
companied by extensive fragmentation of DNA in Huh-7 
and COS-1 cells. No change in the levels of canonical 
markers of apoptosis such as Bcl2 and caspase 3 was 
observed. 

CONCLUSION: DL of C. procera has the potential for 
anti-cancer therapy due to its differentiable targets and 
non-interference with regular pathway of apoptosis.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The incidence of  cancer is increasing worldwide and it 
is the single most common cause of  deaths in both de-
veloped and developing countries[1,2]. Irrespective of  the 
cause, the localized malignant tumors are best managed 
by surgical removal[3,4] while the treatment options for 
advanced and metastasized tumors include chemotherapy 
and radiotherapy[5-7]. However, in view of  the side effects 
of  drugs used in the chemotherapy of  different cancers, 
traditional herbal medicine and complementary and alter-
native medicine (CAM) are becoming increasingly popular 
among cancer patients in the developed countries[8,9]. In 
the traditional Indian medicinal system, the Ak plant or 
Calotropis procera (Ait.) R. Br. (Asclepiadaceae) has been used 
for a variety of  disease conditions that includes its use in 
the treatment of  leprosy, ulcers, piles and tumors[10]. The 
root extract of  C. procera has been found to produce a 
strong cytotoxic effect on COLO 320 tumor cells[11]. Re-
cently, a hemi synthetic derivative of  a cardenolide isolated 
from the root barks of  C. procera shows a strong cytotoxic 
effect on several human cancer lines, a high in vivo toler-
ance to tumor growth and prolonged survival in the human 
xenograft models of  nude mice[12]. The chloroform-soluble 
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Abstract
AIM: To evaluate the anticancer property of the dried 
latex (DL) of Calotropis procera , a tropical medicinal 
plant, in the X15-myc  transgenic mouse model of hepa-
tocellular carcinoma and to elucidate its mechanism of 
action in cell culture. 

METHODS: The young transgenic mice were orally fed 
with the aqueous suspension of DL (400 mg/kg for 5 
d/wk) for 15 wk and their liver was examined for his-
topathological changes at 20 wk. Serum levels of vascu-
lar endothelial growth factor (VEGF) were also measured 
in these animals. To characterize the active fraction, DL 
was extracted with petroleum ether followed by metha-
nol. The methanolic extract was sub-fractionated on a 
silica gel G column using a combination of non-polar and 
polar solvents and eleven fractions were obtained. Each 
fraction was analysed for cytotoxic effect on hepatoma 
(Huh7) and non-hepatoma (COS-1) cell lines and non-
transformed hepatocytes (AML12) using tetrazolium 
(MTT) assay. Finally, the mechanism of cell death was 
investigated by measuring the levels of Bcl2, caspase 3 
and DNA fragmentation.

RESULTS: DL treatment of mice showed a complete 
protection against hepatocarcinogenesis. No adverse 
effect was observed in these animals. The serum VEGF 
level was significantly lowered in the treated mice as 
compared to control animals. Cell culture studies re-
vealed that the methanolic extract of DL as well as its 
fraction 8 induced extensive cell death in both Huh-7 and 
COS-1 cells while AML12 cells were spared. This was ac-
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fraction of  its roots, ethanolic extract of  its flowers and 
aqueous and organic extracts of  its dried latex (DL) also 
exhibit a strong anti-inflammatory activity in animal models 
of  acute and chronic inflammation[13-15]. Further, recent 
epidemiological studies have shown that daily intake of  
non-steroidal anti-inflammatory drugs (NSAIDs) such 
as aspirin and ibuprofen results in a significant exponen-
tial decline in the risk of  different clinical cancers[16]. In 
view of  this, we have evaluated the cytotoxic and anti-
tumor activities of  the latex of  C. procera respectively on 
hepatoma and non-hepatoma cell lines, and in a trans-
genic mouse model of  hepatocellular carcinoma (HCC).

MATERIALS AND METHODS
Collection of latex and its fractionation 
C. procera growing in wild was identified by the Raw Mate-
rials, Herbarium and Museum Division, National Institute 
of  Science Communication, New Delhi, where a voucher 
specimen is preserved (Voucher No. PID1739). The latex 
was collected from the aerial parts of  the plant and dried 
under shade (DL). DL was extracted with petroleum ether 
(B.P. 40-60 ℃) and methanol in a sequential order. The 
methanol extract (ME) was subjected to silica gel G (mesh 
60-120) step column chromatography using a combination 
of  non-polar and polar solvents and eleven fractions were 
collected[17]. The fractions were evaporated to dryness and 
tested for cytotoxic properties.

Chemicals and Reagents
Dulbecco’s modified Eagle’s medium (DMEM), fetal 
bovine serum (FBS) and Caspase 3 assay kit were procured 
from Invitrogen (California, USA). Dimethylsulfoxide 
(DMSO) and (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl 
tetrazolium bromide (MTT) were purchased from Sigma 
(Missouri, USA). Silica gel G, petroleum ether (PE) and 
other chemicals were bought from Merck, India. 

Treatment of oncomouse
The X15-myc transgenic mice expressing HBx and c-myc 
genes in the liver and thereby resulting in hepatocellular 
carcinoma[18], were used for this study following approval 
of  the Institutional Animal Ethics Committee. Animals 
of  matched age (5 wk old)) of  either sex were used in this 
study. The overnight fasted animals were fed with bread 
soaked in aqueous suspension of  the DL at a dose of  400 
mg/kg for 15 wk (5 d/wk, n = 6). The control animals 
were given bread alone (n = 6). At 20 wk, the animals of  
both groups were sacrificed and their liver was collected in 
buffered formalin (100 mL/L). Paraffin blocks of  samples 
were made and the tissue sections were stained with hema-
toxylin and eosin to observe histopathological changes.

Estimation of vascular endothelial growth factor (VEGF)
The serum level of  VEGF was measured in the mice using 
a mouse specific ELISA kit (Oncogene Research Products, 
Germany). 

Cell culture and cytotoxicity assay
The human hepatoma Huh-7 cell line[19] was a kind gift 
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from Dr. A. Siddiqui (University of  Colorado, Denver). 
COS-1 (African green monkey kidney cell line, CRL-1 650) 
and AML-12 cells (mouse hepatocyte, CRL-2 254) were 
purchased from the American Type Culture Collection 
(Virginia, USA). All cultures were grown in DMEM with-
out phenol red (DMEM-PR) supplemented with fetal bovine 
serum (100 mL/L), L-glutamine, penicillin and streptomycin 
and maintained at 37℃ in a CO2 incubator. The cytotoxic 
effect of  ME and each DL fraction was evaluated in cell 
cultures where the cells were seeded at a density of  4 × 
105 cell/60 mm dish and allowed to settle for 12 h. Then 
these cells were incubated with different fractions of  DL 
at concentrations ranging from 0.1-10 mg/L for either 24h 
or 48h. Cell viability was analyzed by MTT colorimetric 
assay[20]. Briefly, after treatment with the DL fractions, the 
cells were washed with culture medium and incubated with 
MTT solution (1 mg/mL in DMEM-PR) for 1h at 37 ℃. 
The medium was decanted, the formazan product was dis-
solved in 1mL DMSO and the absorbance was read at 560 
nm.

DNA fragmentation assay
Extract of  the cells treated with DL fraction 8 was pre-
pared in TET buffer (10 mmol/L Tris-HCl, pH 7.4, 5 
mmol/L EDTA, 5 mL/L Triton X100) and incubated 
with proteinase K (40 mg/L) at 37 ℃ for 1h. After extrac-
tion with an equal volume of  phenol, followed by phenol 
and chloroform, DNA was precipitated using ethanol. The 
DNA pellet was resuspended in H2O and incubated with 
RNase A (40 mg/L) at 37 ℃ for 1h before electrophoretic 
separation in a 15 g/L TBE agarose gel[21]. 

Bcl-2 and caspase assay
The intracellular level of  Bcl-2 was measured by immuno-
precipitation using anti-Bcl-2 antibody (Santa Cruz Bio-
technology, California, USA). The relative caspase activity 
was measured using the caspase 3 assay kit (Invitrogen, 
USA). The cell extract was prepared as per supplier’s pro-
tocol and the caspase activity was measured in 50 µL aliq-
uots by incubating with the substrate for 2 h at 37 ℃ and 
the absorbance was read at 405 nm.

Statistical analysis
The values are expressed as mean ± SE (n = 6) and the sta-
tistical analysis was performed by Student’s t test. P < 0.05 
was considered significant.

RESULTS
DL exhibits in vivo chemopreventive effect
The chemopreventive effect of  orally administered DL 
was studied in the X15-myc transgenic mice. Histological ex-
amination of  the liver of  untreated mice at 20 wk showed 
a marked nuclear atypia, hyperchromatia, necrosis and loss 
in sinusoidal architecture (Figure 1A). Treatment of  mice 
with DL (400 mg/kg) for a period of  15 wk protected 
these mice from malignant changes occurring in the liver 
while sinusoidal architecture and cellular integrity was 
slightly disrupted as compared to normal and hydropic 
changes were observed (Figures 1B and 1C). We further 
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measured the levels of  VEGF, a marker of  angiogenesis, 
in these mice. Treatment with DL produced a significant 
decrease in the serum VEGF levels of  X15-myc mice from 
12.18 ± 0.64 µg/L to 9.75 ± 0.27 µg/L (P = 0.002) while 
the level of  VEGF in normal mice was 7.00 ± 0.55 µg/L.

DL is cytotoxic to cancer cells
Since the aqueous extract of  DL showed a strong in 
vivo chemopreventive effect, the molecular basis of  its 
action was investigated in cell culture. The ME of  DL 
was evaluated for cytotoxicity using MTT assay on two 
different cell lines, viz., Huh-7 and COS-1 cells (Figure 2). 
ME induced cell death in both cell lines in a concentration 
dependent manner. Even at low concentration (0.1 mg/L), 
ME could induce cell death in both the cell lines. The 
effect was, however, more pronounced (-90% cell death) at 
higher doses of  ME (1 and 10 mg/L). 

A polar fraction of DL contributes to its cytotoxic effect
To identify the active component of  DL, ME was sub-
jected to silica gel G column chromatography and eleven 
fractions were collected[17]. Each fraction was evaluated 
for its cytotoxic activity on Huh-7 and COS-1 cells at 10 
mg/L concentration and cell viability was determined by 
MTT assay (Figure 3). Out of  11 fractions, only fraction 
8 exhibited a potent cytotoxic effect on both Huh-7 and 
COS-1 cells (~90% cell death) and the effect was compa-

rable to ME (input). A marginal inhibitory effect was also 
seen with fraction 1 on Huh-7 cells (-24% cell death). 

We further investigated the relationship between the 
dose-response and cytotoxic effect of  DL fraction 8 on 
Huh-7, COS-1 and non-transformed AML12 cells. At 
concentration ranging from 0.1 to 10 mg/L, it produced 
a dose-dependent decrease in the survival of  Huh-7 and 
COS-1 cells leaving behind only 20%-30% living cells at 10 
mg/L concentration. However, unlike the two cancer cell 
lines, AML12 cells showed a much better survival (-80%) 
in the presence of  fraction 8 (Figure 4 A-C). 

Fraction 8 of DL induces DNA fragmentation
To understand the mechanism of  DL-induced cell death, 
the canonical markers of  apoptosis like Bcl-2 and caspase 3 
were measured in Huh-7 cells after treatment with fraction 

Figure 1 Histological analysis of mouse liver. A: X15-myc control; B: X15-myc 
mouse treated with DL suspension; C: Normal mouse liver. (A1, B1, C1 = x100 and 
A2, B2, C2 = x400).
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Figure 2 Cytotoxic effect of methanolic extract of DL on cancer cell lines. Huh-7 
(A) and COS-1 cells (B) were incubated with different concentrations of ME and 
analyzed for cell viability at 24h or 48h (n = 6), mean ± SE. aP < 0.001; bP < 0.01; A1 
and B1 are control Huh-7 and COS-1 cells; A2 and B2 are ME-treated Huh-7 and 
COS-1 cells (x200).
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Figure 3 Cytotoxic effect of different fractions of the methanolic extract of DL on 
cancer cell lines. Huh-7 and COS-1 cells were incubated with either ME or its 
eleven fractions (all at 10 mg/L). Cell viability was measured at 48 h and results 
are expressed as % cell death.
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8. Surprisingly, no change in the levels of  both markers 
was observed (data not shown). Nonetheless, there was a 
marked increase in the fragmentation of  cellular DNA that 
was both concentration as well as time dependent thereby 
suggesting a rise in the cellular nuclease activity (Figure 5). 

DISCUSSION
The latex of  C. procera has been shown to possess potent 
anti-inflammatory and antioxidant properties. In this study 
we have tested the latex for its chemopreventive and in 
vitro cytotoxic properties. The study was carried out in an 
mouse model of  HCC developed by the integration of  a 
chimeric transgene having hepatitis B virus X and murine 
c-myc genes exhibiting liver-specific neoplastic changes 
that are associated with inflammation and angiogenesis[18]. 
Five days a week oral administration of  DL to the X15-
myc mouse produced a marked chemopreventive effect as 
revealed by histological analysis. The mitotic changes pro-
duced by transgene expression were inhibited at the dose 
studied though some hydropic changes were observed. 
This was accompanied by inhibition of  cellular infiltra-
tion. The DL might be producing chemopreventive effects 
through inhibition of  different mediators of  inflamma-
tion[15]. The pro-inflammatory cytokines and reactive oxy-
gen and nitrogen species are known to activate signaling 
molecules involved in inflammation and carcinogenesis. 
These include nuclear transcription factor NF-κB, induc-
ible nitric oxide synthetase (iNOS) and cyclooxygenase-2 
(COX-2)[22]. The elevated levels of  tumor COX-2 have 
been reported to correlate with invasiveness and elevated 
VEGF levels that brings about neovascularization and pro-
gression of  HCC[23,24]. In fact, a recent study has revealed 
that COX-2 expression correlates with VEGF expression 
and microvessel density in HCC caused by hepatitis B 
virus[25]. It is interesting to note that DL not only inhibited 

A
24 h
48 h

Huh-7

Ce
ll 

su
rv

iv
al

 (
%

)

120

100

80

60

40

20

0
C              0.1              1              10

b

b
b

b b

b

Fraction 8 (mg/L)

COS-1

Ce
ll 

su
rv

iv
al

 (
%

)

Fraction 8 (mg/L)

120

100

80

60

40

20

0
C                             10

b

b

24 h
48 h

120

100

80

60

40

20

0
C             0.1             1              10

AML 12

Fraction 8 (mg/L)

24 h
48 h

Ce
ll 

su
rv

iv
al

 (
%

)

B C

A1

A2

B1

B2

C1

C2

Co
nt

ro
l

Fr
ac

tio
n 

8 
(1

0m
g/

L)
 

Figure 4 Cytotoxic effect of fraction 8 of the DL methanolic extract on different cell lines. Huh-7 (A), COS-1 (B) and AML12 cells (C) were incubated with different 
concentrations of fraction 8 and cell viability was measured at 24 and 48 h (mean ± SE, bP < 0.01). A1, B1 and C1 are control Huh-7, COS1 and AML12 cells; A2, B2 and C2 
are fraction 8 treated Huh-7, COS-1 and AML12 cells (x200).
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the inflammatory changes, but also produced a significant 
decrease in VEGF levels as observed with other anticancer 
drugs[26-28].

We further evaluated the cytotoxic effects of  DL on 
hepatoma (Huh-7), non-hepatoma (COS-1) and non-can-
cerous (AML12) cell lines and observed that the cytotoxic 
activity was associated with one of  the polar fractions of  
DL, i.e., fraction 8. Like total methanolic extract, fraction 8 
also showed a strong cytotoxic effect on both transformed 
cell lines used here. However, a marginal effect on the kill-
ing of  AML12 cells suggested a high degree of  selectivity 
for transformed cells. Such differential killing of  cancerous 
cells could relate to their altered metabolic status and/or 
membrane properties. In fact selective killing of  cancerous 
cells by chemotherapeutic drugs like methotrexate and 
polyunsaturated fatty acids has been reported earlier as 
well[29,30]. Thus, it would be interesting to investigate the 
mechanism of  such target selectivity by DL. The cytotoxic 
effect of  DL was accompanied by intracellular fragmenta-
tion of  target cell DNA. We observed a dramatic increase 
in the fragmentation of  Huh-7 cells upon incubation with 
DL fraction 8. Though the action was rapid, it was not 
accompanied by expression of  the common markers of  
intrinsic pathway of  apoptosis such as Bcl-2 or caspase 3. 
Since Bcl-2 and caspases are markers of  mitochondria-
mediated apoptotic death, the genomic DNA can still 
undergo fragmentation by cellular DNase activity indepen-
dent of  mitochondrial pathway[31]. Hence a possible role of  
hypoxia and free radical-dependent activation of  DNase 
activity or direct DNA damage and consequent degrada-
tion of  cellular DNA[32] as evident here, cannot be ruled 
out. Thus, our study suggests that the latex of  C. procera 
possesses an activity that has a chemopreventive action in 
vivo and cytotoxic action on cancer cell lines. Further study 
would be necessary to demonstrate its efficacy in HCC 
treatment.
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