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[ABSTRACT] In  this  study,  three  new germacranolide  sesquiterpenes  (1–3),  together  with  six  related  known analogues  (4–9)  were
isolated from the whole plant of Carpesium cernuum. Their structures were established by a combination of extensive NMR spectro-
scopic analysis, HR-ESIMS data, and ECD calculations. The anti-leukemia activities of all compounds towards three cell lines (HEL,
KG-1a, and K562) were evaluated in vitro. Compounds 1–3 exhibited moderate cytotoxicity with IC50 values ranging from 1.59 to 5.47
μmol·L−1. Mechanistic studies indicated that 2 induced apoptosis by decreasing anti-apoptotic protein Bcl-2 and activating the caspase
family in K562 cells. These results suggest that compound 2 is a potential anti-leukemia agent.
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Introduction

Germacranolides are a type of germacrene sesquiterpene
lactone that contain a unique ten-membered carbocyclic skel-
eton  fused  with  a  five-membered γ-lactone [1].  With  a  broad
range of biological activities as well as complex and diverse
stereo configurations, germacrene sesquiterpenes have attrac-
ted  significant  attention  and  research  interest [2-4].  For
exmaple, parthenolide from Tanacetum parthenium has clear
potential  for  in vivo anti-leukemia  action  and  is  currently
evaluated under Phase II clinical trial [5-6].

Sesquiterpenes,  flavonoids,  and  phenols  isolated  from

Asteraceae family  plants  possess  a  broad spectrum of  biolo-
gical  and  pharmacological  properties.  For  instance,  extracts
derived  from Gochnatia  hypoleuca, Verbesina  virginica,
Melampodium  leucanthum and Achillea  wilhelmsii  (Aster-
aceae), exert  anti-proliferative  activity  towards  prostate  can-
cer  PC-3  and  DU145  cell  lines [7-9]. In  many  cases,  the  ses-
quiterpenes lactones  produce  cytotoxicity  by  telomerase  re-
verse  transcriptase  inhibition [10]. Furthermore,  tricyclic  ses-
quiterpenes and germacranolide sesquiterpene lactones arrest
K562  cells  at  the  mitotic  phase,  forming  abnormal  mitotic
spindles [8].With  respect  to  these  chemotherapeutic  effects,
the Asteraceae family is of great research interest.

The  genus Carpesium (Asteraceae),  with  approximately
21  species,  is  widely distributed  throughout  Central  Asia;
from this  group  comes  a  large  number  of  monoterpenes,  di-
meric  sesquiterpenoids,  and  germacranolide  sesquiterpenes
with highly  oxygenated  systems  and  a  broad  array  of  biolo-
gical  activities [1-3].  Previous  investigations  into  this  genus
have led  to  the  isolation  of  germacrene  sesquiterpene  lac-
tones  from C.  cernuum [11] that  inhibited  cell  adhesion  in
MDA-MB-231  cells  at  its  lowest  IC50 concentration  and
caused  apoptosis.  This  even  influenced  cell  migration
through attenuation  of  MMP9,  TIMP1,  COL4A2,  and
CD44 [12].  Moreover,  a  silver  nanoparticle  synthesized  from
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the  extract  of C.  cernuum reduced  the  cellular  adhesion  on
Mus  musculus skin  melanoma  cells  (B16F10)  and  human
lung  cancer  cells  (A549)  in  a  dose-dependent  manner [13].
However, the cytotoxic activity of C. cernuum extracts or its
constituents on leukemia cells are still unclear. Recently, our
reserach group  reported  two  sesquiterpene  lactones,  carpes-
cernolides A and B, isolated from C. cernuum, with two un-
usual oxygen bridges [14]. In our continuing search for biolo-
gically  active  constituents,  a  detailed  investigation  of C.
cernuum was carried  out,  where  three  new  germacrene  ses-
quiterpene  lactones,  carpescernolides  (1−3),  along  with  six
known  compounds  (4−9)  were  isolated  from  an  entire  plant
of C. cernuum and screened for anti-leukemic activity (Fig. 1). 

Results and Discussion
 

Structure elucidation of the compounds
Carpescernolide  C  was  obtained  as  a  white  amorphous

powder. Its molecular formula, C19H26O7, was established by
13C NMR and  HR-ESIMS (m/z 389.1570  [M + Na]+,  Calcd.
for  C19H26O7Na,  389.1571)  data.  The  IR  spectrum  suggests
the  presence  of  hydroxyl  (3439  cm−1)  and  carbonyl  (1767
cm−1)  groups  as  well  as  the  presence of  double  bonds  (1632
cm−1).  The 1H  NMR  spectrum  displayed  signals  for  four
methyl  groups (δH 1.25,  1.24,  1.24,  1.09)  and two exocyclic
olefinic protons (δH 6.09, d, J = 2.4 Hz; 6.16, d, J = 2.4 Hz).
In the HMBC spectrum (Fig. 2a), two methyls at δH 1.25 (d,
J = 5.6 Hz) and 1.23 (d, J = 5.6 Hz) showed long-range cor-
relations  to  the  carbonyl  carbon  at  δC 177.6,  suggesting  the
presence  of  an  isobutyloxy  group.  The  remaining  15  carbon
resonances  indicated  a  sesquiterpenoid  skeleton  except  for
the  substituent.  The  10-membered  ring  inferred  from  the
1H−1H COSY spectrum (Fig. 2a), H3-14/H-10/H2-1/H-2/H2-3
and H-5/H-6/H-7/H-8,  together  with  the  HMBC correlations

from H3-14 (δH 1.09) to C-1 (δC 40.0), C-9 (δC 107.9), and C-
10 (δC 36.9); from H-2 (δC 4.60) to C-9 (δC 107.9) and C-10
(δC 36.9);  from  H3-15  (δH 1.25)  to  C-4  (δC 73.3),  C-3  (δC

47.6), and C-5 (δC 81.0) as well as H-8 (δH 3.80) to C-7 (δC
50.8), C-9 (δC 107.9), and C-11 (δC 140.4) were observed. In
addition, Me-14 and Me-15 were bound to C-10 and C-4, re-
spectively. An α-methylene-γ-lactone moiety was established
by the presence of the two doublets of H-13a at δH 6.16 (J =
2.4  Hz)  and  H-13b  at  δH 6.09  (J =  2.4  Hz)  as  shown  in
Table 1, and C-12 at δC 170.6, C-11 at δC 140.4 and methyl-
ene C-13 at δC 120.9 as shown in Table 2, which was further
confirmed by HMBC correlations from H-7 and H2-13 to C-
12 and from H-8 to C-11. The key HMBC correlation from H-
 
Table 1    1H NMR data for 1–3 (400 MHz, J in Hz)

Position 1a 2a 3b

1α 2.56, m 2.52 m 1.98, m

1β 1.33, m 1.28, m 1.34, m

2 4.60, td (1.4, 6.4) 4.56, td (1.4, 6.4) 0.97, m (α)

- - 0.85, m (β)

3α 2.64, m 2.57, m 1.88, m

3β 1.61, d (10.8) 1.57, d (10.8) 1.61, m

4 - - -

5 5.59, d (8.0) 5.57, d (8.0) 4.87,s

6 4.43, t (8.4) 4.37, t (8.4) 5.11, d (4.8)

7 3.31, m 3.28, m 3.41, m

8 3.80, d (8.0) 3.74, d (8.0) 5.05, d (10.8)

9 - - -

10 2.31, m 2.26, m 3.12, (m)

11 - - -

12 - - -

13a 6.16, d (2.4) 6.16, d (2.4) 6.39 d (2.4)

13b 6.09, d (2.4) 6.09, d (2.4) 5.95, d (2.4)

14 1.09, d (5.2) 1.04, d (5.6) 1.29, d (6.8)

15 1.24, s 1.20, s 1.10, s

1′ - - -

2′ 2.65, m 2.43, m 2.62, m

3′ 1.25, d (5.6) 1.52, m; 1.72, m 1.15, m

4′ 1.23, d (5.6) 0.95, t (6.0) 1.15, m

5′ - 1.17, d (6.4) -

1′′ -

2′′ 2.62, m

3′′ 1.15, m

4′′ 1.15, m
a measured in CD3OD; b measured in CDCl3
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Fig. 1    Chemical structures of compounds 1–3
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5 (δH 5.59, d, J = 8.0 Hz) to the carbonyl carbon (δC 177.6) of
the  isobutyloxy  group  suggested  that  the  substituent  group
was located at C-5. The characteristic chemical shifts of C-2,
C-4, and  C-9  along  with  two  unassigned  degrees  of  satura-
tion  implied  the  presence  of  the  oxygen  bridges  of  C-2-C-9
and  C-4-C-9,  which  was  further  established  by  comparision
of chemical  shifts  of  this  compound  with  those  of  ineup-
atolide  E [15].  Its  relative  configuration  was  inferred  from  a
ROESY spectrum (Fig. 2b). The correlations observed for H-
2/H-1α, H-6/H-8, H-8/Me-14, Me-15/H-6, H-5/H-3α, and H-
5/H-7 indicated the orientations of H-2 (α), H-5 (α), H-6 (β),
H-7 (α), H-8 (β), H-10 (α), Me-14 (β) and Me-15 (β), respect-
ively.  The  findings  mentioned  above  indicated  that 1 was
very  similar  to  ineupatolide  E [15].  The  only  difference  was
that an isobutyloxy group was attached to the C-5 position in
compound 1 instead of the angelate group observed in ineup-
atolide  E.  The  absolute  configuration  of 1 was finally  as-
signed by  calculated  results  from  electronic  circular  dichro-

ism  (ECD)  spectra  using  time-dependent  density  functional
theory  with  Gaussian09.  The  calculated  ECD  of 1 matched
well  with  the  experimentally  recorded  ECD  spectra  (Fig.  3)
(Fig. S30,  Supporting  Information).  So,  the  absolute  config-
uration  was  established  as  shown  in Fig.  1.  Therefore,  the
structure  of  carpescernolide  C  (1)  was  established  as  2,  9-
epoxy-4,  9-epoxy-8-hydroxy-5-(isobutyloxy)  germacran-6,
12-olide.

The HR-ESIMS data of carpescernolide D (2) suggested
a molecular formula of C20H28O7. A comparison of the NMR
spectra  (Tables  1−2)  of 2 with  those  of 1 showed they have
very similar structures where the only difference was that the
2-methylpropanoyloxy  group  in 1 was  substituted  by  a  2-
methylbutanoyloxy group in 2. The HMBC correlations of H-
5 (δH 5.57) with C-1′ (δC 177.1), of H-2′ (δH 2.65, m) with C-
1′, C-2′ (δC 41.1), C-3′ (δC 26.4), C-4 (δC 11.5)′, and C-5′ (δC
13.1) indicated the 2-methylbutanoyloxy group was located at
C-5 (Fig.  S31, Supporting Information).  The relative config-
uration of 2 was almost the same as those of 1. The absolute
configuration of 2 was assigned by comparing the ECD with
that of 1 and analyzing the same biosynthesis pathway with 1.
Therefore,  the  absolute  configuration  was  established  as
shown in Fig. 1.  Therefore,  compound 2,  carpescernolide D,
was  established  as  2,  9-epoxy-4,  9-epoxy-8-hydroxy-9-(2-
methylbutanoyloxy) germacran-6,12-olide.

Carpescernolide  E (3),  a  white  powder,  has  a  molecular
formula  of  C23H34O8,  which  was  deduced  from  the  HR-ES-
IMS  at m/z 461.2147  [M  +  Na]+ (Calcd.  for  C23H34O8Na,
461.2146)  and  consistent  with  its  NMR  data  (Tables  1−2).
Strong IR absorptions  at  3444,  1737 and 1639 cm−1 showed
the  presence  of  hydroxyl  and  carbonyl  groups  as  well  as
double  bonds,  respectively.  The 1H  and 13C  NMR  (DEPT)
spectra of 3 showed an α-methylene-γ-lactone at δH 6.39 (1H,
d, J = 2.4 Hz, Ha-13) and 5.95 (1H, d, J = 2.4 Hz, Hb-13), δC
133.7 (C-11), 127.3 (C-13) and 168.8 (C-12); a ketone group
at δC 210.4 (C-9); and an oxygenated quaternary carbon at δC
74.3 (C-4). The remaining data indicated the presence of two
methyl  groups,  three methylenes,  three oxygenated methines
at  δH 4.87  (1H,  s,  H-5),  5.11  (1H,  d, J =  4.8  Hz,  H-6)  and
5.05 (1H, d, J = 10.8 Hz, H-8), δC 75.7 (C-5), 71.5 (C-6) and
76.9 (C-8), and two isobutyloxy groups. The spin systems in-
ferred  from  the 1H−1H  COSY  spectrum  (Fig.  4a),  H3-14/H-

 
Table 2    13C NMR data for 1–3 (100 MHz, J in Hz)

Position 1a 2a 3b

1   40.0   40.0   32.1  

2   73.3   73.3   19.0  

3   47.6   47.6   35.4  

4   72.3   72.3   74.3  

5   81.0   80.9   75.7  

6   78.7   78.6   71.5  

7   50.8   50.8   45.6  

8   69.5   69.5   76.9  

9 107.9 107.9 210.4  

10   36.9   36.9   44.7  

11 140.4 140.4 133.7  

12 170.6 171.2 168.8  

13 120.9 120.8 127.3  

14   13.4   13.4   19.72

15   24.6   24.6   24.3  

1′ 177.6 177.1 175.5  

2′   35.4   42.6   33.5  

3′   19.3   27.7   18.6  

4′   19.2   11.9   18.6  

5′      -     13.4      -     

1′′ 176.3  

2′′   34.0  

3′′   18.8  

4′′   18.8  
a measured in CD3OD; b measured in CDCl3
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10/H2-1/H2-2/H2-3  and  H-5/H-6/H-7/H-8,  together  with  the
HMBC correlations from H3-14 (δH 1.29) to C-1 (δC 32.1), C-
9 (δC 210.4), and C-10 (δC 44.7), from H3-15 (δH 1.10) to C-3
(δC 35.4),  C-4  (δC 74.3)  and  C-5  (δC 75.7),  from  H-5  (δH
4.87) to C-6 (δC 71.5) and C-1'' (δC 176.3), and from H-8 (δH
5.05)  to  C-6  (δC 71.5),  C-7  (δC 45.6),  C-9  (δC 210.4),  C-10
(δC 44.7), and C-1' (δC 175.5), revealed that compound 3 con-
tained a 10-membered ring with Me-14 located at C-10, Me-
15 at  C-4  and  two  isobutyloxy  groups  at  C-5,  C-8  respect-
ively.  Moreover,  the α-methylene-γ-lactone  was  established
from  the  HMBC  correlations  of  H-7/C-12,  H2-13/C-11,  and
H2-13/C-12. The ROESY association of H-5 (δH 4.87) to H-7
(δH 3.41), H-5 (δH 4.87) to Me-15 (δH 1.10), H-8 (δH 5.05) to
H-10 (δH 3.12) and H-6 (δH 5.11) to H-8 (δH 5.05) indicated
that H-6, H-8, and H-10 were β-oriented while H-5, H-7, and
Me-15  were α-oriented.  These  observations  revealed  that 3
closely  resembled  incaspitolide  A [16-17].  The  only  structural
difference was the orientation of Me-14. The α-orientation of
Me-14  was  proposed  based  on  the  ROESY  association
between  H-10  (δH 3.12)  and  H-6  (δH 5.11; Fig.  4b).  The
structure of 3, carpescernolide E was thus determined as 5, 8-
di(isobutyloxy)-4-hydroxy-9-oxogermacran-6, 12-olide.

The  six  known  compounds,  namely  incaspitolide  A
(4) [17-18], ineupatolide (5) [19-20], ineupatolides E (6) [15], 2β, 5-
epoxy-5,  10-dihydroxy-6α-angeloyloxy-9-isobutyloxy-ger-
macran-8α,  12-olide  (7) [21],  4E-9β-hydroxy-7α,  10αH-ger-
macra-4, 11(13)-dien-12, 6α-olide (8) [22],  and 11(13)-dehyd-
roivaxillin (9) [23-24], were established by NMR and comparis-
on with literature values. 

Anti-leukemia activity
Germacranolide  sesquiterpenes  exhibit  toxicity  against

leukemia cell  lines.  To investigate  the anti-leukemia activity
of  the  compounds  separated  from C.  cernuum,  HEL,  K562
and  KG-1a  cells  were  exposed  to  these  compounds  at  10
μmol·L−1 for 72 h (Fig. 5). Compounds 1–3 and compound 7
showed  significant  activity  towards  HEL,  KG-1a  and  K562
cells.  Furthermore,  compounds 4 and 5 showed  the  highest
activity  among  the  nine  compounds  towards  HEL cells,  and
no  activity  was  seen  towards  K562  cells.  Compound 9 was
active to HEL cells alone. Compounds 6 and 8 had no activ-
ity towards any of the leukemia cells.  To determine the IC50
of  the  active  compounds,  HEL,  K562 and KG-1a cells  were
treated with  these  compounds  and  imatinib  at  different  con-

centrations  for  72  h  (Table  3).  In  general,  compounds 1–3
were more active than compounds 4–9. Compounds 1–5 and
7 showed greater activity than imatinib on HEL cells. Among
compounds 1–5, 2 and 3 showed  better  cytotoxic  effects  on
HEL and K562 cells. Therefore, they were both subjected to
apoptotic flow cytometry using HEL and K562 cells. 

Compounds 2 and 3 induce apoptosis in HEL and K562 cells
Flow cytometry results showed that compounds 2 and 3

significantly  induced  apoptosis  in  HEL  and  K562  cells  in  a
dose  dependent  manner  (Fig.  6), indicating  their  role  as  po-
tential anti-cancer agents. Compound 2 showed similar apop-
totic rates in both cell  lines. According to previous research,
MTT assay is suitable to investigate mitochondrial apoptosis
pathways [25], which suggested cell apoptosis was induced by
other pathways other than the mitochondrial pathway. There-
fore, Western blot  was conducted on K562 cells  using com-
pound 2. 

Effects of compound 2 on apoptotic proteins in K562 cells
K562 cells  were treated with different  concentrations of

2 for  24  h,  and  the  levels  of  apoptotic-related  proteins  were
analyzed. The results showed that pro-apoptotic proteins cas-
pase 9 and PARP were activated in a dose-dependent manner
while the expression of anti-apoptotic proteins Bcl-2, NF-κB
 
Table  3     The  IC50 values  of  the  active  compounds  against
HEL, KG-1a and K562 cell lines (mean ± SD, n = 3)

Compounds
72 h IC50/(μmol·L−1)

HEL KG-1a K562

1 2.01 ± 0.21** 5.47 ± 0.66** 3.27 ± 0.71**

2 2.48 ± 0.80* 5.21 ± 1.21* 3.75 ± 0.52*

3 1.59 ± 1.20** 5.28 ± 0.52** 2.26 ± 0.23**

4 1.17 ± 0.54** 4.45 ± 0.55** > 10

5 2.34 ± 0.78* 7.24 ± 0.18* > 10

7 2.60 ± 2.11* 6.34 ± 0.59* 5.94 ± 1.34*

9 6.90 ± 0.70* > 10 > 10

Imatinib 4.24 ± 0.04 3.51 ± 0.22 0.09 ± 0.01
IC50 values were assayed by MTT with different concentrations of
the active compounds. *P < 0.05 and **P < 0.01 vs the control group,
respectively
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and  survivin  decreased (Fig.  7).  The  caspase  family  is  vital
for apoptosis induction [26] and in the current study, caspase 9
was activated. However, compound 2 produced increased ef-

fects on the anti-apoptotic protein Bcl-2 related to mitochon-
drial  apoptosis [27]. These  findings  are  consistent  with  previ-
ous studies  and  indicated  that  alternative  apoptosis  mechan-
isms may  be  responsible  for  the  death  of  K562  cells.  Previ-
ous  works  have  demonstrate  that  increased  PARP  cleavage
makes DNA repair  dysfunctional  and  induces  K562  cell  ap-
optosis [28]. In a similar manner, the expression of full-length
PARP significantly decreased using 2, suggesting cellular ap-
optosis. A sesquiterpene lactone isolated from the Saussurea
lappa costunolide showed apoptosis  towards  SK-MES-1 hu-
man  lung  squamous  carcinoma  cells.  That  lactone  also
showed dose-dependent morphological alterations and inhib-
ited cell cycles during the G1/S phase. The Bax was up-regu-
lated  and  Bcl-2  was  down-regulated  by  costunolide  treat-
ment [29],  which was similar  to  the action of  compound 2 on
K562 cells. This Bcl-2 activation eventually caused caspase-3
activation  and  costunolide-induced  apoptosis.  Treatments
with  compound 2 even  resulted  in  caspase  3  activation  on
K562  cells.  However,  another  dimer  sesquiterpene  lactone
isolated  from Smallanthus  sonchifolius induced  G2/M  arrest
and apoptosis by a mitochondrial pathway in HeLa cells [30].

We  also  investigated  the  effects  of  compound 2 on  the
upstream  protein  ERK.  ERK  belongs  to  the  MAPK  family
and the MARK/ERK signaling pathway is necessary for vari-
ous cellular  responses,  such  as  mitosis,  differentiation,  sur-
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Fig. 6    Compounds 2 and 3 induce apoptosis in HEL and K562 cells. (A) HEL cells were treated with 2 and 3 at 0, 1.25, 2.5, and
5 μmol·L−1 for 24 h. The highest apoptosis rate reached about 50%. (B) K562 cells were treated with 2 and 3 at 0, 2.5, 5, and 10
μmol·L−1 for 24 h. The highest apoptosis rate reached about 90%. Data are represented as mean ± SD (n = 3). *P < 0.05, **P < 0.01,
***P < 0.001 vs control
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Fig.  7     Apoptotic  proteins  were  analyzed  by  Western  blot.
Bcl-2,  NF-NF-κB  and  Survivin  were  mildly  inhibited.  The
caspase family  and  PARP  were  activated  and  P-ERK  in-
creased
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vival,  migration  and  apoptosis  during  vertebrate  embryonic
development [31-32]. In most cancers, ERK is highly activated,
resulting  in  physiological  homeostasis  imbalance [33].  ERK
activation  promotes  both  intrinsic/extrinsic  pathways,  which
may  result  from  caspase  activation  through permanent  cell
cycle arrest  or  autophagic  vacuolization.  These  events  re-
quire constant  subcellular  ERK phosphorylation  and  we  ob-
served  a  dose-dependent  elevation  in  the  p-ERK  expression
by compound 2. In another study, helenalin, a cell-permeable
pseudoguainolide  sesquiterpene  lactone,  increased  pERK
levels  in  a  concentration-dependent  manner  in  HL-60  cells
and caused MAPK activation [30]. This finding confirmed the
role of 2 in apoptosis. 

Conclusion

In  the  present  study,  a  novel  series  of  germacranolide
sesquiterpene compounds are separated from the C. cernuum,
which  show  anti-leukemia  activity  in  human  leukemia  cell
lines  through  activating  Bcl-2  and  causing  cell  cycle  arrest.
Moreover, this study demonstrates that these compounds may
kill leukemia cells by inducing apoptosis through the activa-
tion of ERK. 

Experimental
 

General Experimental Procedures
Optical  rotations  were  measured  with  a  JASCO  P-1020

polarimeter (Jasco , Tokyo, Japan). UV spectra’s were recor-
ded  on  a  Shimadzu  UV-2401A  (Shimadzu,  Kyoto,  Japan).
ECD spectra’s  were  recorded  with  an  Applied  Photophysics
Chirascan spectrometer (Berlin, Germany). IR spectra’s were
determined on a Bruker Tensor-27 infrared spectrophotomet-
er with KBr disks (bruker optics, germany ). 1H and 13C NMR
and  2D  NMR  spectra’s  were  recorded  on  an  INOVA-400
MHz  (VARIAN,  USA)  with  tetramethylsilane  (TMS)  as  an
internal  standard.  Bruker  HCT/E  Squire  (Bruker,  USA)  and
Waters Autospec Premier P776 mass spectrometers (Waters,
USA) were used to measure ESIMS and HR-EIMS, respect-
ively.  Semipreparative  HPLC  was  performed  on  a  Waters
1525  liquid  chromatograph  with  a  Waters  XBridge  C18 (4.6
mm ×  150  mm;  10  mm ×  250  mm,  5  μm)  column (Waters,
USA).  Column  chromatography  (CC)  was  performed  using
silica  gel  (200–300 mesh and 300–400 mesh,  Qingdao Mar-
ine Chemical, Inc., Qingdao, China). TLC spots were visual-
ized  under  UV  light  (ZF-6,  JIAPENG  echnology  Co.,  Ltd,
Shanghai, China) and by dipping into 5% H2SO4 in EtOH fol-
lowed  by  heating  (Analytical  reagent,  energy-chemical,
Shanghai, China). 

Plant material
The  whole  plant  of C.  cernuum was collected  in  Zhen-

ning,  Guizhou  Province,  China,  and  identified  by  Professor
SUN  Qing-Wen  of  Guiyang  College  of  Traditional  Chinese
Medicine. A voucher specimen (Assrmyy201608) was depos-
ited at pharmacy’s comprehensive laboratory of Anshun City
People’s Hospital. 

Extraction and isolation
The powder of an entire plant of dried C. cernuum (20.0

kg) was extracted with 95% EtOH (20 L × 3; 80 °C for 3 h).
The  residue  suspended  in  water  was  extracted  with  EtOAc
and  the  resultant  extract  (960.0  g)  was  subjected  to  column
chromatography  over  3  kg  of  silica  gel  (15  cm  ×  160  cm,
300–400 mesh) and eluted with a gradient of petroleum eth-
er−acetone  (from  60  :  1  to  0  :  1, V/V)  to  give  7  fractions
(Fr.1–7).  Fr.  5 (82.0 g) was chromatographed on a silica gel
column (petroleum ether–EtOAc from 9 :  1 to 5 :  5, V/V) to
give  sub-fractions  5a−5e.  Sub-fraction  5b  was  purified  by
Sephadex LH-20 (CHCl3−MeOH, 1 :  1, V/V) and chromato-
graphed on a C18 silica gel column (MeOH−H2O, 4 : 6 to 7 :
3, V/V)  to  obtain 3 (10.3  mg), 5 (55.4  mg)  and 8 (9.6  mg).
Sub-fraction  5c  was  fractionated  on  a  Sephadex  LH-20
column  (MeOH)  and  recrystallized  to  obtain  compound 6
(10.5 mg). Sub-fraction 5d was further eluted on a C18 silica
gel column (MeOH−H2O, 7 : 3, V/V) to afford compounds 7
(19.6  mg)  and 9 (8.3  mg).  Sub-fraction  5e  was  subjected  to
CC over  silica  gel  (petroleum ether–ethyl  acetate  from 9 :  1
to 8 : 2, V/V) to obtain three fractions, which were then separ-
ated  using  a  Waters  X-Bridge  C18 column  (SunFire®C18,  5
μm, 4.6 mm × 250 mm, MeCN−H2O, 50 : 50, V/V) to afford
1 (9.5 mg), 2 (8.6 mg) and 4 (32.6 mg). 

Compound characterization data
[α]20

DCarpescernolide  C  (1):  White  amorphous  powder; 
(c 0.40,  MeOH);  UV (MeOH) λmax (log ε)  m 197 (1.64);  IR
(KBr) vmax 3439, 2975, 2931, 1768, 1754, 1633, 1459, 1384,
1161,  993  cm−1; 1H  and 13C  NMR  data  see Table  1;
positive  ESIMS m/z 389  [M  +  Na]+;  HR-ESIMS m/z
389.1570 [M + H]+ (Calcd. for C19H27O7, 389.1571).

[α]20
DCarpescernolide  D  (2):  White  amorphous  powder; 

43.33  (c 0.80,  MeOH);  UV  (MeOH) λmax (log ε)  m  205
(2.64);  IR  (KBr) vmax 3427,  2995,  2936,  1768,  1767,  1635,
1459,  1382,  1251,  1137,  1046,  968  cm−1; 1H  and 13C  NMR
data see Table 1; positive ESIMS m/z 381 [M + H]+; HR-ES-
IMS m/z 403.1725  [M  +  Na]+ (Calcd.  for  C20H28O7Na,
403.1727).

[α]20
DCarpescernolide  E  (3):  White  amorphous  powder; 

−37.78  (c 0.30,  MeOH);  UV  (MeOH) λmax (log ε)  m  195
(2.79);  IR  (KBr) vmax 3444,  2996,  2924,  1773,  1762,  1639,
1457,  1274,  990  cm−1; 1H  and 13C  NMR  data  see Table  1;
positive ESIMS m/z 439 [M + H]+; HR-ESIMS m/z 461.2147
[M + Na]+ (Calcd. for C23H34O8Na, 461.2146). 

Anti-leukemia assays 

Cell lines
Human leukemia cell lines HEL, K562 and KG-1a were

obtained  from ATCC,  Manassas,  VA,  USA,  and  cultured  in
RPMI  1640  medium  (Giboc,  USA)  supplemented  with  5%
fetal bovine serum (VACCA, USA) at 37 °C, 95% humidity
and 5% CO2. 

MTT assay
Leukemia cell lines HEL, K562 and KG-1a were seeded

in 96-well plates at densities between (4 × 103)–(1 × 104) and
treated  with  various  concentrations  of  chemical  agents  after
24  h.  They  were  incubated  for  72  h  and  10  μL  of  MTT
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(5 mg·mL−1) was added to each well before incubation for an
additional 4 h and centrifugation at 3000 r·min−1 for 20 min.
DMSO (160  μL)  was  added  to  each  well  after  the  super-
natant  was  discarded.  The  absorbance  of  the  formazan
products was measrued at 490 nm using a Synergy2 modular
Multi-Mode Reader (BioTek, Winooski, VT, USA) [34-35]. 

Cell apoptosis assay
Apoptosis  was  assessed  after  the  cells  (1.0  ×  105/mL)

were seeded  in  6-well  plates  and  treated  with  different  con-
centrations  of  the compounds for  24  h.  The  cells  were  then
collected with microcentrifuge tubes, washed twice with pre-
cooling phosphate-buffered saline (PBS), resuspended for 20
min at room temperature in 50 μL 1× binding buffer, 2.5 μL
FITC  Annexin  V  (Becton,  Dickinson,  USA),  and  2.5  μL
propidium iodide  (Becton,  Dickinson,  USA)  for  flow  cyto-
metry [34]. 

Western blot analysis
The cells were seeded in 60 × 60 dishes and treated with

compound 2 for 24  h.  Protein  samples  (30  μg)  were  separ-
ated  by 10% or  12% SDS-PAGE with  100 V for  approxim-
ately  120  min,  electroblotted  onto  a  PVDF  membrane  (0.22
μmol·L−1,  Bio-Rad, USA) at 220 mA for about 120 min and
blocked  with  3% bovine  serum  albumin  (BSA)  for  1  h  at
room temperature. The blocked membrane was subsequently
incubated overnight at 4 °C with specific primary antibodies:
Bcl-2  (abcam),  caspase3  (CST),  caspase  9  (CST),  PARP
(CST), survivin (CST), NF-κB (CST), ERK (CST) and p-erk
(CST).  After  washing  three  times  with  TBS for  15  min,  the
membrane was incubated for 1.5 h at room temperature with
secondary  FITC-anti-rabbit  antibody  (CST).  The  membrane
was scanned using an infrared imaging scanner. GAPDH was
used as the loading control [36]. 

Supplementary Information

Supporting information of this paper can be available on
request from the corresponding authors.
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