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The rising prevalence of antimicrobial-resistant pathogens has underscored the urgent need for new compounds that can
effectively combat infectious diseases. A promising source of these compounds lies in the secondary metabolites of species
traditionally used for treating such diseases. One such species, Argyreia cuneata, a well-known medicinal plant, has
demonstrated significant potential due to its antimicrobial chemical constituents. In this study, we evaluated the
antimicrobial activities of methanolic extracts from A. cuneata leaves against various bacterial and fungal strains of
therapeutic importance. The analysis revealed that the methanolic leaf extract contained phenolic compounds at a
concentration of 2.57%, flavonoids at 1.30%, and exhibited antioxidant activity, as measured by DPPH, at 0.748%. The
results indicated that the methanolic leaf extract exhibited robust antimicrobial activity, especially against E. coli.
Furthermore, Pseudomonas fluorescens showed high susceptibility to both the methanolic leaf extract and ampicillin. In
addition, streptomycin demonstrated significant inhibitory effects against Fusarium oxysporum and Aspergillus brasiliensis.
These findings suggest that the methanolic leaf extract of A. cuneata holds considerable promise as a source of

antimicrobial agents. However, to fully harness its potential, further detailed investigation into its chemical composition is

INTRODUCTION

Plants must adapt to fluctuating ecological environments to
survive. The oxidative environment exposes living organisms to a
plethora of free radicals, including superoxide, hydroxyl radicals,
nitric oxide, and peroxynitrite. Considerable evidence supports
the pivotal role of free radicals in the genesis of diseases such as
cancer, neurodegeneration, and inflammatory conditions
(Halliwell, 2006, 2007; Ferguson, 2010). Consequently, the
importance of antioxidants in neutralizing these free radicals
cannot be overstated.

The antioxidant attributes of medicinal plants (Nandhakumar
and Indumathi, 2013) primarily stem from phenolic compounds
like flavonoids and phenolic acids, as well as from ascorbic acid
and vitamin-E (Sawadogo et al., 2006). These antioxidants
proficiently counteract the detrimental effects induced by
oxidative stress triggered by free radicals (Gruz et al., 2011).
Reactive oxygen species (ROS) or free radicals have been
implicated in the pathogenesis of numerous diseases, including
cancer and coronary conditions, owing to their toxic and
mutagenic nature. Consequently, research into naturally
occurring antioxidants has gained significant traction.
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essential. This could pave the way for the development of new, effective treatments for combating infectious diseases.

Medicinal plant's antimicrobial and antioxidant properties are
being explored worldwide, primarily due to concerns about the
toxicity of synthetic antioxidants and preservatives (Peschel et
al., 2006). Argyreia cuneata, an endemic medicinal plant found
in the southwestern regions, particularly in the Nallamalla
forest, belongs to the family Convolvulaceae.

Materials and Methods

Plant Material Collection and Authentication

Argyreia cuneata leaves were collected from the Amrabad Tiger
Reserve in Telangana for this study. The collected plant material
was authenticated by the Central Council for Research in
Ayurveda (AYUSH), Bangalore, Karnataka State, India. The leaves
underwent a series of preparatory steps, including washing,
shade drying, and pulverization.

Preparation of Extracts

The leaves that were collected were dried in the shade at room
temperature. After drying, the plant material was finely
powdered using a mechanical blender. The powdered leaves
were meticulously transferred into a Soxhlet apparatus and
subjected to extraction with methanol, maintaining
temperatures within the range of 60 to 65°C for a duration of 5
to 7 hours. Subsequently, the resulting extract underwent
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filtration using Whatman filter paper No. 1 and was further
concentrated under reduced pressure at 40°C. The concentrated
extract was carefully dried and subsequently stored in vials at
4°C, earmarked for future experimental endeavours.

Estimation of Phenols

The estimation of phenols involved determining the total
phenolic content of the methanolic leaf extract through the
Folin-Ciocalteu assessment method (Al-Owaisi et al., 2014).
Initially, 100 pl of the plant extract (1 mg/mL) was mixed with
500 pl of freshly prepared 10x diluted Folin-Ciocalteu reagent.
This mixture was allowed to stand at room temperature for five
minutes. Subsequently, 500 pl of 7.5% sodium bicarbonate
solution was added to neutralize the mixture, which was then
left at room temperature for thirty minutes, shielded from light.
The absorbance at 765 nm was measured using a UV-vis
spectrophotometer. Gallic acid served as the reference standard,
with concentrations ranging from 0 to 200 pg/mL.

Estimation of Flavonoids

The total flavonoid content of the extracts was determined using
the aluminum chloride colorimetric method, as outlined by (Al-
Owaisi et al., 2014). For the test, 100 pl of plant extract (1
mg/mL) was combined with 750 pl of 90% methanol in a test
tube. To this mixture, 50 pl of aluminum chloride (10%) and 50 pl
of 1 M potassium acetate were added. The resultant mixture was
allowed to react at room temperature for 30 minutes. After the
incubation period, the absorbance of the solution was measured
at 415 nm using a spectrophotometer. A standard curve was
established using quercetin as the reference standard,
facilitating the quantification of flavonoid content in the plant
extracts.

DPPH radical scavenging assay

The antioxidant activity of the plant extracts was evaluated
using the DPPH radical scavenging assay, following the
methodology outlined by Mongalo et al. (2018). The extracts
were prepared at various concentrations (5, 10, 15, 20, and 25
pg/mL) by combining 100 pL of each extract (dissolved in
methanol) with 900 pL of 10 mg/L DPPH solution in methanol.
Blank controls were established using DPPH and methanol, while
Trolox was utilized as the standard. Following incubation, the
absorbance was measured at 517 nm using a spectrophotometer.
Each test was conducted in triplicate to ensure accuracy and
reliability.

The capability to scavenge the DPPH radical was calculated using
the below equation.

DPPH Scavenged (%) = ((AB - As) / AB) x 100

Where AB is the absorbance of the blank solution and AS is DPPH
radical + plant extract.

Antimicrobial Testing

We evaluated the antimicrobial properties of methanolic leaf
extracts of A. cuneata using various bacterial and fungal strains.
All strains in the Microbial Type Culture Collection (MTCC) are
sourced from Chandigarh, India, and were maintained at 4°C on
nutrient agar and potato dextrose agar (PDA) mediums,
respectively.

Antibacterial Activity

The bacterial strains included two Gram-positive bacteria,
Bacillus subtilis (WTCC-3053) and Staphylococcus aureus (MTCC-
96), as well as two Gram-negative bacteria, Escherichia coli
(MTCC-424) and Pseudomonas fluorescens (WTCC-9768).
Antifungal Activity

The fungal strains tested were Fusarium oxysporum (MTCC-284)
and Aspergillus brasiliensis (MTCC-1344). We assessed the
antifungal activity using the dual-culture method. The fungi
were cultured on PDA medium, and a 5-mm-diameter agar block
was excised from a fungal culture that had been incubated for
96 hours. It was then positioned at the center of a fresh PDA
plate. Paper discs soaked in methanolic leaf extract were
positioned around the plate. After incubating for five days at 30
+ 2°C, we measured the inhibition zones to evaluate the
antifungal activity.

Results

Quantitative estimation of phenolic compounds and flavonoids
was carried out in methanolic leaf extract of A. cuneata. The
concentration of phenolic content in the leaf extract of A.
cuneata was 2.57 mg / 100 mg and the concentration of
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flavonoids in the leaf extract was found to be 1.30 mg / 100 mg
respectively (Chart-1(a and b); Table-1).

In the present investigation screening of antioxidant activity was
done by using DPPH with the methanolic leaf extracts of
A.cuneata and compared with the standard Trolox. The DPPH
radical scavenging activity was found to be 0.748 pg / pl for leaf
extract and Trolox at the concentration of 100 pg / pl (Table-1;
Chart-1(c)). According to the above data, Trolox showed higher
DPPH scavenging activity than the leaf extract at all
concentrations.

Chart 1. Estimation of Total phenolics, Total flavonoid content
and DPPH antioxidant activity in MeOH leaf extracts of A.
cuneata.
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Table 1. Total Phenolic, Flavonoid content and

Antioxidant capacity of the MeOH leaf extracts of A. cuneata.

Sample Phenolics(GA Flavonoids (QE DPPH (TR mg/g Antimicrobial
The antimicrobial results demonstrate varying degrees of
mg/g dw) mg/g dw) dw) susceptibility among different bacterial strains to the tested agents
as methanolic leaf extract and ampicillin (Fig 1, Table 2 and Chart
2).
MeOH 2.570 + 0.146 1.302 + 0.06 0.748 + 0.054 Bacillus subtillis (WTCC-3053), the zone of inhibition with methanolic
leaf extract was 0.5 cm (+0.1), and with ampicillin, it was 1.0 cm
leaf (20.1). Staphylococcus aureus (MTCC-96), the zone of inhibition with
tract methanolic leaf extract was 0.5 cm (20.1), and with ampicillin, it
extrac was 0.7 cm (20.1). E. coli (MTCC-424), the zone of inhibition with
methanolic leaf extract was 0.6 cm (+0.1), and with ampicillin, it
was 0.8 cm (+0.2). Pseudomonas fluorescens (MTCC-9768), the zone
of inhibition methanolic leaf extract was 0.4 cm (£0.1), and with
ampicillin, it was 0.6 cm (+0.1).
Table 2. Antibacterial activity Figure 1. Antibacterial effect in MeOH leaf extract of A. cuneat
Bacterial strains MeOH Ampicillin
leaf
extract
Bacillus subtilis (WTCC-3053) 0.5+ 1.0+ (0.1)
(0.1)
Staphylococcus aureus (MTCC-96) 0.5+ 0.7+ (0.1)
(0.1)
Escherichia coli (MTCC-424), 0.6 + 0.8+ (0.2)
(0.1)
Pseudomonas fluorescens (MTCC- 0.4+ 0.6+ (0.1)
9768) 0.1)

a) Bacillus subtillis b) Staphylococcus aureus c) E. coli and
d) Pseudomonas fluorescens
Ampicillin ( Standard)
2. MeOH leaf extract
Chart 2. Antibacterial activity of Methanolic leaf extract

Antibacterial activity in MeOH The antifungal results showed that the methanolic leaf extract exhibited a
44% inhibition rate against Fusarium oxysporum (MTCC-284) and a
leaf extractof A. cuneata 38% inhibition rate against Aspergillus brasiliensis (MTCC-1344). On

the other hand, Streptomycin demonstrated a higher inhibition rate of
52% against Fusarium oxysporum and 46% against Aspergillus

£
c 1 brasiliensis. These findings indicate varying degrees of antifungal
o . . e
S efficacy between the two agents tested against the specified fungal
£ 05 organisms (Figure 2. and Table 3, chart 3).
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Table 3. Antifungal activity

Organism of fungal Methanolic leaf Streptomycin
extract
Fusarium oxysporum 44% 52%
(MTCC-284)
Aspergillus brasiliensis 38% 46%
(MTCC-1344)

DISCUSSION

Our study analyzed the total phenolic and flavonoid content
within the methanolic leaf extracts of A. cuneata, revealing
notably high levels of these compounds. The considerable
antioxidant and antibacterial activities observed in these
extracts can be directly linked to their elevated phenolic and
flavonoid content. Phenolic compounds hold significant
importance in plants due to their exceptional ability to scavenge
free radicals, largely facilitated by their hydroxyl groups. This
ability makes them invaluable for quickly assessing antioxidant
activity in various contexts (Yi et al., 2007). Moreover, these
compounds play a crucial role in enhancing plants' tolerance to
oxidative stress.

Flavonoids are known for their effectiveness in scavenging
oxidizing molecules, including singlet oxygen and diverse free
radicals implicated in numerous diseases (Bravo, 1998). They
further exhibit the ability to inhibit reactive oxygen formation,
chelate trace elements crucial for free-radical production,
scavenge reactive species, and safeguard antioxidant defenses
(Agati et al., 2012). This multifaceted role underscores their
significance in combating oxidative stress and protecting
biological systems from oxidative damage.

The leaf extracts of A. cuneata in methanol exhibit notable
antibacterial properties, showcasing a pronounced -efficacy
against Gram-positive bacteria compared to Gram-negative
strains. This heightened activity against Gram-positive bacteria
can be attributed to the distinct composition of their cell
membranes, particularly the outer peptidoglycan layer which
functions as a comparatively inefficient permeability barrier.
Such an observation aligns with similar studies on the
antibacterial effects of strawberry tree leaves, which
specifically target Gram-positive bacterial strains as reported by
Orak et al. in 2011. These findings underscore A. cuneata as a
promising source for the development of broad-spectrum
antibacterial agents.

The augmented antibacterial efficacy is posited to stem from the
increased flavonoid content present in A. cuneata. Flavonoids
are renowned for their ability to disrupt metabolic processes and
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Figure 2. Antifungal effect in MeOH leaf extract of A. cuneata

a) Fusarium oxysporum (MTCC-284) and b) Aspergillus brasiliensis
(MTCC-1344)

1. Streptomycin (Standard)

2. MeOH leaf extract

Chart 3. Antifungal activity of MeOH leaf extract

Antifungal activity of MeOH leaf extract of A.
cuneata
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Fungal strains
impede nucleic acid production, mechanisms that likely
contribute significantly to their antibacterial activity as

elucidated by Cushnie and Lamb in 2005. This suggests a
potential avenue for the development of novel antibacterial
drugs with a wide range of applicability.

The use of different extraction solvents revealed that the
phenolic and flavonoid content in A. cuneata exceeded previous
findings for similar species. Our results from the methanolic
extraction support the study conducted by Wintola and Afolayan
in 2017, which found that the ethanol extract contained the
highest concentration of flavonoids. This highlights the influence
of extraction solvent polarity on the polarity of flavonoid
compounds, particularly emphasizing the increased polarity
observed in methanol. Additionally, a study by Singh and Jain in
2018 found comparable levels of flavonoids and phenolics in
methanolic extracts from various plant species, emphasizing
their important role in antioxidant activities. These combined

insights provide valuable information on the complex
relationship between extraction solvents, phytochemical
composition, and functional properties. They also offer

opportunities for improved extraction methods and potential
applications in antioxidant-based therapeutics.

The significant phenolic and flavonoid levels in A. cuneata
suggest potential health benefits, such as antioxidant, anti-
inflammatory, and anticancer properties. Although the
antioxidant activity of the methanolic leaf extract was lower
than Trolox, it indicates that A. cuneata leaf extract could be a
valuable natural antioxidant source. Further research should




isolate individual phenolic and flavonoid compounds to
understand their contributions to overall antioxidant activity.
Additional antioxidant assays, like ABTS and FRAP, could provide
a more comprehensive evaluation of the antioxidant potential.
Exploring the synergistic effects of combining these compounds
with other antioxidants might enhance properties.

The antimicrobial study showed varying efficacy of the
methanolic leaf extract and ampicillin against different bacterial
strains. Previous studies reported similar antimicrobial activities
for plant extracts and conventional antibiotics. For example,
Jain et al., (2010) found significant antibacterial activity in
methanolic leaf extracts from various plants, aligning with our
findings. The comparable zones of inhibition between the
methanolic leaf extract and ampicillin suggest potential as an
alternative or adjunct antimicrobial agent. The antimicrobial
activity could be due to bioactive compounds like phenolics,
flavonoids, and tannins, which disrupt bacterial cell walls and
inhibit protein synthesis (Deepti et al., 2012). Further research
should isolate and identify these active compounds and
understand their specific mechanisms of action. Combining
methanolic leaf extracts with conventional antibiotics might

CONCLUSION

The methanolic leaf extract of A. cuneata, rich in phenolic
compounds and flavonoids, demonstrates significant antioxidant
activity, underscoring its potential as a natural antioxidant
source. Its ability to scavenge DPPH radicals and comparable
antimicrobial efficacy to ampicillin and Streptomycin against
various bacterial and fungal strains highlighted its dual health
benefits. These findings support the potential applications of A.
cuneata in nutraceuticals, functional foods, and antimicrobial
therapy. Further research is needed to optimize its use and fully
understand its bioactive mechanisms, paving the way for its
integration into health-promoting and therapeutic applications.
Acknowledgments

The authors would like to thank the Department of Botany,
Osmania University, Hyderabad, Telangana state, India, and
Central Council for Research in Ayurveda (AYUSH), Bangalore,
Karnataka State, India. for providing necessary facilities for this
work.

Competing interests

The authors declare that they have no competing interests
Funding

No external funding received for this study.

Availability of data

All the data produced presented in this paper

REFERENCES

e  Agati, G., Azzarello, E., Pollastri, S., Tattini, M (2012).
Flavonoids as antioxidants in plants: location and
functional significance. Plant Sci. 196, 67-76.

e Aqil, F, Zahin, M., Ahmad, I., Owais, M., Khan, M.S.A.,
Bansal, S.S. and Farooq, S. (2010). Antifungal activity
of medicinal plant extracts and phytocompounds: a
review. Combating fungal infections: problems and
remedy, pp.449-484.

e  Al-Owaisi M., N. Al-Hadiwi, S. Khan (2014), GC-MS
analysis, determination of total phenolics, flavonoid
content and free radical scavenging activities of
various crude extracts of Moringa peregrina (Forssk.)
Fiori leaves, Asian Pac. J. Trop. Biomed. 4; 964-970,
https://doi.org/10.12980/APJTB.4.201414B295.

e Aryal S, M.K. Baniya, K. Danekhu, P. Kunwar, R.
Gurung, N. Koirala, (2019). Total phenolic content,
flavonoid content and antioxidant potential of wild
vegetables from western Nepal, Plants 8,
https://doi.org/10.3390/plants8040096.

. Auwal M.S., Saka S., l.A. Mairiga, K.A. Sanda, A.
Shuaibu, A. Ibrahim, (2014). Preliminary phytochemical
and elemental analysis of aqueous and fractionated
pod extracts of Acacia nilotica (Thorn mimosa), Vet.
Res. Forum an Int. Q. J. 5;95-100.

108

enhance antimicrobial efficacy and reduce antibiotic resistance,
as demonstrated by Patel et al., (2021).

Previous studies documented the antifungal properties of various
plant extracts and conventional antibiotics. For instance, Gupta
et al., (2024) reported methanolic extracts from different plants
inhibited Fusarium species, aligning with our 44% inhibition of
Fusarium oxysporum. Deep et al., (2020) noted Streptomycin's
inhibitory effects against multiple fungal strains, corroborating
our fungal pathogens. While the methanolic leaf extract has
notable antifungal activity, its efficacy is somewhat lower than
Streptomycin. This suggests that plant-based extracts could be
complementary antifungal agents but may require higher
concentrations or combination therapies to match conventional
antibiotics' potency. The antifungal activity might involve
bioactive compounds like flavonoids, alkaloids, and terpenoids,
which disrupt fungal cell walls and inhibit spore germination
(Aqil et al., 2010). Further phytochemical analysis and isolation
of specific active compounds could enhance antifungal
properties. Combining methanolic leaf extracts with established
antifungal agents like Streptomycin could achieve improved
efficacy and reduce synthetic antibiotics' dosages, mitigating
side effects and resistance issues.

e Bravo, L. (1998). Polyphenols: chemistry, dietary
sources, metabolism and nutritional significance. Nutr.
Rev. 56, 317-333.

. Cushnie, T.P.T., Lamb, A.J., (2005). Antimicrobial
activity of flavonoids. Int. J. Antimicrob. Agents 26,
343-356.

e  Deep, Sonika, Durga Prasad, and Subhashish Sarkhel,
(2020). Evaluation of antibiotics, fungi toxicants and
botanicals against Xanthomonas oryzae pv. oryzae, a
cause of bacterial leaf blight of rice.1-8.

e Deepti, K., Umadevi, P. and Vijayalakshmi, G.,(2012).
Antimicrobial activity and phytochemical analysis of
Morinda tinctoria Roxb. leaf extracts. Asian Pacific
journal of tropical Biomedicine, 2(3), pp.51440-51442.

. E. Igbal, K.A. Salim, L.B.L. Lim, (2015). Phytochemical
screening, total phenolics and antioxidant activities of
bark and leaf extracts of Goniothalamus velutinus (Airy
Shaw) from Brunei Darussalam, J. King Saud Univ. Sci.
27;224-232,
https://doi.org/10.1016/j.jksus.2015.02.003.

. Ferguson, L.R., (2010). Chronic inflammation and
mutagenesis. Mutat. Res. Fund. Mol. M. 690, 3-11.

. Gupta, PK., Kaur, M., Chitara, M.K., Mishra, D. and
Kushwaha, K.P.S, (2024). GC-MS Profiling of Tinospora
cordifolia (Giloy) stem extract for identification of
antifungal compounds against Macrophomina
phaseolina causing dry root rot of Mungbean [Vigha
radiata (L.) Wilczek].

e  Gruz J, Ayaz FA, Torun H (2011). Phenolic acid content
and radical scavenging activity of extracts from medlar
(Mespilus germanica L.) fruit at different stages of
ripening. Food Chem;124:271-277.

. Halliwell, B., (2006). Oxidative stress and
neurodegeneration; where are we now? J. Neurochem.
97, 1634-1658.

. Halliwell, B., (2007). Oxidative stress and cancer: have
we moved forward? Biochemical Journal, 401(1), pp.1-
11.

e Jain, P, Bansal, D., Bhasin, P.A. and Anjali, A., (2010).
Antimicrobial activity and phytochemical screening of
five wild plants against Escherichia coli, Bacillus
subtilis and Staphylococcus aureus. J Pharm Res, 3(6),
pp.1260-1262.

. Jayaprakasha, G.K., Rao, L.J. and Sakariah, K.K.,
(2004). Antioxidant activities of flavidin in different in
vitro model systems. Bioorganic & medicinal chemistry,
12(19), pp.5141-5146.

. Mongalo N.l., P.M. Dikhoba, S.0. Soyingbe, T.J.
Makhafola (2018). Antifungal, anti-oxidant activity and
cytotoxicity of South African medicinal plants against




mycotoxigenic fungi, Heliyon 4;e00973,
https://doi.org/10.1016/j.heliyon.2018.e00973.
Nandhakumar E, Indumathi P (2013). In vitro
antioxidant activities of methanol and aqueous extract
of Annona squamosa (L.) fruit pulp. J Acupunct
Meridian Stud;6:142-148.

Orak H.H, Yagar H, Isbilir S.S., Demirci A.S, Gu™ mu” s,
T., Ekinci, N. (2011). Evaluation of antioxidant and
antimicrobial potential of strawberry tree (Arbutus
Unedo L.) leaf. Food Sci. Biotechnol. 20, 1249-1256.
Patel, J.K., Joshi, C.K. and Sharma, M.K., (2021).
Prunella vulgaris L. Potentiates Answer to the
Emergence of Dreaded Antibiotic Resistance. Journal
of Pure & Applied Microbiology, 15(3).

Peschel, W., Sanchez-Rabaneda, F., Dieckmann, W.,
Plescher, A., Gartzia, | (2006). An industrial approach
in the search of natural antioxidants from vegetable
and fruit wastes. Food Chem. 97, 137-150.

Sawadogo, Wamtinga Richard, Aline Meda, Charles
Euloge Lamien, Martin Kiendrebeogo, Innocent Pierre
Guissou, and Odile Germaine Nacoulma (2006).
Phenolic content and antioxidant activity of six
Acanthaceae from Burkina Faso.249-252.

Singh M, and Jain AP, (2018). Qualitative and
quantitative determination of secondary metabolites
and antioxidant potential of Nymphaea nouchali
flowers, J. Drug Deliv. Therapeut. 8;111-115,
https://doi.org/10.22270/jddt.v8i6-s.2095.

Singh, P., & Kumar, V. (2020). "Efficacy of ampicillin
against common bacterial pathogens.” Antimicrobial
Agents Journal, 68(2), 112-119.

T.A. Sokamte, P.D. Mbougueng, B.T.M. Ntsamo, N.T.
Noumo, N.L. Tatsadjieu, (2018). Antioxidant and
antimicrobial activities of two edibles spices from
Cameroon and quantification of their major phenolic
compounds, Int. Food Res. J. 25 ;2352-2361.

Wintola O.A., Afolayan A.J. (2017). Aspects of
medicinal activities of the stem bark extracts of
Curtisiadentata(Burm.F.),Int.J.Pharmacol.13;237-
246://doi.org/10.3923/ijp.2017.237.246.

Yi O, Jovel, E.M., Towers, N.G.H., Wahbe, T.R., Cho,
D., (2007). Antioxidant and antimicrobial activities of
native Rosa sp. from British Columbia, Canada. Int. J.
Food Sci. Nutr. 58, 178-189.

109




