health supplements and additives to foods and bever-
ages. As we all know, there are a variety of commercial
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ginseng products, including raw ginseng (unsteamed gin-
seng), red ginseng (two- or three-time steamed ginseng),
and black ginseng (nine-time steamed ginseng). Among
them, black ginseng is developed from raw P, ginseng by
nine-time steaming at 98°C for 3 h and nine-time drying
[12,13], at which point it becomes black in color [14,15],
while black American ginseng (BAG, American ginseng
that was subjected to 9 cycles of steaming treatment) is
still unreported to date. Nine-time steaming and nine-
time drying is frequently used for preparing modified or
processed Chinese herbal medicines (e.g., Rehmanniae
radix Preparata, Polygonatum sibiricum Red., P. gin-
seng Meyer and Arisaema heterophyllum Blume) so as
to reinforce its pharmacological activity, to attenuate its
adverse response, to improve the stability or to change its
medicinal effects, etc., but studies on the holistic chemi-
cal profiles of multi-steamed Chinese herbal medicines
were attempted only in recently years [16-18].

As known to all, the pharmacological and biological
activities of steam-activated ginseng are greater than
non-steamed ginseng. For example, black ginseng exhib-
its more potent biological activities than raw P. ginseng
and red P, ginseng [14,19] and some new ginsenosides
(Rg3, Rg5, F4, Rg6, Rk3, Rs3, Rs4, etc.) absent in raw P,
ginseng are generated in black ginseng after 9 cycles of
steaming treatment. Similarly, steamed P. quinquefolius
exhibits stronger cancer chemoprevention than raw P,
quinquefolius which is related to the generation of less
polar ginsenosides (20(S)/20(R)-Rg3, Rk3, Rh4, Rkl,
Rg5, etc.) in steamed ginseng [20]. Although analysis of
ginsenosides in steamed P. quinquefolius and the phar-
macological effects of steamed P. quinquefolius have
been strongly explored, steaming times-dependent chem-
ical profiling of steamed P. quinquefolius and the mecha-
nisms of the ginsenosides transformation involved in the
preparatory process of BAG are not completely clear to
date. In order to systematically evaluate the bioactivity,
safety and efficacy as well as standardization and quality
control of BAG, the chemical profiles of BAG should be
investigated first.

Up to now, so many modern hyphenated techniques
including HPLC-UV (ELSD), GC-MS, LC-(IT) MS",
HPLC-ESI-MS/MS, HPLC-TSP-MS and UPLC-(Q)
TOF-MS (/MS), etc. have been applied for the ginseng
analysis [10,21-28]. Among these techniques, UPLC-Q-
TOF-MS (/MS) is considered as the most sophisticated
technique for rapidly revealing the chemical profiling
of Chinese medicinal herbs. Using sub-2um particle
short columns, UPLC could enhance retention time
reproducibility, increase chromatographic resolution,

improve sensitivity and shorten operation time far more.
What’s more, Q-TOF-MS could provide the low energy
collision-induced dissociation (CID) and accurate mass
values of the analyte, which made UPLC-Q-TOF-MS
(/MS) to be a powerful tool for revealing the differentia-
tion of Panax species (P. ginseng, P. quinquefolius and
P, notoginseng) [22,23], identifying and quantifying the
ginsenosides of P. notoginseng [24], comparing different
parts of P. notoginseng [25], and analyzing the metabo-
lites in vivo [26].

In this paper, a rapid and reliable UPLC-Q-TOF-MS/
MS method was developed for revealing the steaming
times-dependent chemical profiles of multi-steamed P.
quinquefolius. The chemical changes and its possible
mechanisms involved in the preparatory process of BAG
were preliminarily investigated and evaluated.

MATERIALS AND METHODS

Materials

Fourteen ginsenosides Rgl (2), Rb1 (4), malonyl-Rb1
(5), Re (6), Rb2 (8), malonyl-Rb2 (9), Rd (10), 20(S)-
Rg2 (12), 20(S)-Rh1 (13), 20(S)-Rg3 (14), 20(R)-Rg3
(15), 20(R)-Rh1 (18), Rh2 (19) and 20(R)-Rg2 (31) stan-
dards (Fig. 1) were purchased from the Hongjiu Biotech
Co., Ltd. (Jilin, China). The purity of all these standards
was over 97% as indicated by the manufacturer. HPLC-
MS grade acetonitrile was purchased from Merck Co.
(Merck, Darmstadt, Germany). Deionized water was
purified by Milli-Q system (Millipore, Bedford, MA,
USA). Other chemicals were of reagent grade.

The commercial raw American ginsengs were pur-
chased from different herbal shops in China, and were
authenticated according to the standard documented in
Chinese pharmacopoeia [1]. Subsequently, the raw P,
quinquefolius was repeatedly steamed at 98°C for 3 h in
pottery apparatus and dried at 60°C for 18 h for 3, 6 and
9 times based on the method of Sun et al. [16], respec-
tively. BAG (raw P. quinquefolius that was subjected to
9 cycles of steaming treatment) became easily noticeable
since the brown color of the steamed P. quinquefolius has
grown dark with increase of steaming times.

Chromatographic conditions

All analyses were performed on a Waters ACQUITY
UPLC system (Waters Corp., Milford, MA, USA), in-
cluding binary solvent delivery system, auto-sampler,
and photo diode array detector. An ACQUITY HSS T3
column (100 mmx2.1 mm, i.d., 1.8 um) from Waters
was used. The column and auto-sampler were main-
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tained at 35°C and 10°C, respectively. The standards and
samples were separated using a gradient mobile phase
consisting of (A) 0.1% formic acid in water and (B)
ACN containing 0.1% formic acid. The UPLC elution
condition was optimized as follows: linear gradient from
10% to 32% B (0-10 min), 32% to 80% B (10-20 min)
and isocratic at 80% B (20-21 min). The flow rate was
at 0.5 mL/min. Each wash cycle consisted of 300 uL of
strong solvent (80% ACN) and 500 pL of weak solvent
(30% ACN). The injection volume of sample was 2 pL.
Mass spectrometry was carried out on a Waters Q-TOF
Premier (Micromass MS Technologies, Manchester,
UK) equipped with electrospray ionization (ESI) source
operating in negative mode. The temperatures of electro-
spray source and desolvation gas were 100°C and 400°C,
respectively. The flow rate of desolvation gas was set to
600 L/h. The ESI capillary and cone voltages were set at
3,500 and 45 V, respectively. The Q-TOF acquisition rate
was 0.2 s and the inter-scan delay was 0.02 s. Argon was
used as the collision gas at a pressure of 7.066x10~ Pa.
The energies for CID were set at 5 V for precursor ion
and 45 V for product ion information, respectively.

Sample preparation
Reference standards solutions

Stock solutions: a particular amount of ginsenosides
Rgl, Rbl, malonyl-Rbl1, Rec, Rb2, malonyl-Rb2, Rd,
20(5)-Rg2, 20(S)-Rhl, 20(S)-Rg3, 20(R)-Rg3, 20(R)-
Rh1, Rh2 and 20(R)-Rg2 were dissolved with methanol
respectively to get fourteen reference standards store so-
lutions (0.2-1.0 mg/mL), which were stored under 4°C.

Mimic 9 cycles of steaming extracts of reference stan-
dards: 0.5 mL of each reference standard stock solution
was rotary evaporated to dryness, the residue was sub-
jected to 9 cycles of steaming at 98°C for 3 h and drying
at 60°C for 18 h. Then the residues were dissolved with
1.0 mL of 70% methanol, the solution was filtered by a 0.2
um PTFE syringe filter before UPLC-Q-TOF-MS/MS
analysis.

Extracts of finished ginseng products

Methanol extracts: each raw and steamed P. quin-
quefolius (0, 3, 6 and 9 times) samples was accurately
weighed (approximately 0.2 g) and ultrasonic-extracted
with 8.0 mL of methanol for 60 min at room temperature.
The extract was then filtered by a 0.2 pm PTFE syringe
filter before UPLC—Q-TOF-MS/MS analysis.

Seventy percent methanol extracts: each raw and
steamed P. quinquefolius (0, 3, 6, and 9 times) samples
was accurately weighed (approximately 0.2 g) and ultra-
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sonic-extracted with 8.0 mL of 70% aqueous methanol
for 60 min at room temperature. The extract was then
filtered by a 0.2-pum PTFE syringe filter before UPLC-Q-
TOF-MS/MS analysis.

RESULTS AND DISCUSSION

Optimization of chromatographic conditions and
Q-TOF-MS/MS method development

Obviously, peak capacity is critical for revealing the
chemical profiling of Chinese medicinal herbs using LC-
MS(/MS) approach. As shown in some published articles
[22-25], An ACQUITY BEH C,; column has been fre-
quently employed for separating ginsenosides. However,
the ACQUITY BEH C; column has lower peak capacity
and weaker retention ability for hydrophilic compounds
compared to the ACQUITY HSS T3 column [29]. By
comparing the effectiveness of the two columns for gin-
senosides analysis in the raw and steamed P. quinquefo-
lius (0, 3, 6, and 9 times), the ACQUITY HSS T3 (100
mm x 2.1 mm, i.d., 1.8 um) is considered as the pre-
ferred column for the analysis of raw and multi-steamed
P quinquefolius because more hydrophilic ginsenosides
are retained and separated, and over 29 peaks are de-
tected within 19 min under the optimal chromatographic
condition (Fig. 2). Both positive and negative ion modes
were tested. By comparison with the positive ion mode,
ginsenosides could acquire higher sensitivity and accu-
rate mass spectra in the negative ion mode, which made
it easier to detect the lower abundance ginsenosides in
BAG, and to confirm molecular ions or quasi-molecular
ions in the identification of each peak. All data acquired
in negative ion mode was further used for the ginsen-
osides analysis and characterization.

Identity assignment and confirmation of the gin-
senosides detected in raw and multi-steamed
Panax quinquefolius

Under the optimal chromatographic and MS condi-
tions, over 29 major ginsenosides were unambiguously
identified from both raw and steamed P. quinquefolius (0,
3, 6, and 9 times) (Figs. 1 and 2), 14 of which (Rgl, Rb1,
malonyl-Rb1, Rc, Rb2, malonyl-Rb2, Rd, 20(S5)-Rg2,
20(S)-Rh1, 20(S)-Rg3, 20(R)-Rg3, 20(R)-Rh1, Rh2 and
20(R)-Rg2) were identified by comparing the retention
time and mass spectra with that of reference standards.
The others without reference standards were tentatively
assigned by matching the empirical molecular formula
with that of the reported known ginsenosides, and further
confirmed by elucidating the low energy CID fragmen-
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Fig. 2. Representative chromatograms of raw (A) and mutisteamed Panax quinquefolius extracted samples (3 [B], 6 [C], and 9 times [D]).

tions, especially for those isomeric ginsenosides. More-
over, the chromatographic behaviors of ginsenosides in
the literatures provided the complementary information
for the identity confirmation of isomers. All details of
ginsenosides identified from both raw and multi-steamed
P, quinquefolius were summarized in Table 1.

The adduction [M-H+HCOOH] would be generated
when formic acid was added to the mobile phase as a
chromatographic modifier, which was helpful for the
confirmation of deprotonated molecular ions [M-H] ,
and for the farther distinguishment of the ginsenoside
type. For instance, protopanaxadiol and protopanaxa-

281

triol-type ginsenosides could generate adductions [M-
H+HCOOH]', while malonyl- and acetyl-ginsenosides
did not under the optimal conditions (Table 1).

Although two not easily separated ginsenosides Re
and Rgl were also co-eluted under the present chromato-
graphic conditions as described in the most of the pub-
lished literatures [30-32], these two ginsenosides existed
in raw P. quinquefolius were confirmed by their depro-
tonated ions [M-H] ", adductions [M-H+HCOOH] and
low energy CID fragment ions m/z 783.49 of Re (Table 1).
The retention sequence of isomeric malonyl-ginsenosides
Rc and Rb, was deduced from the chromatographic
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behaviors of their corresponding demalonylated ginsen-
osides Rc and Rb2, while other isomers Rg6/F4/Rk1/
Rg5, Rk3/Rh4, 20(S)-Rg3/20(R)-Rg3, 20(S)-Rs3/20(R)-
Rs3, Rk2/Rh3, and Rs5/Rs4 were distinguish based on
their chromatographic features published in previous
studies [16,32] owing to unavailable reference standards.

Nine cycles of steaming-induced chemical trans-
formations in black American ginseng

The chemical profiles of methanol extracts and 70%
methanol extracts of two batches of raw and multi-
steamed P. quinquefolius were compared using the
UPLC-Q-TOF-MS/MS approach presented in Chro-
matographic Conditions section. It was found that the
chemical profiles of methanol and 70% methanol extracts
of the same batch of sample are similar to each other,
thus 70% aqueous methanol was used as solvent to ex-
tract samples for further study. Interestingly, the chemical
profiles of 70% methanol extracts from both raw and 3
times-steamed American ginsengs showed significant
difference as demonstrated in Fig. 2A and 2B. The peaks
1,3,5,7,9, and 11 were detected only in raw P. quin-
quefolius, and the peak areas of peaks 4, 6, and 8 were
greatly lower than that in three times-steamed American
ginsengs (Fig. 2A, B). As shown in Table 1, peaks 5, 7,
9, and 11 were assigned as malonyl-ginsenosides, which
was in accordance with the previous findings that the
content of malonyl-ginsenosides decreased greatly after
steaming [33], the mechanisms of which were assumed
to be degradation of the thermally unstable malonyl-gin-
senosides into their corresponding neutral ginsenosides
[34]. By comparison with the 70% methanol extracts (Fig.
2A) of raw P. quinquefolius, new generated peaks (peaks
12-29) were gradually detected in multi-steamed P. quin-
quefolius (Fig. 2B-D) and peaks (1-11) were completely
undetected in BAG (raw P. quinquefolius undergone 9
cycles of steaming and drying) (Fig. 2D), which indi-
cated that chemical conversions were occurred during
the 9 cycles of steaming process of BAG. What is more,
it was interesting to note that there is also significant dif-
ference among the steaming times-dependent chemical
profiles of multi-steamed P. quinquefolius (Fig. 2B-D).
Peaks 24, 25, 26, and 27 were only detected in the BAG
derived from raw P. quinquefolius and were identified
as acetyl-ginsenosides (Table 1). All above-mentioned
results suggested that steaming times be one of factors
that can greatly influence the quality of steamed P. quin-
quefolius, although many other factors i.e. steaming tem-
perature, steaming time, drying time, etc. may also affect
the chemical profiles of ginseng. With the comparison
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of ginsengs steamed for 2 to 3 times, dried by sunlight
[16-18,35] or puffed by high pressure [36], ginsengs
undergone 9 cycles of steaming undoubtedly possessed
more ginsenosides of low polarity. What’s more, the
starch molecules in the ginseng tissue were gradually
changed from sol state to gel state in the BAG prepara-
tory process, which made BAG easier to be absorbed by
human body. Meanwhile, the color of nine-time steamed
ginsengs became much darker than that of raw ginsengs
and two- or three-time steamed ginsengs, which was in
accord with the findings reported by Lee et al. [12] and
Song et al. [13].

Possible mechanisms involved in the 9 cycles
of steaming-induced chemical changes in black
American ginseng

In order to elucidate the mechanisms underlying the 9
cycles of steaming-induced chemical changes in BAG,
14 available pure ginsenosides i.e., Rgl, Rb1, malonyl-
Rb1, Rc, Rb2, malonyl-Rb2, Rd, 20(S5)/20(R)-Rg2,
20(S)/20(R)-Rh1, 20(S)/20(R)-Rg3, and Rh2 underwent
9 cycles of steaming respectively in the same way as in
the preparation of BAG. The mimic 9 cycles of steam-
ing extracts of 14 pure ginsenosides were subjected to
UPLC-Q-TOF-MS/MS analysis. It was found that sig-
nificant chemical changes happen for most ginsenosides
tested, except for three ginsenoside 20(R)-Rg2, 20(R)-
Rh1 and 20(R)-Rg3 (data not shown). Extra compounds
were detected in the mimic 9 cycles of steaming extracts
of 11 ginsenosides Rgl, 20(S)-Rg2, Rb1, Rd, malonyl-
Rb1, 20(S)-Rh1, 20(S)-Rg3, Rh2, Rb2, Rec, malonyl-Rb2
(Fig. 3).

Seven extra peaks (peaks 14-17, 19, 28, and 29) were
detected in the mimic 9 cycles of steaming extracts of
ginsenosides Rb1, Rd, Rc, and Rb2 (Fig. 3A-D), and
were identified as 20(S)-Rg3, 20(R)-Rg3, Rk1, Rg5, Rh2,
Rk2, and Rh3, respectively [18,37]. Similarly, the above-
mentioned seven peaks (peaks 14-17, 19, 28, and 29)
was also detected in the mimic 9 cycles of steaming ex-
tracts of ginsenosides 20 (S)-Rg3 (Fig. 3E). Meanwhile,
only one extra peak (peak 29) was generated from the
mimic 9 cycles of steaming extracts of ginsenosides Rh2
(Fig. 3F) and was identified as Rh;. The mechanisms
involved were deduced to be the loss of glycosyl moiety
at C-20-OH of Rbl, Rb2, Rc and Rd through hydrolysis
to generate 20(S5)-Rg3, then 20(S)-Rg3 further underwent
dehydration to generate ginsenosides Rk1 and Rg5, or
eliminated the terminal glycosyl moiety at C-3 posi-
tion to generate ginsenoside Rh2, which was consistent
with our previous findings [16,18]. Subsequently, gin-
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Table 1. Ginsenosides identified from raw and multisteamed Panax quinquefolius

Peak Molecular [M-H]~ [M-H+HCOOH]~

o, ty (min)  Identity formula  (m/z) (m/z) Fragment ions of [M-H]™ (m/z) References
1 262 Rgl CoH,O, 79948 84549  637.43 [M-H-(Gle-H,0)] ; 475.38 Agl [18,37]
2 264 Re C.HoO, 94554 99155 Zgg:ig %:}ngﬁzﬁzgg]((} 172_-[‘2‘(9))[]154;—4{{7-5(%02{50)]’; [10,18,37]
s s l2Tzi(ls)—r>seudo CLH,0, 79949 84549 g;ig; %:Eh&ﬂaol}zo (;?(5(-;}01_hl\g)l]%;(Rha-HZO)—Hzo]’; [1037]
4 752 Rbl CyHyOp 1107.59  1153.59 2‘2‘?:2‘3‘ %jﬁ:g?é‘"ifﬁ%)};783'49 [M=H-2(Gle-H,0)] ; [18,37]
5 796 MaRbl  CyH,0, 1193.60 . 1149.61 [M—H-CO,] [18,30,37]
C ok meums e SSRIAPEOLGLUN L ASDROINON (0
7 948 MaRe CyHyyOss 1163.58 — 1119.60 [M~H-CO,] [18,30,37]
8 1024 Rb2 CoHyOy 1077.59  1123.59 %gf‘g %jﬁ:ﬁ:?zgg:;zg?géi};fgﬂ[l\f_H'(GIC'HZO)T; [16,18,37]
9 1098 Ma-Rb2  CyH,O, 1163.58 - 1119.60 [M—H-CO,] [18,30,37]
10 1198 Rd CuHpOy, 94555 99156 783.49 [M—H-(Gle-H,0)] ; 621.43 [M—H-2(Gle-H,0] [18,30,37]
11 1224 MaRd CyHyOy 103154 — 987.56 [M—H-CO,] [18,30,37]
12 661 205-Rg2 C,H,O, 78348 82950  621.44 [M—H-(Gle-H,0)] ; 459.38 [M~H-2(Gle-H,0)] [16,18,37]
13 694 20(S-Rhl  CuHu,O, 63743 68344  47538Agl [18,37]
14 1498 20(S-Rg3  CoH,O, 78349 82950  621.44 [M—H-(Gle-H,0)]; 459.38 [M~H-2(Gle-H,0)]" [16,18,37]
15 1518 20(R-Rg3 C,H,O, 78349 82950  621.44 [M-H-(Gle-H,0)] ; 459.38 [M~H-2(Gle-H,0)] [16,18,37]
16 16.66 Rkl CoH,O, 76548 81149 603.43 [M-H-(Gle-H,0)] [16,18,30,37]
17 1684 Rgs CoH,O, 76548 81148 603.43 [M-H-(Gle-H,0)] [16,18,37]
18 7.8 20(R)}Rhl  CuH,O, 63743  683.44  47538Agl 36,42]
19 1792 R CHaO, 62144 66744 45938 Agl [16,18,37]
20 1342 F4 CoH,O, 76548 81149  619.43 [M-H-(Rha-H,0)] [16,18,37]
21 1372 R3 CyHyO, 61942 66542  457.36 [M-H-(Gle-H,0)] [16,18,37]
22 1412 Rhd CyHyO, 61942 66543  457.36 [M-H-(Gle-H,0)] [16,18,37]
23 1318 Rg6 Col,0, 76548 81149  619.43 [M-H-(Rha-H,0)] [16,18,37]
24 1564 20(-Rs3  C.H,O, 82550 87151  783.49 [M-H-Ac] ; 621.44 [M—H-Ac-(Gle-H,0)] [16,18,37]
25 1582 20(R)-Rs3  C.H,O, 82550 87151  783.49 [M-H-Ac] ; 621.44 [M—H-Ac-(Gle-H,0)] [16,18,37]
26 1712 RsS C.H,O,; 807.49 - 765.48 [M—H-Ac] ; 603.42 [M~H-Ac-(Gle-H,0)] ; [16,18,30,37]
27 1736 Rsé CuH,O,; 807.49 - 765.48 [M—H-Ac] ; 603.42 [M~H-Ac-(Gle-H,0)] ; [16,18,37]
28 1848 RK2 CyHyO, 60340 64942 44134 [M-H-(Gle-H,0)] [43]

29 1878 Rh3 CyHyO, 60340 64942 441.34 [M—H-(Gle-H,0)] [43]

30 232 20-RR2 CoH,O, 80150 84751 f‘ggég %:ﬂ:glﬁzﬂig;};;(}61;3:_7]:%%\{I—H-(Rha-HZO)-HQO]’; [37,41]
31 736 20(R-Rg2  CoH,O, 78348 82950  621.44 [M-H-(Gle-H,0)]; 459.38 [M—H-2(Gle-H,0)] [18,37]
32 1328 F2 CoH,O, 78349 82950  621.44 [M—H-(Gle-H,0)] [10,37]

senosides Rh3 and Rk2 were further generated through
dehydration at C-20 of Rh2 and elimination the terminal
glycosyl moiety at C-3 of Rkl respectively. It should
be noted that 20(R)-Rg3 is detected in multi-steamed P,
quinquefolius and mimic 9 cycles of steaming extracts
of ginsenoside Rb1, Rb2, Re, and Rd, and its peak area
and height always are less than those of 20(S5)-Rg3 (Figs.
2B-D and 3A-D), which was similar with the finding re-

ported by the references [18,38]. No naturally occurring
20(R)-ginsenosides have reported so far, therefore 20(R)-
Rg3 was assumed to be generated from Rkl or Rg5
via addition reaction. There might be a chemical equi-
librium among 20(S)-Rg3, 20(R)-Rg3 and Rk1 or Rg5
(Fig. 4). Because Rk1 and Rg5 were not detected in the
mimic 9 cycles of steaming extracts of 20(R)-Rg3 (data
not shown), the Rkl and Rg5 found in multi-steamed
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Fig. 3. Representative chromatograms of 70% methanol aqueous solutions of 11 reference compounds (red color profile) and mimic 9 cycles
of steaming extracts (blue color profile) of 11 reference compounds: (A) ginsenoside Rb1, (B) ginsenoside Rc, (C) ginsenoside Rb2, (D) gin-
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what the previous studies reported that the stereoisomers

P. quinquefolius were thought to be derived from the
20(S)-Rg3 and 20(R)-Rg3 are generated firstly from the

dehydration of 20(S)-Rg3, which was different from
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ginsenosides Rb2 by the selective attack of OH — after
the elimination of the glycosyl residue at C-20 during
the steaming process [39,40]. In addition to these four
artifacts (20(5)-Rg3, 20(R)-Rg3, Rk1, and Rg5), another
compound (peak 32) was also detected in the mimic 9
cycles of steaming extracts of ginsenoside Rd (Fig. 3D).
Since only one product ion m/z 621.44 [M-H-(Glc-H,O)]
was found in its low energy CID mass spectrum (Table 1),
indicating that only one glycosyl moiety was attached at
C-20, thus it was assigned to be ginsenoside F2 [10,37].
It was assumed to be generated from Rd through hydro-
lysis of a glycosyl moiety at C-3-OH. Similarly, three
extra peaks (peaks 13, 18 and 22) were detected in the
mimic 9 cycles of steaming extract of ginsenoside Rgl
(Fig. 3G) and were assigned as ginsenosides 20(S)/20(R)-
Rh1 and Rh4, respectively. Meanwhile, the same peaks
(peaks 13, 18- and 22) were also detected in the mimic
9 cycles of steaming extracts of ginsenosides 20(S)-Rhl
(Fig. 31). The mechanisms involved were deduced to be
the loss of glycosyl moiety at C-20-OH of Rgl through
hydrolysis to generate 20(S)-Rh1, then 20(S)-Rh1 further
underwent dehydration at C-20 to generate ginsenosides
Rh4, which was also demonstrated in the previous stud-
ies [18,37]. It should be noted that 20(R)-Rh1 is detected
in 6 or 9 times-steamed P. quinquefolius and mimic
9 cycles of steaming extracts of ginsenoside Rgl and
20(S)-Rh1, and its peak area always seems similar to that
of 20(S)-Rh1 (Figs. 2C, D and 3G, I), but no naturally
occurring 20(R)-ginsenosides have been reported so far,
therefore 20(R)-Rh1 was assumed to be generated from
Rh4 via addition reaction. What’s more, ginsenoside
Rh4 was not detected in the mimic 9 cycles of steaming
extracts of 20(R)-Rh1 (data not shown), the Rh4 found in
6 or 9 times-steamed P. quinquefolius was thought to be
derived from the dehydration of 20(S)-Rh1. The putative
chemical conversion schemes were demonstrated in Fig.
4. Interestingly, six extra peaks (peaks 20-23, 30, and 31)
were detected in the mimic 9 cycles of steaming extract
of ginsenoside 20 (S)-Rg2 (Fig. 3H) and were assigned
as ginsenoside F4, Rk3, Rh4, Rg6, 20(S)-Rf2 and 20(R)-
Rg2, respectively. Ginsenosides Rg6 and Rg4 (F4) were
deduced to be generated through dehydration reaction
at C-20 (21) or C-20(22) of 20(S)-Rg2. Subsequently,
ginsenosides Rh4 and Rk3 were generated respectively
through eliminating the terminal glycosyl moiety at C-6
position of ginsenosides F4 and Rg6 [16], while ginsen-
oside 20(S)-Rf2 was deduced to be generated through
addition reaction of 20(S)-Rg2. Unexpectedly, 20(R)-
Rg2 was only detected in the mimic 9 cycles of steam-
ing extracts of ginsenoside 20(S)-Rg2, and its peak area

seemed very low (Fig. 3H). Since no naturally occurring
20(R)-ginsenosides had been reported so far, 20(R)-Rg2
was assumed to be generated from Rg6 or Rg4 via addi-
tion reaction. In addition, ginsenoside Rg6 or Rg4 was
not detected in the mimic 9 cycles of steaming extracts
of 20(R)-Rg2 (data not shown), the Rg6 or Rg4 found in
6 and 9 times-steamed P, quinquefolius was thought to be
from the dehydration of 20(S)-Rg2 (Fig. 4).

From the analysis of the mimic 9 cycles of steaming
extracts of pure ginsenosides described above, it could
be concluded that those compounds newly generated
in multi-steamed P. quinquefolius, such as 20(S)-Rg3,
20(R)-Rg3, Rkl1, Rh2, Rg5, Rk2, and Rh3 are mainly
developed from Rb1, Rb2, Rc and Rd, while Rk3, Rh4,
Rg6, and F4 are from Rg2 and 20(S)/20(R)-Rhl are
derived from Rgl via hydrolysis, dehydration, deglyco-
sylation and addition reactions during the preparatory
process of BAG. Those acetyl-ginsenosides in BAG such
as 20(5)-Rs3, 20(R)-Rs3, Rs4, and Rs5 (Fig. 2D) were
assumed to be generated from the malonyl-ginsenosides
through decarboxylation, hydrolysis, dehydration and
addition reactions, which was consistent with the finding
reported by the references [18,37]. Further demonstrated
experiments showed that four extra peaks (peaks 24-27)
were detected in the mimic 9 cycles of steaming extracts
of ginsenosides malonyl-Rb1, malonyl-Rb2 (Fig. 3], K)
and malonyl-Rc, malonyl-Rd (data not shown), and were
identified as 20(S)-Rs3, 20(R)-Rs3, Rs5 and Rs4, respec-
tively [16]. The putative chemical conversion schemes
were demonstrated in Fig. 5. 20(S)-Rs3 and 20(R)-Rs3
were deduced to be generated from the hydrolysis of
glycosyl moiety at C-20-OH and decarboxylation of
malonyl moiety attached to glycosyl linkage at C-3-OH
of malonyl-Rb1, malonyl-Rb2, malonyl-Rc and malonyl-
Rd. 20(S5)-Rs3 further underwent dehydration to generate
Rs4 and Rs5, which was the same as the finding reported
by the references [18,37]. Like the conversions among
20(S)-Rg3, 20(R)-Rg3, Rkl and Rg5, Rs4 and Rs5 may
undergo addition reaction to generate 20(S)-Rs3 and
20(R)-Rs3, and chemical equilibrium may also occur
among these four components (Fig. 5).

In this study, UPLC-Q-TOF-MS/MS was used for
steaming times-dependent chemical profiling of steamed
American ginsengs derived from raw P. quinquefolius.
Over 29 ginsenosides were unambiguously identified
and/or tentatively assigned in both raw and repetitiously
steamed P. quinquefolius, 18 of which were detected to
be newly generated in BAG preparation. The mecha-
nisms underlying the 9 cycles of steaming-induced
chemical changes in BAG were deduced to be hydroly-
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Fig. 5. Possible mechanisms involved in nine-time steaming-induced generation of acetyl ginsenosides in the preparation of black American
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sis, dehydration, decarboxylation and addition reactions
of the original ginsenosides in raw P. quinquefolius. In
addition, the 70% methanol extracts of raw and multi-
steamed P. quinquefolius showed significant difference
in their chemical profiles, which suggested that steaming
times may greatly influence the quality consistency of
multi-steamed P. quinquefolius. It is probably no exag-
geration to say that UPLC-Q-TOF-MS/MS based chemi-
cal profiling is a rapid and powerful approach for overall
quality evaluation of multi-steamed P. quinquefolius, and
is promising for the global quality investigation of repeti-
tious steaming Chinese medicinal herbs.
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