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Abstract:

Background: Over 60% of currently used anti-cancer agents are derived in one-way or another from natural sources, including
plants, marine organisms and microorganisms. Calotropis gigantea (Linn.) (Family: Asclepiadaceae) is a perennial shrub and it is
used as a traditional folk medicine for the treatment of various health complications. But there is no report on isolation of anticancer-
ous chemicals from the flower of Calotropis gigantea. The objective of the present study is to explore the antitumor effect of
anhydrosophoradiol-3-acetate (A3A), isolated from the flower of Calotropis gigantea (Linn.) against Ehrlich’s ascites carcinoma
(EAC) in Swiss albino mice.

Methods: Antitumoric effect of A3A was assessed by evaluating viable tumor cell count, survival time, body weight gain due to tu-
mor burden, hematological and biochemical (glucose, cholesterol, triglyceride, blood urea, SALP, SGPT and SGOT) parameters of
EAC bearing host at doses of 10 and 20 mg/kg body weight.

Results: Treatment with A3 A decreased the viable tumor cells and body weight gain thereby increasing the life span of EAC bearing
mice. A3A also brought back the altered hematological (Hb, total RBC and total WBC) and biochemical parameters more or less to
normal level.

Conclusion: Results of this study conclude that in vivo the A3A was effective in inhibiting the growth of EAC with improving in
cancer induced complications.

Key words:
anhydrosophoradiol-3-acetate, antitumor, Calotropis gigantea, Ehrlich’s ascites carcinoma, flower, mice

Introduction uted in tropical region and most abundant in Bangla-
desh, India, Burma and Pakistan [9]. In folklore
remedy, this plant was used in the treatment of ab-
dominal tumors, boils, syphilis, tuberculosis, leprosy,
skin diseases, piles, wounds, rheumatism and insect

bites. Root bark is considered to be purgative, altera-

Despite the great development of organic synthesis,
currently 25% of prescribed drugs worldwide are de-
rived from plant sources. Plant species are still an im-

portant source of new drugs for diseases that continue
to lack a cure, such as cancer [21, 31]. Calotropis gi-
gantea (Linn.) (Family: Asclepiadaceae) is a moder-
ate to large sized perennial shrub and widely distrib-

tive, diaphoretic, digestive and emetic whereas flow-
ers are stomachic, digestive and tonic. Powdered
flowers, in small doses, are useful in the treatment of
colds, coughs, asthma, catarrh, indigestion and loss of
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appetite [23]. In earlier screening, Calotropis gigantea
was shown to possess antipyretic [5], analgesic [26],
anticonvulsant [2], anxiolytic [2], sedative [2], hepato-
protective [20], wound healing [8], antidiabetic [29],
larvicidal [27], anti-inflammatory [1] and anti-diarrheal
[6] activities. Several phytochemicals have been iso-
lated from Calotropis gigantea and they include cyto-
toxic cardenolides [18, 19, 33], antifeedant nonprotein
amino acid [25], naphthalene and terpene derivatives
[10], flavonol glycosides [34], pregnanes [17, 35, 39],
ursane-type triterpenoids [23] and steroids [12, 37].
However, no investigation is still done on isolation of
anticancerous chemicals from the flower of Calotropis
gigantea. We herein report the in vivo antitumor activ-
ity of isolated anhydrosophoradiol-3-acetate (A3A)
from Calotropis gigantea flower against Ehrlich as-
cites carcinoma (EAC) cells in mice.

Materials and Methods

Plant material

The flowers of Calotropis gigantea were collected
from the relevant area (Meherchandi) of Rajshahi
University Campus, Rajshahi, Bangladesh. The plant
specie was authenticated by Professor A.T.M. Nad-
eruzzaman, Department of Botany, Rajshahi Univer-
sity and a voucher specimen (No. 1A.Alam, Collec-
tion date 15.08.2004) was kept in the Department of
Botany, Rajshahi, University.

Extraction and isolation

The shed-dried powdered flower (1.0 kg) of Calotro-
pis gigantea was extracted with ethyl acetate (E.
Merck, Germany) at room temperature. The solvent
was completely removed by rotary vacuum evapora-
tor from the crude extract to yield a residue of 38 g.
Then crude ethyl acetate extract (15 g) was applied on
silica gel (60-120 mesh) chromatography using n-
hexane (E. Merck, Germany) with a gradient of ethyl
acetate up to 100% and followed by chloroform (E.
Merck, Germany). Sixty four fractions were collected.
Among these fractions, fraction 21-30 afforded com-
pound 1 as white crystals (275 mg) which were pre-
served in a vacuum desiccator at 25°C. The purity of
the isolated compounds was checked on TLC plates.
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General methods

High resolution TOF mass spectra were obtained
using a Waters LCT Premier mass spectrometer (UK)
coupled with a Waters AQUITY HPLC system, with
data acquisition achieved using MassLynx software,
version 4.0. NMR spectra were recorded on Bruker
400 MHz FT spectrometer (DPX-400, Switzerland).
All the spectra were taken in Analytical Research
Division, Bangladesh Council of Scientific and Indus-
trial Research (BCSIR) Laboratories, Dhaka-1205,
Bangladesh.

Experimental animals

Male Swiss albino mice (25-30 g) were procured
from the Animal Research Branch of the International
Centre for Diarrheal Diseases and Research, Bangla-
desh (ICDDR,B). The animals were housed in air-
conditioned (25 + 2°C) room with controlled lighting
(from 6.00 a.m to 8.00 p.m). The animals were fed on
pelleted food and tap water was available ad libitum.
The animals were acclimatized to the laboratory for at
least 5 days before testing. The experiments were car-
ried out after approval of the protocol by the Institu-
tional Ethics Committee for Experimentations on Ani-
mal, Human, Microbes and Living Natural Sources
(225/320-IAMEBBC/IBSc), Institute of Biological
Sciences, University of Rajshahi, Bangladesh.

Tumor cells

EAC cells were obtained by the courtesy of Indian In-
stitute for Chemical Biology (IICB), Kolkata, India
and were maintained by weekly intraperitoneal (ip)
inoculation of 10° cells/mouse in the laboratory.

Acute toxicity study

For dose selection, male Swiss albino mice were di-
vided into four groups (n = 6). After 2 h of a single ip
administration of A3A on the animals of group 1, 2
and 3 at 25, 50 and 100 mg/kg doses did not show any
gross changes in behavioral, neurological and auto-
nomic profiles when compared with untreated control
(group 4) and no mortality was observed after 24 h.
Then to optimize the dose levels, 10 and 20 mg/kg
body weight (b.w.) were selected for the evaluation of
A3A.
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Effect on EAC cell growth

In order to determine the effect of compound 1 on
EAC cell growth, 24 mice were randomly divided
into four groups (6 animals in each group) and for
therapeutic evaluation, the mice of all groups were in-
oculated with 1.5 x 10° cells/mouse on the day first.
After 24 h of tumor inoculation treatment was started
and continued for 5 days. The mice in group 1, 2, 3
and 4 received intraperitoneally 2% v/v dimethyl sul-
foxide (DMSO), compound 1 (10 and 20 mg/kg b.w.)
and standard drug, bleomycin (Biochem Pharmaceuti-
cal, India; 0.3 mg/kg b.w.), respectively. On day 6 af-
ter tumor transplantation, animals were sacrificed. Tu-
mor cells were collected by repeated washing with
0.9% saline and viable tumor cells per mouse of the
treated group were compared with EAC control (i.e.,

group 1) [13].
Effect on survival time

Mice in four groups (6 animals per group) were in-
oculated with 1.5 x 10> cells/mouse on the day 0. Af-
ter 24 h of inoculation, mice in group 1, 2, 3 and 4
were treated (ip) with 2% v/v DMSO, compound 1
(10 and 20 mg/kg) and bleomycin (0.3 mg/kg), re-
spectively, and continued for 10 days. The mice in
group 1 were considered as EAC control. The average
b.w. changes and mean survival time of each group
were noted. The mean survival time (MST) of the
treated groups was then compared with that of the
control group and percentage increase in life span
(%ILS) was also calculated [28].

Effect on hematological and biochemical
parameters

Swiss Albino mice were divided into five groups (n =
6). All the animals were injected with EAC cells (2 %
10° cells/mouse) intraperitoneally except for the nor-
mal group. This was taken as day 0. Group 1 served as
the normal control and group 2 served as the EAC
control. These two groups received 2% DMSO.
Group 3 and 4 were treated with compound 1 at 10
and 20 mg/kg b.w., respectively. Group 5, which
served as the positive control, was treated with bleo-
mycin at 0.3 mg/kg b.w. All these treatments were
given 24 h after the tumor inoculation, once daily for
10 days. Six mice from each group were sacrificed on
12 day after tumor inoculation for the study of hema-
tological and biochemical parameters. Hematological

parameters (hemoglobin, RBC, WBC and differential
count of WBC) were measured from freely flowing
tail vein blood of each mice of each group [24]. Then,
every mouse was sacrificed and blood was collected
by cardiac puncture. Serum was separated by centrifu-
gation at 4000 rpm for 10 min and analyzed for glu-
cose, total cholesterol, urea, triglyceride, serum alka-
line phosphatase (SALP), serum glutamate pyruvate
transaminase (SGPT) and serum glutamate oxaloace-
tate transaminase (SGOT) in an bioanalyzer (Micro-
lab 200) using commercial kits (Atlas Medica, UK).

Statistical analysis

All values were expressed as the mean + SEM (stan-
dard error of the mean). Statistical analysis was per-
formed with one way analysis of variance (ANOVA)
followed by Dunnett’s ‘t’ test using SPSS statistical
software of 15 version; p < 0.05 was considered to be
statistically significant.

Results and Discussion

Isolated and purified compound 1 was characterized
by mass and NMR spectral data. Its EI-MS showed
a molecular ion (M") peak at m/z 466.4023. Its
'H-NMR spectrum exhibited three olefinic proton at
5.34,08 5.14 and & 5.12 ppm and an acetyl methyl pro-
ton at 8 2.04 ppm. The "C-NMR showed an acetyl
carbonyl carbon at & 171.01 ppm, four olefinic car-
bons at & 122.5 (C-12), & 143.75 (C-13), 6 139.67
(C-21), & 124.37 (C-22) ppm and acetyl methyl car-
bon at 15.76 ppm.

Compound 1: White crystals; IR (KBr, cm™):
2979, 1735, 1456, 1365, 1022. 'H-NMR (400 MHz,
CDCl;, o, ppm): 0.86 (3H, s, H-30), 0.87 (3H, s,
H-29), 0.91 (3H, s, H-28), 0.97 (3H, s, H-27), 0.98
(3H, s, H-26), 1.06 (3H, s, H-25), 1.13 (3H, s, H-24),
1.25 (3H, s, H-23), 1.65 (1H, s, H-7), 1.66 (2H, s,
H-6), 1.67 (2H, s, H-2), 1.67 (1H, s, H-5), 1.89 (2H,
m, H-19), 1.90 (2H, m, H-15), 1.92 (2H, m, H-11),
1.97 (2H, d, J = 11.5 Hz, H-16), 2.00 (1H, s, H-9),
2.01 (2H, d, J = 11.5 Hz, H-1), 2.04 (3H, s, -CO-
-CH3), 4.50 (1H, t, J=11.6 Hz, H-3), 5.12 (1H, t, J =
3.5 Hz, H-12), 5.18 (1H, t, J = 3.5 Hz, H-21), 5.34
(1H, t, J = 3.5 Hz, H-22). "C-NMR (150 MHz,
CDCls, 6, ppm): 15.7 (-CO-CHs3), 16.7 (C-25), 16.9
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Fig. 1. Chemical structure of anhydrosophoradiol-3-acetate (A3A)
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Based on the foregoing observations and a com-
parison of the above data with the literature [16],
compound 1 was determined to be anhydrosopho-
radiol-3-acetate (A3A) (Fig. 1). Isolation of A3A is
reported for the first time from this plant.

The effects of A3A at the doses of 10 and 20 mg/kg
on survival time, viable tumor cell count and body
weight gain due to tumor burden are shown in Figure
2. The prolongation of life span is a reliable criterion
for judging efficacy of anticancer drugs [7] and the
A3A isolated from flower of Calotropis gigantea
were able to meet this criterion through reducing the
viable EAC cells. Treatment with A3A at the doses of
10 and 20 mg/kg significantly (p < 0.05) reduced vi-
able tumor cell count and b.w. gain in a dose-
dependent manner as compared to that of the EAC
control group (Fig. 2A and Fig. 2D). In the EAC con-
trol group, the mean survival time was 19.8 + 1.40
days, while it increased to 25.6 = 1.58 (10 mg/kg),
and 31.0 = 0.96 (20 mg/kg) days (p < 0.05), respec-
tively, in the A3A-treated groups. The standard drug
bleomycin (0.3 mg/kg)-treated group had a mean sur-
vival time of 39.0 + 0.85 days (Fig. 2B). The percent-
age increase in the lifespan (%ILS) of tumor-bearing
mice treated with A3A (20 mg/kg) was found to be
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Fig. 2. Effect of ASA on EAC cell bearing mice. A: Viable EAC cells on day 6 after tumor cell inoculation, B: Mean survival time, €z % Increase in
life span and D: Body weight on day 12. Data are expressed as the mean + SEM (n = 6); 2 p < 0.05: between EAC control and A3A-treated

group

764 Pharmacological Reports, 2013, 65, 761-767



Effect of anhydrosophoradiol-3-acetate as antitumoric agent
Muhammad R. Habib and Muhammad R. Karim

56.32% as compared to the control group whereas it
was 96.97% for bleomycin (0.3 mg/kg) (Fig. 2C).
Myelosuppression and anemia (reduced hemoglo-
bin) have been frequently observed in ascites carci-
noma [14, 22]. Anemia encountered in ascites carci-
noma mainly due to iron deficiency, either by hemo-
lytic or myelopathic conditions which finally lead to
reduced RBC number [14]. In this study, elevated
WBC count, reduced hemoglobin and RBC count
were observed in EAC control mice. Administration
of A3A at 20 mg/kg significantly (p < 0.05) reduced
total WBC count in respect to that of EAC control
group. RBC count and hemoglobin content were
found to be significantly restored to the normal levels
in the animals treated with A3A (10 and 20 mg/kg) as
well as standard drug bleomycin (0.3 mg/kg) (Tab. 1).
The restoring capability of A3A on altered hemoglo-
bin, total RBC and WBC count has indicated its he-
matopoietic protecting activity without inducing mye-
lotoxicity, the most common side effects of cancer
chemotherapy. A3A did not show any significant effi-
cacy to bring the altered differential count of WBC.
Numerous studies on the enzymes of carbohydrate
metabolism in cancer showed that actively dividing
neoplastic tissues require more energy than normal
cells [32]. The consequent display of a high rate of
glycolysis in malignant conditions is clinically mani-

fested in the increased activity of several serum en-
zymes [3, 30]. In our study, twelve days of inocula-
tion with EAC brought the significant elevation in the
levels of SGOT and SALP (Tab. 1). Treatment with
A3A restored the elevated biochemical parameters
more or less to normal range thereby supporting its
protective effect on the tumor induced complications.

The development of hypoglycemia and hyperlipi-
demia in experimental animals with carcinoma has
been previously reported [15, 36]. In this experiment,
reduced glucose level and elevated cholesterol and tri-
glycerides were returned more or less to normal level
in drug treated mice (Tab. 1). Inoculation and progres-
sion of EAC proliferation in mice have also an asso-
ciation with some extent of kidney damage and eleva-
tion of blood urea [4]. A3A reduced the elevated level
of blood urea.

A3A was a pentacyclic terpenoid and in vitro it ex-
hibited potent cytotoxicity against A549, SK-OV-3,
SK-MEL-2, MES-SA and HCT-15 tumor cell lines
[16]. Generally pentacyclic triterpenoids exert their
antitumor activity through apoptosis induction. They
were associated with early disruption of the endoplas-
mic reticulum and alterations in calcium homeostasis
which are early events in activation of caspases [11,
38]. In our previous study, we reported the potent in-
hibition of Ehrlich’s ascites carcinoma by ethyl ace-

Tab. 1. Effect of A3A on hematological and biochemical parameters of EAC cell bearing mice

Parameters Normal EAC control EAC + A3A EAC + A3A EAC + Bleomycin
(10 mg/kg) (20 mg/kg) (0.3 mg/kg)

Hab (g/dI) 12.2+0.55 5.8+053 7.9+047 9.6+ 058 15.8+0.25
RBC(x 109 cells/ml) 54+0.28 25+0272 36+027° 424024 5.16 +0.09
WBC(x 10 cells/ml) 9.1+157 36.1+3.89% 27.6+3.05 21.3+2.07 8.62 +0.59
Lymphocytes (%) 70.0+1.82 30.3+1.832 385+1.76 36.3+2.21 69.4 + 0.90°
Neutrophils (%) 255+ 1.64 64.1+1.642 56.3 +1.54 58.5+2.32 26.1+0.93
Monocytes (%) 26+0.49 43+0.80 3.83+0.47 3.83+0.47 2.00+0.27
Glucose(mg/dl) 142.3 +2.74 76.9+2.872 103.9 +5.02° 108.0 + 4.02° 1405+ 1.21°
Cholesterol (mg/dl) 109.3+2.50 183.7 + 3.68° 155.4+5.87 141.9 + 4.46 1204 +0.710
Triglyceride (mg/dl) 1254+ 1.86 179.6 + 4.092 1731+2.92 150.2 + 3.81° 126.7 +1.28
Blood Urea (mg/dl) 273+193 85.1 + 3.482 755+2.08 42.9 +1.66 3050520
ALP (U/1) 122.2+4.28 2346 + 2,38 196.0 + 3.36" 180.3 +3.75 129.6 +0.72
SGPT (U/1) 67.0+2.33 733270 68.5+3.12 70.5+2.18 73.3+0.36
SGOT (U/1) 39.3+0.84 229.0 + 3.752 216.0 + 4.61 197.3+4.17° 94.2.+0.78

Data are expressed as the mean + SEM for six animals in each group. 2p < 0.001: against normal group and ° p < 0.05: against EAC control

group
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tate extract from the flower of Calotropis gigantea in
mice [13]. In this study, we demonstrated in vivo the
remarkable antitumor activity of anhydrosophora-
diol-3-acetate of Calotropis gigantea flower against
EAC but the mechanisms of action should be further
addressed.

Conclusion

The overall findings of this study indicate that
anhydrosophoradiol-3-acetate (A3A) of Calotropis
gigantea flower has noteworthy antitumoric effects
that might be a source of herbal drugs in respective
therapeutic area and it also contributes in the proper
use of this medicinal plant for better health care sys-
tem of common people in Bangladesh.
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