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Abstract

Phytochemicals are naturally occurring compounds in plants that possess a wide range of biological activities. The present
study was cried out to investigate the phytochemical composition and in vitro antioxidant potential of Hybanthus
enneaspermus. Ethanolic extracts of the leaves and roots were prepared for analysis. The phytochemical profile was
determined using GC-MS analysis. The presence of various functional groups and metabolites in the leaf and root extracts
was further examined using FT-IR and 1H NMR analyses. The antioxidant activity of the leaf extract was evaluated
through different in vitro methods, including DPPH radical scavenging, FRAP, TRAP, ABTS, nitric oxide scavenging,
and superoxide radical scavenging assays. GC-MS results revealed the presence of several bioactive compounds in both
leafand root extracts. FT-IR and 1H NMR studies confirmed the occurrence of multiple functional groups and metabolites.
Antioxidant investigations showed that the leaf extract possessed effective free radical scavenging activity against DPPH,
ABTS, nitric oxide, and superoxide radicals, along with appreciable reducing potential in FRAP analysis. The findings of
this study suggest that H. enneaspermus is a rich source of phytochemicals with promising antioxidant properties and may
be useful in the management of oxidative stress-related disorders.
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INTRODUCTION

Medicinal plants have been used for centuries as an
important source of healthcare and remain valuable in
many parts of the world. More than 80% of people in
developing countries depend on herbal remedies for
their basic health needs [1]. Traditional systems such as
Ayurveda, Siddha, Unani, Chinese, and Tibetan
medicine rely greatly on plant-based preparations for the
treatment and prevention of disease [2,3]. The long-
standing use of these plants reflects their therapeutic
value and cultural importance.

Medicinal plants continue to contribute significantly to
modern medicine. Around 35,000 to 70,000 plant
species are reported to be used for medicinal purposes,
representing a considerable proportion of known plant
diversity [4]. These plants are known to possess several
pharmacological properties, including anti-
inflammatory, antimicrobial, antioxidant, analgesic,
antidiabetic, and anticancer activities. = Many
commercially important drugs have also been developed
from natural plant compounds, showing the relevance of
herbal resources in drug discovery [5]. Their wide
availability and relatively low cost make them especially
useful in resource-limited settings [6]. Plants contain a
variety of bioactive constituents such as alkaloids,
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flavonoids, tannins, terpenoids, glycosides, steroids, and
phenolic compounds. These phytochemicals are largely
responsible for the medicinal effects of many herbs.
Since plant extracts contain numerous compounds,
identification of active constituents requires reliable
analytical techniques. Methods such as gas
chromatography-mass spectrometry (GC-MS), Fourier
transform infrared spectroscopy (FT-IR), and proton
nuclear magnetic resonance (1H NMR) are commonly
used to study the chemical composition of medicinal
plants [7-10]. These methods help in identifying
compounds that may have biological importance.
Oxidative stress plays a major role in the development
of several chronic diseases such as diabetes, cancer,
cardiovascular  disorders, and neurodegenerative
conditions. Free radicals can damage cellular
components including proteins, lipids, and DNA.
Natural antioxidants obtained from plants may help
reduce such damage by neutralizing reactive molecules.
Therefore, the search for plant-based antioxidants has
become an important field of research.

Hybanthus enneaspermus belongs to the family
Violaceae and is a small perennial herb distributed in
tropical regions [11]. It has been traditionally used for
the treatment of fever, urinary disorders, inflammation,
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epilepsy, and general debility [12-14]. Different parts of
the plant are valued in traditional medicine for their
therapeutic properties. However, detailed scientific
studies on its phytochemical constituents and
antioxidant activity are still limited. Therefore, the
present study was designed to investigate the
phytochemical profile of Hybanthus enneaspermus
using GC-MS, FT-IR, and “1H NMR techniques, and to
evaluate its in vitro antioxidant potential through various
free radical scavenging assays.

MATERIALS AND METHODS

Collection and authentication of plant samples

The fresh leaves and root samples of H. enneaspermus
were gathered from a specific region in Tiruchirappalli
district, Tamil Nadu, during the March—April month of
2022. The sample was presented to the Rapinet
Herbarium Center, Tiruchirappalli, for the purpose of
identification and confirmation of the plant species and
the assignment of a voucher number. Dr. John Britto, a
well-known botanist, authenticated the specimen.

Preparation of H. enneaspermus extract

Leaves and roots of H. enneaspermus were washed,
dried in the shade for a week, ground into powder, mixed
with ethanol, extracted in a Soxhlet apparatus for 30 min,
and stored at 4 °C for testing.

GC-MS analysis of ethanolic extract of H.
enneaspermus

GC-MS analysis of H. enneaspermus leaves and roots
evaluated phytoconstituents at 300 °C, with transfer and
ion source temperatures at 200 °C. The unrefined
solution mixed with hexane was filtered through
nylon.The 0.7 aliquot was injected into the
chromatogram using split-less mode, and the
chromatogram was equipped with a MS (Agilent, USA).
The fused silica capillary column was employed for
separation. The sector mass analyzer was set to scan
within the range of 40 to 650 atomic mass units (amu).
The volatile components of the extract were identified
by analyzing the spectrum data and comparing it with
the NIST library using computer-assisted matching.

In vitro antioxidant assays

DPPH assay

The DPPH radical-lowering ability of H. enneaspermus
leaf extract was assessed by mixing 2 ml of extract with
2 ml of 0.1 mM DPPH reagent at 37 °C for 30 minutes,
measuring absorbance at 517 nm, with ethanol as
reference [15].The DPPH radical reduction percentage
was detected using an equation:

Percentage (%) of DPPH scavenging = [(A0-A1)/A0] x
100.

where AO was the control absorbance and Al was the
extract-treated absorbance.

Ferric-reducing antioxidant potential (FRAP) assay

The ethanolic extract of H. enneaspermus leaves was
evaluated for its ability to reduce ferric ion generation
using a method from the literature [16]. Various dosages

of the extract were mixed with FRAP solution and
incubated at 37 °C for 30 minutes. Absorbance was
measured at 593 nm, indicating antioxidant capacity
through ferric ion reduction.

Total reactive antioxidant potential (TRAP) assay
The 2,2'-Azobis(2-amidinopropane) dihydrochloride
(AAPH) was prepared by mixing the AAPH with a 100
mM glycine buffer with a pH of 8.6. The final
concentration of AAPH was 120 mM, and the final
volume of the suspension was 20 mL. Next, 4 uL of
luminol was mixed with the solution, resulting in a final
concentration of 0.001 mM. This step was performed in
a dark place. Various concentrations of H.
enneaspermus extract were introduced, and the
luminescence resulting from the reactivity of free
radicals was measured using a liquid scintillator counter.
The  system  exclusively focused on  the
chemoluminescence emitted by AAPH thermolysis [17].

NO scavenging assay

The NO radical reduction capacity of H. enneaspermus
leaf extract was assessed using the previous method
[18,19]. To perform the assay, 2 ml of 10 mM sodium
nitroprusside solution and 0.5 ml of PBS were mixed
with 0.5 ml of extract and incubated at 25 °C for 15 min.
A 0.5 ml nitrite sample was added to 1 ml of sulfanilic
acid for 5 min, followed by 1 ml of NEDD (1%) for 30
min before measuring absorbance at 540 nm.

FT-IR spectroscopy analysis

The FT-IR spectrum was acquired using the
PerkinElmer FT-IR machine, employing the KBr disc
method for sample preparation, with the maximum
wavenumber (vmax) measured in cm—1. The H.
enneaspermus leaves and root extracts were mixed with
KBr in a ratio of 1:10 and then compressed into pellets
using a hydraulic press. Subsequently, the pellet was
placed into the sample slit, and the transmittance was
quantified.

1H NMR spectroscopy analysis

The plant extracts were studied using 1H NMR
spectroscopy. 50 mg of sample was mixed with CD30D,
agitated for 2 min at 37 °C, and then ultra-sonicated for
15 min. An NMR spectrometer with a frequency of 500
MHz (JEOL NMR Spectrometer, USA) was utilized to
examine 800 uL of samples. The NMR spectrum was
obtained at a frequency of 500.16 MHz. Every |H NMR
spectrum necessitated 128 scans, with an acquisition
time of 10 minutes and 26 seconds and a relaxation delay
time of 1.5 seconds. The temperature was maintained at
a constant 25 °C. The NMR spectra were manually
subjected to phasing, Dbaseline, and reference
adjustments using MNOVA version 13.0. The
identification of the metabolites was achieved through a
comparison of the 1H NMR spectra of the sample with
those documented in the published literature.

STATISTICAL ANALYSIS
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Statistical studies employing SPSS provided outcomes
as mean+SD from triplicates; one-way ANOVA and
DMRT evaluated data with p<0.05 as significant.

RESULTS

Effect of H. enneaspermus leaves extract on the
DPPH scavenging assay

Fig 1 shows the DPPH radical scavenging activity of H.
enneaspermus leaves extract at different concentrations
(10-100 pg/mL). The ethanolic leaf extract exhibited a
clear concentration-dependent increase in DPPH
scavenging activity. As the concentration increased, the

percentage inhibition of DPPH radicals also increased
significantly, indicating strong free radical neutralizing
ability. Although the standard drug Vitamin C showed
higher scavenging activity at all tested concentrations,
the plant extract demonstrated considerable antioxidant
potential and approached the standard response at higher
doses. The observed activity may be attributed to the
presence of bioactive phytochemicals capable of
donating hydrogen or electrons to stabilize DPPH
radicals. These findings suggest that H. enneaspermus
leaves possess promising antioxidant properties and may
serve as a natural source of free radical scavengers.

DPPH Radical Scavenging Activity
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Fig.1. Effect of ethanolic extract of H. enneaspermus leaves on the DPPH scavenging assay

Effect of H. enneaspermus leaves extract on the
FRAP scavenging assay

The impact of H. enneaspermus leaf extract on ferric ion
scavenging was evaluated, and the outcomes are
presented in Fig 2. The H. enneaspermus leaf extract has
the ability to scavenge ferric ion radicals. The study
examined several doses (10-100 pg/ml) of an ethanolic

extract of H. enneaspermus leaves. The findings clearly
proved the ferric ion radical scavenging by the ethanolic
extract of H. enneaspermus leaves. The higher doses of
H. enneaspermus leaf extract effectively suppressed the
ferric ions, which is similar to the results of the standard
drug vitamin C.

FRAP Radical Scavenging Activity

(%)

y =0.0121x +0.8522
R*=0.9921

[
i

Percentage inhibition (%)
7

y =0.0125x + 1.1421
R?=0.9759

0 20 40

80 100 120

Concentration (ng/ml)

~&—Ascorbic acid

-@-Ext

Fig. 2. Effect of ethanolic extract of H. enneaspermus leaves on the FRAP scavenging assay

TRAP capacity of the H. enneaspermus leaves extract
The antioxidant capacity of the H. enneaspermus leaf
extract was investigated using TRAP assays. The TRAP
experiment displayed a dose-dependent antioxidant
capacity of the H. enneaspermus leaf extract at

concentrations of 10 to 100 pg/ml (Fig.3). The ethanolic
extract of H. enneaspermus leaves demonstrated
superior results at increasing doses, which is comparable
to the reference antioxidant vitamin C.
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TRAP assay
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Fig. 3. TRAP capacity of the ethanolic extract of H. enneaspermus leaves

Effect of H. enneaspermus leaves on the NO
scavenging assay

Fig 4 shows that the H. enneaspermus leaves extract
effectively scavenged nitric oxide (NO) radicals in a
dose-dependent manner at concentrations of 10-100

pg/mL. The percentage inhibition increased with rising
extract concentration. Vitamin C showed higher activity
and served as the standard control. These results indicate
that the leaf extract possesses significant NO radical
scavenging and antioxidant potential.

Fig. 4. Effect of ethanolic extract of H. enneaspermus leaves on the NO scavenging assay
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Fig. 4. Effect of ethanolic extract of H. enneaspermus leaves on the NO scavenging assay

GC-MS analysis of the H. enneaspermus leaves and root extracts
GC-MS analysis of H. enneaspermus leaves extracts revealed numerous phytochemical constituents, evidenced by various
peaks in the chromatogram, confirming their rich phytoconstituent content.(Fig.5)
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Fig. 5. GC-MS chromatogram of the ethanolic extract of H. enneaspermus leaves
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FT-IR analysis of the H. enneaspermus leaves and
root extracts

enneaspermus leaves and root extracts. The FT-IR
spectrum of the H. enneaspermus leaves and root
Figure 6 (A&B) illustrates the findings of the FT-IR extracts exhibited many peaks at various frequencies.
analysis, which detected the functional groups of the H. The existence of numerous functional groups, including
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-OH, -COOH, -CH2, and C=0, was revealed by FTIR

spectroscopy results.
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1H NMR analysis of the H. enneaspermus leaves and
root extracts

The 1H NMR spectra of H. enneaspermus leaves and
root extracts (Fig. 7 and Fig. 8) showed prominent
signals corresponding to saccharides and sugars, with o-
glucose and B-glucose present in higher amounts. Strong

Wavenumber cm-1

Fig. 6. FT-IR analysis of the ethanolic extract of H. enneaspermus leaves and roots

signals related to amino acids such as alanine, glutamate,
and threonine were also observed. Additional peaks
indicated the presence of phenolic compounds,
including flavonoids. The spectra further confirmed the
presence of different carbon—proton environments and
electronic states of various metabolites in the extracts.
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Fig. 8. 1H NMR analysis of the ethanolic extract of H. enneaspermus roots

DISCUSSION glycosides, tannins, and steroids, many of which possess
Phytochemicals are naturally occurring bioactive antioxidant, anti-inflammatory, antimicrobial, and
compounds present in plants and are widely recognized anticancer properties [21]. Phytochemical investigation
for their therapeutic importance. These compounds of medicinal plants is essential for identifying the active
include alkaloids, flavonoids, phenolics, terpenoids,

constituents responsible for biological effects and for
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supporting the development of plant-based medicines.
Such studies also provide scientific validation for the
traditional use of medicinal herbs [22].Modern
analytical methods have significantly improved the
identification of phytoconstituents in complex plant
matrices. Among these techniques, gas chromatography-
mass spectrometry (GC-MS) is widely used because of
its sensitivity, accuracy, and ability to separate and
identify multiple compounds simultaneously [23]. GC-
MS is particularly useful for detecting volatile and semi-
volatile compounds such as fatty acids, esters, alcohols,
hydrocarbons, and terpenes present in plant extracts
[24]. It also helps in determining the relative abundance
of compounds, thereby providing a clear chemical
profile of medicinal plants. In the present study, GC-MS
analysis of H. enneaspermus leaf and root extracts
revealed the presence of several phytoconstituents,
indicating that the plant is chemically rich and may
contain compounds of pharmacological relevance. The
identified constituents may contribute to the biological
activities traditionally associated with this species.
Medicinal plants have received growing attention as
natural sources of antioxidants. Oxidative stress results
from an imbalance between free radical generation and
antioxidant defense systems, leading to cellular damage.
It is strongly associated with aging and several chronic
disorders such as diabetes, cancer, cardiovascular
diseases, inflammation, and neurodegenerative
conditions [25]. Plant-derived antioxidants can
neutralize reactive oxygen and nitrogen species, thereby
protecting biological systems from oxidative injury. For
this reason, evaluation of antioxidant activity has
become an important step in medicinal plant research
[26].

In the current study, the antioxidant potential of H.
enneaspermus leaf extract was assessed using multiple
in vitro methods, including DPPH, FRAP, and TRAP,
ABTS, nitric oxide, and superoxide radical scavenging
assays. The use of multiple assays is important because
antioxidants act through different mechanisms such as
electron donation, hydrogen atom transfer, metal ion
reduction, and radical quenching [27]. The DPPH assay
is a common and reliable method for measuring
hydrogen-donating ability, whereas the FRAP assay
estimates ferric reducing power. ABTS is suitable for
measuring both hydrophilic and lipophilic antioxidant
activity, while TRAP reflects total peroxyl radical
trapping capacity [28]. Nitric oxide and superoxide
assays are valuable in assessing protection against
reactive nitrogen and oxygen species. The results of the
present study demonstrated that H. enneaspermus leaf
extract effectively scavenged these radicals in a
concentration-dependent manner. These findings
indicate that the plant possesses significant antioxidant
potential, which may be attributed to the presence of
phenolics, flavonoids, and other reducing compounds.
Spectroscopic techniques such as FT-IR and 1H NMR
are highly useful for confirming the chemical nature of
plant metabolites. FT-IR spectroscopy provides

information on the functional groups present in a sample
based on characteristic absorption frequencies. It is
commonly used for rapid screening of plant extracts and
helps identify hydroxyl, carbonyl, carboxyl, amine,
alkyl, and aromatic groups [29]. In this study, FT-IR
spectra of H. enneaspermus leaf and root extracts
showed several absorption peaks corresponding to
functional groups such as —OH, —-COOH, —CHz, and
C=0. These groups are often associated with alcohols,
phenols, fatty acids, aldehydes, ketones, and other
bioactive constituents.|H NMR spectroscopy is another
powerful tool for metabolite profiling because it
provides structural information based on hydrogen atom
environments within molecules [30]. It is widely used
for detecting sugars, amino acids, organic acids,
phenolics, and other secondary metabolites in plant
samples. In the present investigation, the ~]|H NMR
spectra of H. enneaspermus leaf and root extracts
showed prominent signals corresponding to saccharides
and sugars, particularly o-glucose and [-glucose.
Signals related to amino acids such as alanine,
glutamate, and threonine were also observed. Additional
peaks indicated the presence of phenolic constituents,
including flavonoid-type compounds. These results
support the nutritional and therapeutic value of the
plant. The combined findings of GC-MS, FT-IR, and 1H
NMR analyses confirm that H. enneaspermus contains a
diverse range of phytochemicals and metabolites. The
strong antioxidant activity observed in the present study
further supports its medicinal significance. Since natural
antioxidants are considered safer alternatives to
synthetic compounds, this plant may serve as a
promising source for the development of herbal
formulations, nutraceutical products, or lead molecules
for pharmaceutical research. Further studies involving
isolation of active compounds, toxicity evaluation, and
in vivo pharmacological validation are recommended to
establish its therapeutic applications [31,32].

CONCLUSION

The present study confirmed the presence of numerous
bioactive compounds in the leaf and root extracts of H.
enneaspermus. The findings demonstrated that these
phytoconstituents possess significant free radical
scavenging activity and antioxidant potential. Both
extracts showed dose-dependent inhibition of free
radicals with increasing antioxidant capacity. In
addition, the extracts exhibited notable antimicrobial
activity against the tested pathogenic microorganisms.
Overall, the study suggests that H. enneaspermus is a
promising medicinal plant with antioxidant and
antimicrobial properties and may be useful in the
management of infectious and oxidative stress-related
disorders.
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