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[ABSTRACT] Two new triterpenoid saponins, ardisicrenoside R and S (1 and 2), and one new phenylpropanoid glycoside, ardicreph-
enin (3), along with five known compounds (4−8), were isolated from roots of Ardisia crenata. Their structures were elucidated on the
basis of NMR spectroscopic data and chemical methods. Compounds 2−7 were evaluated for their cytotoxic activities against A549,
MCF-7, HepG2 and MDA-MB-231 cell lines by MTT assay. Ardicrenin (6) showed significant cytotoxicity, with IC50 values of 1.17 ±
0.01, 1.19 ± 0.06, 3.52 ± 0.23, and 16.61 ± 1.02 μmol·L−1, respectively.
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Introduction

Ardisia  crenata (A.  crenata), belonging  to  the  Myrsin-
aceae family, is a widely occurring evergreen shrub in South-
east Asia  and  North  America.  Its  root,  a  well-known  tradi-
tional Chinese medicine called “Zhu Sha Gen”, has been used
to treat respiratory tract infections and menstrual disorders in
traditional  Chinese medicine [1].  Previous phytochemical  and
pharmacological investigations on the roots of A. crenata ex-
hibited a number of bioactivities, such as antitumor [2-4], anti-
bacterial [5],  antiviral [6],  and  anti-oxidative  effects [7]. Triter-
penoid  saponins  are  the  main  bioactive  components.  Earlier
investigations  on  this  plant  resulted  in  the  isolation  of  more
than 20 triterpenoid  saponins [8-11].  This  study deals  with  the
isolation and identification of three new compounds named as
ardisicrenoside R (1)  ardisicrenoside S (2), and ardicrephen-
in  (3),  together  with  five  known triterpenoid  saponins  (4−8)
(Fig. 1). Their structures were elucidated using spectroscopic
methods  and  were  evaluated  for  cytotoxic  activities  against
A549, MCF-7, HepG2, and MDA-MB-231 cells.

Results and Discussion

[α]20
DCompound 1 was obtained as a white powder with  +

2.22  (c 0.05,  MeOH).  The  molecular  formula  of 1 was de-

termined as C52H86O22 by HR-ESI-MS (m/z 1080.5940, [M +
NH4]

+,  Calcd. for C52H90NO22,  1080.5949) and indicated ten
degrees  of  unsaturation.  The 1H  NMR  data  (Table  1) re-
vealed the presence of six methyl groups at δH 0.82 (s, H-25),
0.90 (s, H-26), 1.05 (s, H-24), 1.17 (s, H-23), 1.34 (s, H-29),
and 1.84 (s, H-27). An olefinic proton signal at δH 5.43 (brs,
H-12), connected [according to the HMBC spectrum (Fig. 2)]
to  carbons  at  δC 16.1  (C-25),  17.5  (C-26),  17.2  (C-24),  28.5
(C-23), 28.5 (C-29), 27.7 (C-27) and 122.8 (C-12) indicative
of 1 was an olean-12-en skeleton [12]. 13C NMR spectral data
of the sapogenin part of 1 were similar to those of the known
compound  cyclamiretin  D [13].  As  shown  in Table  1,  there
were signal at δC 67.9 (C-30), 69.9 (C-28) suggested that was
a hydroxymethyl group. NOESY correlations between H-3 (δ
3.18) with H-23 (δ 1.17), H-3 (δ 3.18) with H-5 (δ 0.74), and
H-16  (δ  4.63)  with  H-28  (δ  3.95)  indicated β-configuration
for the 3-OH and α-configuration for 16-OH. Thus, the agly-
cone  was  identified  as  3β,16α,28,30-tetrahydroxy-olean-12-
ene.

After  acid  hydrolysis  of 1 with  2  mol·L−1 HCl  afforded
monosaccharides, which  were  identified  by  gas  chromato-
graphic (GC) analysis [14] of their trimethylsilyl L-cysteine de-
rivatives as L-arabinose, D-glucose and D-xylose in a ratio of
1 :  2 : 1.  The 1H NMR data of 1 showed four anomeric sig-
nals at δH 4.80 (d, J = 5.8 Hz, Ara-H-1′), 5.53 (d, J = 7.6 Hz,
Glc-H-1″),  5.02 (d, J =  7.8  Hz,  Glc-H-1'″)  and 4.92 (d, J =
6.5  Hz,  Xyl-H-1 ″).  The  arabinose  was  connected  to  C-3  of
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the  aglycone,  which  was  deduced  from  the  HMBC  (Fig.  2)
correlation  to  be  between  Ara-H-1′ (δH 4.80)  and  C-3  (δC
89.3). The arabinose unit was determined to be the α-anomer
on the basis of the 3JH1, H2 value (5.8 Hz) and the correlations
between  H-1′ and  H-3′ and  between  H-1′ and  H-5′ in  the
NOESY experiment.  In  the  HMBC spectrum of 1,  the  long-
range correlations between H-1″ (δH 5.53) and C-2′ (δC 80.1),
between H-1″ (δH 4.92) and C-2′″ (δC 85.8), and between H-
1′″  (δH 5.02)  and  C-4′ (δC 72.2).  On  the  base  of  the  above
data, the structure of compound 1 was identified as 3β-O-{β-
D-xylopyranosyl-(1→2)-β-D-glucopyranosyl-(1→4)-[β-D-
glucopyranosyl-(1→2)]-α-L-arabinopyranosyl}-3β,16α,28,30-
tetrahydroxy-olean-12-en. This is a new triterpenoid saponin,
trivially named ardisicrenoside R.

[α]20
D

Compound 2 was obtained as a white amorphous powder
with  −5.2  (c 0.08,  MeOH),  whose  molecular  formula
was  determined  to  be  C53H86O22 by  HR-ESI-MS  (m/z
1097.5495, [M + Na]+, Calcd. for C53H86O22Na, 1097.5503).
The proton and carbon signals in the 1H and 13C NMR spec-
tra (Table 1) of 2 were similar to those of 1 except for there
was  a  lack  of  any  resonance  due  to  C-30  at  δ  67.9  in 2, in-
stead,  a  signal  was  observed  at  δ  208.2.  From  the  HMBC
(Fig. 2) experiment of 2, the long-range coupling of H-30 (δH

9.80) with C-19 (δC 47.9), C-20 (δC 31.2) and C-21 (δC 42.4)
was  observed.  This  signal  suggested  that  the  30-hydroxy-
methyl group was reduced to a -CHO group. The HMBC cor-
relations  from  H-28  (δH 3.72)  to  C-17  (δC 41.0),  C-18  (δC

44.0)  and  C-22  (δC 31.8)  established  the  hydroxymethyl
group  was  linked  to  C-17.  According  ROESY  experiment,
the spatial  proximities between H-3 (δH 3.16) with H-23 (δH

1.18), H-3 (δH 3.16) with H-5 (δH 0.71), and H-16 (δH 4.70)
with H-28 (δH 3.48) indicated a β-configuration for the 3-OH
and  an α-configuration  for  16-OH.  By  comparing  the  NMR
data of the sugar chains attached to C-3 of 2 with those of 1,
the  suggested  that  the  sugar  moiety  in 2 is  3-O-{α-L-rham-
nopyranosyl-(1→2)-β-D-glucopyranosyl-(1→4)-[β-D-gluc-
opyranosyl-(1→2)]-α-L-arabinopyranoside. This  was  con-
firmed by the HMBC correlations between H-3 (δH 3.16) and
C-1′ (δC 104.9), H-1″ (δH 5.40) and C-2′ (δC 81.3), H-1′″ (δH

5.29) and C-4′ (δC 75.4), H-1″ (δH 6.45) and C-2′″ (δC 78.6).
The  structure  of 2 was  shown  to  be  3β-O-{α-L-rham-
nopyranosyl-(1→2)-β-D-glucopyranosyl-(1→4)-[β-D-gluc-
opyranosyl-(1→2)]-α-L-arabinopyranosyl}-3β,16α,28-tri-
hydroxy-olean-12-ene-30-al.  This  is  a  new  triterpenoid
saponin, trivially named ardisicrenoside S.

Compound 3 was  obtained  as  a  yellow  amorphous
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Fig. 1    Structures of compounds 1−8
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Table 1    1H (600 MHz) and 13C NMR (150 MHz) date for compounds 1−3 in pyridine-d5 (J in Hz)

No.
1 2 3

δC δH δC δH δC δH

1   39.2 0.90 (2H, m)   37.3 0.91 (2H, m) 136.7 -

2   26.8 1.98 (1H, m); 1.61 (1H, m)   26.9 2.19 (1H, m); 1.38 (1H, m) 137.3 -

3   89.3 3.18 (1H, dd, 11.6, 4.3)   89.6 3.16 (1H, m) 153.1 -

4   39.9 -   40.0 - 100.2 6.74 (1H, d, 2.6)

5   56.2 0.74 (1H, d, 11.7)   56.2 0.71 (1H, d, 11.7) 155.6 -

6   18.8 1.61 (1H, m); 1.37 (1H, m)   18.9 1.63 (1H, m); 1.40 (1H, m) 108.6 6.80 (1H, d, 2.6)

7   33.6 1.74 (1H, m); 1.28 (1H, m)   33.6 2.20 (1H, m); 1.29 (1H, m)   26.5 3.45 (2H, m)

8   40.4 -   40.5 -   35.1 2.90 (1H, m); 3.00 (1H, m)

9   47.5 1.90 (1H, brs)   47.5 1.71 (1H, m) 173.4 -

10   37.2 -   37.3 -   63.9 4.00 (2H, t, 6.7)

11   24.1 2.32 (1H, m); 1.92 (1H, m)   24.3 1.38 (1H, m); 1.85 (1H, m)   30.6 1.42 (2H, m)

12 122.8 5.43 (1H, brs) 123.5 5.43 (1H, m)   19.1 1.17 (2H, m)

13 145.3 - 145   -   13.5 0.73 (3H, t, 7.4)

14   42.4 -   42.3 -

15   35.1 2.24 (1H, m); 1.50 (1H, m)   35.3 2.20 (1H, m); 1.63 (1H, m)

16   74.1 4.63 (1H, brs)   74.4 4.70 (1H, brs)

17   41.7 -   41.0 -

18   42.6 2.61 (1H, dd, 14.0, 2.4)   44.0 2.34 (1H, dd, 14.0, 4.1)

19   43.5 2.73 (1H, t, 14.0); 1.37 (1H, m)   47.9 2.81 (1H, t, 13.4); 1.38 (1H, m)

20   36.7 -   31.2 -

21   28.7 1.47 (1H, m)   42.4 2.81 (1H, m)

22   32.3 2.38 (1H, m); 1.37 (1H, m)   31.8 2.38 (1H, m); 1.38 (1H, m)

23   28.5 1.17 (3H, s)   28.6 1.18 (3H, s)

24   17.2 1.05 (3H, s)   17.1 1.05 (3H, s)

25   16.1 0.82 (3H, s)   16.1 0.85 (3H, s)

26   17.5 0.90 (3H, s)   17.4 0.91 (3H, s)

27   27.7 1.84 (3H, s)   28.1 1.83 (3H, s)

28   69.9
4.54 (1H, d, 10.4);
3.70 (1H, d, 10.4)

  70.5
3.72 (1H, d, 10.6);
3.48 (1H, d, 10.6)

29   28.5 1.34 (3H, s)   24.8 1.03 (3H, s)

30   67.9
4.06 (1H, d, 10.4);
3.95 (1H, d, 10.4)

208.2 9.80 (1H, s)

5-OMe   55.7 3.66 (3H, s)

Glc-1' 105.4 5.53 (1H, d, 7.3)

2'   75.8 4.29 (1H, m)

3'   78.1 4.30 (1H, m)

4'   71.4 4.32 (1H, m)

5'   78.3 3.86 (1H, m)

6'   62.5 4.40 (1H, m); 4.32 (1H, m)

Ara-1' 104.6 4.80 (1H, d, 5.8) 104.9 4.96 (1H, brs)
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powder.  The  molecular  formula  was  determined  to  be
C20H30O10 by HR-ESI-MS (m/z 453.1734, [M + Na]+, Calcd.
for C20H30NaO10, 453.1731). The 1H NMR spectrum (Table 1)
of 3 showed 1,3,4,5-tetr-asubstituted  benzene  ring  signals  at
δH 6.74 (1H, d, J = 2.6 Hz) and 6.80 (1H, d, J = 2.6 Hz), one
methoxyl  proton  signals  at  δH 3.66  (3H,  s,  5-OCH3), a  hy-
droxyl anomeric H-atom signal at δH 11.30 (1H, brs, 3-OH).
The position of methoxyl proton signals was determined at C-
5 by HMBC (Fig. 2) long-range correlations between H-6 (δH

6.80) with C-2 (δC 137.3), C-5 (δC 155.6), and C-7 (δC 26.4).
In addition, one n-butyl ester moiety signals at δH 0.73 (3H, t,
J =  7.4  Hz,  H-13),  1.17  (2H,  m,  H-12),  1.42  (2H,  m,  H-11)
and 4.00 (2H, t, J = 6.7 Hz, H-10). 13C NMR spectral data of
3 were similar to those of the known compound methyl 3-(2-

O-β-D-glucopyranosyl-3-hydroxy-5-methoxyphenyl) propi-
onate [15], except for the n-butyl ester instead of n-methyl es-
ter  in  compound 3.  The  position  of  the n-butyl  ester  moiety
was  determined  at  C-9  since  the  observation  of  HMBC
(Fig.  2)  correlations  from H-13 (δH 0.73)  to  C-12 (δC 19.1),
from H-12 (δH 1.17) to C-11 (δC 30.6), from H-11 (δH 1.42)
to C-10 (δC 63.9), and from H-10 (δH 4.00) to C-9 (δC 173.4).

The sugar of compound 3 was identified as glucose acid
hydrolysis,  followed  by  co-TLC  (n-BuOH−HOAc−H2O,
4∶1∶1) comparsion  with  a  standard  sugar.  The  configura-
tions of the anomeric positions of the glucose moieties were
assigned  as β from  the  coupling  constants  of  the  anomeric
proton signals at δH 5.53 (1H, d, J = 7.3 Hz), and HMBC cor-
relations were observed between H-1′ (δH 5.53)  and C-2 (δC

Continued        

No.
1 2 3

δC δH δC δH δC δH

2'   80.1 4.50 (1H, m)   81.3 4.60 (1H, m)

3'   73.7 4.21 (1H, m)   75.1 4.24 (1H, m)

4'   78.3 4.25 (1H, m)   75.4 4.25 (1H, m)

5'   64.6 3.98 (1H, m)   64.2 4.09 (1H, m)

Glc-1'' 105.3 5.53 (1H, d, 7.6) 106   5.40 (1H, d, 7.4)

2''   76.6 4.11 (1H, m)   76.8 4.12 (1H, m)

3''   78.7 4.35 (1H, m)   77.8 4.32 (1H, m)

4''   72.2 4.29 (1H, m)   72.3 4.25 (1H, m)

5''   78.6 4.08 (1H, m)   78.6 4.10 (1H, m)

6''   63.4 4.56 (1H, m); 4.38 (1H, m)   63.4 4.79 (1H, m); 4.40 (1H, m)

Glc-1''' 105.1 5.02 (1H, d, 7.8) 103.6 5.29 (1H, d, 6.1)

2'''   85.8 3.90 (1H, m)   78.6 4.09 (1H, m)

3'''   77.9 4.29 (1H, m)   80.1 4.22 (1H, m)

4'''   71.1 4.24 (1H, m)   72.4 4.21 (1H, m)

5'''   79.0 4.07 (1H, m)   78.9 3.82 (1H, m)

6'''   62.7 4.47 (1H, m); 4.31 (1H, m)   63.1 4.32 (1H, m); 3.78 (1H, m)

Xyl-1'''' 108.1 4.92 (1H, d, 6.5)

2''''   76.5 4.08 (1H, m)

3''''   78.2 3.95 (1H, m)

4''''   71.1 4.21 (1H, m)

5''''   67.6 4.60 (1H, m)

Rha-1'''' 102   6.45 (1H, brs)

2''''   72.9 4.32 (1H, m)

3''''   73.2 4.30 (1H, m)

4''''   75.4 4.30 (1H, m)

5''''   69.9 5.06 (1H, m)

6''''   19.4 1.84 (1H, d, 5.0)
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137.3).  Therefore,  the  structure  of  compound 3 was elucid-
ated  as  butyl  3-(2-O-β-D-glucopyranosyl-3-hydroxy-5-meth-
oxyphenyl) propionate.  This is a new phenylpropanoid glyc-
oside, trivially named ardicrephenin.

The  known  compounds  (4−8) were  identified  as  cyc-
lamiretin  A  (4) [16],  ardisicrenoside  A  (5) [17],  ardicrenin
(6) [18],  cyclaminorin  (7) [19],  and  ardisimamilloside  H (8) [20]

by comparison of spectral data with those reported in the lit-
erature.

Compounds 2−7 were evaluated for their cytotoxic activ-
ities  against  four  human  cancer  cell  lines  (A549,  MCF-7,
HepG2, and MDA-MB-231) by MTT assay [21]. Among them,
compounds 5 exhibited  effective  cytotoxicity  against  human
breast cancer cell line MCF-7 with IC50 value of 5.60 ± 0.54
μmol·L−1.  Compound 6 showed  significant  cytotoxicity
against A549, MCF-7, and HepG2 tumor cell lines with IC50

value of 1.17 ± 0.01, 1.19 ± 0.06, and 3.52 ± 0.23 μmol·L−1,
respectively.  Compounds 2-4 and 7,  exhibited  no  cytotoxic
activities  against  these  cell  lines  with  IC50 >  100  μmol·L−1.
The above results suggested that aglycone and a sugar chain
at C-3 might be important for the cytotoxic activity. More ex-
tensive studies are needed before a clear structure-activity re-
lationship can be reached. The preliminary cytotoxic activity
of all the tested compounds is presented in Table 2.

Experimental

General experimental procedures
Optical  rotations  were  determined  using  a  JACSO  P-

1020  digital  polarimeter  (Tokyo,  Japan).  HR-ESI-MS  were
obtained using an Agilent 1100 series LC/MSD ion trap mass
spectrometer  (Santa  Clara,  USA).  NMR  experiments  were
performed  on  Bruker  AV500-III  spectrometer  (Karlsruhe,
Germany),  using  TMS  as  an  internal  standard.  Preparative
HPLC  was  performed  on  a  Shimadzu  LC-20AD  instrument
(Tokyo, Japan) equipped with an a SPD-10A detector using a
YMC-Pack  ODS-C18 column  (20  mm  ×  250  mm,  YMC,
Tokyo,  Japan).  Silica  gel  (200−300  mesh,  Qingdao  Marine
Chemical  Co.,  Ltd.,  Qingdao,  China),  Sephadex  LH-20
(Amersham Pharmacia Biotech, Uppsala, Sweden), and ODS
(50 μm, YMC, Tokyo, Japan) were used for column chroma-
tography.  TLC  was  carried  out  with  GF254 plates  (Qingdao
Marine  Chemical  Co.,  Ltd.,  Qingdao,  China).  Spots  were
visualized  by  spraying  with  10% H2SO4 acid in  EtOH  fol-
lowed  by  heating.  GC  was  conducted  on  an  Agilent  7890A
instrument (Santa Clara, USA).
Plant materials

The  roots  of Ardisia  crenata were  collected  from
Guangxi Province, China, in September 2015, and identified
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by  Professor  QI  Jin  (China  Pharmaceutical  University).  A
voucher specimen  (No.  2015003)  was  deposited  in  the  De-
partment of Natural Medicinal Chemistry, China Pharmaceut-
ical University, Nanjing, China.
Extraction and isolation

The air-dried and powdered roots parts of A. crenata (14
kg) were extracted with 95% EtOH (4 × 50 L) and further re-
fluxed for  4  h.  The  combined  EtOH  extracts  were  concen-
trated to dryness. The residue was suspended in H2O and then
individually partitioned with petroleum ether, EtOAc, and n-
BuOH,  successively.  The n-BuOH-soluble  residue  (120  g)
was  subjected  to  macroporous  adsorptive  resin  and  eluted
with water and 30%, 50%, 70%, 90%, and 100% EtOH. The
50% and 70% EtOH elutions were combined and gave a total
saponin fraction Fr.  D (47.1 g).  This was separated by silica
gel column, eluted with a gradient of CH2Cl2−MeOH solvent
system (5 :  1,  3  :  1,  1  :  1,  0  :  100, V/V)  to  obtain five main
subfractions (Frs. D1−D5). Fractions D1 (20.8 g) was subjec-
ted  to  ODS  gel  column  chromatography  and  eluted  with
MeOH−H2O (40 : 60, 50 : 50, 60 : 40, 70 : 30, 100 : 0, V/V)
to  afford  five  subfractions  (Frs.  D1.1−D1.5).  Fractions  D1.1
was subjected to ODS gel column chromatography and eluted
with  MeOH−H2O  (30  :  70,  40  :  60,  45  :  55, V/V)  to  afford
compound 5 (110 mg).  Fraction  D1.2  was  subjected  by  re-
peated Sephadex LH-20 column chromatography with MeOH
as mobile phase to afford compound 8 (11 mg). Fraction D2
(5.2 g) was purified by silica gel CC to afford three subfrac-
tions (Frs.  D2.1−D2.3),  the  fraction  D2.1  was  further  separ-
ated  by  preparative  HPLC  (MeOH−H2O,  65  :  35, V/V,  10
mL·min−1) as mobile phase to yield compound 6 (6 mg, tR =
17.5 min) and compound 7 (25 mg, tR = 38.2 min). Fraction
D4 (13.2  g)  was  subjected  to  ODS  gel  column  chromato-
graphy and eluted with MeOH−H2O (40 : 60, 60 : 40, 100 : 0,
V/V)  to  afford  three  subfractions  (Frs.  D4.1−D4.3).  Fraction
D4.1 was subjected to preparative HPLC (MeOH−H2O, 45 :
55, V/V, 10 mL·min−1) to give compound 1 (10 mg, tR = 27.6
min).  Fraction  D4.2  was  also  purified  by  preparative  HPLC
(MeOH−H2O,  55  :  45, V/V,  10  mL·min−1) to  afford  com-

pound 2 (16 mg, tR = 25.1 min). Fraction D5 (2.63 g) was fur-
ther  separated by preparative HPLC (MeOH−H2O) to afford
compound 3 (11 mg, tR = 31.0 min, 40% MeOH), compound
4 (5 mg, tR = 22.5 min, 60% MeOH).
Identification of compounds

[α]20
D

Ardisicrenoside  R  (1):  a  white  amorphous  powder;
 +2.22  (c 0.05,  MeOH),  IR  (KBr) vmax:  3398,  2924,

1627,  1044  cm−1;  HR-ESI-MS m/z 1080.5940,  [M  +  NH4]
+

(Calcd.  for  C52H90NO22,  1080.5949); 1H  (Pyridine-d5,  600
MHz) and 13C NMR (Pyridine-d5, 150 MHz) spectral data are
shown in Table 1.

[α]20
DArdisicrenoside S (2): a white amorphous powder; 

−5.2 (c 0.08,  MeOH),  IR (KBr) vmax:  3295,  1712 cm−1;  HR-
ESI-MS m/z 1097.5495, [M + Na]+ (Calcd. for C53H86O22Na,
1097.5503); 1H (Pyridine-d5, 600 MHz) and 13C NMR (Pyrid-
ine-d5, 150 MHz) spectral data are shown in Table 1.

Ardicrephenin  (3):  a  yellow  amorphous  powder;  UV
(MeOH) λmax: 233, 280 nm; IR (KBr) vmax: 3745, 2958, 1713,
1678,  1629,  1501,  1467,  1366  cm−1;  HR-ESI-MS m/z
453.1734, [M + Na]+ (Calcd. for C20H30O10Na, 453.1731); 1H
(Pyridine-d5,  600  MHz)  and 13C  NMR (Pyridine-d5,  150
MHz) spectral data are shown in Table 1.
Acid hydrolysis and GC analysis of compounds 1 and 2

Each  compound (4  mg)  was  hydrolyzed  with  2  mol·L−1

HCl−MeOH (5 mL) under  reflux for  3  h.  The reaction mix-
ture  was  diluted  with  H2O  and  then  extracted  with  CHCl3.
The  aqueous  layer  was  neutralized  with  Na2CO3,  and  then
concentrated  and  dried  by  N2.  Monosaccharide  standards  (2
mg) and the hydrolyzed polysaccharide (2 mg) were reacted
with 10 mg NaBH4−MeOH (2 mL), stirred at 25 °C for 1 h.
Slowly  add  CH3COOH  to  the  reaction  solution  without
bubbles and dry. MeOH (1 mL) was added to the residue, and
then  dried.  Methylimidazole  (400  μL)  and  acetic  anhydride
(12.5 μL) were added to the dried products and reacted for 5
min  at  room temperature.  The  reaction  solution  followed by
partitioning  between  H2O  (3  mL)  and  EtOAc  (1  mL)  two
times. The supernatant was evaporated to dryness and further
dilute to 0.5 mL with ethyl acetate for GC analysis [22].

The  GC  conditions  was  as  followed:  Agilent  HP-5MS
(30  m  ×  0.25  mm  ×  0.25  μm);  temperature  program,  140−
215  °C,  5  °C·min−1;  215−260  °C,  2  °C·min−1;  carrier  gas,
N2 100  kpa,  H2 50  kpa,  O2 25  kpa;  detector,  FID;  injection
volume, 1  μL.  The  absolute  configurations  of  the  monosac-
charides were confirmed to be L-Rhamnose, L-Arabinose, D-
xylose  and D-glucose,  which was identified by the  retention
times comparison with monosaccharide derivatives of  stand-
ard  samples:  L-Rhamnose  (14.3  min),  L-Arabinose  (14.6
min), D-xylose (15.0 min), D-glucose (20.2 min).
Cytotoxicity assay

Human lung cancer cell line A549, human breast cancer
cell  lines  MCF-7  and  MDA-MB-231,  human  hepatocellular
carcinoma  cell  line  HepG2  were  all  obtained  from  the  Cell
Bank of Shanghai Institute of Biochemistry and Cell Biology,
Chinese  Academy  of  Sciences.  A549  cells  were  cultured  in
RPMI-1640  medium  (Gibco,  Invitrogen  Corporation,  NY)

 
Table 2     Cytotoxic  activities  of  compounds 2−7 against hu-
man cancer cell lines (mean ± SD, n = 3)

Compounds
Cell lines (IC50 μmol·L−1)

A549 MCF-7 HepG2 MDA-MB-231

2 > 100 > 100 > 100 > 100

3 > 100 > 100 > 100 > 100

4 > 100 > 100 > 100 > 100

5 11.42 ± 0.02 5.60 ± 0.54 28.03 ± 1.18 29.07 ± 2.89

6 1.17 ± 0.01 1.19 ± 0.06 3.52 ± 0.23 16.61 ± 1.02

7 > 100 > 100 > 100 > 100

Paclitaxel a

(nmol·L−1) 5.38 ± 0.25 5.07 ± 0.07 8.44 ± 0.83 16.61 ± 0.77

a Paclitaxel was used as a positive control for cytotoxic assay.
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supplemented with 10% fetal bovine serum (Royal, Lanzhou,
China), 100 U·mL−1 benzyl penicillin, and 100 U·mL−1 strep-
tomycin in a humidified environment with 5% CO2 at 37 °C.
MCF-7,  HepG2,  and  MDA-MB-231  cells  were  cultured  in
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, Invit-
rogen Corporation, NY) supplemented with 10% fetal bovine
serum (Royal,  Lanzhou,  China),  100 U·mL−1 benzyl penicil-
lin,  and  100  U·mL−1 streptomycin in  a  humidified  environ-
ment with 5% CO2 at 37 °C.

The  cytotoxic  activities  of  compounds 2−7 against hu-
man cancer cell lines A549, MCF-7, HepG2 and MDA-MB-
231 were  preliminary  evaluated  by  MTT  assay,  and  paclit-
axel was  used  as  a  positive  control.  Experiments  were  car-
ried  out  in  triplicate  in  a  parallel  manner.  Negative  control
cells  were  treated  with  culture  media  containing  0.1%
DMSO.  After  incubation  at  37  °C  for  24  h,  absorbance  (A)
was  measured  at  570  nm.  Cell  viability  (%)  was  calculated
using  the  following  equation:  cell  viability  (%)  =  (Atreatment/
Acontrol) × 100. IC50 (the concentration that caused 50% inhib-
ition of cell proliferations) was calculated (see Table 2).
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