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ABSTRACT

Human colon cancer is one of the deadliest diseases worldwide. Natural products had
shown potential anti-cancer effects. Rutin is one of the natural polyphenolic compounds with
high medicinal properties. Thus, the present study was intended to explore the anti-tumour
properties of rutin against human colon cancer (HCT116) cells. The MTT assay revealed the
anti-proliferative activity of rutin in a concentration dependent manner and also promoted
apoptosis in HCT116 cells when exposed to median inhibitory concentration (ICsp). The
results also showed that the rutin was able to decrease HCT116 cells migration and arrest cell
cycle in GO-G1 phase. The current study strongly proves that rutin inhibits proliferation of
colon cancer cells by inducing apoptosis mediated through cell cycle arrest and activation of
caspase protein. Moreover, the expression of caspase-3 and B-Actin in HCT116 were
significantly enhanced after rutin treatment. These findings provide a promising method to
treat the colon cancer. Hence, rutin could be considered as a good natural drug for Human
Colon Cancer (HCT 116), and a good replacement for chemical therapeutic drugs.
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1. INDRODUCTION
Medicinal plants are integral part of
traditional medicine since ancient era. Drug
discovery = process  has  witnessed
phytochemicals for discovery of new leads
[1,2,3]. Flavonoids are polyphenolic
compounds, which are one of the important
classes of plant derived chemicals that
contain benzopyrone moiety. About 4000
types of flavonoids have been reported to
be present in plants [4]. Flavonoids, act as
major nutritional constituents of plant-
based food as habitual and folklore
medicine worldwide [5,6]. Rutin, also
called as rutoside, quercetin-3-rutinoside,
and sophorin is a citrus flavonoid glycoside
found in buckwheat [7]. Rutin, a common
dietary flavonoid with a wide range of
pharmacological activities is present in
many plants, fruits, vegetables and red wine
[8, 9, 10, 11]. Different studies have
represented the biological effects of rutin,
such as anti-oxidative, anti-inflammatory,
antihypertensive, anti-carcinogenic,
cytoprotective, anti-platelet, anti-thrombic,
anti-diabetic, anti-adipogenic,
neuroprotective, hormone therapy and
cardio protective activities [12, 13, 14, 15].
Cancer as a second cause of death
after heart disease in the world poses a
great challenge to the field of medicine and
immunology [16, 17]. There has been a
recent upsurge in the wuse of natural

products to supersede current treatment in

patients that develop multidrug resistance.
Scientific studies of plants used in various
types of ethnic medicine have led to the
discovery of many valuable drugs,
including taxol, camptothecin, vincristine
and vinblastine [18, 19]. Colon cancer
(HCT 116) is the most common cancer in
the world [20]. More than 80% of colon
cancer deaths occur in developing
countries, and it is the fourth most common
cause of all cancer deaths and accounts for
most of colon cancer deaths of the world
[21]. In view of this it was aimed to carry
out work on the anticancer and anti-
apoptotic properties of rutin against human
colon cancer (HCT 116) cell line.
2. MATERIALS AND METHODS:
Anticancer Activity
Human Colorectal Cancer (HCT 116)
and Aneuploid immortal Keratinocyte
(HaCaT) Cell Lines

HCT 116 and HaCaT cell lines were
used for the present study, cell lines were
purchased from National Centre for Cell
Science (NCCS), Pune, India.
Standardization of Rutin

Standardization of rutin against
HCT 116 and HaCaT cell lines were done
by MTT assay.
Cell Viability

Cell viability was assessed by the
MTT method as described by Mosmann

(1983) [22].
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HCT 116 and HaCaT cells at a
concentration of 1x10* cells/mL were
plated in 96 well plates with DMEM
containing 10% FBS. The cells were
incubated for 24 h under 5% CO, and 95%
O, at 37°C. The medium was removed,
washed with PBS and fresh serum free
medium was added, and kept in incubator
for 1 h. After starvation, the cells were
treated with different concentrations of
rutin compound such as 62.5, 125, 250, 500
and 1000 uM and incubated for 48 h. After
incubation, 10.0 uL. of MTT solution was
added to each well and incubated for 4 h.
After incubation, the supernatant was
aspirated and 100 uL. of DMSO was added
to solubilize the crystals. A microplate
reader was used to measure the absorbance
at 570 nm for each well and the per cent
viability of cell was calculated as per the

following formula:

Cell viability (%) = Absorbance of Sample x 100
Absorbance of Control

Based on the above calculation, the

cell viability was calculated. The ICsy
concentration of rutin was calculated and it
was found to be 679.858 uM for HCT 116
cells and 1070.445 uM for HaCaT cells.
Cytomorphological Changes

To observe cytomorphological
changes, 1x10° HCT 116 and HaCaT
cells/mL were plated in 100 mm dishes and
incubated at controlled environment for 24

h. Following this, medium was removed

and fresh medium with rutin (ICs

concentration and maximum concentration)
added and incubated for 48 h. Then, the
incubated cells were visualized by inverted
light microscope at 20X magnification.
Nuclear Morphological Changes

Changes in the nuclear morphology
were detected following Koopman et al.
(1994) [23] method by using Annexin V-
FITC/PI staining using apoptosis detection
kit (Sigma St. Louis, USA) according to the
manufacturer’s protocol. About 1x10%/HCT
116 cells/well were plated in six-well plates
and kept overnight for attachment. Cells
treated with ICsy concentration and
maximum concentration of rutin along with
a control. Then, cells were harvested and
washed with PBS twice and re-suspended
in 500 puL of 1X binding buffer. The cells
were again incubated for 15 min. at room
temperature in dark condition, after staining
them with 5.0 pL of Annexin V- FITC
conjugate and 10.0 puL of propidium iodide,
the cells were observed by fluorescent
microscope. If the cells stained negative for
both Annexin V-FITC and PI, they were
considered as viable, and if the cells stained
positive for Annexin V-FITC and negative
for PI, they were considered as at early
apoptotic stage. In contrary, if the cells
stained positive for both Annexin V-FITC
and PI, then they were considered to be at

late apoptotic stage.
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Comet Assay

Comet assay was carried out
according to Singh et al. (1988) [24]
method by single cell gel electrophoresis to
determine the damage of DNA in HCT 116
cells. The HCT 116 cells were exposed to
1Cs concentration and maximum
concentration of rutin along with a control,
which was treated with 0.1% DMSO. This
was followed by isolation of DNA using
agarose gel electrophoresis.
Cell Cycle Analysis

The phase’s of distribution in cell
cycle and their measurements were
analysed using flow cytometry [25]. HCT
116 cells were incubated in serum free
DMEM media for 36 h to synchronize cells
in GO/G1 Phase. Then, the medium was
replaced by 10% serum-supplemented
medium with 0.1% DMSO (as control) and
1Csy concentration of rutin was added to the
wells and kept for 48 h. After treatment,
floating cells in the medium were combined
with attached cells and collected by
trypsinization. Cells were washed with cold
PBS and fixed in 80% ethanol in PBS at -
20°C. The fixed cells were pelleted and
stained with PI (50 pg/mL) in the presence
of RNase A (20 pg/mL) for 30 min. at
37°C. About >20,000 cells were analyzed
using flow cytometer. Cell cycle
histograms were analyzed using ‘Cell

Quest’ software.

Western Blot Analysis

Western blot analysis was carried
out following the method of Towbin et al.
(1979) [26]. Electrophoresed gel with
separated proteins was transferred into
nitrocellulose membrane. Prior to transfer,
the membrane was placed for 30 sec. in
100% methanol by immersion and then
kept on transfer buffer. As per the
instructions of the manufacturer, using
pads, cushions, filter papers, gel and
nitrocellulose membranes, a sandwich was
prepared. Trapping of air bubbles between
the gel and membrane was carefully
avoided. Western blot was carried out for
90 min. at a constant current of 100 V and
4°C. Then, the membrane was incubated
with blocking buffer for 2 h at 37°C or
overnight at 4°C using a shaker. Then,
primary antibodies viz., Caspase-3 and -
Actin were diluted with antibody dilution
buffer at required concentrations and
incubated at 37°C for 2 h, using the shaker.
Following this, the membrane was washed
with washing buffer thrice for 5-10 min.
each time with the help of the shaker.
Similarly, secondary antibodies (skimmed
milk powder) were diluted with antibody
dilution buffer at the ratio of 1:1000 and the
membrane was incubated with diluted
secondary antibody for 1 h at 37°C using
the shaker. The membrane was then
washed with washing buffer for five times

taking 5-10 min. for each time using the
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shaker. The protein-antibody interactions
were detected, using DAB.
Statistical Analysis

Data obtained from MTT assay
were subjected to statistical analysis and
the mean value along with the standard
error for five individual observations was
calculated for each parameter and presented
in appropriate tables in the text. The
significance of the sample mean between
various extracts and the concentrations of
each extract was tested using Two Way
ANOVA [27].
RESULTS
Cell Viability

The cell viability of HCT 116 and
HaCaT cells was assessed using anti-
proliferation activity by MTT assay for 24
h and 48 h. Rutin showed a dose-dependent
decrease in cell viability. The ICsy value of
rutin treated cells for 24 h could not be
reached. The cell viability of rutin treated
HCT 116 cells for 48 h at 62.5 uM
concentration was -8.30% and at 1000 puM,
it recorded at per cent decrease of -67.56%.
On the other hand, cell viability of rutin
treated HaCaT cells recorded -9.60% at
62.5 uM and -46.86% at 1000 uM at 48 h
incubation. The present investigation
showed an indirect relationship between the
incubation period and cell viability.
Statistical analysis of the data by two-way
ANOVA revealed that the values were

found to be significant. The 50% inhibitory

concentration was 679.858 uM for HCT
116 cells and 1070.445 puM for HaCaT
cells at the end of 48 h incubation (Table
1). The graphical data of cell viability of
HCT 116 and HaCaT are presented in Fig.
1. Based on the preliminary studies, it can
be concluded that rutin acts well in
controlling proliferation of HCT 116 cells.
Therefore, the present study focused only
on the effect of ICsy concentration and
maximum concentration of rutin on HCT
116 treated cells for further studies.
Cytomorphological Changes

HCT 116 cells were treated with
679.858 uM and 1000 uM concentrations
of rutin for 48 h, and the cytomorphological
changes were observed under the inverted
microscope. The cells treated with rutin
showed distinct cellular morphological
changes indicating unhealthy cells, whereas
the control cells were irregular confluent
aggregates with rounded and polygonal
cells. Changes in cell morphology of rutin
treated cells were 679.858 uM than 1000
uM. Most of the treated cells became round
instead of elongated shape and at 1000 uM
the cells underwent maximum destruction
of shape (Fig. 2). Based on the above
results, it can be concluded that rutin causes
changes in cell morphology, thus resulting
in decreased cell viability.
Nuclear Morphological Changes

For observing nuclear

morphological changes, HCT 116 cells
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were stained with Annexin V-FITC, PI and
Annexin V-FITC/PI. The changes observed
by confocal microscope. The control cells
stained negative for Annexin V-FITC, PI
and Annexin V-FITC/PI, while rutin treated
cells (679.858 uM and 1000 puM) stained
positive with Annexin V-FITC, PI and
Annexin V-FITC/PI. When compared
among rutin treatment, the later treatment
revealed high intense positive staining than
the former treatment. These results clearly
depict that rutin induced cell death (Fig. 3).
Comet Assay

Comet assay was carried out for
control as well as rutin treated HCT 116
cells by stained with propidium iodide and
visualized under fluorescence microscope.
The results indicated the cells treated with
679.858 uM of rutin recorded higher DNA
fragmentation and damage, whereas the
control cells showed no fragmentation and
damage (Fig. 4). The fragmented DNA
migrated out of the nucleus and appeared as
a comet like tail in HCT 116 rutin treated
cells. When, DNA damage was analyzed by
CASP software, more DNA damage was
observed at 679.858 uM as well as in 1000
uM, as depicted by the DNA content at
head and tail (Fig. 5 and Table 2).
Cell Cycle Analysis

The effect of rutin on cell cycle
distribution was determined using flow
cytometry analysis and is presented in

Table 3 and Fig. 6. The graph indicates that

control HCT 116 cells showed 3.73%
gating of cells in sub GO-G1 phase, 55.51%
gating of cells in GO-G1 phase, 29.22%
gating of cells in S phase and 11.85%
gating of cells in G2-M phase. In contrary,
the HCT 116 cells treated with 679.858 uM
of rutin showed 25.9% gating of cells in
sub GO-G1 phase, 51.29% gating of cells in
GO0-GI phase, 14.37% gating of cells in S
phase and 5.75% gating of cells in M
phase. Likewise, HCT 116 cells treated
with 1000 pM of rutin showed, 43.81%
gating of cells in sub GO-G1 phase, 28.96%
gating of cells in GO-G1 phase, 15.76%
gating of cells in S phase and 8.89% gating
of cells in M phase. The rutin treated cells
showed significant reduction in DNA
content with consequent loss of cells in sub
GO/G1 phase itself, which appeared as an
indication of apoptosis. Cell cycle analysis
in the present study revealed that rutin
arrested all stages of the cells and caused
severe damage to the DNA than compared
to control.
Apoptotic Analysis

The expression of apoptotic protein
Caspase-3 and B-Actin (loading control) are
presented in Fig. 8. On the treatment of HCT
116 cells with rutin (679.858 uM and 1000
uM) showed that the apoptotic protein
expression of effecter Caspase-3 increased in a
dose-dependent manner. The active fragment
(17 kDa) levels of Caspase-3 significantly
elevated than that of the control B-Actin.
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Table 1: Cell viability of HCT 116 and HaCaT cells are treated with rutin for 48 h

Concentration (uM) Cell Viability (%)
HCT 116 HaCaT
Control 100+ 0 100+ 0
62.5 91.701 + 1.729* 90.399 +1.652*
(-8.30) (-9.60)
125 91.186 + 1.988* 80.720 + 1.960*
(-8.81) (-19.28)
250 91.118 + 0.589* 77.467 £1.097*
(-8.88) (-22.53)
500 59.867 + 2.839* 75.458 +1.310%
(-40.13) (-24.54)
1000 32.437 +£1.787* 53.144 +2.975%
(-67.56) (-46.86)
1C50 679.858 1070.445

Values are mean + SE of six individual observations; Values in parentheses are per cent change over control; -
Denotes per cent decrease over control; *Values are significant at P<(.001.

—®—HaCaT —=C=—HCT 116

100 -

80 -
S
Z. 60 -
=
&
> 40 -
3
Q

20 -

0 T T T T T 1
Control 62.5 125 250 500 1000
Concentration (uM)

Fig. 1: Per cent cell viability of HCT 116 and HaCaT cells when treated with rutin
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Fig. 2: Cytomorphological changes of HCT 116 cells treated with ICsy and Maximum concentrations of rutin for 48 h
when compared Control cells
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Fig. 3: Nuclear morphological changes in control and rutin treated HCT 116 cells
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Fig. 5: DNA damage was analyzed by CASP software
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Table 2: Quantitative DNA fragmentation analysis by CASP software
Samples . Head . . Olive tail
(HCT 116 cells) Head Tail Comet DNA Tail DNA| Tail movement movement
Control 133 20 153 95.78 4.22 0.84 2.36
1C50 48 h 151 172 323 62.76 37.24 64.06 47.23
concentration
Maximum 147 207 354 44.86 55.14 114.13 74.36
concentration
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Fig. 6: Cell cycle analysis of HCT 116 cells induced by rutin
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D. Graphical data of cell cycle analysis
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Table 3: % of cells arrest in cell cycle analysis of HCT 116 cells when treated with rutin compound at 48 h.

Concentration % of Gated cells in phase
Sub G0-G1 G0-G1 S G2-M
Control 3.73 55.51 29.22 11.85
679.85 pM 25.9 51.29 14.37 5.75
1000 uM 43.81 28.96 15.76 8.89
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Fig. 8: Expression of apoptotic protein in control and rutin treated HCT 116 cells
(L1) — Control, (L2) — ICs, concentration, (L3) — Maximum concentration

DISCUSSION

Rutin, a polyphenolic bioflavonoid
has shown wide range of pharmacological
applications due to its significant
antioxidant properties. Conventionally, it is
used as antimicrobial, antifungal, and anti-
However, current

allergic agent.

researchers have been shown its
multispectral pharmacological benefits for
the treatment of various chronic diseases
such as cancer, diabetes, hypertension and
hypercholesterolemia [28]. Rutin use is
advantageous over other flavonoids as it is
a nontoxic and nonoxidizable molecule
[29]. Polyphenols are known to an
extensive assortment of biological effects,
comprising of antioxidant and radical
scavenging activities.

Rutin has been extensively studied
for anticancer/antineoplastic effects; human
leukemia HL-60 cells were implanted in a
murine model, and rutin (dose 120 mg/kg)
caused a significant reduction in tumour
size justifying anti-leukemic potential as

reported by Lin et al. (2012) [30].

According to Alonso-Castro et al. (2013)
[31], rutin when administered to SW480
tumor cell lines (human colon cancer cell
lines), caused less detrimental effects on
the body and relative organ weight in mice
along with increase of mean survival time
of 50 days. Anti-neuroblastoma effect of
rutin, significantly inhibited the growth of
LAN-5 cells and chemotactic ability [32].
A similar mechanism of rutin might have
occurred in thw present case also leading to
growth inhibition of HCT 116 cells, thus
findings support from the above authors.
Annexin V-FITC apoptosis
detection kit is the combination of
fluorescein isothiocyanate (FITC) and
Annexin V with propidium iodide to
distinguish living cells in early and late
apoptosis [33]. Annexin is a group of
homologous  proteins  which  bind
phospholipids in the presence of calcium.
During early apoptosis, phosphatidylserine
which is usually located in the inner
membrane of cells is transported into the

outer portion of the membrane, which can
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be detected by its strong affinity for
Annexin V-FITC, whereas the dead cells
can be detected by the binding of
propidium iodide to the cellular DNA in
cell [34, 35]. In our study also, we observed
apoptosis in rutin treated HCT 116 cells,
which resulted positive cells increased in
Annexin-V and PI staining when compared
to control. Abu Bakar et al. (2015) [33] also
recorded similar results in Hep-G2 cells,
when treated with Garcinia dulcis, thus
supporting our findings.

The cell cycle is the series of events
that take place in a cell leading to its
division and duplication (replication);
regulation of the cell cycle involves
processes crucial to the survival of a cell.
The previous studies

Majewska-Wierzbicka and Czeczot (2012)

reported by

[36], that flavonoids promote cell arrest in
distinct phases is main effect on anticancer.
Cell cycle regulation is also important in
mediating radio sensitivity, and cells are
most sensitive to radiation during the G2/M
phase, less sensitive during G1, and least
sensitive near the end of the S phase [37].
These results support the observations of
the present study, which indicated that rutin
treated HCT 116 cells showed significant
reduction of the DNA content with
consequent loss of cells in sub GO/GI
phase itself, which appeared as an

indication of apoptosis.

Rutin is also known to inhibit
cancer cell growth by cell cycle arrest
and/or apoptosis, along with inhibition of
proliferation, angiogenesis, and/or
metastasis in colorectal cell lines [38].
According to Chen et al. (2013) [32], it has
been demonstrated that rutin could decrease
BCL2 expression and BCL2/BAX ratio
along with a reduction in levels of MYCN
mRNA level and the secretion of TNF-a.
Rutin analog and quercetin when tested for
anti-proliferative effect of the ovarian
cancer cell line OVCA 433, resulted in
dose-related inhibition [39]. Rutin also
seems to be useful as an adjuvant in
radioiodine therapy [40].

In conclusion, our study
demonstrated that rutin plays an important
role on the anti-proliferation of human
colon cancer (HCT 116) cells line through
induction of apoptosis, triggering apoptosis
and cell cycle arrest. Moreover, rutin also
inhibited Caspase-3 expression. Hence
rutin is a potential therapeutic drug for the
treatment of human colon cancer (HCT
116) cells.

CONCLUSION

In the present investigation it is
demonstrated that rutin has anticancer
properties against Human Colon Cancer
(HCT 116) cell lines by in vitro method.
Hence, rutin could be considered as a good

natural drug for Human Colon Cancer
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(HCT 116), and a good replacement for
chemical therapeutic drugs.
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