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ABSTRACT. Musa paradisiaca L. is native to tropical climate. Inflorescences of this herb are used as a treatment
of digestive distresses. This study involved analysis of the fatty acid contents and some in-vitro pharmacological
activities of the inflorescence. Modified Kupchan method was used for extraction in solvents of varying polarity.
Fatty acid content analysis was conducted on n-hexane extract; Palmitoleic acid was found to be the highest in
proportion in both bound (34.40%) and free (37.80%) forms. n-hexane and dichloromethane extracts exhibited
cytotoxicity against carcinoma cell (HeLa cell line). Ethyl acetate extract possessed significant amount of free
radical (DPPH) scavenging capability (ICso = 66.92+0.3065 pg/ml). The n-Hexane extract was found to be rich in
phenolics (26.40 + 0.033 mg GE/g) and flavonoids (83.40+ 0.099 mg QE/g). Dichloromethane fraction exhibited
the highest zone of inhibition (15 mm) against the bacterium Shigella dysenteriae. Ethyl acetate fraction showed
blood clot lysis activity of 29.35% (standard streptokinase 63.05%). Presence of potent bioactivities imply the
prospects of this sample as a source of lead compounds for effective formulations against chronic digestive

diseases.
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INTRODUCTION

Plants have been used as nutrient supplements
and remedy to various diseases since ancient time.
Plant based drugs are generally considered to be
cheaper, easily available, eco-friendly; have higher
adaptability, compatibility and less adverse effects
than the synthetic drugs." Some of the secondary
metabolites from plants are wused for their
antimicrobial traits?, whilst others are natural
antioxidants®; some are found to be active against
several carcinomas.” Recent domination  of
carcinomas and multi-drug resistant bacterial
infections have made the analysis and isolation of
the  phytochemicals and their  bioactivity
determination a demanding area of modern research.
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Musa paradisiaca L. (Bengali name: Atia Kola)
is a perennial herb from the plant family Musaceae.
It is a wild native variety found in almost all districts
of Bangladesh. All the cultivated banana plants are
around 5 m tall®; each plant consists of rhizome,
pseudostem, leaf, shoot, inflorescence and fruit. The
fruit is an excellent source of nutritional diet
containing high amounts of carbohydrate, sugar,
vitamins, iron and potassium.® Green fruits, flower
and sucker of banana exhibit antihyperglycemic
activities.”® Peel extracts have antihypertensive and
antioxidant properties'®, pulp and skin possess
antimicrobial activity'!, stem extracts are found to be
useful in the treatment of some renal diseases.”
People in some of the Southeast Asian countries
consume the inflorescence as a food item.™ Also, in
Bangladesh, its juice is taken orally for the cure of
blood dysentery; flower extracts are used for the
remedy of diabetes, dysentery in India'*
Inflorescences have been reported to possess anti-
inflammatory®, antidiabetic*®, antioxidant'’ and
cardioprotective activities.'®
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The studies related to the biological activities of
M. paradisiaca inflorescence were not given much
concern previously. Hence, current study involves,
determination of cytotoxic activities, total phenolic
and flavonoid content, antioxidant and antimicrobial
and thrombolytic activities propounding the beaming
prospects of this agricultural waste to be converted
into a value-added product fulfilling the needs of
human health.

MATERIALS AND METHODS

Collection and processing of the plant
sample. M. paradisiaca inflorescences were
collected from Narayangonj Sadar, Bangladesh and
properly identified by Department of Botany;
University of Dhaka (DUSH-10814). Inflorescences
were thoroughly washed with water to remove
additional contaminants. The flowers, bracts and
peduncles were sliced into small pieces and kept for
room temperature drying for several days. These
were oven dried at 40°C. The dried pieces were
ground to powder using a grinder (Cyclotec 200
meshes) and stowed in an airtight container for
extraction and further phytochemical investigations.

Extraction. Preliminary extraction of the
powdered sample was carried out by cold extraction
method. About 200 g of the finely powdered sample
was soaked in a flat-bottom airtight container using
1L of analytical grade methanol. The container was
kept in a dry place for 13 days with occasional
shaking. The solution was then filtered (cotton and
Whatman filter paper) and concentrated (Buchi
Rotavapor R-3). The crude methanol extract of the
sample was further fractionated with different
solvents by using the modified Kupchan method.*
About 5g of the crude extract was dissolved in a 90
ml: 10 ml of methanol-water mixture. The solution
was taken in a separatory funnel and fractionated
using solvents of increasing polarity, such as n-
hexane (n-hex), dichloromethane (DCM) and ethyl
acetate (EA). These fractions were evaporated to
condensed semi-solid mass by using rotary
evaporator at 40°C and kept in airtight container for
further analysis.
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Fatty acid content analysis. About ~0.5g of
the n-hexane extract of the sample was taken for
analysis of fatty acid composition using Gas-Liquid
Chromatography. Both bound and free form of acids
(BFAs and FFAs) were isolated from the
inflorescences. These were further converted into
methyl esters and analyzed by GLC (Shimadzu 9A,
column-BP-50, Detector-FID, 170°C-1min/4°C -
270°C-30 min).%°

Cytotoxicity assay. Cytotoxic effects of
different extracts of the sample were tested in Centre
for Advanced Research in Sciences (CARS),
University of Dhaka. Each fraction (n-hex, DCM,
EA, MeOH and AQ) was dissolved in 2.5% DMSO
solution and filtered. These filtered solutions were
used for the determination of cytotoxicity against
HelLa (a human cervical carcinoma cell), Vero (a
kidney epithelial cell extracted from African green
monkey) and BHK-21 (a baby hamster kidney
fibroblast cell) cell lines using a Biological Bio
Safety Cabinet (Model: NU-400E, Nuaire, USA),
CO; incubator (Nuaire, USA), trinocular microscope
with camera (Optika, Italy), hemocytometer etc. The
evaluation process involves the procedure described
in literature.”

Antioxidant activity. Antioxidant activity of
the sample extracts was evaluated by their
scavenging activities on the stable 2,2 - diphenyl-1-
picrylhydrazyl radical (DPPH radical) following the
method of Brand-Williams?? 2.0 ml of the
methanolic solution of each extract were mixed with
2.0 ml of the DPPH methanol solution. The mixtures
were kept at dark for 30 minutes and the absorbance
of each solution was measured against a blank at 517
nm using a double beam UV-Vis spectrophotometer.
The antioxidant potential was determined by the
bleaching of the purple-colored solution of DPPH
radical by the sample extracts as compared to that of
the standard butylated hydroxytoluene (BHT). The
following equation was used to calculate the %
inhibition of the sample:

% Inhibition = (1' Asample /Acontrol) x 100

Where, Aconol  and  Agmpie  indicate  the
absorbance of the DPPH methanol solution and the
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reaction mixture respectively. A plot comparing
percent inhibition to extract concentration gave the
effective dose needed to neutralize 50% of the
DPPH radical solution, i.e., the 1Cs, values for each
extract.

Total phenolic content. Total phenolic content
of different extracts was determined using Folin-
Ciocalteu's reagent, following a modified version of
Singleton and Rossi method.” 1.0 mg/ml of each
extract was mixed with 5ml of Folin-Ciocalteu’s
reagent (1:10 v/v distilled water) and 4 ml (75g/1)
sodium bicarbonate solution. The solutions were
then allowed to stand for 30 minutes at 40°C for
color development. The absorbance of each solution
was  measured using a double beam
spectrophotometer (Cary 50 Bio UV-Vis
Spectrophotometer, Varian) against a blank solution,
at 765 nm. Gallic acid solutions of different
concentrations (6.25, 12.5, 25, 50, 100, 200, 400 pl)
were taken as standards and a calibration curve was
plotted. Total phenolic content of each extract was
expressed as mg gallic acid equivalents per gram of
dry extract (mg GE/g).

Total flavonoid content. Total flavonoid
content of the sample was determined by aluminium
chloride colorimetric method.? 2.5 ml AICI; reagent.
(2% AICl; and 1 M NaOAc) was added to 5 ml of
each extract solutions (1 mg/ml). The mixtures were
vortexed and allowed to settle down for 30 minutes
at room temperature. The absorbance of each
solution was measured against a blank at 430 nm
using a UV-Vis spectrophotometer. Total flavonoid
content of each fraction was determined and
expressed as mg quercetin equivalents per gram of
dry extract. The equation procured from the standard
quercetin calibration curve was used for calculation.

Antimicrobial activity. The activity of the
sample extracts against a number of pathogenic
bacteria and fungi were tested by method of disc
diffusion.”® A total of 5 gram-positive (Bacillus
sereus, B. megaterium, B. subtilis, Staphylococcus
aureus, Sarcina lutea), 8 gram-negative bacteria
(Escherichia  coli, Pseudomonas aeruginosa,
Salmonella paratyphii, S. typhi, Shigella boydii, S.
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dysenteriae, Vibrio mimicus, V. parahemolyticus)
and 3 fungal strains (Aspergillus niger, Candida
albicans, Sacharomyces cerevisiae) were collected
from Microbiology laboratory, Department of
Pharmacy, State University of Bangladesh. About 8
mg of the crude methanol extract and its fractions
(hexane, dichloromethane, ethyl acetate and aqueous
fractions) were converted into their corresponding
solutions and the sterilized filter paper discs (6 mm)
were soaked with these. The amount and dose of
sample was 400 pg/disc. Ciprofloxacin (30 pg/disc)
disc was used as standard for comparison of the
activity with that of the extracts.

Thrombolytic activity. The activity to break
down the blood clot by the extracts was evaluated by
standard method using standard streptokinase.?®
Standard solution (15,00,000 1.U) in an Eppendorf
tube was mixed with 5 ml sterilized water. 100 ul of
this suspension was employed as stock. The crude
extract and other fractions (10 mg each) were taken
in separate vials each containing 1ml of distilled
water. Human volunteer with no previous recorded
pathological conditions provided the blood samples.
Previously weighed sterile Eppendorf tubes
containing 1 ml of blood in each were kept in
incubation at 37°C for 45 minutes for clot formation.
Following the removal of blood serum, each tube
was again weighed.

Clot weight = weight of clot containing tube —
weight of tube alone

100 pl aqueous solution of the sample extracts were
taken separately to each of the tubes containing
clotted blood followed by incubation at 37°C for 90
mins. The tubes were weighed again to determine
the variations in weight due to clot disruption. The
percentage of clot lysis was calculated from the
following equation:
% Clot lysis= (Weight of the lysed clot) / (Weight of
clot before lysis) x100

Statistical analysis. The experimental results of
antioxidant activities, phenolic, flavonoid contents
and thrombolytic activities were expressed as mean
+ SD of three replicates. Data were statistically
analysed by using GraphPad Software, USA. The
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results with P value less than 0.05 were considered
as significant.

RESULTS AND DISCUSSION

Extractive value. The extractive values of M.
paradisiaca inflorescence in different solvents with
varying polarity were measured using the modified
Kupchan method of liquid-liquid partitioning. The
extractive values of the sample in n-hex, DCM, EA,
AQ and MeOH were found to be 28.36%, 29.42%,
23.63%, 13.89% and 4.68% respectively. The results
indicate that the sample contains most of its
extractable compounds in comparatively less polar
fractions like hexane or DCM. These compounds
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can be esters of different fatty acids, various
essential oils or other non-polar secondary
metabolites. Moderate extractive value of EA and
AQ fractions denote the probability of the presence
of some polar constituents like flavonoids,
terpenoids, phenolics etc.

Fatty acid composition analysis. The bound
fatty acids (BFA) and free fatty acids (FFA) from the
n-hexane extract of the sample were transformed
into corresponding methyl esters. Total BFA and
FFA of the sample were found from the evaporation.
The amount and percentages of BFA and FFA found
in this process is recorded in Table 1.

Table 1. A list of the amount and percentages of BFA and FFA in sample.

Amount of n-hexane Amount of BFA Percentage of BFA in the Amount of FFA Percentage of FFA in the
extract taken (g) found (g) sample (g/100g) found (g) sample (g/100g)
0.593 0.2662 0.44 0.2421 0.4

*BFA= Bound Fatty Acids; FFA= Free Fatty Acids.

Most of the fatty acids in the sample are found
to be bound as the glyceryl esters, phospholipids,
glycolipids and other forms. The BFA and FFA of
the sample were further analyzed by GC for
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the determination of the compositions and relative
percentages of different fatty acids and the results
are shown in Figure 1.
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Figure 1. Composition and relative percentages of BFA (a) and FFA (b) in the sample.

The highest proportion of the fatty acid found in
M. paradisiaca inflorescence was palmitoleic acid. It
has shown anti-inflammatory activities and insulin
sensitivity in  different experiments.”’  The
inflorescence sample also contain small amount of
linolenic acid which is an omega-3 fatty acid. These
acids are necessary in reducing the bad cholesterols
in human body thus preventing the chances of
chronic heart diseases.

Composition analysis of the sample in Figure 2
shows that, BFA contains high percentages of
saturated acids whereas FFA contains more
unsaturated acids. Greater amounts of unsaturated
acids in FFA are reasonable as the double bonds in
unsaturated acids are more susceptible to hydrolysis
or dissociation by external conditions (enzymes,
light, bacteria etc.). Again, the total percentage of
unsaturated acid in the sample is higher than that of
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the saturated ones. Higher degree of unsaturation can
lead to quick rancidity of the oil.

Cytotoxicity assay. The cytotoxic effects of the
sample extracts (n-hexane, dichloromethane,
methanol, ethyl acetate and aqueous) were tested
against HelLa, Vero cell and BHK-21 using 2.5%
DMSO as solvent. The results are shown in Table 2.
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Figure 2. Composition of saturated and unsaturated fatty acids in

the sample.
Table 2. Cytotoxicity analysis of different extracts of M. paradisiaca.
Sample Name Solvent Solvent HEX DCM MeOH AQ EA
*) ()
Survival of cells HelLa >95% 100% <5% 10-20% >95% >95% >95%
Vero >95% 100% >95% >95% >95% >95% >95%
BHK-21 >95% 100% >95% >95% >95% >95% >95%

Remarks: Cell cytotoxicity was observed for sample n-hexane and dichloromethane on HeLa cell line.

The inflorescence sample exhibited cytotoxicity
against HelLa cell line for the hexane and DCM
extract. The ability of the sample extracts of being
potentially toxic against a carcinoma cell line (HeLa)
and non-toxic against other normal cells suggest the
possibility of the presence of latent anticancer agents

in the sample.
Antioxidant  activity. The free radical
scavenging activity of the M. paradisiaca

inflorescence extracts was tested by measuring its
ability to neutralize the stable 1,1 - diphenyl-2-
picrylhydrazyl radical (DPPH radical) in comparison
to the standard butylated hydroxytoluene (BHT)
solutions. The ICsq values of different extracts of the
sample are shown in Figure 3.

438.09

1C5) (ng/mL)

WMESF  mHSF  wDCMSF  WEASF  mAQSF  mEHT
Extracts of M.paradisiaca inflorescence
Figure 3. Free radical scavenging activities of different extracts of
M. paradisiaca.

ICs values of the extracts suggest that the ethyl
acetate and DCM extracts possess significant radical
scavenging capability (66.92 + 0.3065 pg/ml and
73.01 + 0.3635 pg/ml respectively) compared to the
standard. Free radicals and other reactive species can
damage cell membranes, proteins, DNA etc. through
oxidative stress leading to several chronic diseases.?®
Antioxidants can scavenge and neutralize these free
radicals thus preventing damages to active cells.

Total phenolic content. The amount of
phenolics present in different extracts of the sample
are demonstrated in Table 3. The hexane extract of
the sample possessed the highest phenolic content
(26.40+ 0.033 mg GE/g of dry extract). Other
extracts also demonstrated significant phenolic
contents.

Total flavonoid content. Flavonoids have
strong antioxidant properties due to their ability to
neutralize free radicals. Total flavonoid content of
the sample extracts was assessed by the aluminum
chloride colorimetric method using quercetin as
standard. The results are indicated in Table 3. The
hexane extract contained highest amounts of
flavonoids (83.40+ 0.099 mg QE/g of dry extract).
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Table 3. Total phenolic and flavonoid contents of different extracts (expressed as mean+SD (n=3)) of M. paradisiaca inflorescence.

Extracts of M. n-hexane DCM EA AQ MeOH

paradisiaca

TPC 26.40 £ 0.033 15.70 £ 0.039 15.12 £ 0.063 2.37 £0.095 11.41£0.071

TFC 83.40 £ 0.099 28.30 £ 0.080 23.19+0.103 17.51£0.176 35.31% 0.099
*Units: TPC (mg GE/g of dry extracts); TFC (mg QE/g of dry extracts).

Presence of phenolics, flavonoids, tannins etc. o 63.05%

may be responsible for the potent antioxidant, anti- s0%
inflammatory  activities of the inflorescence 2 :
sample.” Phenolics and flavonoids are said to exert 3 5o .
antioxidant activity through either redox reactions or il R ﬁ i -
scavenging and chelating with the metal ions of the 634 M: mE Dowr Easr  aosr B: -

active species.®

Antimicrobial activity. The crude methanolic
extract (MESF) of the sample and its hexane (HSF),
dichloromethane (DCMSF), ethyl acetate (EASF)
and aqueous (AQSF) fractions were tested against 16
different microbes. Sample extracts showed no
activities against the gram-positive bacteria. DCMSF
exhibited the highest zone of inhibition (15 mm)
against the bacterium Shigella dysenteriae compared
to the standard ciprofloxacin (30 mm). This
bacterium is generally known to cause bacillary
dysentery or shigellosis. DCM fraction also had
moderate activity against Salmonella paratyphii (10
mm) and Vibrio parahemolyticus (8 mm). All the
fractions were inactive against the tested fungi. The
resultant activities of the plant extracts against the
microbes lies in line with the traditional use of the
inflorescence in treating diarrhoea and dysentery.*

Thrombolytic activity. The ability of the crude
methanol extract of the sample and its different
partitionates to lyse the human blood clot was tested
by comparing their activity with standard
streptokinase. Observed results are shown in
Figure 4.

Different extractives

Figure 4. Thrombolytic activity of M. paradisiaca
inflorescence extracts.

Thrombolytic activity indicates the ability to
disrupt the blood clot inside the blood vessels. This
activity is required in drugs related mostly to
cardiovascular diseases. The ethyl acetate fraction
showed thrombolytic activity of 29.35% compared
to the standard (63.05%) demonstrating the potential
of the sample as a source of anti-coagulant drugs.

CONCLUSION

M. paradisiaca inflorescence is still in use for
the ailment of a number of pathological conditions in
rural areas of developing countries. Present study on
its bioactivities not only confirms the validity of
these ethnopharmacological uses, but also reveals
the prospects of this sample for further detailed
studies regarding the in-vivo bioactivities and active
chemical constituents. Also, wide availability of the
sample as agricultural by-product with latent
therapeutic activities could promise a low-cost
alternative lead for the development of new drugs.
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