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ABSTRACT

Colorectal cancer (CRC) recorded to be the second most deadly cancer in world,
treatment of these type of cancers have severe chemotherapeutic side effects. Alternative
medicine comes from the folk knowledge of indigenous people and these plant-derived drugs
were originally explored through the study of traditional cures with very minimal side effects.
Flowers of Musa acuminata possess a wide range of pharmacological properties such as
antihypertensive, immunomodulatory, anti HIV, anti-tumor activity, Anti-Helmintic, hence
the present study was aimed to evaluate effect of Musa acuminata flower extract in Human
colon cancer cell line Colo320.The primary phytochemical analysis of methanolic extract of
Musa acuminata flower exposed the presence various phytochemical such as alkaloids,
flavonoids, steroids, tannins, total phenols. The assays of enzymatic antioxidants in the
methanolic extract of Musa acuminata flower shows a notable amount of Super oxide
dismutase (14U/g) in it. methanolic extract of Musa acuminata flower contains good amount

of vitamin C, vitamin A and E. The methanolic extract of Musa acuminata flower showed the
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evidence of induction of apoptosis in the colo320 cell line, were confirmed by DNA
fragmentation studies and AO/EB staining. Thus the methanolic extract of Musa acuminata
flower has an inhibitory role on human colon cancer cell line Colo320.

Key Words: Musa acuminata, Antioxidant property, MTT assay, DNA fragmentation;
Anticancer property

INTRODUCTION

Colorectal cancer (CRC), occurs in the colon and/or rectum region and represents
third most commonly diagnosed cancer in the world and second most important cause for
death due to cancer globally [1]. Global incidence and mortality of colorectal cancer may
tend to increases in the fourth coming decades. High fatality rate associated with CRC are
noted in well developed countries, moreover the incidence of CRC and fatality rate are
growing in emerging countries too. In 2020 WHO reported that CRC accounts for 9.4% of
cancer related deaths [2]. However, in light of the substantial rise in the number of identified
cases in the elder population, it is assessed that the global occurrence of CRC will increased
to double by 2050, with the most noteworthy increase occurring in under developed countries
[3]. CRC is not only a common disease but categorised by a gradual progression of the
adenoma—carcinoma sequence, hence early screening is appropriate way to cure the
population having the colorectal cancer [4]. The time taken for CRC progression from early
adenoma to an established cancer is yet unknown, most scientific evidence suggests that
might be less than ten years [5], providing abundant chance for monitoring via routine
screening techniques followed by treatment. Earlier detection of colorectal adenomas and
their removal helps in the prevention of CRC [6], and the earlier the CRC is detection, better
the survival rate of CRC patient [7]. Thus earlier treatment results are completely impacted
by interferences in the progression of colorectal adenoma—carcinoma.

As of now herbal medicine remains backbone of about 75-80% of the world’s
population, mainly in developing countries, for primary health care because of better cultural
acceptability, better compatibility with the human body and lesser side effects. It isestimated
that approximately one quarter of prescribed drugs contain plant extracts or active ingredients
obtained from or modeled on plant substances. Aspirin, atropine, artimesinin, colchicine,
digoxin, ephedrine, morphine, physostigmine, pilocarpine, quinine, quinidine, reserpine,
taxol, tubocurarine, vincristine and vinblastine are a few important examples of what

medicinal plants have given us in the past. Most of these plant-derived drugs were originally
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discovered through the study of traditional cures and folk knowledge of indigenous people
and some of these could not be substituted despite the enormous advancement in synthetic
chemistry. Thus to explore more on herbal medicine, my area of interest has been on banana
plant flower [&].

Banana is a monocotyledonous, perennial herb within the order Zingiberales, and the
family Musaceae. The Musaceae is divided into two genera: Musa and Ensete. Musa consist
of about 40 species and is distributed through India, New Guinea, Australia and Southeast
Asia [9]. The Musa genus is grouped into four sections: Eumusa, Callimusa, Rhodochlamys
and Australimusa. Eumusa is the most widespread and contains the greatest number of
species and forms, for it includes all the edible seedless bananas. Almost all cultivars of the
edible banana are now classified under two species M. acuminata (AA) and M. balbisiana
(BB), both belonging to Eumusa section. According to Simmonds (1990) most cultivated
bananas were derived from natural hybridization between two diploid species M. acuminata
and M. balbisiana. Musa acuminata surpasses Musa balbisiana in variability and in diversity
of species, and at least nine sub species have been described (ssp.malaccensis, ssp.
microcarpa, ssp.burmannica, ssp. burmannicoide, ssp. siamea, ssp. banksii, ssp. errans, ssp.
zebrine and ssp. truncate [10], whereas Musa balbisiana is less diverse with no subspecies
recognized. Most of edible types that are derived from these species are triploid, although
diploid (AB) and Tetraploid (ABBB) cultivars are also known.

The banana flower is an excellent source of vital nutrient and mineral. It provides
cheapest sources of nutrients when compared to other sources.They are part of many cuisines
in the world. They also possess immense medicinal value. However, there is no scientific
information to determine the side effects and drug interactions of banana flower.Health
Benefits of Banana Flower for Children include rich in antioxidant, treats infection, helps
manage diabetes and anaemia, heals wounds and burns, rich in vitamins and minerals,
reduces anxiety, prevents cancer and heart disease, abundant in dietary fibres, soothes the
digestive system, minimizes menstrual pain and bleeding. Musa acuminate possess a wide
range of pharmacological properties such as antihypertensive [11], immunomodulatory [12],
anti HIV [13] anti-tumor activity [14] and Anti-Helmintic [15]. Having known the
importance of the Musa acuminate flowers, the present study was aimed to evaluate effect of
Musa acuminata flower extract in Human colon cancer cell line Colo320.

MATERIALS AND METHODS
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Materials and Methods
Collection and Extraction of Plant Material:
The flower of Musa acuminata was collected from a cultivator in Neyveli, Tamilnadu. The
flower material was dried and powdered through a blender and stored in an air tight
container. This powdered flower was material used for extraction process.
Methanolic extract of Musa acuminata: 10 g of powdered flower material was subjected
extraction process using methanol as solvent.
Antioxidant studies
Qualitative Phytochemical Analysis of Methanolic Extract of Musa Acuminata Flower [16].
Protein in the flower extract was estimated according to the method of Lowry et al [17]. The
antioxidants such as SOD, Catalase, Glutathione peroxidase, Glutathione-S-transferaseand
Reduced glutathione were estimated [18, 19, 20, & 22]. Vitamin A was estimated by the
method of Bayfield and Cole [23].Vitamin E was estimated by the method of Kayden et al
[24].Ascorbic acid was estimated by the method of Roe and Keuther [25].
In Vitro Studies
Cell line
Human colon carcinoma- Colo320 was procured from National centre for cell studies
(NCCS), Pune, India. The cells were grown in T75 culture flask containing DMEM
supplemented with 10% FBS. Upon reaching confluence, the cells were detached using
trypsin-EDTA solution.
MTT Assay for Cell Viability
The MTT assay [26] is based on the ability of live but not dead cells to reduce a yellow
tetrazolium dye to a purple formazan product. Cells were maintained in DMEM medium,
supplemented with 10% Fetal Bovine Serum, at 37°C in humidified atmosphere with 5%
COa.
Procedure
e Colo320 cells were plated in 96 well flat bottom tissue culture plates at a density of
approximately 1.2X 10* cells/well and allowed to attach overnight at 37°C. The
medium was then discarded and cells were incubated with different concentrations of
the extract (200, 40, 600, 800 & 1000 pg/mL) for 24 hours. After the incubation,
medium was discarded and 100ul fresh medium was added with 10ul of MTT
(S5mg/ml). After 4 hours, the medium was discarded and 100ul of DMSO was added
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to dissolve the formazan crystals. Then, the absorbance was read at 570nm in a
microtitre plate reader. Cyclophosphamide was used as positive control.
Cell survival was calculated by the following formula:
Viability % = (Test OD/ Control OD) X 100
Cytotoxicity % = 100 — Viability%
Experimental Design
Based on MTT assay we selected the doses at 3 different concentrations like 400,600 and
800ug/ml for 24hrs time period.
*  Group 1: Control Colo320 cells.
e Group 2: Colo320 cells treated with 400ug/ml of extract for 24hrs.
e Group 3: Colo320 cells treated with 600ug/ml of extract for 24hrs.
*  Group 4: Colo320 cells treated with 800ug/ml of extract for 24hrs.
DNA Fragmentation Studies
DNA extraction and agarose gel electrophoresis were carried out by the method of
Alexei G.Basnakian [27].
Acridine Orange/Ethidium Bromide Staining (AO/EB Staining or Dual Staining):
AO/EB staining was carried out by the method of Deborah Ribble [28].
RESULTS AND DISCUSSION:
Qualitative analysis of phytochemical in methanolic extract of Musa acuminata flower
Preliminary phytochemicals screening for major secondary metabolites of the flower was
carried out using standard qualitative methods. The sample extract was screened for the
presence of bioactive compounds such as alkaloids, steroids, terpenoids, saponins,
flavonoids, tannin and glycosides.
Table 1: Qualitative Phytochemical Analysis of Methanolic Extract of MusaAcuminata

Flower

Test Methanolic extract
Carbohydrates +
Reducing sugar +
Amino acids +
Alkaloids +
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Flavonoids +
Tannins +
Total phenol +
Terpenoids -
Steroids +
Saponins -

The preliminary phytochemical analysis of methanolic extract of Musa acuminata flower
revealed the presence various phytochemical as shown in table 1 namely; alkaloids,
flavonoids, steroids, tannins, total phenols. Phytochemicals are non-nutritive plant chemicals
that have protective or disease preventive properties. Research suggests that phytochemicals
may slow the ageing process and reduce the risk of many diseases, including cancer, heart
disease, stroke, high blood pressure, cataracts, osteoporosis and urinary tract infections [29].

Table 2: Quantitative analysis of protein in methanolic extract of Musa acuminata

flower
S.NO | Particular Value in g/100g of
dry sample
1 Protein 1.25+0.14

Results are expressed in mean + S.D for the sample. Unit g/100g of dry sample.

Antioxidant Status of Methanolic Extract of Musa Acuminata Flower

The major antioxidant enzymes directly involved in the neutralization of ROS and RNS are:
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione
s-transferase (GST). SOD, the first line of defence against free radicals, catalyses the
dismutation of superoxide anion radical (O, ) into hydrogen peroxide (H,O,) by reduction.
The oxidant formed (H,0,) is transformed into water and oxygen (O;) by catalase (CAT) or
glutathione peroxidase (GPx). The selenoprotein GPx enzyme removes H>O; by using it to
oxidize reduced glutathione (GSH) into oxidized glutathione (GSSG). The non-enzymatic
antioxidants are also called as Nutrient antioxidants. These are compounds which cannot be
produced in the body and must be provided through foods or supplements, such as vitamin E,
vitamin C, carotenoids etc.

Figure:1 Antioxidant Activity of SOD in Methanolic Extract of Musa Acuminata Flower
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Figure 2: Antioxidant Activity of CAT in Methanolic Extract of Musa Acuminata
Flower
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Figure: 3 Antioxidant Activity of GPX and GST in Methanolic Extract of Musa

Acuminata Flower
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Results are expressed in mean + S.D for the sample. Unit- GPX AND GST in pug of GSH/mg
of protein.

The assays of enzymic antioxidants in the methanolic extract of Musa acuminata flower
shows a notable amount of enzymic antioxidant in it. Among them the level of Sod is
significant shown in figure: 1. One gram of the sample contains 14 units of SOD.
Antioxidants are broad spectrum of compounds which provides a primary defence to the cell
from oxidative stress. These are protective agents which donate its electron to reactive
oxygen species and prevents them from attacking the lipid bilayer of the cell membrane.
Production of free radicals rapidly increases when toxic chemical accumulates in the body.
Under these conditions supplement of antioxidants through diet promotes the scavenging
activity of antioxidants [30].

Figure: 4 Antioxidant Activity of Non-Enzymic Antioxidants of Methanolic Extract of

Musa Acuminata Flower
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Results are expressed in mean = S.D for the sample. Units — GSH, Vitamin A, E and C in
mg/100g of sample.
Nutrient antioxidants

Antioxidants from our diet play an important role in helping endogenous antioxidants
for the neutralization of oxidative stress. The non enzymic antioxidants such as Reduced
Glutathione, vitamin A and E are also were estimated in the methanolic extract of Musa
acuminata flower. The values of these are also expressed as mg per 100g of sample. When
compared to levels of vitamin C the levels of vitamin A and E were lesser in methanolic
extract of Musa acuminata flower.
Vitamin E> Vitamin A > Vitamin C
MTT Assay

Figure 5 Effect of Methanolic Extract Musa Acuminata Extract at Various Doses

on Co0l0320 Cells for 24hrs Assessed By MTT Assay
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of Musa Acuminata Flower is 719 pg/ml

Dosage Fixation Studies

The cytotoxic effects of Musa acuminata was evaluated using MTT assay. Figure 5 shows
the effect of Musa acuminata at different doses (200-1000ug/ml) on Colo320 cells for 24 hrs
by MTT assay. Musa acuminata inhibited the growth of Colo320 cells in a dose dependent

524
Eur. Chem. Bull. 2023,12(Special Issue 12), 516-529



Inhibitory potentials of Methanolic extract of flowers from

Musa acuminata in human colorectal cancer Section A-Research paper

manner. Based on this study, we fixed the doses at 400,600 and 800ug/ml at time period of
24hrs for further studies.

Apoptotic Studies:
Methanolic Extract of Musa Acuminata Flower Induced DNA Fragmentation:

Figure: 6 Agarose Gel Electrophoretic Pattern of Nuclear DNA in Control and extract

treated cells of Colo320 cell line
01 2 3 4

Lane O -1kb ladder

Lane 1 -Colo320 control cells

Lane 2 -400ug/ml of Methanolic extract treated at 24hrs.

Lane 3 - 600ug/ml of Methanolic extract treated at 24hrs.

Lane 4 - 800ug/ml of Methanolic extract treated at 24hrs.

Figure 6 shows the Agarose Gel Electrophoretic Pattern of Nuclear DNA in Control and
extract treated cells of Colo320 cell line. Musa acuminata extract treated cells resulted in
apoptosis of Colo320 cells as evidenced by the shearing of the DNA which is considered as
the hallmark of apoptosis.

Acridine Orange/ Ethidium Bromide Staining

Figure: 7 Morphological changes of Colo320 cells analysed under Fluorescence

Microscopy AO/EB staining (20x).
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Control Treated 400ug

Treated 600ug Treated 800ug

Figure: 7 Depicts the morphological changes of control and Musa acuminata extract treated
Colo320 cells under Fluorescence microscopy after staining with Ethidium bromide/ Acridine
orange stain. (Plate 1) Control cells: Less than 4% cells were apoptotic. Plate 2: Colo320
cells Treated with 400ug - 40% cells were in early apoptotic stage. Plate 3: Colo320 cells
treated with 600ug - 15% cells were in early apoptotic stage and 30% cells were in late
apoptotic. Plate 4: Colo320 cells treatedwith 800ug — Less than 10% cells were in late
apoptotic stage and 64% of them were necrotic cells.

Role of Musa Acuminata Flower on Apoptosis Induction

The induction of tumor cell death by apoptosis is a major goal of cancer therapy. The cell line
studies of methanolic extracts of Musa Acuminata flower on human colon cancer cell line
Col0320 has shown the inhibitory role of Musa Acuminata flower against Colo320 cell line.
The methanolic extracts of Musa Acuminata flower has induced apoptosis in the Colo320 cell
line were confirmed by the assay of DNA fragnmentation studies and AO/EB staining. The
Acridine orange dye binds to live and death cells in the cell culture whereas Ethidium
bromide binds to dead once cells once which emits reddish orange color which can be seen
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through fluorescence microscope. Thus, the methanolic extract of Musa Acuminata flower
has an inhibitory role on human colon cancer cell line colo320

Conclusion

The result of present studies reveals that the methanolic extract of Musa acuminata flower
has various phytonutrients in it. The phytonutrients such as alkaloids, flavonoids, tannins,
phenolic compounds have eminent role in combating range of diseases in the human. The
presence of both enzymic and non-enzymic antioxidant promotes the anticancer effect of
Musa acuminata flower extract against cancer. The presence of Vitamin C in the Musa
acuminata flower in enormous amount is quite significant. The presence of primary enzymic
antioxidant in appreciable level also alleviates the anticancer properties of Musa acuminata
flower. The presence of SOD, CAT, GPX,GST, and GSH were confirmed by the antioxidant
assay of methanolic extract of Musa acuminata. The induction tumor cell death by apoptosis
is a major goal of cancer therapy. The cell line studies of methanolic extracts of Musa
acuminata flower on human cancer cell line Colo320 has shown the inhibitory role of Musa
acuminata flower against colo320 cell line. The methanolic of Musa acuminata flower has
induced apoptosis in the colo320 cell line were confirmed by the assay of DNA
fragmentation studies and AO/EB staining. The Acridine orange dye binds to live and death
cells in the cell culture whereas Ethidium bromide binds to dead once which emits reddish
orange colour which can be seen through fluorescence microscope. Thus the methanolic
extract of Musa acuminata flower has an inhibitory role on human colon cancer cell line
Colo320.
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