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This paper was designed to develop a novel method via ultra-performance liquid chromatograll:phy-
electrospray ionization-quadrupole time-of-flight tandem mass spectrometry (UPLC-ESI-QTOF-MS™) for
the analysis and identification of saponins from extract of Ziziphi spinosae Semen (ZSS). The possible
fragmentation pathways were proposed on the basis of MSF data. In results, 13 saponins, including two
unknown compounds, were identified and they were divided into two groups on the basis of mass
spectral analysis. Compound 1~6, which were of keto-dammarane type triterpene saponin, underwent
McLafferty-type (or McLafferty) rearrangement, and compound 7~13, which were of dammarane type
triterpene saponin, underwent retro Diels-Alder (RDA) cleavage. The results testified that the developed
method was useful to rapidly and simultaneously identify the constituents in ZSS. In this paper, the
principles of McLafferty-type (or McLafferty) rearrangement were firstly utilized to elucidate the

proposed fragmentation pathways of saponins from ZSS.
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INTRODUCTION

Ziziphi spinosae Semen (ZSS), which has been known as
Suanzaoren in traditional Chinese medicines (TCMs), is
the dried mature seeds of Ziziphus jujuba Mill. var.
spinosa (Bunge) Hu ex H. F. Chou. In traditional clinical
practice, it is mainly utilized for the treatment of insomnia
and anxiety (Pharmacopoeia Commission of PRC, 2005).
Modern pharmacological studies have demonstrated that
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, retro Diels-Alder cleavage, McLafferty-type rearrangement.

flavonoids and saponins are the main bioactive
substances responsible for the sedative and hypnotic
effects by ZSS (Li and Bi, 2006; You et al., 2010; Wang et
al., 2010). In view of various saponins existing in ZSS
(Otsuka et al., 1978; Yoshikawa et al., 1997; Matsuda et
al., 1999; Wang and Yang, 2008; Wang et al., 2009;
Wang et al., 2009; Niu et al., 2010; Bao et al., 2009; Liu
et al., 2007), an accurate and sensitive method should be
established to analyze saponins from ZSS. In previous
experiments about saponins of ZSS (Otsuka et al., 1978;
Yoshikawa et al., 1997; Matsuda et al., 1999; Wang and
Yang, 2008; Wang et al., 2009; Wang et al., 2009),
eleven saponins have been isolated from crude drugs.
Though high-performance liquid chromatography (HPLC)



NO. R1 R2 R3 MW

1 protojujuboside A -a-L-Rha -f-D-Glc -f-D-Xyl 1386.6667
2 protojujuboside B -a-1-Rha -H -3-D-Xyl 1224.6139
4 unknown -a-1-Rha -H -H 1092.5716
5 protojujuboside By -a-D-Fuc -H -6-D-Xyl 1224.6139

OH

OH OHH
NO. R, R, R, MW
7 jujuboside A -a-L-Rha  -4-D-Glc  -H 1206.6033
8 jujuboside C -a-L-Rha  4-D-Glc -CH,OH 1236.6139
9 jujuboside A -a-D-Fuc -f-D-Glc -H 1206.6033
10 jujuboside B -a-L-Rha  -H -H 1044.5505
11 jujuboside B; -a-D-Fuc  -H -H 1044.5505
13 acetyljujuboside B -a-L-Rha -Ac -H 1086.5611

Figure 1. Chemical structures of 13 saponins from ZSS.

coupled with evaporative light-scattering detector (ELSD)
and liquid chromatography—mass spectrometry (LC/MS)
have been used to study saponins from ZSS in recent
years (Wang et al., 2009; Bao et al., 2009; Liu et al.,
2007), there are several compounds which have not been
chromatographically identified yet. In our experiment,
saponins from ZSS were firstly detected by UPLC-QTOF-
MSE, an effective and sensitive analytical instruments
combination, with which accurate molecular weights are
detected, characterization of fragments are obtained.
Owing to the ultra performance of UPLC-QTOF-MSF, we
obtained a large number of diagnostic fragments data,
which were processed by MassLynx version 4.1. In
results, thirteen saponins were detected and 11 of them
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NO. R MW
3 jujubosideH -f-D-Gle 1224.6139
6 jujubosideG -H 1062.5611

NO. R MW
896.5133

12 unknown -a-L-Rha or a-D-Fuc

were determined comparing to MS information and
literatures, and 2 of them (4 and 12), which have never
been reported yet, were tentatively characterized. Mainly
focusing on saponins, this paper gave deductions in
detail about 13 saponins from ZSS. The structures of 13
saponins are shown in Figure 1.

MATERIALS AND METHODS
Instruments and materials
The LC separation was performed on Waters Acquity UPLC™

system (Waters Corporation, Milford, MA, USA) with an Acquity
UPLC HSS T3 column (100x2.1 mm, 1.8 ym). The MS was Synapt



6154 J. Med. Plants Res.

20101202 ; 1: TOF MS ES-
: d ; 7(8) TIC
o5 ‘\ A 3 ‘ B 7.02e4
‘\ i
| | ‘\
‘ j | 10
x L
l 1 l
i ‘ | | ‘
2 \\‘ | ‘
)
b H H 1 P! l ‘ ‘ 11
| | o |
P | | M‘ ; 9 |
\ H‘ H\ M\‘ : ‘ 4 ‘ | “ [
| i ' 12
| ‘\CM h|'| M HH ] \35 \ ‘H\ ‘\ l
a | e T P S P WL e
TN PP ARV AW I WA VY W i n SN WG
-5 LA I B A A A AR AR RS AN AN AN AN AR T ”\””1\‘ T Time
050 1.00 150 200 250 3.00 350 450 500 550 600 650 7.00 750

Figure 2. TIC of the ZSS extract analyzed by UPLC-QTOF-MSEF in negative ESI mode. A. flavonoids zone; B. saponins zone.

MS system equipped with electrospray ionization (ESI) source
(Waters Corp., Manchester, UK). The instrument was controlled by
Masslynx 4.1 software (Waters Corporation, Milford, MA, USA).
Acetonitrile and methanol (HPLC grade) were purchased from
Fisher Scientific Co. (Loughborough, UK). Formic acid (HPLC
grade) was purchased from Acros Co. Ltd. (NJ, USA). Water (18.2
MQ) was purified on a Milli-Q system (Millipore, Billerica, USA).
Other reagents were commercially available of analytical purity.
Two authentic compounds of protojujuboside B and jujuboside A
(series No. 110734-200509) were purchased from National
Institution for control of pharmaceutical and biological product
(NICPBP) of P.R. China. The dried ZSS was purchased from Lvye
Pharmaceutical Company of Beijing (origin: Hebei Province, P.R.
China; series No. 0809604) and was identified as mature seeds of
Z. jujuba Mill. var spinosa (Bunge) Hu ex H. F. chou by director
pharmacist Ping Liu who was from Pharmacy of TCM, Chinese
People’s Liberation Army (PLA) General Hospital.

Sample preparation

The powdered ZSS (1 kg) was degreased with 8 L petroleum ether
(60 to 90°C) three times (each time for 120 min) and the residue
was refluxed with 8 L 75% ethanol twice (each time for 120 min).
The combined extract of 75% ethanol was concentrated under
reduced pressure and the residue was suspended in 0.5 L distilled
water and extracted three times with n-BuOH saturated with water
to obtain the n-BuOH fraction. The n-BuOH fraction was
concentrated and lyophilized to total flavonoids and saponins (18.5
g), 20 mg of which was dissolved in 1.5 ml of 30% CH3CN. The
solution was filtrated through a 0.22 um syringe filter and prepared
to be injected into the UPLC/TOF instrument for analysis. The purity
of each authentic compound, protojujuboside B (2) and jujuboside A
(7), was determined to be higher than 97% by HPLC-ELSD. To
prepare standard mixture solution, two authentic compounds were
respectively dissolved in 30% CHsCN at 0.5 mg-ml” for stock
solutions, then 20 pl of each these solutions was combined and
diluted to 1 ml as the final standard solution.

UPLC and MS condition

The chromatographic separation was performed on an Acquity

UPLC HSS T3 column (100 x 2.1 mm, 1.8 pym) maintained at 45°C.
The flow rate was kept at 600 pl-min'. Mobile phase A was 0.1%
formic acid aqueous solution and mobile phase B was acetonitrile.
The gradient was programmed as follows: (0~0.5) min, 5% B;
(0.5~0.6) min, 5%—18% B; (0.6~4) min, 18%—25% B; (4~10) min,
25%—80% B; (10~11) min, 80%—100% B; (11~13) min, 100% B.
then, the column was re-equilibrated with the initial condition before
the next injection. The sample injection volume was 2 pl.

The experiment was performed on both positive and negative
ESI mode. The source temperature was set at 120°C, and the
desolvation temperature was set at 450°C with desolvation gas flow
set at 900 L-h™". The capillary voltage was sat at 3 KV. The cone
voltage was sat at 40 V for positive ESI or 50 V for ESI (-). The
collision energy was sat as 6 eV (trap) and 4 eV (transfer) for low—
energy scan, and 45 to 60 eV ramp (trap) and 12 eV (transfer) for
high—energy scan. Mass accuracy was maintained using a lock
spray with leucine enkephalin for positive ion mode (M + H]" =
556.2771) and negative ion mode (M - H]” = 554.2615) at a
concentration of 200 pg-ul” and a flow rate of 5 plmin™' as
reference. The full scan data acquisition range was 100 to 1 500
Da.

RESULTS

The UPLC-QTOF-MS® chromatogram of the ZSS
extract

The total ions chromatogram (TIC) of saponins from the
ZSS extract was investigated by UPLC-QTOF-MSE
technique in both positive and negative ESI modes. In
each mode, the MSF data was acquired in two separate
functions simultaneously.

The first used low CE so that precursor ion information
can be obtained; the second used high CE so that
fragmentation data can be acquired. The TIC of the ZSS
extract was assumably divided into flavonoids zone (1)
and saponins zone (II) (Figure 2). In Table 1, the MSF
data for 1~13 detected in negative ESI mode was listed,



Table 1. Mass data for the 13 saponins detected in the ZSS extract by UPLC-QTOF-MSE.
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RT? - Proposed b Calculated Error .
- P |
S/N (min) [M—H] formula RDB Mass ((M—H] ", m2) (ppm) ossible compound
1 484 1385.6653 CesH106032 12 1385.6589 4.6 Protojujuboside A (Matsuda et al., 1999)
2 5.06 1223.6074 CsgHoeO27 11 1223.6061 1.0 Protojujuboside B (Matsuda et al., 1999)
3 5.14 1223.6116  CsgHoO27 11 1223.6061 45 Jujuboside H (Wang et al., 2009)
3-O-B-D-glucopyranosyl-38, 20S, 23S, 30- tetrahydroxydammar-24-en-16-on-3-O-
4 521 1091.5657  Cs3HgsOzs 10 1091.5638 16 B-D- glucopyranosyl-(1—3)-[a-L-rthamnopyranosyl- (1—2)]-a-L -arabinopyranoside
5 5.25 1223.6145 CsgHoeO27 11 1223.6061 6.9 Protojujuboside B1 (Matsuda et al., 1999)
6 541 1061.5537 CsoHgsO2 10 1061.5533 0.4 Jujuboside G (Wang and Yang, 2008)
7 6.13 1205.5944  CsgHo4O26 12 1205.5955 -0.9  Jujuboside A (OtsukaH et al., 1978)
8 6.15 1235.6172  CsgHoO27 12 1235.6061 9.0 Jujuboside C (OtsukaH et al., 1978)
9 6.31 1205.6016  CsgHgsO2 12 1205.5955 5.1 Jujuboside A1 (Yoshikawa et al., 1997)
10 6.53 1043.5428  CspoHgaO24 11 1043.5427 0.1 Jujuboside B (Yoshikawa et al., 1997)
11 6.68 1043.5490 CsoHgaO24 11 1043.5427 6.0 Jujuboside B1 (Yoshikawa et al., 1997)
Jujubogenin-3-O-a-L-rhamnopyranosyl-(1—3)-[a- L-rhamnopyranosyl-(1—2)]-a-L-
12 6.91 895.5071 Cu7H76016 10 895.5055 1.8 arabinopyranoside or Jujubogenin-3-O-a-L-rhamnopyranosyl-(1—3)- [a-D-
fucopyranosyl-(1—2)]-a-L- arabinopyranoside
13 6.97 1085.5590  Cs4HgsO2 12 1085.5533 5.3 Acetyljujuboside B (Yoshikawa et al., 1997)

Notes: a RT, retention time. b RDB, ring and double-bond .

in which the proposed molecular formulas and
possible compounds were given on the basis of
retention time, calculated mass and information
from reference (Niu et al., 2010). The dominant
fragmentation pathways of authentic saponins
were investigated in both positive and negative
ESI modes. The MSF data were obtained by
collision-induced dissociation (CID) with low
energy and high energy, respectively, and were
available for the structural identification of
compounds with similar fragmentation patterns.
Through analyzing high-resolution mass data and
comparing the retention times with those of the
authentic standards, peaks 2 and 7 were

unambiguously identified as protojujuboside B and
jujuboside A, respectively.

UPLC-QTOF-MSF investigation of peaks 1, 2, 4
and 5

In negative ESI mode with high CE, peak 2
(protojujuboside B) yielded characteristic ions [M
— H - Cy4H2407 (304 Da)]” at m/z919.4517 and a
series of successive ions, which accounted for an
important finding, namely, McLafferty-type even-
electron rearrangements in negative ESI mode of
TOF-MS. Through detailed analysis and literature

review (Grossert et al., 2006), the mechanism of
the rearrangement was deduced as seen in the
following. With the loss of y-hydrogen at C22, [M —
H]™ ions underwent a neutral loss of C14H240 that
involved B-cleavage between C17 and C20 and
yielded [M — H — Cy4H2407] ions. Furthermore,
other ions confirmed that the successive
fragmentation pathways were based on the initial
rearrangement reaction (Figure 3). On the basis of
MSF data, the possible molecular formulas of
compounds 1, 4 and 5 were deduced as
C64H106032, C53H88023 and C58H96027 respectively
and they underwent similar fragmentation
pathways as 2.
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-Xyl (132 Da)
©
q-H
-Glc (162 Da)

m/z 787.4093
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m/z919.4517

Ara—O0O

m/z 479.3055

Figure 3. Proposed mechanism of McLafferty-type rearrangement and fragmentation pathways of peak 2 in negative ESI mode.

In positive ESI mode, they produced similar
characteristic ions such as [M + Na — Cy4H»:07]" at m/z
1105.5493, 943.4489, 811.4044 and 943.4362
respectively, suggesting that four peaks underwent
similar fragmentation pathways in which McLafferty
rearrangement occurred. After detailed analysis and
literature review (Hsu and John, 2008; Yang et al., 2008;
Li et al., 2006), the mechanism was proposed as follows.
Take peak 2 for example, sodium adduct [M + Na]* ion at
m/z  1247.5989 underwent a  charge-remove
fragmentation (C14H2407) loss that involved B-cleavage
(between C17 and C20) with y-hydrogen shift and yielded
[M + Na — CyHxO7]" ion at m/z 943.4489. This
fragmentation pathway was considered as fragmentation
pathway 1 of peak 2 in positive ESI mode.

While, in fragmentation pathway 2 of peak 2 in positive
mode, the reaction started with the loss of 23-glucosyl
moiety and one H,0O, yielding the ion at m/z 1045.5568.
With one or more neutral loss of one H,O, a conjugated
17, 22, 24-triene-16-one ion at m/z 1027.5520 was
yielded. And successive ions at m/z 895.5219, 733.4604
and 455.3584, which were product ions of eliminations
reaction occurred at sugar moiety, were observed.

On the basis of the previous analysis and according to
Matsuda et al. (1999) compounds 1 and 5 were deduced

as protojujuboside A and protojujuboside B;. The
structure of 4 was tentatively identified as 23-O-B-D-
glucopyranosyl-36, 20S, 23S, 30-tetrahydroxydammar-
24-  en-16-on-3-O-a-L-rhamnopyranosyl-  (1—2)-8-D-
glucopyranosyl-(1—3)-a-L—arabinopyranoside, uggesting
it was an unknown compound. The structure and
proposed fragmentation pathway of peak 4 in negative
ESI mode was depicted in Figure 4.

UPLC-QTOF-MSF investigation of peaks 3 and 6

The possible molecular formulas of 3 and 6 were given
as C58H96027 and C52H86022 from Table 1. In negative
mode with high CE, peaks 3 and 6 produced
characteristic ions [M — H — CgH40, (142 Da)] ~ at m/z
1081.5524 and m/z 919.4199 respectively, suggesting
they underwent similar fragmentation pathways in which
a McLafferty-type rearrangement occurred. In addition,
successive ions elicited that other fragmentation
pathways were based on the initial rearrangement
reaction. The proposed fragmentation pathways of peak
6 are subsequently explained.

In positive ESI mode, peaks 3 and 6 produced similar
characteristic ions such as [M + Na — CgH1,0, (142 Da)]*
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Figure 4. Proposed fragmentation pathway and characteristic ions of peak 4 in negative ESI mode.

at m/z1105.5493 and 943.4489, respectively, suggesting
that both peaks 3 and 6 underwent McLafferty
rearrangement reaction. Take peak 6 for example,
sodium adduct [M + NaJ* ion at m/z 1085.5331 underwent
a charge-remove fragmentation (CgHi402) loss that
involved QB-cleavage (between C17 and C20) with y-
hydrogen shift yielding [M + Na - CgH,05]" ion at m/z
943.5589. This fragmentation pathway was considered
as fragmentation pathway 1 of peak 6 in positive ESI
mode.

In fragmentation pathway 2 of peak 6 in positive ESI
mode, there were ions at m/z 1063.5331, 1045.5243,
1027.5942, 895.4489, 749.4389, 733.4609, 587.3609
and 455.3529, which were product ions of cleavages
without McLafferty rearrangement reaction. From the
previous results, peak 6 was identified as jujuboside G.

In view of the chromatography data, it was concluded
that there were similar characteristic ions and similar
fragmentation pathways between peaks 3 and 6. In
addition, peak 3 was isomer of 2 and 5. The
characteristic [M — H — CgH40> (142 Da)] ion at m/z
1081 Da existed in peak 3 but do not existed in peaks 2
and 5, and [M — H — C14H2407 (304 Da)]” ion at m/z 919
Da existed in peaks 2 and 5 but do not existed in peak 3.
Therefore, peak 3 was unambiguously discriminated from
peaks 2 and 5. Therefore, peak 3 was identified as
jujuboside H which shared the same aglycone skeleton
with jujuboside G.

UPLC-QTOF-MSF investigation of peaks 7, 8, 9, 10, 11
and 13

In positive ESI spectrum, peak 7 (jujuboside A) generated
the [M + H]"ion at m/z 1207.6191 and [M + Na]*ion at

m/z 1229.5970 in low CE. In high CE, the fragments ions
at m/z 1121.5938, 587.3647, 455.3513 were observed.
From the previous results, it was concluded that the
cleavages of jujuboside A conformed to the rules as
following. In positive mode, the fragmentation pathways
began with a neutral loss of one H,O (18 Da), producing
an unstable transition in which a double bond between
C20 and C22 was yielded; successively, with C16 to C17
single bond and C23-0O(C16) single bone being broken,
the unstable transition was immediately transformed to
17(E)-ebelin lactone derivatives coupled with 17(Z)-ebelin
lactone derivatives (ions [M + H — H,O]") via RDA
cleavage (Kumar et al., 2009) (Figure 5). Eventually,
17(E)-ebelin lactone and 17(Z)-ebelin lactone were
yielded and showed an intense peak at m/z 455 Da.

The possible molecular formulas of peak 8, 9, 10, 11
and 13 were CsgHgsO27, CsgHoaO26, Cs2HgsO21, CsaHgaOo4
and Cs4HgeO2. Peaks 8, 9, 10, 11 and 13 underwent
similar fragmentation pathways to jujuboside A,
suggesting they shared the same aglycone skeleton with
jujuboside A. According to the literature review and
structural analysis (Otsuka et al., 1978; Yoshikawa et al.,
1997; Matsuda et al., 1999), it was easily deduced that
peaks 8, 9, 10, 11 and 13 were identified as jujuboside C,
jujuboside A1, jujuboside B, jujuboside B1 and
acetyljujuboside B, respectively.

UPLC-QTOF-MSF investigation of peaks 12

On the basis of Table 1, the possible molecular formula
of 12 was C4;H7016. In negative ESI mode, the
predominant ions at m/z 749.4473 [M — H — 146 Da] -,
603.4095 [M — H — 146 Da — 146 Da] -, 471.3271 [M — H
— 146 Da — 146 Da— Ara] ~ appeared (Figure 6).
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-H,0 (18Da)

protonized jujubosides

transition state

R=sugar chain

Figure 5. Proposed mechanism of RDA cleavage occurred in fragmentation pathways of jujubosides in positive ESI mode.

ESI ()

Rna (Fuo)
m/z 895.5071

m/z TA9.4473

Figure 6. Proposed fragmentation pathways and characteristic ions of peak 12 in negative ESI mode.

In positive high CE mode, a series of product-
ions, initiated by RDA cleavage, at m/z 879.5165
[M + H — H,QJ%, 733.2313 [M + H — H,O — 146
Da]", 587.3963 [M + H — H,O — 146 Da — 146 Da]"
and 455.3510 [M + H — H,O —146 Da —146 Da -
132 Da]* were seen. On the basis of above

deductions and comparing to reference [6], the
chemical structure of peak 12 has been tentatively
determined as jujubogenin-3-O-a-L-
rhamnopyranosyl (1—3)-[a-L- rhamnopyranosyl-
(1—2)]-a-L-arabinopyranoside or jujubogenin-3-
O-a-L-rhamnopyranosyl- (1 3)-[a-D-fucopyranosyl

17(E)-ebelin lactone derivatives

17(Z)-ebelin lactone derivatives

m/z471.3271

(1—2)]-a-L-arabinopyranoside.

DISCUSSION

Above all, eleven known saponins and two



unknown saponin were identified in ZSS utilizing UPLC-
ESI-QTOF-MSE in both positive and negative ESI mode.
Due to the availabiliies of MSE data provided by the
advanced instrument of UPLC-ESI-QTOF-MSE, a great
deal of fragments information was available to account
for the principles of RDA cleavage and McLafferty-type
(and MclLafferty) rearrangement, which were firstly
utilized in the proposed fragmentation pathways of ZSS’s
saponins. Compounds 1~6 are keto-dammarane type
triterpene saponin and 7~13 are dammarane type
triterpene saponin. In negative ESI mode, compounds
1~6, which underwent McLafferty-type rearrangement
reaction, had common characteristic ions [M — H —
C14H24O7 (304 Da)]_ or [M - H- C3H1402 (142 Da)]_ as
well as successive ions. In positive ESI mode, they had
characteristic ions [M + Na — Cy4H2407]" or [M + Na —
CgH1402]", which triggered by McLafferty rearrangement.
In positive ESI mode, compounds 7~13 yielded common
characteristic ions [M + H — H,O]" and successive ions
due to RDA cleavage.

Contrasting to HPLC, UPLC can rapidly separate
complex components due to its high efficiencies. UPLC
coupled with Acquity UPLC HSS T3 column (100 x 2.1
mm, 1.8 ym) can provide significant improvements in
resolution, speed and sensitivity. In addition, QTOF-MS®
can provide accurate molecular weights of multi-stage
fragments with single injection. On the basis of the
previous merits, the combination of UPLC and QTOF-
MSF dramatically shorten experimental time and enhance
sensitivity. In summary, UPLC-ESI-QTOF-MSF has been
proved to be an effective, sensitive, selective, rapid and
guided method for compound identification, especially for
phytochemical research which is of trace amounts.

Abbreviations: CE, Collision energy; CID, collision-induced
dissociation; EIC, extracted ions chromatogram; RDA, retro
Diels-Alder; TCM, traditional Chinese medicines; ZSS, Ziziphi
spinosae Semen; TIC, total ions chromatogram.
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