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	 The stem bark and leaves of A. semecarpifolia (Lauraceae) have been employed by 
traditional healers in Western Ghats region of Karnataka, India to treat human breast cancer. 
The present study was initiated to explore the cytotoxic properties of A. semecarpifolia. The 
secondary metabolites were extracted from stem bark and leaves. The stem bark methanol 
extract (SBME) and leaf methanol extract (LME) were subjected to liquid-liquid partition 
chromatography, followed by evaluating the presence of phytochemical constituents in liquid 
fractions and their cytotoxic potential against MCF-7 and L6 cells by MTT assay. The qualitative 
phytochemical screening of the liquid fractions revealed the presence of different secondary 
metabolites. The quantitative analysis revealed that the liquid fractions were rich in alkaloids, 
flavonoids and phenolic compounds. Stem bark methanol fraction (SBMF) and leaf methanol 
fraction (LMF) showed potential cytotoxicity on MCF-7 cells with an IC50 of 47.11±3.53µg/ml 
and 48.62±2.40µg/ml respectively. Whereas, stem bark chloroform fraction (SBCF) and leaf 
chloroform fraction (LCF) showed moderate activity on MCF-7 cells. Vinblastine sulphate was 
used as a reference standard and it showed potent cytotoxic activity against MCF-7 cells with an 
IC50 of 24.03±2.12µg/ml. Even though Vinblastine is a potent chemotherapeutic drug it affected 
the viability of normal cells. In comparison with Vinblastine, the liquid fractions showed very 
less toxicity on normal cells. Hence, the present study suggested that A. semecarpifolia stem 
bark and leaves are the potent cytotoxic agents against MCF-7 cells.
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	 Ethnomedicine is as old as man’s 
history and medicinal plants are being used in 
ethnomedicine to treat number of ailments. They 
play a key role in the management of world health1. 
The traditional practices of herbal formulations 
are the integral part of various medicinal systems 
before the development of modern science. These 
herbal remedies are the major sources of traditional 
medicinal practices for thousands of years2.

	 In the discovery of herbal drugs Indian 
traditional medicinal plants will be of immense 
interest for all the ethnopharmacologists who 
are looking for novel therapeutic approaches to 
various health problems filled all over the world3. 
It becomes appropriate to search for safe and 
potent herbal medicines which are already in use 
by traditional practitioners in order to strengthen 
their efficacy and safety levels through scientific 
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validation. The biological activities of medicinal 
plants are also recognized in pharmaceutical 
research as the major resources of phytomedicines4.
	 The phytochemical molecules derived 
from plants have biological activity in humans 
by having some protective properties against 
certain disease conditions5,6. Hence, there is a 
great demand to screen bioactive compounds from 
medicinal plants as a basis for further biomedical 
investigations. With advanced phytochemical 
techniques, many active molecules have been 
screened and developed as potent drugs in modern 
medicinal systems. The most important secondary 
metabolites are alkaloids, flavonoids, phenolics and 
tannin compounds7,8. These secondary metabolites 
and their altered forms are responsible for various 
therapeutic activities against cancer and other 
deadly diseases threatening humans all over the 
world9.
	 Cancer is a disease characterized by 
gradual deterioration and loss of function in the 
tissues and organs, associated with the lifestyle 
and environmental factors. Among different types 
of cancers breast cancer is a prime global health 
burden and one of the leading causes of deaths in 
females10. The physical and chemical carcinogens 
in the environment may induce cell death which 
may further lead to mutations and cancer causing 
irreversible damage to DNA. To overcome these 
risks of cancer, the plant derived anticancer agents 
play a significant role and many of the modern 
anticancer drugs are employed in the treatment of 
various cancers in humans11.
	 Alseodaphne semecarpifolia is an 
evergreen plant commonly known as Nelthare in 
Kannada12, in Western Ghats region of Shivamogga, 
Karnataka, India it is well known as ‘Sehunda’13. 
The Alseodaphne species are the potential source 
of various biologically active compounds. The 
secondary metabolites of A. semecarpifolia are 
known for their various biological activities14-16. 
The ethno medicinal survey has revealed that 
the traditional medicinal practitioners in Central 
Western Ghats of Karnataka, India employed 
stem bark and leaves of A. semecarpifolia in the 
treatment of human breast cancer. Even though 
they are employed in the traditional practices for 
several years, they are lacking sufficient scientific 
supports. Hence, the present study was initiated 
aiming to evaluate the traditional medicinal 

claims of Alseodaphne semecarpifolia as a potent 
anticancer agent.

MATERIALS AND METHODS

Plant sample collection and processing
	 The stem bark and leaf samples of A. 
semecarpifolia were collected from Karigudda, 
Central Western Ghats region, Shivamogga, 
Karnataka, India. The plant was identified and 
authenticated by Dr. Y. L. Krishnamurthy., 
Taxonomist, Department of Applied Botany, 
Kuvempu University, Shivamogga, Karnataka, 
India. The voucher specimen (KUBPHS78) is 
deposited in the herbarium of DBT-BUILDER 
project, Kuvempu University for future reference. 
The collected stem bark and leaves were washed 
under running tap water to remove the soil and 
other dust particles followed by washing with 
distilled water and blotted. They were air dried in 
the room temperature to remove the water content. 
Further, the dried samples were powdered using 
mechanical grinder and stored in air tight container 
until the extraction.
Crude extraction of secondary metabolites
	 The powdered stem bark and leaf samples 
were subjected to sequential soxhlet extraction 
using solvents of increasing polarity i.e. petroleum 
ether, chloroform and methanol. The extracts 
were concentrated using rotary evaporator and the 
solvents were completely evaporated to dryness 
using water bath and desiccated until further 
analysis17,18.
Fractionation by partition chromatography
	 The crude extracts were further fractionated 
using liquid-liquid partition chromatography. For 
liquid fractionation 5g of the stem bark and leaf 
crude methanol extracts were suspended in 100ml 
of chloroform and centrifuged at 10,000rpm for 
10 minutes. The supernatant and residue were 
collected separately. The fraction collected as a 
supernatant was considered as chloroform fraction. 
The fraction collected as a residue was further 
dissolved in 100ml of methanol and re-suspended 
with 100ml of hexane in separating funnel. Further 
it was shaken vigorously for the separation of 
phytochemical constituents in methanol and 
hexane. Later the two distinct layers of methanol 
and hexane were collected separately. The solvents 
in separated chloroform, methanol and hexane 
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fractions were dried in water bath and desiccated19.
Phytochemical screening of liquid fractions
	 Qualitative and quantitative phytochemical 
analysis of stem bark hexane fraction (SBHF), 
stem bark chloroform fraction (SBCF), stem 
bark methanol fraction (SBMF), leaf hexane 
fraction (LHF), leaf chloroform fraction (LCF) 
and leaf methanol fraction (LMF) was carried out 
using the standard procedures with some minor 
modifications20-32. Based on the fractionation yield 
and presence of phytochemical constituents the 
chloroform and methanol fractions were selected 
for cytotoxicity studies.
In vitro cytotoxic activity
Cell culture and maintenance
	 The MCF-7 (Breast cancer) and L6 
(Normal rat myoblast cells) cells were procured 
from American Type Culture Collection (ATCC). 
Dulbecco’s Modified Eagle Medium (DMEM) 
was used to culture the procured stock cells by 
supplementing with streptomycin, 10% inactivated 
Fetal Bovine Serum (FBS) and penicillin in a 
humidified atmosphere of 5% CO2 at 37°C until 
the cells were confluent.
Cell seeding and treatment
	 MCF-7 and L6 cells were dissociated 
by using cell dissociating solution (0.2% trypsin, 
0.02% EDTA, 0.05% glucose in PBS). The viability 
of the cells was checked and centrifuged followed 
by seeding 50,000 cells/well in a 96 well plate. 
They were allowed to form a monolayer under 
regular growth conditions followed by treatment 
with the test samples. The treated and untreated 
cells were incubated for 24 hours in CO2 incubator 
at 37°C with 5% CO2, 95% air and 100% relative 
humidity and these cells were harvested for 
cytotoxicity studies.
MTT assay
	 The cytotoxic effect of SBCF, SBMF, LCF 
and LMF on MCF-7 and L6 cells was determined 
by MTT assay33. The monolayer cell culture was 
trypsinized and the cell count was adjusted to 1x105 
cells/ml using DMEM containing 10% FBS. 100µl 
of the diluted cell suspension was loaded onto the 
respective wells in 96 well plate. After incubating 
for 24 hours, the supernatant was carefully flicked 
off when the partial monolayer was observed, 
followed by washing with DMEM. 100µl of 
different concentrations of the test samples were 
added to the partial monolayer and the plate was 

then incubated at 37°C for 24 hours with 5% CO2 in 
CO2 incubator. After incubation, the test solutions 
in the wells were discarded and 100µl of MTT (5mg 
of MTT in 10ml PBS) solution was added. Again 
the plate was incubated for 4 hours at 37°C with 
5% CO2 in CO2 incubator. After the incubation, the 
supernatant was removed and 100µl of dimethyl 
sulfoxide (DMSO) was added and the plate was 
gently shaken to solubilize the formed formazan. 
The absorbance was measured at 590nm using a 
microplate reader. The IC50 values were generated 
from the dose-response curves and the percentage 
growth inhibition was calculated.
Statistical analysis
	 The statistical analysis was performed 
using GraphPad Prism Software v 5.01 (GraphPad 
Software Inc., San Diego, CA). The data is 
presented as mean±SEM of three replicates and it 
is statistically analyzed using two way analysis of 
variance (ANOVA) followed by Bonferroni post-
test. The p value less than 0.001 was considered 
statistically significant.

RESULTS

Liquid-liquid fractionation yield
	 The liquid-liquid fractionation yield 
of stem bark hexane fraction (SBHF), stem 
bark chloroform fraction (SBCF) and stem bark 
methanol fraction (SBMF) was 0.05g (1%), 
0.40g (8%) and 2.87g (57.4%) respectively. The 
fractionation yield of leaf hexane fraction (LHF), 
leaf chloroform fraction (LCF) and leaf methanol 
fraction (LMF) was 0.11g (2.2%), 0.62g (12.4%) 
and 2.15g (43%) respectively.
Qualitative phytochemical analysis
	 The qualitative phytochemical analysis 
showed that SBHF contains only glycosides and 
saponins. Alkaloids, glycosides, phenols and 
terpenoids are the phytochemicals present in SBCF, 
whereas, SBMF contains alkaloids, flavonoids, 
glycosides, phenols, saponins and terpenoids. 
It is noteworthy that flavonoids are present 
only in SBMF, however, tannins and steroids 
are absent in all the three stem bark fractions. 
Similarly, the phytochemical analysis of leaf 
fractions revealed that LHF contains flavonoids, 
steroids, glycosides and saponins. LCF showed 
the presence of alkaloids, steroids, phenols and 
terpenoids. Whereas, LMF showed to contain 
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alkaloids, flavonoids, steroids, glycosides, phenols, 
saponins and terpenoids. It is significanct that 
steroids are present and tannins are absent in all the 
three leaf fractions. The results of the qualitative 
phytochemical analysis are presented in Table 1.
Quantitative phytochemical analysis
	 The quantitative phytochemical analysis 
of liquid fractions revealed the presence of 
alkaloids, flavonoids, tannins, steroids, glycosides, 
phenolics, saponins and terpenoids in various 
concentrations of dry weight of the fractions. 
SBHF showed the presence of only glycosides and 
saponins with 2.09±0.72µg/mg and 10.37±4.60µg/
mg concentrations respectively. SBCF is rich 
in Alkaloids (26.45±6.79µg/mg) followed by 
phenolics (18.55±2.86µg/mg). Likewise, SBMF 
is rich in flavonoids (110.19±11.55µg/mg) 
and alkaloids (82.45±8.25µg/mg) followed by 
phenolics (50.64±8.66µg/mg) and saponins 
(47.46±3.39µg/mg). The results are presented in 
Table 2.

	 LHF contains flavonoids, steroids, 
glycosides and saponins in very minute quantities, 
whereas, LCF is rich in alkaloids (28.50±6.84µg/
mg) and phenolics (15.50±7.92µg/mg). However, 
LMF is very rich in alkaloids (108.65±5.06µg/
mg) and flavonoids (90.73±7.90µg/mg) followed 
by saponins (70.30±7.67µg/mg) and phenolics 
(66.46±4.06µg/mg). The results are presented in 
Table 3.
Cytotoxic effects of stem bark and leaf liquid 
fractions
	 The cytotoxic activity of SBCF, SBMF, 
LCF and LMF was observed in a dose dependent 
manner. SBMF and LMF showed significant 
cytotoxic activity on MCF-7 cells with an 
IC50 of 47.11±3.53µg/ml and 48.62±2.40µg/ml 
respectively. However, SBCF and LCF showed 
moderate activity on MCF-7 cells with an IC50 
of 116.20±2.47µg/ml and 103.80±10.74µg/ml 
respectively (Fig. 1).

Table 1. Qualitative phytochemical analysis of A. semecarpifolia 
stem bark and leaf liquid fractions

Sl No.	 Phytochemical 		 Stem bark liquid fractions		 Leaf liquid fractions
	 Constituents	 SBHF	 SBCF	 SBMF	 LHF	 LCF	 LMF

01	 Alkaloids	 -	 +	 +	 -	 +	 +
02	 Flavonoids	 -	 -	 +	 +	 -	 +
03	 Tannins	 -	 -	 -	 -	 -	 -
04	 Steroids	 -	 -	 -	 +	 +	 +
05	 Glycosides	 +	 +	 +	 +	 -	 +
06	 Phenols	 -	 +	 +	 -	 +	 +
07	 Saponins	 +	 -	 +	 +	 -	 +
08	 Terpenoids	 -	 +	 +	 -	 +	 +

+: Present; -: Absent

Table 2. Quantitative phytochemical analysis of A. semecarpifolia 
stem bark liquid fractions

Sl	 Phytochemical 	 SBHF 	 SBCF 	 SBMF
No.	 constituents	 (µg/mg)	 (µg/mg)	  (µg/mg)

01	 Total Alkaloids	 -	 16.45±6.79	 82.45±8.25
02	 Total Flavonoids	 -	 -	 110.19±11.55
03	 Total Tannins	 -	 -	 -
04	 Total Steroids	 -	 -	 -
05	 Total Glycosides	 2.09±0.72	 0.48±1.22	 5.32±1.01
06	 Total Phenolics	 -	 18.55±2.86	 50.64±8.66
07	 Total Saponins	 10.37±4.60	 -	 47.46±3.39
08	 Total Terpenoids	 -	 4.09±3.09	 12.69±6.70
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Table 3. Quantitative phytochemical analysis of 
A. semecarpifolia leaf liquid fractions

Sl 	 Phytochemical 	 LHF 	 LCF 	 LMF
No.	 constituents	 (µg/mg)	 (µg/mg)	 (µg/mg)

01	 Total Alkaloids	 -	 28.50±6.84	 108.65±5.06
02	 Total Flavonoids	 2.61±3.40	 -	 90.73±7.90
03	 Total Tannins	 -	 -	 -
04	 Total Steroids	 1.48±3.48	 4.21±8.03	 19.10±10.04
05	 Total Glycosides	 0.66±0.91	 -	 8.65±7.75
06	 Total Phenolics	 -	 15.50±7.92	 66.46±4.06
07	 Total Saponins	 4.62±1.71	 -	 70.30±7.67
08	 Total Terpenoids	 -	 2.09±4.17	 13.30±5.85

Fig. 1. Dose dependent cytotoxic effects of A. semecarpifolia stem bark and leaf liquid fractions against MCF-7 
cells. ns: non-significant; **: significant; ***: highly significant

	 The cytotoxic effect of SBCF, SBMF, 
LCF and LMF was compared with the cytotoxic 
properties of standard anticancer drug Vinblastine. 
Vinblastine exhibited significant effect on MCF-
7 cells with an IC50 of 24.03±2.12µg/ml. Even 
though Vinblastine exhibited significant effect 
against MCF-7 cells, it also affected the viability 
of normal L6 cells with an IC50 of 88.52±3.56µg/
ml, but SBCF, SBMF, LCF and LMF were very 
least toxic on L6 cells and their IC50 was unable to 
determine due to their lesser toxicity (Fig. 2).

DISCUSSION

	 Medicinal plants are believed to be a potent 
source of secondary metabolites with significant 
therapeutic properties. The plant secondary 
metabolites such as alkaloids, flavonoids, saponins, 
phenols, tannins, terpenoids, glycosides and 
steroids are found to be important phytochemical 
constituents34,35. Most of the Ayurvedic medicines 
used today are derived from herbal sources. 
According to World Health Organization (WHO) 
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Fig. 2. Dose dependent cytotoxic effects of A. semecarpifolia stem bark and leaf liquid fractions against L6 cells. 
ns: non-significant; ***: highly significant

nearly 80% of the human population all over 
the world is still relying on herbal remedies 
for preliminary health care. This is due to their 
availability, lesser side effects and low cost36,37. 
Medicinal plants have the ability to synthesize wide 
variety of secondary metabolites from their each 
and every part under different stress conditions. 
This motivates the researchers all over the world to 
find novel therapeutic drugs from natural sources 
with potential biological activities38.
	 Secondary metabolites are not so essential 
for the normal growth and development of the 
organisms. Absence of secondary metabolites does 
not result in immediate death of the organisms, 
but they have long term impairment on the 
survivability of the organisms and they often play 
an important role in protection against certain 
pathogens and several disease conditions39,40. These 
secondary metabolites function in conjunction with 
one another or they may act alone in order to bring 
desired pharmacological effect41.
	 In order to derive the factors involved in 
anticancer properties, phytochemical screening 

was carried out for stem bark and leaf liquid 
fractions. The extraction of secondary metabolites 
was carried out sequentially using solvents of 
increasing polarity i.e. by selecting solvents of 
three different polarities such as non-polar, medium 
polar and polar solvents. Non-polar solvents 
were used to extract out non-polar compounds, 
whereas the compounds of intermediate polarity 
were extracted by using medium polarity solvents 
and polar solvents were used to extract out polar 
compounds. The sequential extraction allows the 
preliminary separation of secondary metabolites 
of distinct polarities which simplifies the further 
fractionation.
	 The  f rac t iona t ion  of  secondary 
metabolites was carried out using partition 
chromatography. The molecules need to be 
separated by Partition chromatography will interact 
with two immiscible solvents according to the 
solubility of the compounds42. The cytotoxicity of 
the liquid fractions was evaluated by Microculture 
Tetrazolium (MTT) assay. Among the different cell 
viability tests MTT assay is one of the frequently 
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used technique. It is more advantageous, especially 
its effectiveness and simplicity makes it more 
suitable to determine in vitro anticancer activities 
of test drug at the preliminary levels. In this 
assay the cell viability was determined by using 
colorimeter43.
	 In the present study, preliminary 
phytochemical analysis of A. semecarpifolia stem 
bark and leaf fractions have showed the presence 
of different secondary metabolites which are of 
great importance in the field of drug research. 
Different active phytochemicals have been found 
to possess a wide range of activities, which may 
help in protection against incurable diseases. 
	 The phytochemical analysis of stem bark 
and leaf liquid fractions revealed that alkaloids, 
flavonoids and phenolic compounds are the rich 
components of A. semecarpifolia. This alkaloid, 
flavonoid and phenolic compounds represent as 
a most widespread class of bioactive compounds 
with multiple therapeutic properties44. The 
anticancer property of medicinal plants is due to 
the presence of alkaloid, flavonoid and phenolic 
compounds45-47. In the present investigation it is 
evident that SBMF and LMF exerted significant 
dose dependent cytotoxicity against human breast 
cancer cells. As alkaloid, flavonoid and phenolic 
compounds are the rich components of SBMF and 
LMF they might be responsible for their potent 
activity. The earlier studies have suggested that 
A. semecarpifolia is a rich source of aporphine 
alkaloids, isoquinoline alkaloids and phenolic 
derivatives48-50. Among different subgroups of 
aporphine alkaloids, benzylisoquinoline alkaloids 
form the broad subgroup widely distributed in 
Alseodaphne species51.
	 The cytotoxic properties of SBMF and 
LMF were compared with the standard anticancer 
drug Vinblastine. Although Vinblastine shows a 
potent activity against cancer cells it affected the 
viability of normal cells. In contrast, the cytotoxic 
effects of SBMF and LMF on normal cells was 
very least. To be a potent anticancer drug it should 
be selectively toxic on cancerous cells but not 
on non-cancerous cells. By considering all these 
factors the present study has provided the evidence 
that SBMF and LMF have promising anticancer 
property, and supported the traditional medicinal 
claims of A. semecarpifolia as a potent source of 
anticancer compounds.

CONCLUSION

	 Several novel cytotoxic compounds are 
screened from traditional medicinal plants every 
year to fight against certain cancers. Even though 
several natural active compounds have unique 
anticancer properties, they are not used in clinical 
practices due to limited bioavailability. On the 
other hand the secondary metabolites derived 
from natural sources are the potent leads for drug 
discovery and development.
	 The choices of modern drugs for the 
cancer therapies are limited and most of them are 
accompanied with dose-related toxicities. The 
development of an effective chemotherapeutic 
agent is crucial and new strategies need to be 
put forth which can help for the identification of 
natural compounds with superior clinical efficacy 
and lesser toxicity. It is evident from the present 
study that, Alseodaphne semecarpifolia is a potent 
anticancer agent against human breast cancer cells.
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