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ABSTRACT
Breast cancer is a life threatening disease amongst the women worldwide, with alarmingly increasing annual rates of reported
incidence and death. The chemotherapy is associated with the number of side effects out of which major disadvantage are toxicity
to normal cells and poor retention of drug in the cancerous cells. Hence there is a need to find the better alternative drugs for the
treatment of breast cancer with fewer side effects. In the recent years, the current approaches have been focused on the use of
ethno medicinal plants as a source that could effectively control cancer. In the present study, six ethno medicinal plants namely
Curculigo orchioides, Curcuma longa, Emblica officinalis, Teriminalia bellerica, Teriminalia chebulaand Withania somniferawere
studied for their use in breast cancer using two different models; brine shrimp lethality assay and MTT assay on MCF7 breast
carcinoma cell line. The results suggested that Withania somnifera and Curcuma longa showed the most significant cytotoxicity,
76.91% and 74.98% respectively on the breast carcinoma cell line at the concentration of 1000 µg/ml. Further in-vitro and in-vivo
studies along with the clinical studies are necessary to establish its use in the treatment of breast cancer.
Keywords: Cytotoxicity, breast cancer, ethno medicinal plants, brine shrimp lethality assay, MTT assay.

INTRODUCTION

B

reast cancer causes significant morbidity and
mortality amongst women, and metastasis mainly
affects outcome of the disease.1,2Lack of effective
therapeutic strategies for control and treatment of breast
cancers, and the huge financial burden placed on
individuals and nations mean urgent action must be taken
in the fight against breast cancer. Also, the side effects
due to conventional chemotherapy have necessitated the
search for newer therapies mostly in the form of natural
products. In the recent years, interest in the natural
products has grown, and in the light of long-term and safe
cancer prevention, current approaches have been
focused on the use of food and ethnomedicinal herbs as
sources of products that could effectively control cancer.35

Brine shrimp lethality assay was primarily proposed by
Michael in the year 1956 and was later developed by
Vanhaecke in 1981.6,7It is based on the ability to kill the
laboratory cultured Artemianauplii, brine shrimp. The
assay serves as a useful tool for preliminary assessment of
toxicity, safety of plant extracts, for the detection of
fungal toxins, plant extract toxicity, and cyanobacteria
toxins.8-11 Cell-based assays are often used for screening
of compounds to determine if the test molecules have
effects on cell proliferation or show direct cytotoxic
effects that eventually lead to cell death. The MTT (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
tetrazolium reduction assay was the first homogeneous
cell viability assay developed.12In the present study we
have aimed to study the cytotoxic effect of the following
ethnomedicinal plants (Table 1):

Table 1: Selected ethnomedicinal plants for the cytotoxcity study
Name of the plant

Family

Common Name

Parts Used

Uses

Curculigoorchioides

Hypoxidaceae

Kali musli

Rhizomes

Diuretic, anti-cancer, aphrodisiac13

Curcuma longa

Zingiberaceae

Turmeric

Rhizomes

Anti-inflammatory, antioxidant, anti-cancer14

Emblicaofficinalis

Euphorbiaceae

Amla

Fruits

Antioxidant, anti-cancer, anti-inflammatory15

Teriminaliabellerica

Combretaceae

Baheda

Fruits

Blood purifier, anti-cancer, throat diseases16

Teriminaliachebula

Combretaceae

Harde

Fruits

Fever, cough, astringent, anti-cancer17

Withaniasomnifera

Solanaceae

Ashwagandha

Roots

Anti-inflammatory, anti-tumour, anti-stress, antioxidant18
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MATERIALS AND METHODS
Collection and authentication of plant material
The selected plant materials were collected from the
fields and forest region of Gujarat. They were dried and
then crushed into fine powder. The plant material was
authenticated by its various morphological and
microscopical characters and voucher specimens were
deposited at Department of Pharmacognosy, KBIPER,
Gandhinagar.
Preparation of plant extracts
20g of the powder of the selected ethnomedicinalplant
was taken to prepare its different extracts. Alcoholic,
Hydro-alcoholic (70:30- alcohol : water) and aqueous
extracts were prepared by maceration of the powdered
material for 24 h with respective solvent and refluxing
for about 1 h with occasional shaking, consecutively 3
times. At the end the filtrate was concentrated to
dryness and stored in an air tight container for further
use.
Brine shrimp lethality bioassay
Brine shrimp lethality bioassay was carried out to
investigate the cytotoxicity of the plant extracts.19-20
Brine shrimps (Artemia salina) were hatched using brine
shrimp eggs in a conical shaped vessel (1 L), filled with
sterile artificial seawater (prepared using sea salt 38 g/L
and adjusted to pH 8.5 using 1N NaOH) under constant
aeration for 48 h. After hatching, active nauplii free
from egg shells were collected from brighter portion of
the hatching chamber and used for the assay. Ten
nauplii were drawn through a glass capillary and placed
in each well containing 2.0 ml of brine solution. In each
experiment, 0.5ml of the plant extract was added to 2.0
ml of brine solution and maintained at room
temperature for 24 h under the light and surviving
larvae were counted. Experiments were conducted
along with control (vehicle treated), different
concentrations of plant extracts (100, 500 and 1000
µg/ml) of the test substances in a set of three well per
dose (n=3). Each concentration was added in triplicates
(n=3). LD50 values were calculated using Graph pad
Prism.
Cytotoxicity assessment: MTT assay
Reagents and Chemicals
3-(4,5–dimethyl
thiazol–2–yl)–5–diphenyltetrazolium
bromide (MTT), Foetal Bovine serum (FBS), Phosphate
Buffered Saline (PBS), Modified Eagle’s Medium (MEM),
Trypsin-EDTA,
Anti-biotic
solution
( Penicillin and streptomycin mixture) and Dimethyl
Sulfoxide (DMSO)
were obtained from Hi-Media
Laboratories Ltd., Mumbai.
Cell line and maintenance
MCF-7 (Human Breast Carcinoma) cell line was procured
from National Centre for Cell Sciences (NCCS), Pune,
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India. The cells were cultured in Minimum essential
medium (MEM) (Eagle) with Non-essential amino acids,
supplemented with 10% Foetal Bovine Serum (FBS),
antibiotics 1 % (penicillin and streptomycin) in an
humidified atmosphere of 5% CO2 at 37 ˚C until
confluent. The cells were dissociated with Trypsin –
EDTA solution. The stock cultures were grown in 25 cm2
culture flasks and all experiments were carried out in 96
well micro titre plates (Tarsons India Pvt. Ltd.).
Procedure
The prepared extracts were tested for its cytotoxicity by
MTT- assay.21 MCF7 cells were seeded in their
respective culture medium (200 μl, 1 x 104cells/well) in
a 96-well plate and incubated at 37 ˚C for 24 h with 5%
CO2supply. After incubation, the control wells were
replenished with fresh medium and the test wells were
treated with 100, 250, 500 and 1000 μg/ml of extracts.
The cells were further incubated for 48 h maintaining
the same conditions. After the treatment incubation
period, medium in each well was replenished with 200μl
of fresh medium plus 20μl of MTT (0.5 mg/ml). The
plate was then incubated for 4 h in the same conditions
after which the absorbance was measured at 570 nm
using ELISA reader. Percentage cytotoxicity was
calculated by the following formula:
% Cytotoxicity = [(Ac-At)/Ac)] X 100
Where,
Ac = mean absorbance of the control wells
At = mean absorbance of the test wells
RESULTS
Brine Shrimp Lethality Assay
The results of the brine shrimp lethality assay of the
prepared extracts of the selected ethnomedicinal plants
at various doses of 100, 500 and 1000 µg/ml are as
shown in Table 2. The present data shows that the
alcoholic extract of the Curcuma longa showed the most
significant toxicity with 100 % mortality at the dose of
1000 µg/ml on the brine shrimp larvae. The alcoholic
extract of Terminalia bellerica, Terminalia chebula and
Withania somniferaand the hydro-alcoholic extract of
Curcuma longa and Withania somnifera showed potent
to moderate toxicity on the brine shrimp larvae. The
extracts of the other plants did not show significant
toxicity on the brine shrimp larvae.
LD50 values of the plant extracts showing more than 50%
mortality in brine shrimp lethality assay were calculated
using Graph pad prism. The LD50 values of alcoholic
extract of Curcuma longa, Terminalia bellerica,
Terminalia chebula, Withania somnifera were
226.93µg/ml, 906.41 µg/ml, 803.97 µg/ml and 541.82
µg/ml respectively. The LD50 values of hydro-alcoholic
extract of Curcuma longa and Withania somnifera
alcoholic extract were 555.00µg/ml and 884.68µg/ml
respectively.
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Table 2: Brine shrimp toxicity of the extracts of the selected ethno medicinal plants
Percentage Mortality
Alcoholic Extract
Conc.( µg/ml)

Name of the plant

Hydro-alcoholic Extract
Conc.( µg/ml)

100

500

1000

100

500

1000

100

500

1000

Curculigo orchioides

03.3

06.6

36.3

06.6

10.0

33.3

06.6

06.6

16.6

Curcuma longa

26.6

66.6

100.0

10.0

43.3

73.3

00.0

03.3

13.3

Emblica officinalis

13.3

26.7

46.6

03.3

13.3

04.0

06.6

10.0

33.3

Teriminalia bellerica

06.6

16.6

56.6

03.3

20.0

46.6

03.3

13.3

26.6

Teriminalia chebula

03.3

23.3

63.3

06.6

16.6

40.0

03.3

10.0

36.6

Withania somnifera

10.0

43.3

83.3

06.6

23.3

56.6

03.3

16.6

30.0

MTT Assay

Percentage Cytotoxicity

The results of alcoholic extract are as shown in Figure 1,
the results of hydro-alcoholic extracts are shown in
Figure 2 and the results of aqueous extracts are as
shown in Figure 3. Vinblastine was used as a standard
cytotoxic drug for MCF7 cells.
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The MTT assay for the cytotoxicity assessment of the
prepared extracts was carried out at four different
concentrations: 100,250,500 and 1000 µg/ml.
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Figure 3: Percentage cytotoxicity of the Aqueous
extracts of the plant extracts. Curculigo orchioides(CO),
Curcuma longa (CL), Emblica officinalis(EO), Teriminalia
bellerica(TB), Teriminalia chebula(TC), Withania
somnifera(WS), Vinblastine (VB).
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The above data suggests that the alcoholic and the
hydro alcoholic extracts of the selected plants show
significant cytotoxicity as compared to the aqueous
extracts of the plants. The alcoholic extract of Withania
somnifera and Curcuma longaat 1000 µg/ml dose
showed the most significant cytotoxicity, 76.91% and
74.98% respectively on the MCF7 cells. The hydroalcoholic extracts of the selected plants shows
moderate to mild cytotoxicty and the aqueous extract
does not show significant cytotoxicity on the MCF7 cell
line.
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Figure 1: Percentage cytotoxicity of the Alcoholic
extracts of the plant extracts. Curculigo orchioides(CO),
Curcuma longa (CL), Emblica officinalis(EO), Teriminalia
bellerica(TB), Teriminalia chebula(TC), Withania
somnifera(WS), Vinblastine (VB).
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Figure 2: Percentage cytotoxicity of the hydro-alcoholic
extracts of the plant extracts. Curculigo orchioides(CO),
Curcuma longa (CL), Emblica officinalis(EO), Teriminalia
bellerica(TB), Teriminalia chebula(TC), Withania
somnifera(WS), Vinblastine (VB).

Breast cancer is the most commonly diagnosed cancer
amongst the women in the major countries of the world
in the present time.22Chemotherapy and radiotherapy is
effective against breast cancer. The major problems in
cancer chemotherapy are toxicity to normal cells and
rapid clearance of the drug from the tumour tissues.
Nature has been a source of medicinal agents since
ancient times and an impressive number of modern
drugs have been isolated from the natural sources.23 In
the present study the selected medicinal plants were
tested for their cytotoxicity using brine shrimp lethality
assay and MTT assay on the human breast carcinoma
cell line, MCF7. From the observed lethality of the
selected plant extracts to brine shrimps indicated the
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presence of potent cytotoxic and probably anti-tumour
components of these plants. According to Meyer et. al.,
crude plant extract is toxic (active) if it has an LD50 value
of less than 1000μg/ml while non-toxic (inactive) if it is
greater than 1000 μg/ml.24The LD50 values of the
alcoholic extracts of Curcuma longa, Terminalia
bellerica, Terminalia chebula, Withania somniferawere
found to be less than 1000 μg/ml and hence supporting
their use in the ethno medicine for its anti-cancer
activity. Further all the prepared extracts were studied
for their in-vitro cytotoxic activity using MCF7 breast
cancer cell line via MTT assay. Viable cells with active
metabolism convert MTT into a purple coloured
formazan product which can be quantified using a
spectrophotometric method.25The alcoholic extracts of
all the selected ethnomedicinal plants showed
cytotoxicity against MCF7 cell line out of which,
Withania somnifera and Curcuma longaat 1000 µg/ml
dose showed the most significant cytotoxicity of 76.91%
and 74.98% respectively. These herbs are reported for
their anti-cancer use in the literature along with their
other reported uses, like immuno-modulators, antioxidants, etc. which not only helps in preventing cancer
but also acts as chemo-protective, ultimately resulting
in the improvement of the overall health of the patient.
The antioxidant potentials of these plants, mainly
contributed by their bioactive compounds, have been
closely linked to their abilities to suppress growth of
cancer cells, likely through reduced oxidative stress,
which may play a role in the development and
progression of cellular damages underlying cancerous
growth. As such, it has been suggested that antioxidant
supplementation may reduce breast cancer recurrence
and mortalities and through bioassay systems and
animal studies, there have been indications that
numerous naturally-occurring antioxidant compounds
possess anti-cancer properties.26-28Also the plants rich in
polyphenols such as catechins, anthocyanines and
flavones have been linked to lower occurrence of
cancers.29 Other phenolic compounds claimed to
possess biological activities include coumarins, lignans,
phenolic acids, flavonoids, quinones, stilbenes, tannins
and curcuminoids.30By understanding the complex
synergistic interaction of various constituents of anticancer herbs, the herbal formulations can be designed
to attack the cancerous cells without harming normal
cells of the body.
CONCLUSION
The selected ethno medicinal plants exhibited moderate
to potent cytotoxicity on the human breast carcinoma
cell line, MCF7. The ethno medicinal plants showing
significant cytotoxic activity on the breast cancer cells
can further be subjected to different in-vitro studies and
in-vivo models and their mechanism of action can be
studied. The reported in- vitro cytotoxicity of the ethno
medicinal plants warrants further clinical investigation
for their use in the treatment of breast cancer.
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