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AćĘęėĆĈę

Present study aims to evaluate phytochemical and chromatographic proϐile,
along with antioxidant and anti proliferative properties ofMimosa diplotricha
ethanolic leaf extract. Qualitative screening of phytoconstituents by consec-
utive solvent extraction in increased polarity basis and standardization of
potential extract based on phytochemical elution proϐile was done. Selected
secondary metabolites like phenols, ϐlavanoids, tannins and alkaloids were
quantiϐied in ethanolic extract. Chromatographic proϐile was determined by
HPTLC and GC-MS analysis. In vitro antioxidant potential was assessed by
DPPH, superoxide, nitric oxide, hydrogen peroxide and hydroxyl radical scav-
enging assay. Anticancer potential was conϐirmed by cytotoxic screening in
colorectal (HCT-116) cancer cell lines by MTT assay. Qualitative phytochem-
ical analysis and chromatographic proϐile reveal a phytoconstituent rich pro-
ϐile for the ethanolic leaf extract. The amount of, phenols (56 ± 0.57 mg/g),
ϐlavanoids (27 ± 0.76 mg/g), tannins (33 ± 0.15 mg/g) were quantiϐied as
equivalent of gallic acid, quercetin and tannic acid standards respectively and
alkaloids (2.51±0.47mg/gof extractedplantmaterial)were expressedbased
on respective analysis. Results also reveal convincing antioxidant potential for
respective extract. In vitro cytotoxicity conϐirmed by MTT assay represents
an IC50 value of 97.82 µg/ml. From the above results it can be concluded
that M.diplotricha has got pharmacologically signiϐicant phytoconstituents
and therapeutic active ingredients as evident in HPTLC and GC-MS analysis.
This is further supported by considerable antioxidant and anti proliferative
properties observed in respective assays.
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INTRODUCTION

Plant kingdomwith its medicinally signiϐicant herbs
and pharmacologically active phytochemical prin-
ciples constitute the foundation basis of therapeu-
tics historically, traditionally and also in folk lore
remedies. Literature reference of plants as cure
to pathogenesis dates back to vedic times (Rigveda,
4500-1600 BC); Egyptian papyrus, 1550 BC and
Hippocrates holistic system which sets the begin-
ning of modern system of medicine (Agrawal and
Paridhavi, 2007; Atanasov et al., 2015). Secondary
metabolites of vegetable kingdom constituting phe-
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nols, alkaloids, tannins, ϐlavanoids, terpenoids, gly-
cosides, steroids etc. manifest experimentally val-
idated reports on antioxidant, antimicrobial, anti-
inϐlammatory, antifungal, anticancer and antidi-
abetic potential and also secondary metabolites
represent major raw material for drug develop-
ment (Nasseri et al., 2019; Natarajan and Yadav,
2018).

These phytoconstituents represent the fundamen-
tal ingredients for developing and designing potent
drugs from plants. According to World Health
Organisation (WHO) herbal drugs serves as major
source of primary curative medicine for about 80%
ofpopulationof developing countries becauseof low
cost and easy availability (Calixto, 2005). National
Centre for Complementary and Integrative Health
of National Institute of Health (NIH) maintains
records and funds research based on phytothera-
peutics (Burstein et al., 1999).

Cancer is a serious menace globally in the present
scenario and numerous phytochemicals are
screened to develop potential anticancer drug.
Abnormal proliferation of cells, ability to overcome
apoptosis and metastasis is the main characteristic
feature of cancer cells leading to tumorogenesis
mediated by a cascade of molecular signaling path-
ways. Phytoconstituents especially polyphenols
and isolated compounds like curcumin, resveratrol,
catechin, genistein etc. have clinically proven to be
beneϐicial in cancer therapy (Elvin-Lewis, 2001; Li,
2015). As per FDA (Food and Drug Administration)
60-75% phytochemicals and isolated active com-
pounds are approved as valid chemo preventive
agents (Jacobs, 2018).

Phytochemicals currently practiced as anticancer
chemo drugs include; taxol, vinblastine, vincristine,
camptothecin derivatives, topotecan, etoposide and
irinotecan. Phytochemicals are potentially rich in
antioxidant bioactive principles and oxidative stress
is directly correlated to cancer onset and progres-
sion (Narmadha and Devaki, 2012; Perumal et al.,
2012). Damage to biomolecules like DNA, lipids and
proteins as a result of oxidative stress contributes to
the onset of various types of malignancies.

Mimosa diplotricha, a species which occupy subfam-
ily Mimosoideae of legume family (Fabaceae), com-
prises 40 genera and more than 2000 species. Dis-
tribution is pantropical with few species occupy-
ing temperate region (Aguiar et al., 2012). It is
a perennial shrub, highly invasive and character-
ized by scrambling or straggling habit. Economically
M.diplotricha is signiϐicant as greenmanure and fre-
quently used in crop rotation due to its nitrogen ϐix-
ing potential. Information regarding phytochmecial

composition and medicinal uses of M.diplotricha is
scanty. In Formozan folk remedies roots of the plant
is used as an antidote, analgesic, tranquilizer, anti-
cancer supplement and hemostatic agent (Chirum-
bolo, 2012).

Plant is rich in polyphenols as peculiar to other
Fabaceaemembers and polyphenols are reported to
have antioxidant, antimicrobial, anticancer and anti-
inϐlammatory properties (Lin et al., 2011).
There are reports of few isolated compounds like
pinoresinol, salicifoliol, quercetin, deoxyϐlavones,
chalcones and diterpenoids from aerial parts and
roots ofM.diplotricha (Chiou et al., 2016; Trease and
Evans, 1996).
Present study is focused to evaluate phytochemical
proϐile by qualitative and quantitative means, chro-
matographic evaluation byHPTLC&GC-MS analysis,
antioxidant and in vitro antiproliferative properties
of M.diplotricha ethanolic leaf extract on colorectal
cancer (HCT-116) cell lines.

EXPERIMENTAL PROCEDURE

Preparatory phase
Collection of sample, purchase of chemicals and
cell line
Samples of M. diplotricha were procured from
Palakkad District, Kerala, South India in the
month of July-August. The specimens were
identiϐied, authenticated (Botanical Survey of
India) and the respective voucher number is
BSI/SRC/5/23/2018/Tech./ 2040. All chemicals
required for study were obtained from Sigma-
Aldrich (St. Louis, MO) and HiMedia laboratories
(India) and of analytical grade. Colon cancer cell
lines (HCT-116) were obtained from National
Centre for Cell Science (NCCS), Pune.

Qualitative Phytochemical studies
Collected plant specimens were washed in dis-
tilled water and shade dried. The powdered sam-
ple is then subjected to extraction in organic sol-
vents sequentially in ascending order of polarity;
petroleum ether, chloroform, ethyl acetate, ethanol
and water respectively. Each consecutive extract
is then analysed for characteristic phytochemical
proϐile including, alkaloids, ϐlavanoids, phenols,
tannins, steroids, cardioglycosides, carbohydrates,
aminoacids/proteins, saponins, oils/fats and ter-
penoids according to (Harborne, 1989; Trease and
Evans, 1996).

Estimation of secondary metabolites
50g of powdered leaf sample was extracted with
250ml of ethanol by mild maceration for 72 hours.
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Table 1: Qualitative phytochemical proϐile of ethanolic leaf extract of M. diplotricha
Phytochemical
constituents

Solvents

Petroleumether Chloroform Ethyl acetate Ethanol Water

Alkaloids + - + + +
Steroids + - - + +
Flavonoids - + + ++ +
Tannins/phenols - - ++ ++ +
Aminoacids and
Proteins

- + + + +

Oil & fats - - - - -
Carbohydrate - + + + -
Glycosides - + - + +
Saponins + - - + +
Terpenoids - + + + -

Table 2: IC50 value of antioxidant assay
Antioxidant assay IC50 ( µg/ml)

Sample Standard

DPPH radical scavenging assay 63±0.63 66±0.18
Superoxide radical scavenging assay 58±0.24 53±0.39
Nitric oxide radical scavenging assay 57±0.08 66±0.14
Hydrogen peroxide radical scavenging assay 66±0.55 51±0.67
Hydroxyl radical scavenging assay 50±0.95 64±0.03

Valuesare expressed as Mean± SD for triplicate

Extract concentrated by evaporation of solvent and
stored in air tight bottle for further phytochemical
and in vitro free radical scavenging and cytotoxic
assays.

Phenolics was quantiϐied according to the standard
protocol, (Singleton and Rossi, 1965). Experimen-
tal analysis is based on the principle that pheno-
lics in alkalinemedium reactwith phosphomolybdic
acid of Folin-Ciocalteu reagent resulting in intense
blue colour which is estimated colorimetrically at
650nm. Gallic acid was used as the reference stan-
dard. Phenolic concentration is calculated from cal-
ibration graph and represented as gallic acid equiv-
alents in milligrams per gram of dry sample weight
(mg/g).

Flavanoids

Total ϐlavanoids were determined according
to (Soong and Barlow, 2004). To sample and stan-
dard (quercetin) aliquots, 0.5ml of 2% aluminium
chloride was added and kept for 1 hour at room
temperature. Flavanoids gives yellow colour with
ethanolic aluminium chloride which was colorimet-
rically quantiϐied at 420nm. From calibration curve
ϐlavanoid concentration in sample was calculated

and expressed as quercetin equivalent in mg/g of
dry matter.

Tannins

Tannins were determined according to the method
described by (Amadi et al., 2004). Tannins give yel-
low colour by reduction of phosphomolybdic acid
in alkaline medium which can be measured spec-
trophotometrically at 700nm. Tannin concentration
expressed as tannic acid equivalent in mg/g of dry
matter.

Alkaloids

Alkaloids were quantiϐied according to the stan-
dardized protocol of (Harbone, 1973). About 50g
of powdered leaf sample dissolved in 40ml of 10%
acetic acid prepared in ethanol and kept aside for 4
hours. The mixture was then ϐiltered and reduced
to one quarter volume. Concentrated ammonium
hydroxide is added to the extract, precipitate formed
is ϐiltered, washed in dilute ammonium hydroxide
and weight recorded in a pre weighed vial. Total
alkaloid content was estimated as follows;

Total alkaloid content =
Wx −Wy

W
× 100
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Table 3: GC-MS proϐile of bioactive compounds present in ethanolic extract ofM.diplotricha leaves
S
No

RT Name of the compound Molecular
formula

Molecualar
weight

Peak
area %

1 25.533 alpha.-d-mannofuranoside, 1-O-
decyl- hexofuranoside

C16H32O6 320 5.28

2 25.932 1,5-anhydro-d-mannitol C6H12O5 164 4.09
3 30.826 Ledol C15H26O 222 1.13
4 31.262 n-Hexadecanoic acid C16H32O2 256 6.32
5 34.020 2-Hexadecen-1-ol, 3,7,11,15-tetra

E,E,Z-1,3,12-nonadecatriene-
5,14-diol

C20H40O 296 8.25

6 34.414 Cyclopropaneoctanoic acid C22H38O2 334 7.65
7 34.812 Ethyl (9Z,12Z)-9,12-octadecadien C20H36O2 308 6.19

42.968 Methyl (Z)-5,11,14,17-
eicosatetraenoate

C21H34O2 318 7.55

9 45.246 2,6,10,14,18,22-
Tetracosahexaene

C30H50 410 5.70

10 48.414 .gamma.-Tocopherol C28H48O2 416 1.09
11 49.853 .alpha.-Tocopherol-.beta.-d-

mannoside
C35H60O7 592 4.68

12 52.446 Stigmasterol C29H48O 412 8.01

Where Wx is the weight of empty vial, Wy weight of
vial having extract andW initial weight of powdered
sample.

Figure 1: Graphical representation of FRAP
assay ofM.diplotricha ethanolic leaf extract

In vitro free radical scavenging assays
Extract dissolved in 95% of ethanol and concen-
tration ϐixed as 1mg/1ml. From this stock solu-
tion appropriate dilution is carried out and sample
concentration is standardized to 20µg, 40µg, 60µg,
80µg and 100µg.

Ascorbic acid is used as standard. Antioxidant
potential of the plant sample was quantiϐied by exe-
cuting the following free radical scavenging assays;
DPPH, superoxide, nitric oxide, hydrogen perox-
ide, hydroxyl, reducing power and ferric reducing

Figure 2: Graphical representation of reducing
power assay ofM.diplotricha ethanolic leaf
extract

antioxidant potential (FRAP) by means of standard
cited protocols (Blois, 1958; Liu et al., 2000; Klein
et al., 1981; Ruch et al., 1989; Garrat, 1964; Oyaizu,
1986; Benzie and Strain, 1996).

Percentage of inhibition or radical scavenging
is directly proportional to antioxidant ability of
respective extract. For superoxide, nitric oxide,
DPPH, and hydrogen peroxide radical scavenging
assay inhibition percentage was evaluated by the
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Figure 3: In vitro cytotoxicity activity (MTT
assay) ofM.diplotricha ethanolic leaf extract in
HCT 116

Figure 4: Morphology of HCT 116 colon cancer
cells

formula as represented,

Percentage of radical

scavenging = CA−SA

CA
× 100

where CA is absorbance of control and SA is the
absorbance of sample. For hydroxyl radical scav-
enging assay percentage inhibition was calculated
as ratio of difference in absorbance of sample and
control. The value obtained is then subtracted by
one and expressed graphically.

Cyotoxicity in HCT-116 cell lines
MTT assay
Inhibition of tumor cell proliferation by ethanolic
leaf extract of M.diplotricha was assessed by MTT
(3-(4) 5-Dimethyl-thiazol-Zyl) - 2, 5 biphenyl tetra-
zolium bromide) assay. Colorectal cancer cell lines
were seeded in 96 well plate.

Sample fraction in 0.1%DMSOdiluted in accordance
to get appropriate concentration. Cell lines treated
with varying concentration of extract were incu-
bated for 24 hours. Control group left alone hav-
ingmedia and 0.1%DMSO. Plateswerewashedwith

PBS and MTT dye was added. Absorbance recorded
at 540nm. Cell viability was calculated as follows,

Percentage of

viability = 100−[(Ao −At)]

Ao
× 100

Where Ao is the absorbance of control and At is
the absorbance of cells subjected to treatment. IC50

value was calculated from calibration graph.

GC-MS chromatographic analysis

GC-MS is a combined chromatographic technique
that facilitates separation of volatile constituents
and fragmentation of separated entities on the basis
of molecular mass and detection of compounds by
means of associatedmass spectrophotometer utiliz-
ing the principle of charge to mass ratio.

Gas chromatogram and mass spectra of the com-
ponents in sample were detected and recorded by
Thermo GC-Trace Ultra Version: 5.0, Thermo MS
DSQ II and mass with those of Wiley library and
NBS (National Insitute Standard and Technology)
database available in computer library.

HPTLC analysis

HPTLC (High performance thin layer chromatogra-
phy) is a precise and reliable chromatographic tech-
nique for the documentation of phytochemical pro-
ϐile. It combines the principle of TLC and scanning
densitometery.

The sample loaded plate was kept in saturated TLC
chamber with speciϐic mobile phase for alkaloids
(Ethyl acetate : Methanol : Water; 8 : 1 : 1), ϐla-
vanoids (Toluene : Ethyl acetate : Methanol, 7:3:1),
phenols (Toluene : Ethyl acetate : Acetic acid, 6 : 3:
1) and tannins (Toluene : Ethyl acetate : Methanol :
Formic acid, 6:3:0.8:0.2).

The plate after development was air dried and
scanned at 366nm using Camag Scanner with WIN-
CATS software. The retention factor of each com-
pound and peak area percentage was also recorded.

Statistical evaluation

All the experimental observations were performed
in triplicates and data were recorded as mean ±
standard deviation of experimental triplicates.

RESULTS AND DISCUSSION

Phytochemical parameters

Qualitative phytochemical proϐile of ethanolic leaf
extract revealedphyto compounds like alkaloids, ϐla-
vanoids, steroids, glycosides, saponins, aminoacids,
carbohydrates, terpenoid, tannins and phenols
(Table 1).
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Figure 5: GC-MS chromatogram of ethanolic leaf extract ofM.diplotrchaWright ex. Sauvalle

Figure 6: a: HPTLC densitogram of ϐlavanoid proϐile; b: HPTLC densitogram of alkaloid proϐile; c:
HPTLC densitogram of phenol proϐile and d: HPTLC densitogram of tannin proϐile for ethanolic
leaf extract ofM. diplotricha
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Data as per consecutive solvent extraction, it was
evident that ethanolic extract have maximum phy-
tochemical proϐile. Quantitative estimation of sec-
ondary metabolites indicates that the plant is com-
paratively rich in phenolic group of compounds.

The total phenol, ϐlavanoid, tannin and alkaloid con-
tent of the plant sample was found to be 56 ±
0.57 (mg/g gallic acid equivalent), 27± 0.76 (mg/g
quercetin equivalent), 33 ± 0.15 (mg/g tannic acid
equivalent) and2.51±0.47 (mg/gof extractedplant
material) respectively.

In vitro free radical scavenging assay

Antioxidant ability of plants is mainly due to non-
nutritive phytochemicals classiϐied as secondary
metabolites. Each plant species is characteristic in
having its own unique phytochemical proϐile which
contributes to speciϐic pharmacological attributes of
medicinal herbs.

From the results of antioxidant assays it is evident
that the plant is having signiϐicant free radical scav-
enging potential. IC50 value of DPPH, superoxide,
nitric oxide, hydrogen peroxide and hydroxyl radical
scavenging assay are shown in (Table 2 ). FRAP and
reducing power assay also exhibit increased per-
centage of scavenging with increase in concentra-
tion (Figures 1 and 2).

Antiproliferative activity in HCT-116 cell lines
(MTT assay) Antiproliferative effect of ethano-
lic leaf extract of M.diplotricha is evaluated by
metabolic assay, based on the reduction of MTT dye
by mitochondrial oxido reductase to purple colored
formazan which can be quantiϐied colorimetrically.

From the results it can be evaluated that the plant
exhibit inhibition of cell viability in a concentration
dependent manner. IC50 value of the corresponding
extract is 97.82µg/ml at 24hours of incubation (Fig-
ure 3). Morphology of colon cells are shown in Fig-
ure 4.

GC-MS analysis

GC-MS chromatographic proϐile of ethanolic leaf
extract of M.diplotricha revealed 45 peaks corre-
sponding to 45 volatile Phytoconstituents. GC-MS
chromatogram is depicited in Figure 5.

Among 45 secondary metabolites, compounds hav-
ing comparatively higher peak area and having
reports on pharmacological activity are depicted in
Table 3.

HPTLC analysis

Based on the evaluation of phytochemical quanti-
tative estimation data HPTLC analysis was carried
out speciϐically for alkaloids, ϐlavanoids, phenols and

tannins to validate a preliminary documentation of
respective phytochemical proϐile.

HPTLC densitogram of secondary metabolites are
depicted in Figure 6, which conϐirms that the
ethanolic leaf extract of M.diplotricha is having
signiϐicant phytoconsituents of which polyphenols
being comparatively abundant.

Statistical Analysis
The data are expressed as Mean ± Standard devia-
tion from three independent experiments.

Recent innovative strategy in pharmacological
research constitutes experimental evaluation of
herbal extracts for their therapeutic potency and
further isolation of bioactive ingredients and
biological drug interactions.

Cardiovascular diseases, cancer and diabetes can
be recognized as ubiquitous global menace and all
over world phytochemical or herbal products based
research is steering to ϐind an alternative for aggres-
sive synthetic therapeutic drugs.

Understanding of phytochemical constituents of
species under concern is the preliminary step
in pharmacological research. As per ϐindings of
present study M.diplotricha is having all the major
class of characteristic secondary metabolites and
ethanolic extract is comparatively rich in almost all
phytochemicals except fats & oils.

Literature reports classify M.diplotricha as a nutri-
ent rich fodder plant abundant in nitrogen and
amino acids. The species also have reports on
non protein amino acid mimosine which is reported
to have inhibitory effect on Cyclin E associated
kinases thereby putting a check on abnormal cell
division (Jayasree, 2005).

Quantitative estimation and HPTLC data conϐirms
that the plant is rich in polyphenols a characteris-
tic feature of Fabaceae. Chemical proϐiling by GC-MS
analysis elucidate 45 volatile bioactive phytochem-
icals comprising sugar alcohols, terpenoids, fatty
acid esters and steroids.

Among the identiϐied compounds ledol, sesquiter-
pene is having reports on antimicrobial, anti-
inϐlammatory and anti-cancer properties (Kumar
et al., 2007; Matos et al., 2006).
Stigmasterol a steroid component is characteris-
tic in having antioxidant and anti-inϐlammatory
attributes (Matos et al., 2006). Tetracohexane,
gamma-tochopherol, n-hexadeconoic acid, alpha.-D-
mannofuranoside, 1, 5-anhydro-d-mannitol is hav-
ing reports on antioxidant and antimicrobial prop-
erties (Gomathi et al., 2015; Kumar et al., 2007).
For most of the degenerative diseases like
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atherosclerosis, Alzheimer’s, Parkinsonism,
Ischemic disease, cancer and diabetes, free radical
imbalance constitute as a major risk factor (Shir-
waikar et al., 2006).
Natural or herbal products based antioxidants is
being widely exploited in the present era. Most of
the phytoconstituents and isolated compounds have
valid reports on antioxidant potential. The present
species under consideration is having considerable
antioxidant potential.

IC50 value of DPPH, hydroxyl, nitric oxide, superox-
ide and hydrogen peroxide in comparisonwith stan-
dard ascorbic acid proved that the plant is having
signiϐicant radical scavenging activity.

FRAP and reducing power assay further conϐirms
the result. Effective antioxidant potential of the
plant is attributed to the presence of potent bioac-
tive phytoconsituents, conϐirmed by phytochemical
and chromatographic proϐiling data.

M.diplotricha exhibit convincing results on anti-
neoplastic activity. At 97.82 µg concentration
of extract 50% of cell viability is encountered at
24 hours treatment. Natural products especially
herbal formulations and drugs are ever increasing
in demand in pharmaceutical market particularly
in oncology therapeutics as alternative to synthetic
cancer drugswhich are highly toxic to biological sys-
tem.

Colorectal carcinoma is a typical variant of gastroin-
testinal cancer, ranks third in incidence and fourth
in mortality rate. Due to westernized diet and
changed environmental conditions colorectal can-
cer is being evident as a frequently encounteredneo-
plasm in persons above 50 (Kolligs, 2016).

Finding aherbal alternative for colorectal carcinoma
is a demanding prerequisite of current scenario.
Anti-cancer property of phytochemicals is mainly
due to antiapoptotic, antiangiogenic and cytostatic
due to microtubule disorganization as vinca alka-
loids/taxol or cell cycle arrest (altering the expres-
sion of cell cycle checkpoint proteins) (Alam et al.,
2018).

Respective plant is rich in bioactive constituents
like tochopherol, ledol, stigmasterol having reports
on anti-inϐlammatory and in vitro antiproliferative
activity. Stigmasterol and ledol is having anti-
inϐlammatory and anticancer activity (Kumar et al.,
2007; Matos et al., 2006).
Inϐlammatory mechanism has got a direct corre-
lation in colorectal neoplasm by mediating NF-kβ
inϐlammatory pathway. Anti-inϐlammatory activ-
ity directly contributes as a preventive measure in
the onset of colorectal cancer. Tochopherol stim-

ulates the expression of wild type tumor suppres-
sor (p53) gene and results in down regulation of
mutant (p53) gene. Tochopherol also exhibit anti-
angiogenic effect (Kumar et al., 2007).

Quercetin a signiϐicant and effective antineoplas-
tic and anti-inϐlammatory agent is reported to be
present on aerial parts of M.diplotricha. Quercetin
has experimental evidence on inhibitory effect on
colon, gastric, endometrial, liver, leukemia, ovary
and non-small-cell lung cancer through mediating
regulation of expression of p53 and p21 (Chirum-
bolo, 2012).

CONCLUSIONS

Based on the results it can be concluded that
M.diplotricha ethanolic leaf extract have a rich phy-
tochemical proϐile representing all major class of
secondary components. In vitro radical scaveng-
ing and cytotoxic screening in HCT-116 cell lines
indicates signiϐicant antioxidant and antineoplas-
tic activity of the plant. These cumulative ϐindings
paves way to further explore the species for iso-
lation of pharmacologically active ingredients and
assessing anticancer potential by in vitro and in vivo
models and consequent elaboration into molecular
mechanism of action in biological system.

ACKNOWLEDGEMENT

We, the authors are sincerely thankful to our Chan-
cellor, Chief Executive Ofϐicer, Vice-Chancellor and
Registrar of Karpagam Academy of Higher Educa-
tion for providing facilities and encouragement.

Conϐlict of Interest

The authors declare no conϐlict of interest.

Funding Support

None.

REFERENCES

Agrawal, S. S., Paridhavi, M. 2007. Herbal drug tech-
nology.

Aguiar, R. M., Alves, C. Q., David, J. M., de Rezende,
L. C., Lima, L. S., David, J. P., de Queiróz, L. P. 2012.
Antioxidant activities of isolated compounds from
stems of Mimosa invisa Mart. ex Colla. Química
Nova, 35(3):567–570.

Alam, M. N., Almoyad, M., Huq, F. 2018. Polyphenols
in Colorectal Cancer: Current State of Knowledge
including Clinical Trials andMolecularMechanism
of Action. BioMed Research International, 2018:1–
29.

© International Journal of Research in Pharmaceutical Sciences 4385



Poornima Kannappan et al., Int. J. Res. Pharm. Sci., 2020, 11(3), 4378-4387

Amadi, B. A., Agomuo, E. N., Ibegbulem, C. O. 2004.
Proximate analysis. Research Methods in Biochem-
istry, pages 105–115.

Atanasov, A. G., Waltenberger, B., Pferschy-Wenzig,
E.-M., Linder, T., Wawrosch, C., Uhrin, P., Temml, V.,
Wang, L., Schwaiger, S., Heiss, E. H., Rollinger, J. M.,
Schuster, D., Breuss, J. M., Bochkov, V., Mihovilovic,
M. D., Kopp, B., Bauer, R., Dirsch, V. M., Stupp-
ner, H. 2015. Discovery and resupply of pharma-
cologically active plant-derived natural products:
A review. Biotechnology Advances, 33(8):1582–
1614.

Benzie, I. F., Strain, J. J. 1996. The Ferric Reducing
Ability of Plasma (FRAP) as a Measure of “Antioxi-
dant Power”: The FRAPAssay. Analytical Biochem-
istry, 239(1):70–76.

Blois, M. S. 1958. Antioxidant Determinations
by the Use of a Stable Free Radical. Nature,
181(4617):1199–1200.

Burstein, H. J., Gelber, S., Guadagnoli, E., Weeks, J. C.
1999. Use of Alternative Medicine byWomenwith
Early-Stage Breast Cancer. New England Journal of
Medicine, 340(22):1733–1739.

Calixto, J. B. 2005. Twenty-ϐive years of research
on medicinal plants in Latin America. Journal of
Ethnopharmacology, 100(1-2):131–134.

Chiou, C. T., Shen, C. C., Tsai, T. H., Chen, Y. J., Lin,
L. C. 2016. Meroterpenoids and Chalcone-Lignoids
from the Roots of Mimosa diplotricha. Journal of
Natural Products, 79(10):2439–2445.

Chirumbolo, S. 2012. Plant phytochemicals as new
potential drugs for immune disorders and cancer
therapy: really a promising path? Journal of the
Science of Food and Agriculture, 92(8):1573–1577.

Elvin-Lewis,M. 2001. Shouldwebe concernedabout
herbal remedies. Journal of Ethnopharmacology,
75(2-3):141–164.

Garrat, D. C. 1964. Thequantitative analysis of drugs.
Japan, 3:456–458.

Gomathi, D., Kalaiselvi, M., Ravikumar, G., Devaki, K.,
Uma, C. 2015. GC-MS analysis of bioactive com-
pounds from the whole plant ethanolic extract of
Evolvulusalsinoides (L.) L. Journal of Food Science
and Technology, 52(2):1212–1217.

Harbone, J. B. 1973. Phytochemical Methods. Lon-
don. Chapman and Hall Ltd, pages 49–188.

Harborne, J. B. 1989. General procedures and mea-
surement of total phenolics. Methods in plant bio-
chemistry, 1:1–28.

Jacobs, E. C. 2018. Potential Therapeutic Effects
of Phytochemicals and Medicinal Herbs for Can-
cer Prevention and Treatment. Archives of General

Internal Medicine, 02(03):44–48.
Jayasree, P. K. 2005. Biology and management of
Mimosa invisa Mart. in Kerala (Doctoral disserta-
tion, Kerala Agricultural University; Thrissur).

Klein, S. M., Cohen, G., Cederbaum, A. I. 1981. Pro-
duction of formaldehyde during metabolism of
dimethyl sulfoxide by hydroxyl radical-generating
systems. Biochemistry, 20(21):6006–6012.

Kolligs, F. T. 2016. Diagnostics and Epidemiology of
Colorectal Cancer. Visceral Medicine, 32(3):158–
164.

Kumar, P., et al. 2007. Screening of antioxidant
activity, total phenolics and GC-MS study of Vitex
negundo. African Journal of Biochemistry Research,
4(7):191–195.

Li, Y. H. 2015. Role of phytochemicals in colorectal
cancer prevention. World Journal of Gastroenterol-
ogy, 21(31):9262–9262.

Lin, L. C., Chiou, C. T., Cheng, J. J. 2011. 5-
Deoxyϐlavones with Cytotoxic Activity from
Mimosa diplotricha. Journal of Natural Products,
74(9).

Liu, Y. L., Cheng, A. T., Chen, H. R., Hsu, Y. P.
2000. Simultaneous HPLC of twelve monoamines
and metabolites shows neuroblastoma cell line
releases HVA and HIAA. Biomedical Chromatogra-
phy : BMC, 14(8):544–548.

Matos, M. F. C., Leite, L. I. S. P., Brustolim, D.,
de Siqueira, J. M., Carollo, C. A., Hellmann, A. R.,
Pereira, N. F. G., da Silva, D. B. 2006. Antineo-
plastic activity of selected constituents ofDuguetia
glabriuscula. Fitoterapia, 77(3):227–229.

Narmadha, R., Devaki, K. 2012. In vitro antioxidant
activity and in vitro α-glucosidase and α-amylase
inhibitory activity of Barleria cristata L. Research
Journal of Pharmaceutical, Biological and Chemical
sciences, 3(4):780–788.

Nasseri, M. A., Behravesh, S., Allahresani, A., Kazem-
nejadi, M. 2019. Phytochemical and antioxidant
studies of Cleome heratensis (Capparaceae) plant
extracts. Bioresources and Bioprocessing, 6(1).

Natarajan, S., Yadav, S. A. 2018. Enzyme-Enhanced
Extraction Of Camptothecin And Its Anticancer
Activity On Breast Cancer Cell Line. Asian
Journal of Pharmaceutical and Clinical Research,
11(6):468–468.

Oyaizu, M. 1986. Studies on products of brown-
ing reaction. Antioxidative activities of products
of browning reaction prepared from glucosamine.
The Japanese Journal of Nutrition and Dietetics,
44(6):307–315.

Perumal, P. C., Sophia, D., Raj, C. A., Ragavendran,

4386 © International Journal of Research in Pharmaceutical Sciences



Poornima Kannappan et al., Int. J. Res. Pharm. Sci., 2020, 11(3), 4378-4387

P., Starlin, T., Gopalakrishnan, V. K. 2012. In
vitro antioxidant activities and HPTLC analysis of
ethanolic extract of Cayratia trifolia (L.). Asian
Paciϔic Journal of Tropical Disease, 2:S952–S956.

Ruch, R. J., jun Cheng, S., Klaunig, J. E. 1989. Pre-
vention of cytotoxicity and inhibition of intercel-
lular communication by antioxidant catechins iso-
lated from Chinese green tea. Carcinogenesis,
10(6):1003–1008.

Shirwaikar, A., Prabhu, K. S., &amp;punitha, I. S. R.
2006. In vitro antioxidant studies of Sphaeranthus
indicus (Linn). Indian Journal of Experimental Biol-
ogy, 44(12):993–996.

Singleton, V. L., Rossi, J. A. 1965. Colorime-
try of Total Phenolics with Phosphomolybdic-
Phosphotungstic Acid Reagents. American Journal
of Enology and Viticulture, 16(3):144–158.

Soong, Y.-Y., Barlow, P. J. 2004. Antioxidant activity
and phenolic content of selected fruit seeds. Food
Chemistry, 88(3):411–417.

Trease, G. E., Evans, W. C. 1996. Pharmacognosy 4th
edition. pages 243–283.

© International Journal of Research in Pharmaceutical Sciences 4387


	Introduction
	Experimental Procedure
	Results and Discussion
	Conclusions
	Acknowledgement

