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Modern food habits in humans have increased the frequency of diseases especially colon cancer. The present
findings suggest the potential efficacy of two endemic Strobilanthes species of Southern Western Ghats.
The shoot extract of the plants showed high radical scavenging activity in hydroxyl scavenging assay at
an half maximal inhibitory concentration of 375.24+2.03 and 375.24+2.03 pg/ml against gallic acid for
Strobilanthes anamallaica and Strobilanthes virendrakumarana respectively. Their activity in the superoxide-
free radical assay was moderate when compared with the standard. Among the two species, Strobilanthes
virendrakumarana highly impacted colon cancer cells (DLD1) with an Lethal concentration 50 of 111.99+4.91
pg/ml. These concentrations do not affect the normal cell line L.929 under consideration. Hence, the endemic
plant of Southern-Western Ghats, viz., Strobilanthes virendrakumarana is a promising candidate against
colon cancer cells.
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In the living organism, oxygen is involved in
an integrated series of oxidation-reduction
and enzymatic processes. These are essential
components of biological systems!'). The problem
arises in uncoupled electron flow which eventually
produces free radicals. Oxygen-centered free
radicals are called Reactive Oxygen Species
(ROS). They are essential for maintaining a
balance between oxidative stress and antioxidant
protection®!. They are considered as a necessary
evil due to their benefit as well as detrimental
effects.

Normal cell functioning requires ROS at its
physiological concentrations. In many human
cancers, there is an increase in ROS stress which
eventually causes damage to normal cells. The
detoxification of excess ROS is done by various
cellular enzymatic and non-enzymatic mechanisms.
The harmful effects caused by them may be balanced
by antioxidants. Hence antioxidants protect the
biomolecules including lipids, carbohydrates,
nucleic acids and proteins. From the word itself
‘antioxidants’ convey the functional duty as a
bodyguard to the oxidative stress caused by the
oxidants. The cumulative effect caused by ROS or
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free radicals can be scavenged using the potential
activity of antioxidants. Plants are good source for
the same and the less negative effect makes them
more reliable by the modern man.

Strobilanthes anamallaica (S. anamallaica) is a
shrub with 1-2 m height having slender branches.
The plant is endemic to Southern Western
Ghats, common along the margins of evergreen
forests at 1500-2000 m above sea level. The
flowering periodicity is about 8 y. Strobilanthes
virendrakumarana (S. virendrakumarana) is a
large shrub member in the genus Strobilanthes.
It is very common in semi-evergreen and moist
deciduous forests at low elevations but endemic
to Kerala. The vernacular name in Malayalam
is ‘chorukurinji’ as the shape and color of the
flower bud is similar to that of cooked rice.
Morphologically it can be identified easily by the
yellow-red glands on the lower surface of leavest®!.
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The flowering periodicity of the plant is about 10
y. These two South Western Ghat endemic species
of Strobilanthes were screened for their protective
efficacy against free radicals by various methods in
parallel and anti-inflammatory properties against
human colon cancer cells.

Thescreening of plantand plant-derived compounds
requires proper methods and need to focus on the
kinetics of their reaction. Each antioxidant assay
has its chemical principle to trap the free radicals
and convert them into visible changes in the assay
system. The present study thus focuses on the
protective efficacy of the plant’s shoot extracts as
well as the antiproliferative efficacy through cell
line studies.

MATERIALS AND METHODS
Collection and extraction of material:

S. anamallaica J. R. 1. Wood was collected from
Nelliyampathy hills of Palakkad district. S.
virendrakumarana Venu and P. Daniel was from
Bhothathankettu of Ernakulam district. After proper
taxonomic identification, a voucher specimen was
prepared and deposited in the herbarium of Calicut
University, Calicut (CALI-123781, CALI-123780).
The collected shoot system of the plants was cleaned,
shade dried and made into small pieces for easy
grinding. The powdered samples were subjected to
extraction in methanol using the Soxhlet apparatus.
The shoot extract was filtered and concentrated.
Different concentrations of the extract such as 125,
250 500, 1000, 2000 pg/ml were prepared for all the
assays. The percentage of inhibition was calculated
using the formula.

Inhibition (%)=Ic-Is/Icx100

Where, Ic and Is is the inhibition percentage of
control and sample respectively. Each shoot extract
was tested in triplicates.

Hydroxyl radical scavenging assay:

Different concentrations of the shoot extract and
standard were prepared. Gallic acid (10 mg/ml)
is taken as the standard in this assay. The reaction
mixture consists of 2.8 mM of 2 deoxy 2 ribose,
100 uM of FeCl,, Ethylenediamine Tetraacetic acid
(EDTA) (100 pM), 1 mM HO, and 100 pM of
ascorbic acid in KH,PO,-KOH buffer (20 mM of pH
7.4)¥, To the prepared concentrations of the extract
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and standard 50 pl of the reaction mixture was added.
The final volume is made up to 1 ml. An equivalent
amount of distilled water without a test sample was
taken as control. It was followed by incubation at 37°
for 1 h. After that 1 ml of trichloroacetic acid (2.8 %)
and 1 ml of aqueous thiobarbituric acid (1 %) were
added. It was then incubated for 15 min at 90°. It
was allowed to cool. Absorbance was measured at
532 nm against an appropriate blank solution.

Super oxide free radical scavenging activity:

The assay was carried out using ascorbic acid (10
mg/ml) as the standard. Different concentrations
of the shoot extract and standard were taken. The
reaction mixture consists of 0.05 ml of riboflavin
(0.12 mM), 0.2 ml of EDTA solution (0.1 M) and 0.1
ml of Nitro-Blue Tetrazolium (NBT) solution (1.5
mM). The reaction mixture was diluted up to 2.64 ml
using phosphate buffer (0.067 M). Control without
the test compound but an equal amount of distilled
water was taken. It was incubated in fluorescent
light for 5 min and absorbance was measured at 560
nm. The absorbance was also measured at the same
wavelength after 30 min of illumination. The change
in Optical Density (OD) was calculated!!.

Antiproliferative efficacy:

Cell seeding: The Human Colorectal Adenocarcinoma
cells (DLD1 cells) and The normal cell line cell
line (L929 cell line) were procured from National
Centre for Cell Sciences (NCCS), Pune, India and
maintained in Dulbecco's Modified Eagle Medium
(DMEM) (Sigma-Aldrich, USA) medium. It was
supplemented with 10 % Fetal Bovine Serum (FBS),
L-glutamine, sodium bicarbonate (Merck, Germany)
and an antibiotic solution containing: Penicillin (100
ug/ml), Streptomycin (100 pg/ml), and Amphoteracin
B (2.5 pg/ml). 2 d old confluent monolayer of cells
was trypsinized and the cells were suspended in a 10
% growth medium. The 100 pl cell suspension was
seeded in a culture plate and incubated at 37° in a
humidified 5 % CO, incubator.

Extract preparation and anticancer evaluation:

1 mg of the shoot extract was weighed and dissolved
in 1 ml DMEM using a cyclomixer. The sample
solution was filtered through a Millipore syringe
filter to ensure sterility. Different concentrations of
the shoot extract (100, 50, 25, 12.5, 6.25 pg in 500 pl
of 5 % DMEM) were prepared. From this 100 pl of
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each concentration of the prepared extract was added
in triplicates to the respective wells. In the same
condition, untreated controls were also maintained.
Microscopic observation was done after 24 h of
treatment with the help of an inverted phase-contrast
tissue culture microscope (Olympus CKX41 with
Optika Pro5 CCD camera).

3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide (MTT) (15 mg) was completely
dissolved in a 3 ml phosphate buffer solution and
sterilized by filter sterilization. After 24 h of the
incubation period, the sample content in wells was
removed and 30 ul of prepared MTT solution was
added to all testand control wells. The plate was gently
shaken well and incubated at 37° in a humidified 5
% CO2 incubator for 4 h. Then the supernatant was
removed and 100 pl of MTT solubilization solution
(Dimethyl Sulphoxide (DMSO) Sigma-Aldrich,
USA) was added and mixed gently by pipetting up
and down in order to solubilize the formazan crystals.
The absorbance values were measured by using a
microplate reader at a wavelength of 540 nm!®.The
percentage of viability was calculated using the
formula.

Viability (%)=Mean OD of samples/Mean OD of
controlx100

Apoptosis detection using double staining:

Acridine Orange (AO) and Ethidium Bromide
(EtBr) are DNA binding fluorescent dyes (Sima-
Aldrich, USA). They were used in the morphological
detection of apoptotic and necrotic cells!”l. After
proper culturing and seeding of DLDI1 cell lines,
Lethal Concentration 50 (LC, ) of the two samples
were added separately and kept for 24 h. The LC50
concentrations were 185.09 and 111.999 pg/ml of S.
anamallaica and S. virendrakumarana respectively.
It is followed by a wash in cold Phosphate Buffer
Solution (PBS) and then stained with a mixture
of AO (100 pg/ml) and EtBr (100 pg/ml) at room
temperature for 10 min. The stained cells were
washed twice with 1X PBS and observed in a blue
filter of a fluorescent microscope (Olympus CKX41
with Optika Pro5 CCD camera).

Statistical analysis:

The experimental values were statistically analysed
using SPSS 20 (SPSS Inc., Chicago, IL, USA) to
determine the mean separation and significance of
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treatments. The resulted datas were subjected to one
way Analysis of Variance (ANOVA) and Duncan’s
multiple range tests for validation. The values
were expressed in mean+Standard Error (SE). The
differences between corresponding controls and
treatments were considered statistically significant at
p<0.05.

RESULTS AND DISCUSSION

To counteract the adverse effect of oxidative stress
body has several counter mechanisms. In animals,
antioxidants are one among them which are produced
in situ, or externally supplied through foods!®. Plants
can acclimate to oxidative stress by increasing the
expression of genes involved in antioxidant systems.
They exhibit both enzymatic and non-enzymatic
metabolites to protect the cell from oxidative injury!’.
Several studies have suggested that differences in
oxidative damage tolerance may be partially due to
the higher constitutive antioxidant enzyme activities
intolerant versus intolerant species!!®!!l. Protective
efficacy is a cumulative mechanism hence single
assays cannot judge the potentiality of an extract.

The hydroxylradicals formed from the Fentonreaction
degrade 2-deoxy-d-ribose in the reaction mixture.
This degradation is determined photometrically after
the addition of 2-thiobarbituric acid which eventually
reacts and produces a pink color. The quenching of
radicals in this assay was also dose dependent. In the
least concentrations, S. virendrakumarana showed
the highest percentage of inhibition (24.23 %) when
compared with the other species. But at the highest
concentration, both species showed almost an equal
percentage of inhibition (fig. 1a).

The  maximum  percentage of  inhibition
was 76.72+0.41 pg/ml for 2000 pg/ml of S.
virendrakumarana shoot extract. All the half maximal
Inhibitory Concentration (IC,)) values were within
the third concentration selected (Table 1). When
compared with the standards, the IC50 values were
less for the plant shoot extracts. In 100 and 200 pg/
ml concentrations, the inhibition percentage seems
to be almost equal in both species. The IC,  value
for S. virendrakuamarana was less than the standard
(gallic acid) used. But it was higher in the case of
S. anamallaica. It implies the extreme protective
efficiency of the shoot extract to replace the highly
proved synthetic antioxidants. The in vitro analysis
of ethyl acetate and n-Butanol flower extracts of S.
kunthianus proves that it is a promising free radical
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scavenger in antioxidant assays!'?!.

Superoxide is biologically important as it can
form singlet oxygen and hydroxyl radicals.
Overproduction of superoxide anion radical
contributes to redox imbalance and is associated with
harmful physiological consequences. The standard
used in superoxide free radicals scavenging activity
was ascorbic acid. In this assay, the ribofalvin-
Nicotinamide Adenine Dinucleotide (NADH) system
will generate superoxide radicals by the oxidation
of NADH. When the shoot extract is added to the
reaction mixture, H+ ions are generated. These will
reduce the NBT in the assay system producing a
blue-colored formazan product. This blue formazan
is quantified in respect of the potential antioxidant
activity of the plant extract. The quenching of
radicals in this assay was also dose dependent.

In the least concentration, S. virendrakumarana
showed the highest percentage of inhibition. But
when the concentrations of the shoot extracts
increased, both the species exhibited tremendous
increment in free radical capturing (fig. 1b). The
IC,, values were high while comparing with the
hydroxyl scavenging assay performed. Regarding
the IC,, value, the standard has a higher estimate
when compared with the plant extracts. Likewise,
the maximum quenching in ethanolic extract of S.
barbatus was reported as 70.45 % at a concentration
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of 2000 pg/ml against ascorbic acid but in hydroxyl
radical scavenging it was only 57.12 % for the
same!"’l. Since these two species were analyzed for
the first time, the high protective efficacy was in
consistent with the previously reported species of
the genus!'"*", Strobilanthes has been suggested
as a herbal alternative after proper analysis of
antioxidants in it!'%l. The herbal tea from dried leaves
increased the defense system and reduced the blood
glucose level!7-18],

The shoot extract concentrations were treated on one
normal and one colon cancer cell line to assess the
viable cells within the population. The LC, values
will determine the lethal activities of potential of
phytocompound in an extract against cancer cell lines
DLD1 (Table 2). The L929 cell lines were used for
screeningtheeffectoftheextractonnormal cells. [t was
found that the plant extract doesn’t affect the normal
cells in any way. The cytotoxic cell lines reveal low
LC50 values in DLD1 when compared with normal
ones that indicate the potential phytocompounds in
the shoot methanolic extract that can act against the
cancer cells. The initial concentration does not affect
the cells considerably in both L929 and DLDI1. But
the S. virendrakumarana extract at its 100 pg/ml
concentration has tremendously squashed the cancer
cells enormously (fig. 2).
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Fig. 1: In vitro radical scavenging activities of shoot extracts of Strobilanththes species; a: Hydroxyl radical scavenging assay; b: Superoxide radical
scavenging assay; SA: S. Anamallaica; SV: S. Virendrakumarana; a: (M ): Gallic acid; b: (M ): Ascorbic acid; (Il ): SA and ( ] ): SV
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TABLE 1: IN VITRO ANTIOXIDANT ACTIVITIES OF STANDARDS AND PLANT EXTRACTS

IC,,SE (ug/ml)

Plant

Hydroxyl radical scavenging activity

Super oxide free radical scavenging

activity
S. anamallaica 432.82+2.03 754.58+2.05
S. virendrakumarana 375.24+2.03 749.47+2.04
Standard 477.49+2.36 283.48+2.62

Note: IC,;: Concentration of the sample for 50 % inhibition, values are expressed in meanzstandard error

TABLE 2: CYTOTOXIC POTENTIAL OF Strobilanthes SPECIES ON DLD1 AND L929 CELL LINES

LC,,+SE (ug/ml)

Plant

DLD L929
S. anamallaica 185.09+2.89 264.03+4.91
S. virendrakumarana 111.99+4.91 189.79+2.32

Note: LC,,: Concentration of the sample for 50 % lethality, values are expressed in meansstandard error

Fig. 2: Cytotoxic effect on L929 cells; a: Control; b: S. anamallaica extract; c: S. virendrakumarana extract; Cytotoxic effect on DLD1 cell line; d:
Control; e: S. anamallaica and f: S. virendrakumarana (extract concentration-100 pg/ml)

In L929 cells, the LC, value was found to be
264.03+4.91 and 189.79+£2.32 pug/ml for .
anamallaica and S. virendrakumarana respectively.
In colon cancer cell lines, 50 % death was induced
by a very low concentration of S. virendrakumarana
shoot extract with a value of 111.9944.91 pg/ml. In
the previous studies, five different leaf extracts of S.
crispus (hexane, chloroform, ethyl acetate, methanol,
and aqueous) in CNE-1 cells, the ethyl acetate extract
showed the strongest anti-proliferative effect on the
cells with an LC,; value of 119.00+48.10 pg/ml".
The antiglycolytic activities of S. crispus fraction and
its bioactive components on triple-negative breast
cancer cells (MDA-MB-231) are attributed to the
bioactivity of the plant®. The plant was cytotoxic
against human liver cancer (Hep G2) and breast
cancer (MCF-7) with an LC50 value of 0.3 and 24.8
pg/ml. Hence with the supporting evidences obtained
from the literature clearly indicate the bioactivity of
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the Strobilanthes species under investigation.

The morphological visualization may act as the
foundation for proving the efficacy. AO and EtBr are
DNA binding fluorescent dyes (AO/EtBr). They were
used in the morphological detection of apoptotic and
necrotic cells. The evident observation of apoptosis
by the LC,, concentration of the shoot methanolic
extracts of Strobilanthes species has resulted from
AO/EtBr staining!. The non-viable cells take up
EtBr dye which is intercalated into DNA, when
cells have altered the cell membranes and emit red
fluorescence. But the viable cells take up the AO stain
and emit green fluorescence when intercalated into
DNAP?, This gives a morphological differentiation
of viable and non-viable cells that are resulted from
the treatment of plant extract in colon cancer cells.
The dead non-viable cells were seen in red and viable
cells in green color (fig. 3).
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Fig. 3: Apoptotic detection by AO/EBr staining on DLD1 cells; a: Control; b: Cells treated with extract of S. anamallaica (185.09 pg/ml) and c: Cells

treated with extract of S. Virendrakumarana (111.99 pg/ml)

The findings of Chong et al.”*®! suggest that the leaf
extract of Strobilanthes can induce apoptosis and
DNA fragmentation on hormone-dependent cancer
cell lines. Moreover, it is powerful in reducing
hepatic necrosis in rats by inhibiting the enzymes
involved in boosting carcinogens?¥. But its leaf
extract was reported to be non-toxic to normal Chang
liver cell line!. Likewise in colon cancer cells, S.
virendrakumarana is having a very low concentration
for 50 % damage and this concentration is not lethal
for normal cell lines too. Hence the extract of S.
virendrakumarana acts as a promising candidate for
cancer treatments. The previous studies in the genus
against cancer cells proved their efficacy in human
liver cancer (Hep G2), breast cancer (MCF-7), triple-
negative breast cancer cells (MDA-MB-231), etc.
But it was not toxic against colon cancer cell Caco-
2026271 So, the present findings are in contradiction to
the previous findings and prove to be useful in colon
cancer studies.

Colon cancer which affects the large intestine is the
most alarming dreadful disease among malignancies.
Among the multiple factors leading to colon cancer,
high-fat diets of modern food habits are a core
reason(?®!, The results of the current study can be used
for further advancement in cancer treatment studies.
In this study, while comparing the LC, values of both
endemic plants on normal and colon cancer cells, S.
virendrakumarana seems to be a better candidate for
further studies.
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