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ABSTRACT

Objectives: In this study, Musa paradisiaca rhizome was investigated for its anti-malarial, and antioxidant activities in
addition to the phytochemical analysis. This investigation is motivated by the need for new antimalarial agents and the
potential utilization of banana plant bio-waste. Methods: M. paradisiaca rhizomes were collected, authenticated, and
stored following established guidelines. After being air-dried and powdered, the rhizomes were extracted with 70%
methanol, then fractionated, and compounds were isolated and purified using silica gel column chromatography,
preparative TLC, and repeated crystallization. An in-vitro antimalarial assay was conducted using the pLDH assay protocol
against P. falciparum D6 and W2 strains. The antioxidant activity was evaluated using the ABTS-+ radical cation
decolorization assay, with 1Cso values compared to L-ascorbic acid. Total phenolic content was determined using the Folin-
Ciocalteu method, with gallic acid as the standard. Results: Seven compounds were isolated from the rhizome, based on
spectral data (NMR and MS), they were identified as 31-norcyclolaudenone (1), a mixture of g-sitosterol and stigmasterol
(2), 31-norcyclolaudenol with its regio-isomer (3), S-sitosterol glucoside (4), indole-3-carboxaldehyde (5), methyl 3,4-
dihydroxybenzoate (6), and adenosine (7). This is the first report to indicate the isolation of compounds 5, 6 and 7 from
the family Musaceae. The petroleum ether extract exhibited significant inhibition of P. falciparum growth, with 1Cso values
of 18725.9 ng/mL and 15244.5 ng/mL for strains D6 and W2, respectively, along with high selectivity indices towards the
parasite (>2.5 for D6 and >3.1 for W2). The ethyl acetate extract showed moderate antioxidant activity with an 1Cso value
of 48.25 + 0.23 pg/mL in the ABTS assay. The total phenolic content was moderate, measured at 104.9767 mg/g (GAE).
Conclusion: M. paradisiaca rhizomes are a promising source of bioactive compounds with significant antimalarial and
antioxidant activities. These findings support the potential therapeutic applications of banana plant extracts and underscore
the value of natural products in drug discovery.
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INTRODUCTION

Herbal medicine has played a crucial role in
shaping modern medicine and the discovery of new
drugs. Its extensive historical use in addressing various
health issues has laid the groundwork for the
development of therapeutic agents [1]. Musa
paradisiaca, commonly known as the banana, belongs to
the Musaceae family. It is a compact family that includes
three genera: Musa, Ensete, and Musella, encompassing
a total of 41 species [2]. M. paradisiaca Linn. is an
herbaceous plant that features a strong tree-like pseudo
stem, and a crown of large elongated oval deep-green
leaves, with a distinct midrib. Each plant produces a
singular inflorescence-like drooping spike, characterized
by large, dark red, concave, ovate bracts, and somewhat
fleshy [3]. The oblong fruits, measure 5-7 cm in length
in the wild form and longer in cultivated varieties [4].
Notably, bananas rank among the world's most important
fruit crops, contributing significantly to the global annual
production of food. However, a substantial portion of the
banana plant, including elements like rhizomes and
roots, is often discarded as waste, giving rise to
environmental concerns and presenting economic
opportunities that remain undiscovered. Considering the
extensive traditional medicinal use and the substantial
amount of bio-waste produced, there is a compelling
argument to explore the potential economic and
medicinal advantages offered by the biomass of
discarded banana plant material. Additionally, thorough
phytochemical screening has revealed the existence of
diverse bioactive compounds, such as alkaloids,
flavonoids, phenols, saponins, tannins, and vitamins (A,
B, and C) in banana plants [5,6]. The historical
applications of banana leaves, stem juice, and fruit
involve the treatment of various conditions such as
eczema, burns, diarrhea, dysentery, cholera, otalgia, and
hemoptysis [7]. The banana plant's root is utilized as an
anthelmintic and for addressing issues related to blood
disorders and venereal diseases [8]. Additionally, the
unripe fruit is employed in managing diverse health
conditions, including diabetes, uremia, nephritis, gout,
hypertension, and cardiac disease [9].

Malaria, a disease with a centuries-long history,
continues to impact people worldwide, causing over 200
million clinical cases annually [10]. Although some
developed nations have successfully eliminated the
disease, its persistence in tropical regions presents a real
global health challenge. Malaria arises from the infection
of parasites belonging to the Plasmodium genus with
Plasmodium falciparum being the most common [11].
Despite earlier optimistic projections suggesting the
potential eradication of malaria by 2030 [12], there has
been a consistent rise in case numbers over the past few
years. In 2021 alone, there were approximately 247
million reported malaria cases and 619,000 malaria-

related deaths. This represents an increase of 33 million
cases and 181,000 deaths compared to the figures
reported in 2015 [13]. Various factors may contribute to
this, including biological aspects such as the
development of resistance in parasites and mosquito
vectors to drugs and insecticides, environmental
influences like climate change, and alterations in vector
distribution. Addressing the global challenge of
resistance to antimalarial drugs is a significant issue. It
complicates the treatment and management of diseases,
emphasizing the urgent need for improved drugs that are
effective and don't pose complications. Developing these
new treatments is crucial not only for preventing diseases
like malaria but also for ensuring their effective and
reliable treatment.

Antioxidants have sparked scientific interest for
their numerous advantages, including anti-aging and
anti-inflammatory properties. These compounds, found
in various groups, work to counteract free radicals and
reactive oxygen species (ROS) within the cell [14].
Natural antioxidants, typically sourced from plants,
exhibit varying levels of activity influenced by factors
such as plant species, diversity, extraction or processing
methods, and growing conditions [15].

This paper looks into the crucial search for new
drugs from natural sources such as M. paradisiaca
rhizomes, highlighting their potential to change how we
treat malaria and oxidative stress while minimizing the
side effects of the current drugs.

This study aims to investigate the antimalarial
and antioxidant activities of Musa paradisiaca rhizome,
alongside conducting a phytochemical analysis. This
research is driven by the necessity for new antimalarial
agents and the potential to utilize banana plant bio-waste
in therapeutic applications.

MATERIAL AND METHODS

General experimental procedures

The  solvents used for  extraction,
chromatographic ~ separation, and  crystallization
(petroleum ether, n-hexane, methylene chloride, ethyl
acetate, n-butanol, and methanol) were of analytical
grade, obtained from ElI Nasr Company for
Pharmaceutical Chemicals (Egypt) and Fisher-Johns
Scientific Company (USA). Analytical thin-layer
chromatography (TLC) was conducted using silica gel
60 GF2s4 (20 x 20 cm, 0.2 mm thickness) on aluminum
sheets and precoated RP-C18 Fs4 plates (20 x 20 cm, 0.2
mm thickness) on aluminum sheets from Merck Co.
(Darmstadt, Germany). Preparative TLC was carried out
on preparative layer plates prepared using 100 gm silica
gel GFzs4 from Merck (Germany). The visualization of
compounds on TLC chromatograms was achieved using
vanillin-sulfuric acid spray (prepared with 5% H2SOa in
ethanol). Normal phase column chromatography (CC)
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was performed using silica gel 60-230 mesh size from
Merck (Germany), while reversed-phase
chromatography was done using RP-C18 from Merck
(Germany). For the ABTS antioxidant assay, ABTS
(Sigma-Aldrich Chemicals, St. Louis, USA), potassium
persulfate (Sigma-Aldrich Chemical Company, St.
Louis, USA), L-ascorbic acid, and pure ethanol (EINasr
Co. for Pharmaceutical Chemicals, Egypt) were used.
The Folin—Ciocalteu reagent was purchased from Sigma-
Aldrich Chemicals, St. Louis, USA, while sodium
carbonate and gallic acid hydrate were sourced from
EINasr Co. for Pharmaceutical Chemicals (Egypt). The
in vitro antimalarial assay used DMSO, Malstat™
reagent, and RPMI-1640 medium suitable for cell culture
obtained from Sigma-Aldrich (USA), with NBT
(nitroblue tetrazolium), PES (phenazine ethosulfate), and
all other chemicals purchased from Sigma-Aldrich
(USA), The rotary flash evaporator used was from Buchi
(Switzerland). The melting point apparatus was from
Fisher-Johns Scientific Co. (USA). The UV lamp (254
and 366 nm) was from Desaga (Germany), and the digital
balance was from Sartorius (Germany). NMR spectra
were obtained on a Bruker AU Il 400 MHz NMR
spectrometer using DMSO-ds, CDsOD, or CDCI
solvents. An Agilent Technologies 6200 series mass
spectrometer was used to record mass spectra.

Cell culture

Laboratory strains of Plasmodium falciparum,
chloroquine-sensitive D6, and chloroquine-resistant W2
strains, were sourced from the Malaria Research and
Reference Reagent Resource Center in the United States
(MR4). The D6 strain of P. falciparum, originally
collected in Sierra Leone, is recognized for its sensitivity
to drugs. On the other hand, the W2 strain was cloned
from the Indochina 11I/CDC isolate, derived from a
patient in Laos who did not respond to chloroquine
treatment. The W2 strain is known to be resistant to
chloroquine but responds to mefloquine. These P.
falciparum strains were cultured using A+ human red
blood cells, which were obtained from the Mississippi
Blood Services. The cultures were maintained at a 5%
hematocrit level in a complete malaria culture medium
(RPMI 1640) supplemented with 60 pg/mL amikacin,
2.2 g/L sodium bicarbonate, and 25 mM HEPES buffer.
The medium was changed every 48 hours, and the
cultures were kept at 37°C in an incubator with a
controlled atmosphere of 90% nitrogen, 5% carbon
dioxide, and 5% oxygen.

Plant material

The rhizomes of Musa paradisiaca Linn. were
gathered from the Faculty of Pharmacy Farm, Mansoura
University, Egypt, in August 2021. The collection of
plant material was carried out by established ethical and
legal guidelines. Prof. lbrahim Mashaly, Professor of

Ecology at the Faculty of Science, Mansoura University,
Egypt, authenticated the plant material to ensure its
taxonomic identity. The plant material was harvested
during the flowering stage to ensure optimal chemical
composition. After collection, it was immediately
transported to the laboratory and subjected to proper
drying and storage procedures to maintain its integrity
and prevent degradation. The plant's voucher specimens
have been stored in the Pharmacognosy Department of
the Faculty of Pharmacy at Mansoura University in
Egypt, and they have been assigned specific codes (MM-
3-2021).

Preparation of the extracts and isolation of the
compounds:

The rhizomes of M. paradisiaca were first air-
dried in the shade and subsequently ground into a fine
powder. The extraction process involved macerating
1250 g of the powdered, air-dried parts in 70% methanol
at room temperature using a total of ten liters of
methanol, split into seven cycles. Afterward, the
collected methanolic extract was subjected to
evaporation under reduced pressure and allowed to dry
within a desiccator containing anhydrous CaCl,. This
process resulted in the formation of a dark brown,
viscous residue weighing 112.4 g. The dried methanolic
residue was then dissolved in the smallest possible
volume of methanol. It was subsequently diluted with an
appropriate volume of distilled water and subjected to
fractionation using petroleum ether, methylene chloride,
ethyl acetate, and n-butanol. In each instance, the solvent
was dried under reduced pressure, resulting in five
distinct fractions: a petroleum ether-soluble fraction
weighing 37 g (fraction A), a methylene chloride-soluble
fraction weighing 14 g (fraction B), an ethyl acetate-
soluble fraction weighing 11 g (fraction C), a n-butanol-
soluble fraction weighing 20 g (fraction D), and an
aqueous fraction weighing 27 g (fraction E).

Fraction A experienced silica gel column
chromatography and underwent elution using hexane —
DCM gradient (50-100%) and then DCM — MeOH (0-
90%). The fractions sharing similar R¢ values were
combined and subsequently purified through
chromatography on silica gel columns. The purification
process also involved repeated crystallization resulting in
compounds 1, 2, 3, and 4.

Fraction B was subjected to silica gel column
chromatography and eluted with DCM — MeOH (0-
95%). Collected fractions were combined based on
similar Rt values, and subjected to purification through
column chromatography, PTLC, and repeated
crystallization yielding compounds 5 and 6.

Fraction D was subjected to reversed phase
chromatography using C-18 silica gel column and eluted
using H.O with increasing amounts of MeOH (from
100% H»0 to 100% MeOH), Combining fractions with
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similar Ry values, they were subsequently purified using
chromatography on silica gel columns. The purification
procedure also included multiple rounds of
crystallization resulting in the isolation of compound 7.

Total
method
Total phenolic were quantified using the Folin-
Ciocalteu colorimetric method, with gallic acid as the
standard. As mentioned in the publication by Genwali
[16]. To begin, one milligram of the total methanolic
extract (prepared in 70 % methanol) of M. paradisiaca
was dissolved in 1 mL of MeOH. Subsequently, 4 mL of
sodium carbonate solution (7% wi/v) was added and
thoroughly mixed with 5 mL of Folin-Ciocalteau reagent
(10% v/v). The resulting blue mixture was incubated for
30 minutes in a water bath at 40°C. Following
incubation, the absorbance at 760 nm was measured
against a blank solution. The blank consisted of 1 mL of
methanol mixed with 4 mL of sodium carbonate solution
(7% wi/v) and 5 mL of Folin-Ciocalteau reagent (10%
v/v), resulting in a final volume of 10 mL. Each
measurement was performed in triplicate to ensure
accuracy. To construct the calibration curve for
quantifying phenolic content, absorbance values were
obtained at various concentrations of gallic acid ranging
from 0 to 100 pg/mL. These gallic acid solutions were
prepared using the same method described above.
Finally, the phenolic content was expressed as
milligrams per gram of gallic acid equivalent (GAE).

phenolic assay using the Folin-Ciocalteu

In-vitro anti-malarial assay

It was conducted based on the parasite lactate
dehydrogenase (pLDH) assay protocol [17]. The activity
was evaluated in two P. falciparum clones: Sierra Leone
D6 (chloroquine-sensitive) and Indochina W2
(chloroquine-resistant) sourced from the Malaria
Research and Reference Reagent Resource Center in the
United States (MR4). Vero cells (kidney epithelial cells
from an African green monkey) were used to assess
cytotoxicity. The assay was focused on assessing the
influence of the fractions on the growth of asynchronous
cultures of P. falciparum. Various dilutions of the
fractions were prepared in either DMSO or RPMI-1640
medium (2 mM L-glutamine, 10 mM HEPES, 1 mM
sodium pyruvate, 4500 mg/L glucose, and 1500 mg/L
sodium bicarbonate) were added to P. falciparum
cultures with 2% hematocrit and 2% parasitemia in clear
flat-bottomed 96-well plates. In these wells, 10 puL of test
samples, at varying concentrations, were introduced. The
96-well plate was then placed in a Billups-Rothenberg
MIC-101 Modular Incubator Chamber, where it was
exposed to a gas mixture of 90% N2, 5% Oz, and 5% CO;,
and maintained at 37 °C for 72 hours.

Parasitic LDH activity was determined using
the Malstat™ reagent (obtained from Sigma-Aldrich

Chemical Company, St. Louis, USA) consisting of:
{sodium lactate 4 g, Tris buffer 1.32 g, triton X-100 400
pL, and 3-acetylpyridine adenine dinucleotide APAD
0.02 gin 200 mL of distilled water}. 120 pL of the
incubation mixture was combined with 100 pL of the
Malstat™ reagent and left to incubate at room
temperature for 30 minutes. Subsequently, 20 pL of a 1:1
mixture of NBT/PES (nitrotetrazolium blue chloride/
phenazine ethosulphate) (purchased from Sigma-Aldrich
Chemical Company, St. Louis, USA) was added, and the
plate was further incubated in darkness for 1 hour. The
reaction was terminated by adding 100 pL of a 5% acetic
acid solution. The plate's absorbance was measured at
650 nm using the EL-340 Biokinetics Reader (Bio-Tek
Instruments Co.) and ICsp; values were computed.
Selectivity Index (SI) = ICso (Vero Cells)/ICsy (P.
falciparum) and the criteria of the selectivity index range
were delineated in a previous study [18].

Antioxidant activity by ABTS assay

The ABTS-+ radical cation assay was
conducted following the protocol by Re et al. [19]. The
ABTS-+ radical cation was prepared by mixing equal
volumes of ABTS stock solution (7 mM in distilled
water) and potassium persulfate solution (3.5 mM in
distilled water) at a 2:1 ratio. This mixture was left in the
dark at room temperature for 12-16 hours. The resulting
ABTS-+ solution was diluted with ethanol to an
absorbance of 0.7+0.02 at 734 nm and equilibrated at 30
°C. For the assay, 1.5 mL of the ABTS-+ working
solution was mixed with 10 pL of the test fractions at
various concentrations (10-100 uM). The absorbance
was measured immediately, at 0.5, 1 minute, and then at
5-minute intervals until a steady state (15 minutes) was
achieved. The absorbance for each test fraction (A_test)
was recorded at 15 minutes. All measurements were
performed in triplicate. The percent inhibition was
calculated using the equation: Percent Inhibition=100x
(A blank—A test)/A blank. Where A blank is the
absorbance of the ABTS-+ radical cation in H20 and
EtOH directly before reaction time (0 min), and A test or
is the absorbance of the reaction mixture at reaction
time= 15 min after adding the test fraction

To measure the 1Cso value, the percent
inhibition values for different concentrations of the test
fraction were plotted against the logarithm of the
concentrations. A dose-response curve was generated,
and the 1Cso values (the concentration needed to reduce
ABTS-+ absorbance by 50% at 734 nm) were obtained
through extrapolation from regression analysis. The 1Csg
values of the test fractions were compared to L-ascorbic
acid, the standard antioxidant. A lower ICso indicates
higher antioxidant potency.
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Statistical Analysis

The antimalarial and antioxidant activities of
different fractions obtained from M. paradisiaca extracts
were statistically analyzed to determine their efficacy
and selectivity. The data were expressed as mean *
standard deviation (SD) from three independent
experiments.

Antimalarial Activity

The half-maximal inhibitory concentration
(ICsp) values and selectivity indices (SI) for each fraction
were calculated using non-linear regression analysis in
STATA 17 software (StataCorp LLC, College Station,
TX). ICs values were determined for P. falciparum D6
and W2 strains, and cytotoxicity against Vero cells was
evaluated to determine the safety profile of each fraction.
The selectivity index was calculated as the ratio of the
ICso value for Vero cells to the 1Csy value for the P.
falciparum strains, with a higher Sl indicating greater
selectivity towards the malaria parasite compared to the
Vero cells. The therapeutic window of the fractions was
assessed by calculating selectivity indices, and
antimalarial activity was compared among different
fractions using one-way ANOVA followed by Tukey's
post-hoc test for multiple comparisons, with statistical
significance set at p < 0.05.

Antioxidant Activity

The percentage inhibition of ABTS radicals at
different concentrations (10, 20, 40, 60, 80, and 100
pg/mL) was calculated for each fraction. The I1Cs values,
representing the concentration required to inhibit 50% of
the ABTS radicals, were calculated using non-linear
regression analysis in STATA 17 software (StataCorp
LLC, College Station, TX). The antioxidant activities of
the fractions were compared using one-way ANOVA
followed by Tukey's post-hoc test for multiple
comparisons to identify significant differences among
the extracts. L-ascorbic acid was used as a reference
standard for comparison. Statistical significance was set
atp <0.05.

All statistical analyses were performed using
STATA 17 software (StataCorp LLC, College Station,
TX). Data were considered statistically significant at p <
0.05.

RESULTS AND DISCUSSION

Identification of the Isolated Compounds

The compounds isolated from different extracts
obtained from 70% MeOH extract of M. paradisiaca are
seven (Figure 1) they were identified based on a
comparison of their spectral data with those reported in
the literature. 31-norcyclolaudenone (1): The spectral
data was in full agreement with those published by

Knapp et al [20] from the isolation of the same
compound in the same family.

A mixture of pg-sitosterol and stigmasterol (2)
[21]: these compounds had been previously isolated from
this plant [22].

31-Norcyclolaudenol (3): the spectral data was
in full agreement with those previously published [23]
from the isolation of the same compound in the same
family.

[-Sitosterol-3-O-4-D-glucoside (4) was
identified by co-chromatography using an authentic
sample of p-sitosterol-3-O-4-D-glucoside previously
isolated at the Pharmacognosy Department, Mansoura
University. It has been previously isolated from M.
paradisiaca [24]. Indole-3-carboxaldehyde (5) [25],
methyl 3,4-dihydroxybenzoate (6) [26], and adenosine
(7) [27] were confirmed by comparing their NMR data
with reported ones. Compounds 5, 6 and 7 are isolated
from the family Musaceae for the first time.

Total phenolic assay by Folin Ciocalteau

At a concentration of 1mg/mL, the Musa
paradisiaca methanolic extract exhibited an absorbance
value of 0.8, and by establishing a calibration curve with
different concentrations of gallic acid (Figure 2) and the
application of the equation y = 0.0086x — 0.1028. The
calculated phenolic content was 104.9767 mg /g (GAE).
So, the plant possesses moderate phenolic content, this
finding can have implications for the potential use of M.
paradisiaca extract in various applications, as phenolic
compounds are known for their antioxidant properties
and potential health benefits.

Antimalarial activity of M. paradisiaca fractions

The results of the antimalarial activity testing of
different fractions obtained from M. paradisiaca extracts
are summarized in Table 1. The fractions include total
extract, petroleum ether fraction, methylene chloride
fraction, ethyl acetate fraction, and n-butanol fraction.
The antimalarial activity was evaluated against P.
falciparum D6 and W2 strains, and Vero cells were used
as a reference for cytotoxicity. The ICso values (half-
maximal inhibitory concentration) and selectivity indices
(SI) were determined for each fraction.

Notably, the total extract demonstrated
considerable antimalarial activity against both P.
falciparum D6 and W2 strains, with ICso values of
31885.1 ng/mL and 15364.8 ng/mL, respectively. The
selectivity indices (SI) for this extract were greater than
1.5 and 3.1 for D6 and W2, respectively, suggesting its
potential as a source of antimalarial drug. Moreover, the
total extract exhibited a high 1Cso value against Vero
cells, exceeding 47600 ng/mL. The petroleum fraction
also exhibited promising antimalarial activity with 1Csg
values of 18725.9 ng/mL and 15244.5 ng/mL for P.
falciparum D6 and W2, respectively. The selectivity
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Table 1. Antimalarial assay results.

Tested fraction P. falciparum D6 P.falciparumD6 P. falciparum W2 P.falciparumW2SI  VerolICs,  Test
1Cso SI 1Cso (ng/mL) concentration
(ng/mL) + SD (ng/mL) + SD
Total extract 31885.1 +180.2 >1.5 15364.8 +£ 105.4 >3.1 >47600 47600-5288.9
ng/mL
Petroleum ether 18725.9 £ 125.7 >2.5 15244.5 +105.4 >3.1 >47600 47600-5288.9
ng/mL
Methylene 36917.6 +200.1 >1.3 >47600 1 >47600 47600-5288.9
chloride ng/mL
Ethyl acetate >47600 1 >47600 1 >47600 47600-5288.9
ng/mL
n-Butanol >47600 1 >47600 1 >47600 47600-5288.9
ng/mL

indices for this fraction were greater than 2.5 and 3.1,
suggesting its selectivity toward the malaria parasite. The
methylene  chloride  fraction  displayed  strong
antimalarial activity with an 1Cso value of 36917.6 ng/mL
against P. falciparum D6, while its 1Csp against W2 was
greater than 47600 ng/mL. The selectivity index for D6
was greater than 1.3, indicating its potential as an
antimalarial agent. In contrast, the ethyl acetate and n-
butanol fractions exhibited ICsq values exceeding 47600
ng/mL against both P. falciparum D6 and W2,
suggesting limited antimalarial activity for these
fractions. The selectivity indices were 1, indicating low
selectivity for the malaria parasite.

Antioxidant activity evaluation using ABTS assay

The percentage inhibition of ABTS radicals at
different concentrations (10, 20, 40, 60, 80, and 100
pg/ml) and the calculated ICso values are presented in
Table 2.

EA extract from M. paradisiaca displayed
considerable antioxidant activity, with a progressive
increase in inhibition from 16.1% at 10 pg/mL to 78.1%
at 100 pg/mL. The ICso value for EA extract was
calculated as 48.25+0.23 pg/mL, indicating a moderate
antioxidant potential compared to L-ascorbic acid. and
highest antioxidant activity among other fractions. The
petroleum ether extract from Musa paradisiaca exhibited
a dose-dependent increase in antioxidant activity,
reaching an inhibition of 64.0% at the highest
concentration. The 1Cso value for this extract was
82.22+0.46 pg/mL, indicating a notable antioxidant
effect, although lower than both Vitamin C and EA
extract. DCM extract from Musa paradisiaca
demonstrated medium antioxidant potential, with a
percentage inhibition of 59.4% at 100 pg/mL. The ICso
value for DCM extract was 93.95+0.41 pg/mL. For the
n-butanol extract from Musa paradisiaca the 1Csp was
calculated as 126.90+0.53 pg/mL, indicating a
comparatively lower antioxidant potential compared to
other extracts and L-ascorbic acid.The cumulative
antioxidant activity of all extracts (Total) from M.
paradisiaca showed a dose-dependent increase, with a

percentage inhibition of 65.6% at 100 pg/mL. The
calculated 1Csq value for the total extract was 65.51+0.32
pg/mL, suggesting a collective antioxidant effect.

Results Interpretation and discussion:

The results of the antimalarial activity testing
indicate that the Total Extract and Petroleum Fraction of
Musa paradisiaca possess significant potential as
sources of antimalarial compounds. Their low ICsy
values against P. falciparum strains and relatively high
selectivity indices suggest their effectiveness in
inhibiting the growth of the malaria parasite while
minimizing toxicity to Vero cells. On the other hand, the
Methylene Chloride Fraction displayed promising
antimalarial activity against P. falciparum D6 but
showed limited activity against W2. In contrast, the Ethyl
Acetate and Butanol Fractions exhibited negligible
antimalarial activity, with 1Csp values exceeding 47600
ng/mL for both strains. These fractions may not be
suitable sources of antimalarial compounds. Overall, the
results of this study provide valuable insights into the
antimalarial potential of different fractions of M.
paradisiaca extracts, leading the way for future
investigations to identify and develop novel antimalarial
agents.

The ABTS assay results indicate that M.
paradisiaca extracts possess varying degrees of
antioxidant activity. particularly the Ethyl acetate and the
petroleum ether fractions exhibited noteworthy
antioxidant potential. These findings contribute valuable
insights into the potential use of Musa paradisiaca as a
natural source of antioxidants with potential health
benefits.

The correlation between the nature of the identified
constituents and the observed bioactivity and the
expected mechanism of action:

The seven compounds isolated from M.
paradisiaca have been reported to exhibit antimalarial
and antioxidant activities, with some demonstrating
both.
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Table 2. Antioxidant Activity Using ABTS Assay

Tested fraction  Conc (ug/mL)

10 20 40 60 80 100 I1Cs0 £SE

% Inhibition
L-ascorbic acid ~ 24.2 374 54.9 66.7 78.5 94.3 29.47+0.17
EA 16.1 29.4 37.2 51.6 66.7 78.1 48.25+0.23
Pet. ether 185 25.1 30.7 36.2 45.1 64.0 82.22+0.46
DCM 15.3 23.7 29.0 343 43.8 59.4 93.95+0.41
n-Butanol 7.4 16.8 245 314 38.1 46.2 126.90+0.53
Total 11.8 24.2 32.6 429 57.2 65.6 65.51+0.32

31-Norcyclolaudenone and 31-Norcyclolaudenol, are
cycloartane triterpenoids. Triterpenes, as cited in [28]
and [29], have antimalarial activity. They likely operate
through two primary mechanisms. Firstly, their
functional groups facilitate hydrogen bonding with the
parasite’s target sites: 31-Norcyclolaudenone’s ketone
group acts as a hydrogen bond acceptor, while 31-
Norcyclolaudenol’s hydroxyl group serves as a hydrogen
bond donor. This aligns with observations that
triterpenes possessing hydrogen bonding sites often
exhibit antimalarial activity [30]. Secondly, these
compounds may disrupt the malaria parasite's haem
detoxification process: During hemoglobin digestion by
Plasmodium, toxic-free haem is produced and
neutralized by converting it into hemozoin. Many
antimalarial drugs interfere with this process, causing
toxic haem accumulation and parasite death. 31-
Norcyclolaudenone and 31-Norcyclolaudenol might
similarly bind to haem, preventing detoxification and
causing toxic haem buildup [31].

p-Sitosterol, stigmasterol, and p-sitosterol-3-O-$-D-
glucoside are phytosterols, and phytosterol glucosides
are reported to possess antimalarial activity [32]. They
may act through two main mechanisms:1- Cholesterol
Competition:  Phytosterols compete  with  host
cholesterol, hindering Plasmodium's ability to synthesize
essential sterol components, thus inhibiting its growth
and replication [33].2- Immune Response Modulation:
Phytosterols enhance the host's immune response by
stimulating immune cells and cytokines, making it harder
for the parasite to survive and proliferate [34].

These compounds also exhibit antioxidant activities
by:1-Scavenging Free Radicals and directly neutralizing
them to reduce oxidative stress.2-Boosting Antioxidant
Enzymes by increasing their activity like superoxide
dismutase (SOD) and catalase [35].3-Preventing Lipid
Peroxidation and stabilizing cell membranes to prevent
lipid damage.4-Reducing Inflammation which is linked
to oxidative stress [36].

Indole-3-carboxaldehyde is a potent antioxidant due to
its phenolic hydroxyl group, which scavenges free

radicals like DPPH and ABTS by donating hydrogen
atoms to form stable phenoxyl radicals [37]. Derivatives,
such as Schiff bases complexed with metals like copper
and cobalt, enhance this antioxidant activity through
redox cycling, effectively neutralizing reactive oxygen
species and providing increased protection against
oxidative stress [38].

Methyl 3,4-dihydroxybenzoate, belonging to the class
of compounds known as benzoates (specifically a methyl
ester derivative of protocatechuic acid), like other
phenolic compounds, can neutralize free radicals by
donating hydrogen atoms or electrons, protecting cells
and tissues from oxidative damage [39]. It may also
boost the activity of key antioxidant enzymes like
superoxide dismutase (SOD) and catalase, reinforcing
the body's defense against oxidative stress [40].

Adenosine, a nucleoside consisting of an adenine
molecule attached to a ribose sugar, also possesses both
antioxidant [41] and antimalarial activities [42].
Adenosine exhibits direct antioxidant effects by
scavenging free radicals and reactive oxygen species
(ROS), thereby reducing oxidative stress and protecting
cells from damage. Additionally, by binding to Aza and
Aze adenosine receptors, adenosine modulates
inflammatory responses, which are closely associated
with oxidative stress [43]. Adenosine analogs disrupt
malaria parasite nucleic acid metabolism, essential for its
survival in human red blood cells. Although adenosine
isn't clinically used due to rapid metabolism and systemic
effects, its analogs show promise for new antimalarial
therapies [44].

Correlation between the antioxidant activity of the

extract and its antimalarial potential:

e In malaria, the Plasmodium parasite induces
oxidative stress in red blood cells by producing
reactive oxygen species (ROS) as part of its
metabolic activities, causing damage to both the
parasite and the host cells. Supplementing with
antioxidants from various sources can help
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counteract the oxidative damage caused by the
parasite during infection, thereby boosting the
overall antioxidant capacity and reducing cellular
harm in the host, potentially complementing
antimalarial therapies [45].

e As previously discussed in this study, certain
compounds isolated from M. paradisaca exhibit
dual activity as both antimalarial and antioxidant

agents. These compounds are: f-Sitosterol,
stigmasterol, p-sitosterol-3-O-f-D-glucoside, and
adenosine.

e The combined antioxidant and antimalarial effects
of phytochemicals in the plant extracts can have
synergistic effects, enhancing the overall therapeutic
potential of the extracts. The antioxidant activity
helps protect host cells and tissues, while the
antimalarial activity directly targets the parasite.

e Antioxidants play a crucial role in supporting the
host's immune system enhancing the body's ability
to combat infections and maintain overall health
[46].

CONCLUSION

To sum up, M. paradisiaca rhizome has been
deemed a promising and cheap source of bioactive
compounds. More importantly, this study has provided
substantial evidence that different extracts of M.
paradisiaca rhizome possess significant biological
activities that could be used for therapeutic applications
as anti-malarial and antioxidant. Overall, the potential of
these extracts emphasizes the value of natural products
in drug discovery and development. Future studies
should aim to isolate and elucidate the specific active
compounds responsible for these effects, evaluate their
mechanisms of action, and assess their efficacy and
safety in vivo. This could lead to the development of
novel therapeutic agents that utilize the wasted parts of
Musa paradisiaca.
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