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Introduction

Various medicinal plants are being used in cancer 
therapy due to their cytotoxic property.[1] Plant-derived 
cytotoxic constituents have played an important role in 
the development of clinically useful anticancer agents.[2] 
Cytotoxic constituents such as flavonoids, terpenes, and 
caffeic acid of propolis — a honeybee product — induces 
anticancer effects,[3] and various cytotoxic constituents 

have been isolated from plants and are being developed as 
anticancer agents. Plant-derived polyphenols have been 
shown to have cancer-preventing activities in laboratory 
studies.[4] Polyphenols such as flavonoids are being used to 
prevent various types of cancers.[5] Epigallocatechin gallate 
(EGCG), a green tea constituent and other polyphenols 
with 1,2-benzenediol moieties, effectively prevented 
tumors.[6] Considering these all facts, natural products in 
the treatment of cancer as complementary and alternative 
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therapy are accepted increasingly with growing scientific 
evidences of biomedical research and clinical trials.[7]

Scanty research has been carried out on extracts of the 
selected medicinal plants for their anticancer potential and 
only extraction level study has been carried out. Hence, 
some Indian medicinal plants have been selected based on 
the Ayurvedic text and folklore claims with literature survey 
and tested for their cytotoxicity by BSL bioassay and total 
phenolic content (TPC) by Folin — Ciocalteu method using 
ultraviolet–visible (UV-VIS) spectroscopy. With this regard, 
in the present study an attempt was made to evaluate the 
cytotoxic potential and total polyphenols of six medicinal 
plants, which in turn leads to identify the anticancer 
plants and isolation of the cytotoxic constituents from the 
same. These cytotoxic constituents could be developed as 
anticancer biomolecules for the treatment of cancer.

Materials and Methods

Chemicals and reagents
Methanol, ethanol, petroleum ether, n-hexane, chloroform, 
dichloromethane, sulfuric acid, ammonia, citric acid, 
Folin — Ciocalteu reagent, sodium carbonate, distilled water 
were procured from KLEU’s College of Pharmacy, Belgaum.

Selection of plant materials
Based on the Ayurvedic literature and information 
from the traditional healers, the following six plants 
have been selected for this study: Artemisia absinthium 
Linn. (Asteraceae), Oroxylum indicum (Linn.) Vent. 
(Bignoniaceae), Heliotropium indicum Linn. (Boraginaceae), 
Amorphophallus sylvaticus (Roxb.) Kunth. (Araceae), Mimosa 
pudica Linn. (Mimosaceae), and Premna serratifolia Linn. 
(Verbenaceae).[8-13] Scanty research has been carried out 
on various extracts of these selected medicinal plants 
originated in India for their anticancer potential. Thus, 
these plants have been chosen for the study.

Collection and authentication
Plant materials have been collected from different places 
of Karnataka state, India. Whole plant of A. absinthium 
and leaves of O. indicum were collected from Horticulture 
Department, Agricultural Sciences, Bagalkot during 
December 2010. Aerial parts of H. indicum were collected 
from the local region of Jamboti and tubers of A. sylvaticus 
were collected from Amrut Kesari, Bangalore during 
December 2010. Leaves of P. serratifolia and whole plant of 
M. pudica were collected from Indian Council for Medical 
Research (ICMR) Campus, Belgaum during January 2011.

The plants A. absinthium, P. serratifolia, and M. pudica 
were authenticated by Dr. Harsha Hegde, Scientist ‘B’ 
ICMR, Belgaum, India. The voucher specimens of the 
plants (Accession numbers RMRC-937, RMRC-554, and 
RMRC-553, respectively) are deposited in ICMR Herbarium 

repository. And remaining plants O. indicum, H. indicum, and 
A. sylvaticus were authenticated (Accession Numbers of the 
plants are RLSIB/Bot/04-06) by Dr. Bendigeri PB, Professor 
and Head of Department (HOD), Raja Lakhamagouda 
Science (RLS) Institute, Belgaum, India.

Extraction
Extraction of all plant materials was done by cold maceration 
and hot percolation methods with methanol. The collected 
plant materials were processed by washing it thoroughly 
under running water and dried in shade/in tray driers with 
temperature not exceeding 45°C. The dried materials were 
powdered using grinder and stored in an air tight container 
at room temperature for the further use. Dried powdered 
plant material was subjected to extraction with methanol 
(drug to solvent ratio 1:4) by cold maceration for 24 h. Then 
extract was filtered off and the marc was subjected to hot 
percolation by Soxhlet using methanol (drug to solvent 
ratio 1:3) at 60°C for 6-8 h. Then extract was filtered in 
hot condition. Both the filtrates were pooled and subjected 
for concentration at 45°C under vacuum using Rotavapor 
(IKA RV-10 Digital). Concentrated extracts were kept in 
previously labeled closed container.

Fractionation
All plant extracts were fractionated into four fractions (F1, 
F2, F3, and F4) by adopting the method given by Cos et al., 
2006[14] with slight modifications [Figure 1] to separate all 
phytoconstituents according to the nature of their solubility 
in various solvents.

Preliminary phytochemical investigation
All extracts and fractions were subjected for preliminary 
phytochemical investigation by performing various 
chemical tests to determine the secondary metabolites 
present in the extract/fraction obtained. All chemical 
tests were performed according to the procedure given in 
the Textbook of Pharmacognosy by Kokate et al., 2010.[15] 

Figure 1: Flow chart for the preparation of various fractions 
from crude methanol extracts. Fractionate the extract into 
different class of phytocompounds according to the modified 
protocol. CHCl3  –  Chloroform, H2O – Water, NH3 – Ammonia, 
H2SO4 – Sulfuric acid
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The results of the phytochemical investigation along with 
the yield of the plant extract and fractions are depicted in 
Table 1.

Brine shrimp lethality (BSL) bioassay
Cytotoxicity of the all plant extracts and fractions were 
determined by BSL bioassay, a method developed by 
McLaughlin and Rogers, 1998.[16] The brine shrimp 
(Artemia salina Lich.) eggs were procured from Department 
of Pharmacology, Manipal College of Pharmaceutical 
Sciences, Manipal, India. Previously filtered sea water (3 l) 
was added into the hatching chamber; sprinkle shrimp eggs 
(50 mg) to one side of the divided tank (larger darkened 
compartment) after washing with sodium hypochlorite 
(bleaching solution) followed by water. Allow 2 days (48 h) 
for the shrimp to hatch and mature as nauplii (hatched 
shrimp). Another smaller side of the compartment was 
illuminated with a lamp (40 W bulb). As the nauplii are 
phototropic in nature, they will move toward smaller 
illuminated compartment through the holes made on 
compartment divider.

Samples and standard (potassium dichromate) were prepared 
in vials for testing to get final concentration of 10, 100, and 
1000 µg/ml; all the samples and standard were prepared in 
triplicate.

Nauplii were drawn from the hatching chamber using bulb 
pipette against light background and exactly 10 shrimps were 
transferred to each test tubes. Then drug samples were added 
to each test tube that was previously marked in triplicate 
for each extract/fraction. The sea water was added to each 
test tube to make the volume up to 5 ml. A drop of dry yeast 
suspension (3 mg in 5 ml sea water) was added to each test 
tube as a food for shrimps. The test tubes were maintained 
under illumination. After 24 h, number of survivors were 
counted and recorded and the lethal concentration (LC50) 
values were calculated by means of Statistical Package for the 
Social Sciences (SPSS)-20 software. The fractions with LC50 
values < 100 ppm were selected for further studies.[17,18]

Total phenolic content
TPC of methanolic extract and aqueous fraction of above 
active plants were determined by colorimetric method using 

Table 1: Phytochemical screening of methanol extracts and fractions of the selected plants
Plant Extract/fractions Percent yield Presence of secondary metabolites

A. absinthium AA/ME 10.66 Steroids, triterpenoids, alkaloids, flavanoids, tannins
AA/F1 3.92 Steroids, triterpenoids *(sesquiterpene lactones — absinthin, anabsinthin, artabasin)
AA/F2 1.98 Triterpenoids *(absinthin, anabsinthin, artabasin)
AA/F3 4.04 Alkaloids 
AA/F4 83.0 Flavanoids (artemetin (II), rutin), tannins

P. serratifolia PS/ME 21.93 Sterols, triterpenoids, alkaloids, glycosides, flavanoids, tannins
PS/F1 18.07 Sterols (betasitosterol), triterpenoids
PS/F2 13.82 Triterpenoids
PS/F3 11.75 Alkaloids (isoxazole-premnazole)
PS/F4 53.10 Glycosides, flavanoids (scutellareine, pectolinarin), tannins

M. pudica MP/ME 14.84 Steroids, triterpenoids, alkaloids, glycosides, flavanoids
MP/F1 11.27 Steroids, triterpenoids
MP/F2 11.80 Triterpenoids
MP/F3 10.33 Alkaloids
MP/F4 61.74 Glycosides, flavanoids (C-glycosylflavones)

O. indicum OI/ME 16.80 Steroids, triterpenoids, alkaloids, glycosides, flavanoids, tannins
OI/F1 3.12 Steroids, triterpenoids
OI/F2 3.68 Triterpenoids
OI/F3 2.62 Alkaloids
OI/F4 85.37 Flavanoids (baicalein, scutellarein, aloe-emodin, chrysin, and oroxylin A), tannins

H. indicum HI/ME 14.66 Steroids, triterpenoids, alkaloids, saponins, tannins
HI/F1 7.24 Steroids, triterpenoids
HI/F2 4.28 Triterpenoids
HI/F3 3.13 Alkaloids (indicine N-oxide, echinatine, supinine)*
HI/F4 81.88 Saponins, tannins

A. sylvaticus AS/ME 2.66 Steroids, triterpenoids, alkaloids, flavanoids, saponins
AS/F1 27.53 Steroids, triterpenoids
AS/F2 4.23 Triterpenoids
AS/F3 3.39 Alkaloids
AS/F4 62.08 Flavanoids, saponins

*The constituents that are responsible for anticancer (cytotoxic) activity. The percent yield of the extract was calculated based on the weight 
of air-dried plant material and percent yield of the fractions was calculated based on dry weight of the respective extracts; AA – A. absinthium, 
ME – Methanolic extract, F – Fraction; PS – P. serratifolia; MP – M. pudica; OI – O. indicum; HI – H. indicum; AS – A. sylvaticus
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Folin — Ciocalteu assay according to Rebiai et al., 2011 with 
minor changes. In brief, 0.1 ml of Folin — Ciocalteu reagent 
was mixed with sample solutions (0.05-0.25 ml corresponds 
50-250 µg) and incubated for 3 min at room temperature. 
Then, 2 ml of 20% sodium carbonate (w/v) solution was 
added and volume was adjusted to 10 ml with distilled 
water and heated in water bath for 1 min. The mixture was 
allowed to stand in the dark for 30 min before measuring 
the absorbance at 685 nm using UV-VIS spectrophotometer 
(SICAN 2301) against blank containing distilled water 
omitting sample extract.

TPC values were determined from a calibration curve 
prepared with a series of gallic acid standards (5-25 µg/ml; 
y = 0.006 ×; R2 = 0.9984) that is depicted in Figure 2. Average 
mean of five serial sample dilutions have been taken for 
interpreting the result.[19,20]

Statistical analysis
Each experiment was performed in triplicate. Statistical 
calculations were done by using SPSS 20.0 software (IBM 
SPSS Statistics). The percentage lethality was calculated from 
the mean survival larvae of extracts treated tubes and control. 
The LC50 values were obtained by best-fit line method.

Results

Extraction and fractionation
The percent yield of the extract was calculated based on the 
weight of air-dried plant material, and percent yield of the 
fraction was calculated based on dry weight of the respective 
extracts. Percent yield of the same are depicted in Table 1.

Preliminary phytochemical investigation
Phytochemical study reveals the presence of alkaloids, 
flavanoids, steroids, triterpenoids, and tannins in common 

Figure 2: Standard calibration curve of gallic acid with linear 
regression. TPC values were determined from a calibration curve 
prepared with a series of gallic acid standards (5-25 µg/ml; 
y – 0.006 ×; R2 – 0.9984). Average mean of five serial sample 
dilutions have been taken for interpreting the result. TPC – Total 
phenolic content

in methanol extract of all plants, whereas flavonoids were 
absent in H. indicum and glycosides were present in O. 
indicum, P. serratifolia, and M. pudica. Results of the same are 
depicted in Table 1.

Brine shrimp lethality (BSL) bioassay
Cytotoxicity screening of all extracts and their fractions 
were done by BSL bioassay. Fractions (F1, F2, and F3) 
of A. absinthium and P. serratifolia and F1 fraction of 
M. pudica have shown significant cytotoxic activity 
(LC50  <  100  ppm) compared with other fractions. The 
extract/fractions were almost 100% lethal to the brine 
shrimp at the concentration of 1000 μg/ml. Active 
fractions with LC50 < 100 ppm were considered significant. 
Results are expressed as the mean ± standard error of 
the mean (S.E.M.) of three independent experiments. 
Cytotoxicity (mean % death after 24 h with LC50 values) 
of various extracts and fractions was compared with 
those of the control and is shown in Table 2.

Total phenolic content
The plants that show significant cytotoxic property were 
evaluated for TPC by using Folin — Ciocalteu reagent, and 
TPC was found to be significantly higher in P. serratifolia 
compared with the other two plants. Results are expressed 
as microgram of gallic acid equivalents (GAE) per gram fresh 
weight (mg GAE/g FW) with S.E.M., which are shown in 
Table 3.

Discussion

Three of six medicinal plants were found to have cytotoxic 
property. The results revealed that the active principles with 
cytotoxic property were mainly distributed in n-hexane and 
chloroform fractions of A. absinthium and P. serratifolia, 
wherein M. pudica the hexane portion was the most active 
fraction. The cytotoxic plants were evaluated for TPC and 
it was found to be significantly higher in P. serratifolia 
compared with other plants.

Conclusion

The cytotoxicity screening system confirmed the proposed 
anticancer plants used by traditional healers and literature 
claims. This screening method could apply to plant extracts 
to facilitate the isolation of biologically active compounds. 
The active fractions of these plant extracts could be taken 
up for the isolation of certain probable molecules with 
cytotoxic property that would help us in finding new 
anticancer molecules.
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