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Abstract: The present study was conducted to investigate possible phytochemicals, cytotoxic activity, total phenolic content
and antioxidant property of different extracts of Litsea glutinosa leaves. To determine different pytochemicals, various standard
group tests were done. For cytotoxicity test, brine shrimp lethality bioassay was carried out. To evaluate the antioxidant
properties, some complementary test systems, namely DPPH free-radical scavenging assay and reducing power assay and
determination of total phenolic content were conducted. The phytochemical analysis revealed the presence of alkaloids,
carbohydrate, flavonoid, saponin, gum, steroid, tannins and terpinoids. In brine shrimp lethality bioassay, results showed that
all the extracts possess significant (P<0.05) activity when compared to the standard, Colchicine. Among the extracts, the n-
hexane soluble fraction showed the highest activity (LCsy 30.32+0.46pg/ml) which is very close to the standard (LCs,
30.11+0.30pg/ml) used. In DPPH free radical scavenging test, ICs, value of the ethyl acetate extract was found fairly
significant (9.68+0.15ug/ml) while compared to that of the reference standards ascorbic acid (1.82+0.15ng/ml). In reducing
power assay, the maximum reducing capacity for the methanolic extract was found 257.67+4.04 at 200ug/ml while compared
to standard ascorbic acid (356.33+5.68ug/ml). The total phenolic amount was also calculated as quite high in the ethyl acetate
extract (69.00+0.58mg/g of gallic acid equivalent). Presence of significant antioxidant properties of different extracts would
justify its traditional use. However, it would be interesting to investigate possible causes and their mechanisms responsible for
the cytotoxic and antioxidant properties of the plant L. glutinosa.
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actinodaphnine are reported to be the common constituents of
the species; and other constituents known are: boldine,
norboldine, laurotetanine, = n-methyllaurotetanine, n-
methylactinodaphnine, quercetin, sebiferine, litseferine etc.

1. Introduction

Litsea glutinosa (Lour.) (Family: Lauraceae) is a well-
known evergreen species growing wild in the forest of
Chittagong and Sylhet districts in Bangladesh [1]. Leaves are [4].

mucilaginous and considered for antispasmodic, emollient, Plant§ are potentlal sources of nat.ural 'ant10x1dants.
and poultice. The leaves are also used in diarrhea and Synthetic antioxidants may have adverse biological effects on

dysentery as well as in wounds and bruises [1]. The leaves human body; therefore, much attention has been put toward
were reported for the treatment of the spontaneous and natural antioxidants [5]. L. glutinosa was selected due to its
excessive flow of semen in young boys [2]. The leaf extract availability in Bangladesh is huge, therefore, lots of people in
also shows antibacterial and cardiovascular activities [3]. The the rural area use this plant for different treatments, and not

berries yield oil which is used by some tribal practitioners in su'ch 1nV.est1gat10ns he.we been carried out with this planF of
the treatment of rheumatism. Tannin, [-sitosterol, and this region. Our main goal was to evaluate the possible
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chemical groups and investigate the cytotoxic and
antioxidant properties of the plant leaves to validate its
folkloric uses.

2. Materials and Methods
2.1. Plant Material Collection and Identification

For the investigation, the leaves of L. glutinosa were
collected by the authors from Potia, Chittagong, Bangladesh
in July 2012. The plant was identified and authenticated by
an expert botanist of Bangladesh National Herbarium
(DACB), Mirpur, Dhaka (Accession No. 38277) and a
voucher specimen was submitted at the herbarium for future
reference.

2.2. Extract Preparation

Weighed (630 g of the dried and powdered) sample was
soaked in 2200 ml of 99% methanol (Merck KGaA,
Germany) in clean, sterilized, and flat-bottomed glass
container. Afterwards, it was sealed and maintained for 15
days accompanying occasional stirring and agitation. The
complete mixture was then subjected to coarse filtration on a
piece of clean, white sterilized cotton material and
Whatman® filter paper. The extract was obtained by
evaporation using rotary evaporator (Bibby RE-200, Sterilin
Ltd., UK) at 4 rpm and 65° temperature. It rendered a
gummy concentrate of greenish color. The gummy
concentrate was designated as crude extract or methanolic
extract. Then the crude methanolic extract was dried by
freeze drier and preserved at +4°C (yield 0.79%). The
concentrated methanolic extract was partitioned by modified
Kupchan method [6] and the resultant partitionates i.e., n-
hexane (yield approx. 19.02%), ethyl acetate (yield approx.
26.54%), and chloroform (yield approx. 6.59%) soluble
fractions were used for the experimental processes.

2.3. Chemicals

All the chemicals used in this study were of analytical
grade, and purchased from Sigma Chemical Co. (St. Louis,
MO, USA), and Merck (Darmstadt, Germany).

2.4. Phytochemical Screening

Different phytochemicals were screened following
preliminary quantitative phytochemical analysis such as
alkaloids with Mayer’s and Hager’s reagent, carbohydrates
with Benedict’s test and Fehling’s test, phytosterols with
Salkowski’s test and LibermannBurchard’s test, flavonoids
with alkaline reagent test and lead acetate test, tannins with
gelatin test, saponins with Froth test and foam test, phenols
with ferric chloride test, gums and mucilages [7-8].

2.5. Brine Shrimp Lethality Bioassay

The cytotoxic activities of the extracts were examined
using brine shrimp lethality bioassay [9]. In this study
colchicine was used as the positive control. Measured

amount of the standard was dissolved in DMSO to get an
initial concentration of 40ug/ml from which serial dilutions
were made using DMSO to get 20ug/ml, 10pg/ml, Spg/ml,
2.5ug/ml,  1.25pg/ml,  0.625pg/ml, 03125  pg/ml,
0.15625ug/ml and 0.78125ug/ml solution from the extracts.
Then the positive control solutions were added to the pre-
marked vials containing ten living brine shrimp nauplii in 5
ml simulated sea water to get the positive control
groups.100ul of DMSO was added to each of three pre-
marked glass vials containing 5 ml of simulated sea water
and 10 shrimp nauplii to use as control groups.

After 24 hours, by using a magnifying glass, the vials were
inspected and the number of survived nauplii in each vial
was counted. From this data, the percent (%) of lethality of
the brine shrimp nauplii was calculated for each
concentration.

2.6. DPPH Free Radical Scavenging Assay

The stable DPPH free-radical scavenging activity was
measured using the modified method described by Chang et
al. [10]. Stock solution (Img/ml) of the extracts L. glutinosa
was prepared in respective solvent systems from which serial
dilutions were carried out to obtain the concentrations of 5,
10, 20, 40, 60, 80, and 100 pg/ml. In this assay, 2 ml of 0.1
mM methanolic DPPH solution was added to 2 ml of extract
solution at different concentrations and the contents were
stirred vigorously for 15 sec. Then the solutions were
allowed to stand at dark place at room temperature for 30
min occurring chemical reaction. After 30 min, absorbance
was measured against a blank at 517 nm with the double
beam UV-Visible spectrophotometer. The percentage of
DPPH free radical-scavenging activity of plant extract was
calculated as:

DPPH free-radical scavenging activity (I %), = [(A¢— A)
/A 1% 100,

Where, A, is the absorbance of the control solution
(containing all reagents except plant extract); A is the
absorbance of the DPPH solution containing plant extract.

The DPPH radical-scavenging activity (%) was plotted
against the plant extract concentration (ng/ml) to determine
the concentration of extract necessary to decrease DPPH
radical-scavenging by 50% (called ICsy). The ICs, value of
the extract was estimated by sigmoid non-linear regression,
using Sigma Plot 2000 Demo (SPSS Inc., Chicago, IL, USA).
All determinations were performed in triplicate. Ascorbic
acid was used as positive control standard.

2.7. Reducing Power Assay

The method of Dehpour et al. [11] was followed to
determine the reducing power of L. glutinosa leaves. 1 ml of
extract solution of different concentrations (5, 10, 20, 40, 60,
80, 100 pg/ml) was mixed with 2.5ml of phosphate buffer (0.2
M, pH 6.6) and 2.5 ml of potassium ferricyanide [K;Fe(CN)]
(1% w/v). The mixture was incubated at 50°C for 20 min. The
reaction was terminated by adding 2.5 ml of trichloroacetic
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acid (10%, w/v), then the mixture was centrifuged at 3000 rpm
for 10 min. The supernatant solution (2.5 ml) was mixed with
distilled water (2.5 ml) and ferric chloride (0.5 ml, 0.1% w/v)
solution. Then the absorbance was measured at 700 nm against
a blank using UV spectrophotometer. Increased absorbance
value of the reaction mixture indicates increased reducing
power. Three replicates were made for each test sample and
average data was noted. Here, Ascorbic acid was used as
positive control standard.

2.8. Investigation of Total Phenolic Content

Using the modified Folin-ciocalteu method, total phenolic
content of the extract was determined [12]. Briefly, 0.5 mL of
the extract (1 mg/ml) was mixed with 5 ml Folin-ciocaltu
reagent (1:10 v/v distilled water) and 4 ml (75g/L) of sodium

carbonate. Then the mixture was vortexed for 15 sec and
allowed to stand for 30 min at 40°C for color development.
The absorbance was read at 765 nm with a
spectrophotometer (UV-1800, Shimadzu, Japan). Total
phenolic content was determined as mg of gallic acid
equivalent per gram using the equation obtained from a
standard gallic acid calibration curve.

3. Results

3.1. Phytochemical Screening

The presence of the possible phytochemical constituents in
the crude extract, and its n-hexane and ethyl acetate soluble
fraction is shown in Table 1.

Table 1. Phytochemical screening of various extracts of L. glutinosa leaves

Plant in extract Tannins Flavonoids Saponins Gums and Steriods Alkaloids Redu-cing Terpiniods
carbohydrates spgar

Methanolic extract _ _ A A -+ 4+ - ++

n-hexane extract A _ AR A A =R 45 4HF

Ethyl acetate extract A= A= A= A= A= -+ A= A=

Symbol (+++) indicates presence in high concentration, Symbol (++) indicates presence in moderate concentration, Symbol (+) indicates presence in trace

concentration, and (-) indicates absence of the respective phytochemical.
3.2. Brine Shrimp Lethality Bioassay

Table 2. Cytotoxic activity of various extracts of L. glutinosa leaves

Test Sample Log C % Mortality=SEM LCs (ng/ml)
1.398 36.66+0.22*
Methanol Extract  1.699 38.99+0.39* 114.70+0.26
2.000 46.85+0.16*
2.301 52.294+0.06*
2.602 61.3+£0.38*
2.903 78.49+0.37*
1.398 41.63+0.84
1.699 50.23+0.17*
Ethyl acetate 2.000 60.66+0.34*
Extract 2.301 81.02:£0.93* 43.9720.53
2.602 91.58+0.82*
2.903 97.94+0.50%*
1.398 43.36+0.61*
1.699 59.2+0.62*
2.000 68.77+0.33*
n-hexane Extract 5301 79.1820.74% 30.32+0.46
2.602 89.49+0.94*
2.903 92.87+0.08*
1.398 40+0.29
1.699 56.58+0.32
Colchicine 2.000 75+0.29
) 2,301 100£0.0 30.81:0.30
2.602 100+0.0
2.903 100+0.0
1.398 0+0.0
1.699 1+0.58
2.000 12.99+0.33
Control 5301 7 040,42 188.59+1.39
2.602 20.52+0.29
2.903 16.66+0.33

Table 2 shows the possible cytotoxic activities of different
extracts. Results showed that all the extracts possess
significant activity when compared to the standard. Among
the extracts, the n-hexane soluble fraction showed the highest
activity which is very close to the standard used.

3.3. DPPH Free Radical Scavenging Activity

Table 3. DPPH free radical scavenging activity of various extracts of L.
glutinosa leaves

Mean % DPPH

*P<0.05, Statistically significant difference as compared to the standard;
SEM= Standard error mean

Sample Conc.(ng/ml) scavenging (")
activity =£SD
25 53.9+1.12%**
50 72.7£1.94***

Standard(Ascorbic 100 75.04£2.64**

1.82pg/ml

Acid) 200 80.65+1.59***
400 85.5+0.669***
800 90.0+£0.990**
25 21.67+6.66**
50 36.00+4.58%**
-+ *k
Methanol Extract égg Z(l)zi igg; . 27.94pg/ml
400 66.00+£2.65%***
800 75.00+3.00**
25 8.67+0.98**
50 21.14+£1.03***
- *k
n- hexane Extract égg gig?iigi*** 16.78 pg/ml
400 70.51£1.54%*
800 78.714£2.07***
25 35.174+4.40**
50 48.6442.50%**
Ethyl acetate 100 60.20+1.71**
Extract 200 66.59+2.10* 968 ng/ml
400 75.26+3.00*

800 83.04+2.37*
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Mean % DPPH

Sample Conc.(pg/ml) scavenging IG5
activity =SD
25 14.45+1.03*
50 33.13+1.01*
Chloroform 100 53.1241.01**
Extract 200 50.65+1.52* 45.60 pg/ml
400 57.91£2.00%*
800 71.37+1.54%*

SEM= standard error mean (n = 5); One way ANOVA followed by
Dennett’s test was performed as the test of significance. The values *p <
0.05, **p < 0.01, ***p < 0.001 were considered significant as compared
with control group

The investigation shows that DPPH free radical
scavenging activity of crude ethanolic extract, ethyl acetate,

n-hexane, and chloroform soluble fractions of L. glutinosa
leaves were found to be increased with the increase of
concentrations of the extracts (Table 3). The result revealed
that ethyl acetate soluble fraction has the highest antioxidant
activity than those of other extracts at concentration
800pg/ml.

3.4. Reducing Power Assay

The reducing power capacity of various extracts has been
tabulated in Table 4. The results show that the reducing
power capacity of the crude methanol extracts increases with
increasing concentration, and shows the highest capacity at
concentration of 200pg/ml.

Table 4. Reducing power assay of methanol extract of L. glutinosa

Sl Final'Conc‘. in the Control Absorbance (measured  Reducing capacity T T
reaction mixture (pg/ml) absorbance at 700 nm) (Mean+SEM)
25 0.154 0.477 206.67+4.16%** 210
50 0.154 0.495 218.00+3.00°%** 221

Ascorbic acid 100 0.154 0.528 239.33+4.04%* 243
150 0.154 0.588 279.00+3.00%** 282
200 0.154 0.705 356.33+5.68%** 358
25 0.154 0.37 143.00£3.61%** 94
50 0.154 0.391 158.00£4.58%** 142

Methanol extract 109 0.154 0.455 202.67+8.02%* 155
150 0.154 0.513 237.00+4.00%** 166
200 0.154 0.545 257.67+4.04%** 299

SEM= standard error mean (n = 5); One way ANOVA followed by Dennett’s test was performed as the test of significance. The values **p < 0.01, ***p <

0.001 were considered significant as compared with control group

3.5. Total Phenolic Content of L. Glutinosa

Based on the absorbance values of the extract solutions,
the colorimetric analysis of the total phenolics of the extract
was determined and compared with that of the standard
solution of gallic acid equivalents. Result (Table 5) shows the
total phenolic amount calculated for L. glutinosa. The results
reported that total phenolic content of all extracts were
correlated with the activity of gallic acid and showed that
moderate amount of phenolics which would play an
important role in the antioxidant activity of plant materials.

Table 5. Total Phenolic Content of various extracts of L. glutinosa leaves

Total phenolic content (mg

Avg. absorbance gallic acid equivalent (GAE)

Extract

at 765 nm per gm of dry extract)
Methanol extract  0.056+0.09 51.98+1.26
n-hexane extract  0.1596+0.37 53.18+0.57
Ethyl acetate 0.1536+0.19 69.00+0.58
extract
Chloroform 0.148+0.58 52.02+1.55
extract

Values are expressed as mean+SD (n=3)

4. Discussion

Plants are important source of potentially useful structures
for the development of new chemotherapeutic agents [13].
Particularly the secondary metabolites (phytochemicals)
existing in the plant extract play a key role in the
pharmacological actions of any plant or plant parts. This
study was conducted to make an evidential approach in
ascertaining the mentioned biological functions of L.
glutinosa leaves extract. Alkaloids, terpenoids, steroids,
saponins, gums and reducing sugars were present in different
amount in the studied extract. These screened results were
almost similar with the previously conducted partial studies
[14]. Incidentally, minor differences between the results of
distinct studies could be related to differences in local climate
and soil composition [15].

In our present study the cytotoxic assay was performed
using brine shrimp lethality bioassay and the highest
cytotoxic activity of L. glutinosa leaves was found in n-
hexane soluble fraction. It was reported by Tiwari et al. [16]
that several active compounds such as anthocyanins,
saponins, tannins, flavones, and polyphenols etc. can be
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easily obtained if organic solvents (methanol, n-hexane,
petroleum ether, chloroform etc.) are used as solvent in the
extraction technique. These compounds are known to be free
radical scavenger, reactive species quencher, hydrogen donor,
antioxidant enzymes activator, detoxification inducer, normal
cell differentiation promoter, tumor production and
proliferation cell inhibitor, and apoptosis inducer [17].
Besides, some of these bioactive compounds are shown to
have inhibitory action on carcinogenesis, such as triterpenoid,
saponin showed its cytotoxicity in HeLa cells through both
mitochondrial dysfunction and ER stress cell death pathways
[18]. It was also proved that flavonoid effectively suppressed
the proliferation of a human colon carcinoma cell line
(COLO 201) through apoptosis induction [19], while
phenolics showed anticancer activity on cancer colon cell by
arresting the cell cycle [20]. So, it may be predicted that the
bioactive compounds present in the L. glutinosa leaves may
be accountable for the possible cytotoxic effect of this plant,
though the exact mechanism of action and the key
compounds responsible for demonstrating the cytotoxic
activity are yet to be discovered.

Free radicals and other reactive oxygen species such as
superoxide anion radicals, hydroxyl radicals and hydrogen
peroxide are highly reactive chemical species formed in
aerobic life. They play a dual role which is both deleterious
and beneficial to the living system [21]. The DPPH assay is
one of the most common and relatively quick methods used
for testing free radical scavenging activity of various plant
extracts [22]. In the DPPH assay the antioxidants may react
through donating either electron or hydrogen and here, a
faster reaction indicates more potent free radical scavenging
activity [23]. In our present study it is found that the ethyl
acetate soluble fraction of L. glutinosa leaves showed better
free radical scavenging activity than the others. This may be
described by the facts that solvent system plays an important
role in the solubility of phytochemical components of the
crude extracts [24] and also the DPPH scavenging activity
differs depending on used solvent and food matrix [25].

Reducing power assay is widely used to evaluate the
antioxidant activity of polyphenols. The reducing power is
generally associated with the presence of reductones, which
exerts antioxidant action by breaking the free radical chain
by donating a hydrogen atom [26]. The reducing power of a
compound is related to its electron transfer ability and may,
therefore, serve as a significant indicator of its antioxidant
activity [27]. In the present study the reducing power assay
of different extracts of L. glutinosa leaves along with that of
ascorbic acid, at concentrations between 50-200 upg/ml,
showed that high absorbance indicates high reducing power
[28]. The reducing power of the plant extracts were increased
as the amount of extract concentration increased. This may
be because of the presence of reductants such as antioxidant
substances in the samples that causes the reduction of the
Fe*'/ferricyanide complex to the ferrous form [29]. In our
study, the reducing power of extract was lower than that of
ascorbic acid but the ICs, value of extract was close to that of
ascorbic acid indicating that L. glutinosa has a statistically

significant (P <0.05) reducing power. Similar observation
between the polyphenolic constituents in terms of dose
dependent and reducing power activity have been reported
for several plant extracts [30].

Phenolic compounds are known as powerful antioxidants
because of their potent chain breaking action and they may
contribute directly to the anti-oxidative activity [21]. In our
present study we tried to determine the amount of phenolic
contents present in different extracts of L. glutinosa leaves
and found that the highest amount of phenolic compounds is
present in the ethyl acetate soluble fraction. The reason
behind this may be that the solvent polarity plays a key role
in increasing phenolic solubility [31]. Another reason may be
different phenolic compounds may show different
antioxidant activities, either synergistic or antagonistic effect,
depending on their structure which are present in the crude
extract [32]. Again, several studies have also showed that, the
different levels of antioxidant activities in plants may be due
to not only differences in their phenolic contents, but also in
their phenolic acid components [33]. Thus it may be
postulated that the high content of total phenolic components
in the ethyl acetate soluble fraction of L. glutinosa leaves
may have led to the better results found in the total
antioxidant activity and free radical scavenging ability of the
plant extract.

5. Conclusion

According to the results of the present study, it can be
summarized that the plant extract possesses significant
cytotoxic and antioxidant activities. Therefore, additional
studies are being suggested to better understand the
mechanism of such actions scientifically.

Acknowledgment

The authors are grateful to DACB. Authors are also
thankful to Department of Pharmacy, Noakhali Science and
Technology University for providing the laboratory facilities.

References

[11 A. Ghani, “Medicinal plants of Bangladesh: Chemical
constituents and uses”, Nimtali, Dhaka: Asiatic Society of
Bangladesh, 2003, pp. 285.

[2] K. Kirtikar, and B. Basu, “Indian Medicinal Plants (revised
issue)”, vol.3, Allahabad, 1981, pp. 2156-2161.

[3] U. Chomkamon, S. Nongluksna, De-E. Wanchai, and R.
Nijsiri, “Chemical composition and antimicrobial activity of
essential oils from plants in Litsea spp.”, Technical
information services (TIS)/MUTT, 2000, pp. 18-20,

[4] A. Chatterjee, and S. Pakrashi, “The Treatise of Indian
Medicinal Plants”, vol. I, New Delhi, India: INSA, 1994, pp.
107.

[5] . Loliger, “Natural antioxidants”, Lipid. Technol., vol. 3, pp.
58-61, 1991.



[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Journal of Plant Sciences 2014; 2(6-1): 24-29 29

C. Van Wagenen, R. Larsen, J. H. Cardellina, D. Ran dazzo, Z.
C. Lidert, and C. Swithenbank, “Ulosantoin, a potent
insecticide from the sponge Ulosa ruetzleri”, J. Org. Chem.,
vol. 58, pp. 335-337, 1993.

S. M. R. Dewan, and A. Das, “Investigation of in vitro
thrombolytic potential and phytochemical nature of Crinum
latifolium L. leaves growing in coastal region of Bangladesh”,
Int. J. Bio. Pharm. Res., vol. 4, pp. 1-7,2013.

T.S. Roopashree, R. Dang, S. R. H. Rani, and C. Narendra,
“Antibacterial activity of anti-psoriatic herbs: Cassiatora,
Momordica charantia and Calendula officinalis”, Int. J. App.
Res. Nat. Prod., vol. 1, pp. 20-28, 2008.

N. Meyer, N. R. Ferrighi, J. E. Putnam, L. B. Jacobsen, D. E.
Nichols, J. L. McLaughlin, “Brine shrimp: A convenient
general bioassay for active plant constituents”, Planta.
Medica., vol. 45, pp. 31-34, 1982.

S. T. Chang, J. H. Wu, S. Y. Wang, P. L. Kang, N. S. Yang, and
L. F. Shyur, “Antioxidant activity of extracts from Acacia
confusa bark and heartwood”, J. Agric. Food. Chem., vol. 49,
pp. 3420-3424, 2001.

A. Dehpour, M. A. Ebrahimzadeh, S. F. Nabavi, and S. M.
Nabavi, “Antioxidant activity of methanol extract of Ferula
assafoetida and its essential oil composition”, Grasas. Aceites.,
vol. 60, pp. 405-412, 2009.

K. Wolfe, X. Wu, and R. H. Liu, “Antioxidant activity of
apple peels”, J. Agric. Food. Chem., vol. 51, pp. 609-614,
2003.

M. O. Ullah, M. Haque, K. F. Urmi, A. H. M. Zulfiker, E. S.
Anita, M. Begum, and K. Hamid, “Anti-bacterial activity and
brine shrimp lethality bioassay of methanolic extracts of
fourteen different edible vegetables from Bangladesh”, Asian.
Pac. J. Trop. Biomed., vol. 3, pp. 1-7, 2013.

P. H. Parikh, and A. Y. Rangrez, “Extraction and
Phytochemical Evaluation of Litsea Glutinosa Bark
Methanolic Extract”, J. App. Pharm. Sci., vol. 2, pp. 71-78,
2012.

N. Benariba, R. Djaziri, W. Bellakhdar, N. Belkacem, M.
Kadiata, W. J. Malaisse, and A. Sener, “Phytochemical
screening and free radical scavenging activity of Citrullus
colocynthis seeds extracts”, Asian. Pac. J. Trop. Biomed., vol.
3, pp- 35-40, 2013.

P. Tiwari, B. Kumar, M. Kaur, G. Kaur, and H. Kaur,
“Phytochemical screening and extraction”, Int. Pharm.
Sciencia., vol. 1, pp. 98-106, 2011.

M. Firdaus, A. A. Prihanto, and R. Nurdiani, “Antioxidant and
cytotoxic activity of Acanthus ilicifolius flower”, Asian. Pac. J.
Trop. Biomed., vol. 3, pp. 17-21, 2013.

S. Man, W. Gao, Y. Zhang, L. Huang, and C. Liu, “Chemical
study and medical application of saponins as anti-cancer
agents”, Fitoterapia., vol. 81, pp. 703-714, 2010.

M. Imai, H. Kikuchi, T. Denda, K. Ohyama, C. Hirobe, and H.
Toyoda, “Cytotoxic effects of flavonoids against a human
colon cancer derived cell line, COLO 201: A potential natural
anti-cancer substance”, Cancer. Letters., vol. 276, pp. 74-80,
2009.

[20]

[21]

[22]

(23]

(24]

[25]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

A. Gonzalez-Sarrias, L. Li, and N. P. Seeram, “Anticancer
effects of maple syrup phenolics and extracts on proliferation,
apoptosis, and cell cycle arrest of human colon cells”, J.
Functional. Foods., vol. 4, pp. 185-196, 2012.

S. Muruhan, S. Selvaraj, and P. K. Viswanathan, “In vitro
antioxidant activities of Solanum surattense leaf extract”,
Asian. Pac. J. Trop. Biomed., vol. 3, pp. 28-34, 2013.

M. Elmastas, O. Isildak, I. Turkekul, and N. Temur,
“Determination of antioxidant activity and antioxidant
compounds in wild edible mushrooms”, J. Food. Comp. Anal.,
vol. 20, pp. 337-345, 2007.

A. Rezaeizadeh, Z. B. A. B. Zakaria, M. Abdollahi, G. Y.
Meng, N. M. Mustapha, M. B. Hamid, and T. A. B.T. Ibrahim,
“Antioxidant and antihyperglycaemic effects of an aqueous
extract from Momordica charantia fruit in a type II diabetic rat
model”, J. Med. Plant. Res., vol. 5, pp. 2990-2901, 2011.

M. Wani, A. Sharma, J. Deshpande, S. Mathew, and M. B.
Khetmalas, “Qualitative phytochemical screening of three
indigenous medicinal plants”, Res. J. Pharm. Biol. Chem. Sci.,
vol. 4, pp. 287-291, 2013.

L. Tomsone, Z. Kruma, and R. Galoburda, “Comparison of
different solvents and extraction methods for isolation of
phenolic compounds from Horseradish roots (4Armoracia
rusticana)”, World. Academy. Sci. Eng. Technol., vol. 6, pp.
903-908, 2012.

X. Duan, G. Wu, and Y. Jiang, “Evaluation of antioxidant
properties of phenolics from litchi fruit in relation to pericarp
browning prevention”, Molecules., vol. 12, pp. 759-771, 2007.

M. Ajila, K. A. Naidu, S. G. Bhat, and U. J. S. P. Rao,
“Bioactive compounds of mango peel extract”, Food. Chem.,
vol. 105, pp. 982-988, 2007.

A. Roy, K. Khanra, A. Mishra, and N. Bhattacharyya,
“General analysis and antioxidant study of traditional
fermented drink Handia, its concentrate and volatiles”, Adv.
Life. Sci. Appl., vol. 1, pp. 54-57, 2012.

Y. C. Chung, C. T. Chang, W. W. Chao, C. F. Lin, and S. T.
Chou, “Antioxidative activity and safety of the 50% ethanolic
extract from red bean fermented by Bacillus subtilis IMR-
NK1”, J. Agric. Food. Chem., vol. 50, pp. 2454-2458, 2002.

S. R. Valvi, V. S. Rathod, D. P. Yesane, “Screening of three
wild edible fruits for their antioxidant potential”, Curr. Bot.,
vol. 2, pp. 48-52, 2011.

M. Naczk, and F. Shahidi, “Phenolic in cereals, fruit and
vegetables: Occurrence, extraction and analysis”, J. Pharm.
Biomed. Anal., vol. 41, pp. 1523-1542, 2006.

N. Niéiforovi¢, V. Mihailovi¢, P. Maskovié¢, S. Soluji¢, A.
Stojkovié, and D. P. Muratspahié, “Antioxidant activity of
selected plant species; potential new sources of natural
antioxidants”, Food. Chem. Toxicol., vol. 48, pp. 3125-3130,
2010.

R. Horax, N. Hettiarachchy, and S. Islam, “Total Phenolic
contents and phenolic acid constituents in 4 varieties of bitter
melons (Momordica charantia) and antioxidant activities of
their extracts”, J. Food. Sci., vol. 70, pp. 275-280, 2005.



