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Anticancer activity of betulinic acid on MCF-7 tumors in nude mice
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Breast cancer is a major public health problem and the low effectiveness of conventional therapies to achieve long term
survival results in increased mortality associated with advanced breast cancers. Betulinic acid (BA) is a pentacyclic
triterpene which can be isolated from number of plants grown in the tropics. It exhibits cytotoxic activity against variety of
cancer cell lines. In the present study, the in vitro cytotoxic activity and in vivo antitumor activity of BA was evaluated in
athymic nude mice bearing MCF-7 breast adenocarcinoma xenografts. In vitro cytotoxic activity of BA on MCF-7 cells was
studied using the MTT assay and BA was cytotoxic towards MCF-7 cells with ICs, value of 13.5ug/mL. The antitumor
activity of BA was studied at concentrations of 50 and 100 mg/kg body weight in mice injected with MCF-7 cells. BA
treatment delayed tumor formation and statistically significant reduction (P<0.0001) of 52 and 77% in the tumor size at
concentrations of 50 and 100 mg, respectively was observed. Histopathological analysis of tumors revealed decreased
angiogenesis, proliferation and invasion in BA treated animals. This is one of the first studies demonstrating the in vivo
antitumor activity of BA on MCF-7 breast cancer tumors in nude mice. The antitumor effect of BA can further be enhanced
by use of combination therapy and novel drug delivery systems, thus making it a promising candidate for management of
breast cancer patients.
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abundance in the outer bark of white birch trees.
Though initial reports suggested that BA is selectively
cytotoxic to melanoma cells', it was subsequently
demonstrated that it exhibited several medicinal and
biological activities including antibacterial,

The evaluation of potential antitumor activity of
approximately 2500 extracts derived from globally
collected plants resulted in isolation and identification
of betulinic acid (BA) as a melanoma specific
cytotoxic agent belonging to the class of pentacyclic

lupane type triterpenoids'. Betulinic acid (3B, 3-
hydroxy-lup-20(29)-en-28-oic acid) structure consist
of a 30 carbon skeleton having molecular formula
C;0H430; and has three available sites for simple
chemical modifications at C-3, C-20 and C-28 (Fig.1).
It is a highly lipophilic molecule with limited water
solubility. Betulinic acid can be directly isolated from
various plants widespread in the tropics. It can also be
chemically derived from betulin, a substance found in

Fig. 1—Chemical structure of Betulinic acid.
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antimalarial, and antiHIV>*. The in vitro antitumor
cytotoxic activity of BA has been illustrated in broad
spectrum of cancer cell lines including those of
leukemia, neuroblastoma, colon, breast, melanoma,
lung, prostrate, and cervical origin”". Breast cancer is
a major public health problem affecting millions of
women globally. It is responsible for an estimated 16%
and 12% of all cancer deaths in women in developed
and developing countries, respectively''. In India,
approximately 75-80,000 new cases are diagnosed
annually and in developing countries, including India,
30-70% of the patients are diagnosed with locally
advanced disease'”"”. The low effectiveness of
conventional therapies to achieve long term survival
results in increased mortality associated with advanced
breast cancers. Hence, new therapies which use novel
mechanisms to induce tumor cell death are need of the
hour. It has been reported that BA cytotoxicity in
cancer cells is via the intrinsic pathway involving
triggering of mitochondria mediated apoptosis via
direct mitochondrial perturbations. Perturbance of
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mitochondrial ~ function constitutes a central
coordinating event in BA induced apoptosis involving
cytochrome c¢ release, caspase activation and
apoptotic DNA fragmentation'. Proteins of Bcl-2
family which comprise both anti-apoptotic eg. Bcl-2,
Bcl-X;, Mcl-1, as well as pro-apoptotic molecules
such as Bax, Bak, Bad and BH3 domain only
molecules are key signal transduction members
involved in BA induced apoptosis. Also, generation of
reactive oxygen species upon BA treatment has been
reported to be responsible in initiating mitochondrial
membrane permeability and incubation with
antioxidants rescue cells from undergoing apoptosis®
101416 " Thus, mitochondrion-targeted agents such as
BA may open new perspective in management of
cancers refractory to conventional therapies. The
present study explores the use of betulinic acid as an
in vivo antitumor agent in an animal model of human
breast cancer.

Materials and Methods

In vitro antiproliferative activity of betulinic
acid—Human breast adenocarcinoma cell line,
MCEF-7 was obtained from National Centre for Cell
Science, Pune, India. Betulinic acid (BA), DMSO and
MTT (4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazo-
lium bromide) were purchased from Sigma
Chemicals, USA. All the other reagents used were of
highest quality and purchased locally. MCF-7 cells
were grown in Iscove’s modified Dulbecos medium
(IMDM, Gibco-BRL) with 10% fetal bovine serum
(FBS, Biological Industries, Israel) at 37 °C in a
humidified atmosphere of 5% CO, Exponentially
growing cells were seeded in 96 well tissue culture
plates at a density of 2 x 10* cells per well and
incubated for 24 h before treatment. BA was
dissolved in DMSO at a concentration of 5 mg/mL,
diluted with IMDM with FBS and added to MCF-7
cells, in triplicate wells, at an increasing concentration
of 5-20 pg/mL. The cultures were incubated at
various time intervals and the antiproliferative activity
of BA was tested using the MTT assay as described
earlier'’. Briefly, at the end of the respective BA
treatment, MTT (5 mg/mL) was added to the wells
and the plates were incubated at 37 °C for 3 h. The
formazan crystals were dissolved with 10% SDS
overnight and optical density was measured at 540 nm
with a reference of 690 nm. Concentration that
inhibited cell growth by 50% (ICs,) as compared to
the non-treated cells at 48 h was determined.

In vivo antitumor activity of BA in nude
mice—Female Balb/c athymic nude mice were
purchased from National Institute of Virology, Pune
and were cared for and used in accordance with
institutional guidelines. Since these mice are athymic,
they lack the ability to reject human grafts. The
experimental model used in the present study
involved MCF-7 breast adenocarcinoma cell line
which is of human origin. Hence, nude mice were
used to transplant these cells as they will grow and
form solid tumors which can be used to study the
antitumor effect of BA. All the animals were housed
in isolators with filter top cages and maintained in
sterile environment with daily 12 h light/12h dark
cycle, 50% RH and 20-22 °C temperature. MCF-7
cells were grown in tissue culture flasks and harvested
using Trypsin-EDTA (Hi Media, India). The cell
pellets were suspended in IMDM and 1 x 10° cells
were injected sub-cutaneously in right flanks of the
mice. BA was injected on the day following the
injection of MCF-7 cells. Betulinic acid was dissolved
in DMSO and two doses of 50 and 100 mg/kg body
weight were given intraperitonealy to check the
antitumor activity in vivo. A total of 6 doses of BA
were given at 3-4 days interval. Mice were divided in
the following four groups: Group 1 (Control): mice
injected with MCF-7 cells alone, Group 2
(Vehicle control): mice injected with MCF-7 and
DMSO, Group 3 (BA treated): mice injected with
MCF-7 and 50 mg BA and Group 4 (BA treated):
mice injected with MCF-7 and 100 mg BA. Each
group comprised of minimum of 5-6 animals. The
experiment was repeated twice. The basic protocol
was similar to that reported by Pisha et al'. The tumor
size was measured using vernier callipers and
readings were taken of four different dimensions for
each tumor. The tumors were measured at regular
intervals up to 35-40 days post injection of MCF-7
cells. The project was approved by institutional
animal ethics committee and the experiments were
carried out as per the guidelines.

Histopatological studies—The mice were dissected
and representative tumors from all four groups were
collected in 10% neutral buffered formalin. The tumors
were embedded in paraffin blocks, 1-2 pum thick
sections were taken and routine Haematoxylin-Eosin
staining was carried out to observe and compare the
histological characteristics. Various parameters like
tumor proliferation, mitotic index and angiogenesis
were studied and compared in each group of animals.
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Statistical analysis—Student’s t-test was used to
compare the tumor sizes and the mitotic index of
control and BA treated mice.

Results

In vitro cytotoxic activity—The cytotoxic activity of
betulinic acid on MCF-7 cell line was determined in
vitro. Betulinic acid was insoluble in aqueous solutions
hence it was dissolved in DMSO, diluted with culture
medium and added to MCF-7 cells in triplicates. The
concentrations of BA used were between 0-20 ug/mL.
As illustrated in Fig.2, betulinic acid exerted time and
concentration dependant decrease on the viability of
MCEF-7 cells as estimated by MTT assay. The viability
of cells decreased with increasing concentrations of BA
and the ICsy of BA for MCF-7 cells at 48 h was
calculated to be 13.5 pg/mL.

In vivo antitumor activity of BA—The in vivo
antitumor activity of BA was determined in an animal
model transplanted with MCF-7 human breast
adenocarcinoma cells. The cells were cultured in
vitro, trypsinized and injected subcutaneously in nude
mice. Two concentrations of BA (50 and 100 mg)
were used and a total of six doses of each
concentration were administered intraperitoneally in
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Fig. 2—In vitro cytotoxic effect of betulinic acid on MCF-7 cells.
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Fig. 3—In vivo antitumor activity of betulinic acid in nude mice
xenografted with MCF-7 cells.

mice to check the antitumor activity of BA. Tumors
were visible at 10-15 days post injection of MCF-7
cells. The tumor dimensions were measured at various
time intervals up to five weeks in each mouse.
Measurable tumors were seen from 13" day after
transplanting MCF-7 cells in control and DMSO
injected mice (Fig. 3). In mice treated with 50 and
100 mg of BA, the tumor formation was delayed with
visible tumors seen from 21% and 25" day,
respectively, indicating that BA inhibited early tumor
formation in these mice. The mean tumor volume at
five weeks in the different groups was as follows:
control (1.33 + 0.06), vehicle control (1.27 + 0.09),
BA treated group I (0.64 = 0.06) and BA treated
group II (0.31 £ 0.07). Thus, it is clear that BA
exhibits a potent antitumor effect on MCF-7 tumors
with 52 and 77% reduction in the tumor size at
concentrations of 50 and 100 mg, respectively at 37
days post injection. Also, this reduction was
statistically significant (P<0.0001) as compared to the
control mice. It has to be noted that similar reduction
in the tumor dimensions was seen at all the time
points in both groups of BA treated animals (50 and
100 mg) as compared to the control mice with
P < 0.0001 for each individual point. No significant
difference (P > 0.05) was observed between the tumor
size in vehicle control and control animals at any
point of time indicating that DMSO per se does not
have any effect on tumor growth. None of the BA
treated mice showed any signs of toxicity or body
weight loss as compared to control animals.
Histopathological analysis of tumors—Representat-
ive tumors from all four groups were collected and
processed as per standard histopathological protocol.
Various microscopic features like angiogenesis,
invasiveness and mitotic index were studied on
Haematoxylin-Eosin stained tumor sections. Formation
of increased number of new blood vessels depicting
angiogenesis was observed in tumor sections from
control mice (Fig. 4a) as compared to animals treated
with 100 mg of BA (Fig. 4b). The microscopic
examination of tumor sections revealed that tumor
proliferation and invasion is much more evident in
control group (Figs. 5a and 6a) as that observed in BA
treated group (Figs. 5b and 6b). The overall
comparison of tumor size and the histological
parameters of the tumors from control and BA treated
group are given in Table 1. The overall tumor
dimensions were significantly less in BA treated mice.
A significant decrease in the mitotic index was also
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observed in mice treated with 50 and 100 mg of BA  antitumor activity in nude mice xenografted with

(P<0.0001). MCEF-7 breast adenocarcinoma cells. Betulinic acid
was first purified and identified to selectively inhibit
Discussion the growth of human melanoma in cell cultures and

The present report describes the cytotoxic activity — animal models'. However, subsequent studies showed
of betulinic acid on MCF-7 cells in vitro and  that cytotoxicity of BA is not limited to melanoma

Fig. 4—Tumor section from control mice xenografted with MCF-7 cells. Multifocal area depicting significant angiogenesis (thin arrow) and area
of necrosis with hemorrhage (thick arrow) (5x). (b): Tumor section from BA (100 mg) treated mice xenografted with MCF-7 cells. Multifocal
area showing minimal angiogenesis (thin arrow) (5x). Fig. 5—(a): Tumor section from control mice xenografted with MCF-7 cells. Pleomorphic
neoplastic cells (arrow head) with variable mitotic figures (thin arrow) and hyperchromatic nucleus indicative of cell proliferation (40x). (b):
Tumor section from BA (100 mg) treated mice xenografted with MCF-7 cells. Pleomorhphic cells with minimal mitotic activity (thin arrow) and
condensed cell nucleus (arrow head) suggestive of apoptosis (40x). Fig. 6—(a): Tumor section from control mice xenografted with MCF-7 cells.
Proliferating cells with haphazardly arranged invasive cells (thin arrow) (5x). (b): Tumor section from BA (100 mg) treated mice xenografted
with MCF-7 cells. Proliferating cells with minimal invasion (thin arrow) (5x).
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Table 1—Comparison of tumor size and various histological characteristics of tumors from control and BA treated group.
(The tumor dimensions are 5 weeks post injection)

[Values are mean + SD from 10 observation each]

Groupl Group 2 Group 3 Group 4

(Control) (Vehicle control) (BA-50 mg) (BA-100 mg)
Tumor size 1.33 £ 0.06" 1.27 £0.09° 0.64 % 0.06° 0.31+0.07
Angiogenesis Multifocal (2+) Multifocal (2+) Multifocal (2+) Multifocal (1+)
Invasion 3+ 3+ 1+
Mitotic index 0.13 £0.02° 0.12 +0.06 0.07 £0.018 0.05 +0.02"

a-b:P=0.09,a-c: P<0.001,a-d: P<0.001
e-f:P=0.62,e—g:P<0.001,e-—h: P<0.001
Student’s 7 test

cells and it acts on variety of cancer cell lines in
vitro" ' In the present study, BA being a
lipophilic compound was dissolved in DMSO and
evaluated for its cytotoxic activity against MCF-7
cells. BA exhibited a time and dose dependant
cytotoxic effect on MCF-7 cell lines with ICsy value
of 13.5 pg/mL. Similar ICs, values (10-15 pg/mL)
against various cancer cell lines including MCF-7
have been reported with betulin which is another most
studied triterpene of plant origin'®. Several extracts of
a native plant of Morroco exhibited potent cell
proliferation inhibition on MCF-7 cells, out of which
the ethylacetate extract containing BA was found to
be most active with ICs, value of 279.51+16.0
ug/mL'®. Though, this ICs value is much higher (may
be due to the crude nature of the extract) as compared
to that obtained in the present study, it corroborates
the finding emphasizing the cytoxicity of BA on
MCEF-7 cells. ICsy values of 6-14 uyM (MCF-7: 12.2
uM) have been reported with BA on a panel of tumor
cell lines and the carbamate derivatives of BA and
betulin show selective toxicity against target cell lines
with reduced toxic effect on normal human fibroblast.
The mechanism of cell death in these studies is by
induction of apoptosis’”. Comparison of the
antiproliferative activity of BA with doxorubicin
revealed that BA cytotoxicity was independent of
tumor type and p53 status. Moreover, in spite of the
lower potency as compared to doxorubicin, BA
seemed to be more selective for tumor cells exhibiting
2-5 and 1000 fold less toxicity towards normal human
fibroblast and  peripheral blood leucocytes
respectively as compared to doxorubicin'®. The non
toxicity of BA has been emphasized in the present
study as well as earlier studies""”. A number of novel
semi-synthetic derivatives of BA and betulin were
screened for in vitro cytotoxic activity on various

human cancer cell lines. The percentage proliferation
indicated that the different compounds were more
potent against Hela, HepG2, and Jurkat cell lines
whereas not much difference was observed on other
cell lines including MCF-7". The 3-O-acylated
derivatives of BA showed ICs, <10 pg/mL against
human lung carcinoma cell line (A549) which was
better than BA. In an ovarian cancer cell line, all
derivatives prepared showed weaker cytotoxicity than
BA™.

As mentioned above, the in vitro cytotoxic activity
of BA on tumor cells of diverse histological origin has
been demonstrated. However, there are few reports on
the in vivo antitumor activity of BA. In one of the
earliest study conducted in athymic mice carrying
human melanoma, it was shown that tumor growth
was completely inhibited without any toxicity and the
antitumor activity of BA was mediated by the
induction of apoptosis'. In the present study, the effect
of BA on MCF-7 human breast adenocarcinoma
induced tumors has been demonstrated in athymic
nude mice. In the present experiments, besides the
cytotoxic activity on MCF-7 cancer cells in vitro,
betulinic acid also effectively suppressed growth of
MCEF- 7 tumors in an animal model of human breast
carcinoma by delaying the development of MCF-7
tumors in a dose dependant manner. Also, significant
reduction in the tumor volume was observed in mice
treated with BA as compared to control animals and
no signs of acute or chronic toxicity were observed in
any of these mice. Mertens-Talcott er al.”' reported
that BA decreases ER-negative breast cancer cell
growth in vitro and in vivo and this effect is at least in
part based on interaction with the microRNA-27a-
ZBTB10SP-axis.

In vivo antitumor activity of BA has been
demonstrated in animal models of ovarian
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carcinoma'’, colon cancer® and rhabdomyosarcoma'*.
BA also inhibited tumor formation in mouse skin two
stage carcinogenesis”>. These mice did not show any
sign of apparent toxicity or body weight loss as
compared with controls. To increase the effectiveness
of BA as anticancer agent, BA derivative were tried
and they exhibited favourable pharmacokinetic
characteristics of a systemically administered drug
and showed better in vivo antitumor efficacy as
compared to BA in a human colon cancer xenograft
model®. The weak hydro-solubility of BA makes it
difficult to study its in vivo efficacy and a
pharmaceutical formulation is not yet available, hence
liposome formulation of BA has been developed and
reported to have significant in vivo antitumor activity
on human colon and lung cancer xenografts in nude
mice®’. The in vivo efficacy of BA and its derivatives
in animal models has been compared individually
with other anticancer agents like cyclophosphamide,
5-flurourasil on liver cancer” or in combination with
mithramycin for pancreatic cancer’ and vincristine
for suppression of lung metastasis>. Lack of toxicity
together with significant antitumor activity leads to a
favourable therapeutic index which is a prerequisite
for any drug to be considered for development. This
criterion is fulfilled by BA, as shown in the present
and the earlier reports on the anticancer activities of
BAL61024

In the present studies, tumor sections from BA
treated animal revealed decrease in the mitotic index
and the cells exhibited reduced invasive potential as
compared to the tissues from control mice. Decreased
angiogenesis and presence of apoptotic cells was also
evident in tumor section from BA treated mice.
Number of other studies have also attributed the
cytotoxic activity of BA and its derivatives to their
ability to induce apoptosis and inhibit angiogenesis in
vitro as well as in experimental tumor models®'*'*
162729 " Specificity protein (Sp) transcriptional factors
play a role in BA induced antitumor activity by
inhibiting cancer cell growth®*. BA causes cell
death through induction of apoptosis in leukemia™
and Ewings sarcoma cell line’. Also, BA induced
apoptosis in breast cancer cell lines by activating
mitochondrial pathway’'. This finding along with the
presence of apoptotic cells in the tumor sections from
BA treated mice are suggestive of the fact that the
possible mechanism of action of BA on MCF-7 breast
cancer tumors in nude mice could be through
mitochondria mediated apoptosis.

Conclusions

The antitumor activity of betulinic acid in an in
vivo model of MCF-7 cells induced breast
adenocarcinoma has been demonstrated. Treatment
with BA delayed tumor formation, decreased cell
proliferation, invasion and angiogenesis in these mice.
These findings along with lack of systemic toxicity
emphasize the importance of BA as a promising
candidate for treatment of breast carcinoma. Use of
combination therapy and novel drug delivery systems
will be helpful to further enhance the antitumor
activity of BA, thus making it a potential option for
management of breast cancer patients.
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