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Oxidation and inflammation are key contributors to
chronic diseases such as cancer, cardiovascular disorders,
and neurodegeneration. Reactive oxygen species (ROS)
cause cellular damage, while chronic inflammation can
worsen health outcomes. Antioxidants, though protective
against ROS, may have adverse effects when excessively
supplemented. This research highlights the importance of
natural sources for the extraction of Thunbergia fragrans,
a medicinal plant, was studied for its antioxidant and anti-
inflammatory = properties  using  2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging and membrane
stabilization assays. Methanol extracts of both leaf and
stem showed strong bioactivity (51.63% and 60.32%,
respectively), with the leaf extracts nearing the efficacy of
diclofenac, the standard anti-inflammatory drug. In
contrast, aqueous extracts showed lower activity (79.26),
underscoring the role of methanol (97.6) in extracting
bioactive compounds. These findings suggest that
Thunbergia fragrans is a promising source of natural
therapeutic agents. Further research is needed to isolate
and characterize the specific compounds responsible for
the observed effects.
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Introduction

The concept of oxidation refers to a chemical
reaction in which electrons are transferred,
resulting in the generation of ROS. These ROS, if
accumulated in excess, can cause cellular
damage, contributing to diseases such as cancer,
cardiovascular disease, and neurodegenerative
disorders [1]. The historical background of
antioxidants dates back to the early 20th century,
with the first discoveries related to free radicals.
The term “free radical” was first used by the
German chemist Hermann Alexander in 1900,
but it was not until the 1950s that the
importance of these species in biological systems
gained attention [2]. In the following decades,
the study of antioxidants was enriched by many
important contributors. The work of Paul
Berthold and later Nobel laureate Linus Pauling
greatly emphasized the role of specific vitamins
as antioxidants. Pauling’s promotion of high-
dose vitamin C as a cure for many diseases
sparked extensive debate and research [3]. His
proposal, although controversial, led to much

research on the role of vitamin C in reducing
oxidative stress and
function. Despite strong support for the positive
effects of antioxidants, a growing body of
literature highlights potential negative aspects.
The dual nature of antioxidants is essential to
understanding their different effects on health.
While antioxidants can neutralize free radicals
and prevent oxidative damage,
supplementation can lead to adverse effects.
High levels of vitamin E, for instance, have been
linked to a higher risk of hemorrhagic stroke [4].
In addition, some studies have shown that
antioxidants can promote tumor growth in
certain contexts, suggesting that the complex
interplay between oxidative stress and cell

improving immune

excessive

signaling pathways inherently complicates the
antioxidant narrative [5]. Antioxidants work in
several ways to provide their protective benefits.
They can scavenge free radicals, chelate metals
that catalyze oxidation, and promote the repair
of oxidative damage. Many compounds have
antioxidants, including
polyphenols found in fruits and vegetables,

been identified as
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flavonoids, and carotenoids. Eating foods rich in
these compounds has been associated with
health According to
epidemiological research, diets high in fruits and
vegetables are linked with a reduced occurrence
of chronic diseases [6]. Although dietary
antioxidant intake is beneficial, the role of
supplements controversial. The
usefulness supplements in
reducing the incidence of chronic diseases has
been the subject of conflicting clinical studies.
Some studies have that certain
antioxidants, when used alone, may not
reproduce the beneficial effects of whole foods,
suggesting that the synergistic properties of
nutrients in their natural context may be
important for their effectiveness [7]. Therefore,
the general consensus among nutritionists and
health professionals favors eating a diet rich in
antioxidants derived from whole foods rather
than relying on supplements. Inflammation is a
complex biological response of the body's
immune system to eliminate harmful stimuli,
such as pathogens, damaged cells, and irritants.
Although inflammation is a protective
mechanism, chronic inflammation is
increasingly recognized as a factor in many
diseases, including arthritis,
disease, and even some cancers. The search for
anti-inflammatory agents has led to significant
advances in medical science, nutrition, and
pharmacology. This research article explores the
historical background of anti-inflammatory
research, highlights key figures in the field, and
considers the positive and negative aspects
associated with anti-inflammatory treatments.

various benefits.

remains
of antioxidant

shown

cardiovascular

With advances in biochemistry and molecular
biology, researchers have gained a better
understanding of the complex pathways of
Notably, the discovery of
cytokines, such as interleukin-6 and tumor
necrosis factor alpha, has highlighted the role of
inflammation in chronic diseases [8]. The advent

inflammation.

of biologic therapies aimed at targeting specific
pathways in the inflammatory response has
revolutionized the treatment of autoimmune and
inflammatory diseases. Although the benefits of
anti-inflammatory treatments are significant,
they do have negative aspects. For example,
long-term use of traditional NSAIDs (Non-
Steroidal Anti-Inflammatory Drugs) has been
associated with gastrointestinal complications,
renal failure, and increased cardiovascular risk
[9]. Aspirin, although beneficial for its anti-
inflammatory and antithrombotic effects, can
lead to gastrointestinal bleeding and ulceration.
Additionally, the increased prescription of
opioids for the management of
inflammatory pain raises another level of
concern; the risk of addiction and the public
health crisis surrounding opioid misuse have
raised awareness of the importance of balancing
pain relief with the risk of addiction. The
exploration of dietary anti-inflammatory agents
has become popular in recent years. Research
has highlighted the role of anti-inflammatory
foods—such as fruits, vegetables, nuts, and
omega-3 fatty acids—in reducing the risk of
chronic inflammation. The Mediterranean diet,
rich in these foods, has been associated with
lower rates of inflammatory diseases and has
attracted attention for its potential health
benefits [10]. However, the effectiveness of
dietary interventions can be inconsistent, and
individual responses to dietary changes can vary
considerably. Additionally, the availability and
accessibility of anti-inflammatory foods can be
problematic for low-income individuals, which
may lead to disparities in health outcomes. The

severe

primary objective of this research article is to
investigate  the
inflammatory activity of Thunbergia fragrans.
DPPH radical scavenging assay and reducing
power assay tests were performed to determine

antioxidant and  anti-

antioxidant activity. The membrane stabilization
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assay was performed to determine anti-
inflammatory activity.

Objectives

1. To investigate the antioxidant activity of
Thunbergia fragrans.

2. To the anti-inflammatory
properties of Thunbergia fragrans.

determine

Experimental
Material and methods
DPPH radical scavenging assay

The DPPH radical scavenging assay is the
most technique for
exploring the antioxidant potential of different
compounds, both natural and synthetic. This
approach can evaluate the antioxidant activity of
plant extracts and isolated molecules that are
either hydrophilic or hydrophobic. Within this
assay, DPPH functions as a stable free radical.
The antioxidant capacity of the tested molecule
is established by the extent of DPPH reduction in
methanol due to the hydrogen-donating action of
the antioxidant test molecule, converting DPPH
into a nonradical form [11]. In the procedure, 2.9
mL of a 0.3 mM DPPH solution in methanol was
added to 0.1 mL of the test compound at different
concentrations, namely 1 g/mL, 5 g/mL, 10
g/mL, and 20 gm/mL (n = 3). The mixture was
thoroughly agitated and allowed to sit at room
temperature for 30 min undisturbed. As a
standard, 10 pg/mL of ascorbic acid was utilized,
while methanol acted as a blank. A negative

commonly employed

control consisted of 3 mL of DPPH in methanol. A
spectrophotometer at 517 nm was used to
measure the decrease in absorbance. Equation 1
is utilized for calculating the scavenging activity:

%]Inhibition
Absorbance of Control — Absorbance of Sample)

Absorbance of Control
X 100 €Y

The half-maximal inhibitory concentration
(ICsp) is calculated by plotting percent inhibition
as a function of the sample (antioxidant).

Reducing power assay

The reducing ability of Thunbergia fragrans
extracts was assessed using the potassium
ferricyanide approach [12]. One mL of methanol
extract at varying concentrations (20-120
ug/mL) was combined with phosphate buffer (1
mL, 02 M, and pH 6.6) and potassium
ferricyanide [KsFe(CN)e¢] (1 mL, 1 % w/v). The
resulting mixtures were then incubated in a
water bath at 50 °C for 20 min. To each mixture,
500 pL of trichloroacetic acid (10 % w/v) was
introduced, followed by the addition of 100 pL of
ferric chloride (0.01 %, w/v) and mixed
thoroughly. The absorbance was measured with
a UV-Visible spectrophotometer at a wavelength
of 700 nm. Ascorbic acid served as the standard
reference for this experiment.

Anti-inflammatory Membrane

stabilization assay

activity:

Preparation of red blood cell (RBC) suspension

To perform a membrane stabilization assay,
the blood was collected from a sheep's red blood
cell (RBC) and was transferred into centrifuge
tubes (containing the anticoagulant EDTA). The
blood underwent a washing process three times
with an isotonic buffer solution of 154 mM NacCl
in 10 mM sodium phosphate buffer at a pH of 7.
4. Each washing required centrifugation of the
blood at 3,000 rotations per minute for 5 min.
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Heat-induced hemolysis

Various concentrations of the extract (10-150
pg/mL) were combined with 2 mL of PBS (pH
7.4; 10 mM/154 mM NacCl), followed by the
addition of 200 pL of a 10 % RBC suspension. In
the control test tube, PBS was added as a
substitute for the test sample. All tubes
containing the reaction mixture were incubated
in a water bath at 56 °C for 30 min. Following
incubation, the tubes were cooled under running
tap water. The reaction mixture was then
centrifuged at 2500 rpm for 5 min. The
absorbance of the resulting supernatants was
measured at 560 nm [13].

Aspirin was used as the standard reference
drug. The percentage inhibition of hemolysis
was calculated using Equation 2:

Hemolysis inhibition (%) =
Control-Sample / Control x 100 (2)
Statistical analysis

The mean data were analyzed statistically by
applying the Analysis of Variance procedure,
treating them as a mixed factorial randomized
block design with two factors, where the first
factor had three levels and the second factor had
five levels. The statistical analysis was carried
out as per the method suggested by Panse and
Sukhatme [14].
examine the means for their significance was
calculated at a 5 % level of significance.

The critical difference to

Results

Table 1 the percentage of
inhibition of different leaf extracts i.e., methanol
(MTL), chloroform (CTL), ethyl acetate (ETL),
hexane (HTL) and a standard at different
concentrations (20, 40, 60, 80, and 100 pg/mL).
Here's an interpretation of the data based on the
percentage of inhibition for each extract and the
standard at these concentrations. For all leaf
extracts and the standard, the percentage of
inhibition increases as the concentration rises
from 20 pg/mLto 100 pg/mL. This shows a dose-
dependent response, meaning that higher
concentrations of the extracts and standard lead
to stronger inhibition. This is typical for
bioactive compounds, where efficacy improves
as the concentration increases. The comparison
of the percentage of inhibition standard with the
leaf extracts results is shown in a graphical

represents

representation in Figure 1, and the reported
values are shown in Table 1.

Concentration (ug/mL)

The standard (likely a pharmaceutical or
known active compound) consistently shows the
highest inhibition at each concentration, with
values ranging from 48 % at 20 ug/mL to 94.21
% at 100 pg/mL. Methanol leaf extract shows the
strongest inhibition among the leaf extracts. It
steadily increases from 16.25 % inhibition at 20
ug/mL to 51.63% inhibition at 100 pg/mL. While
it shows significant activity, it still lags behind
the standard.

Table 1. Comparison of % of inhibition of the standard with the leaf extracts (concentration in pug/mL)

Sr./No. Concentration % of Inhibition
(ng/mL) MTL CTL ETL HTL Standard
1 20 16.25+0.15 11.26+0.58 11.3+0.12 8.21+0.36 48+0.51
2 40 23.18+0.72  18.65%0.41 20.6x0.72 16.34+0.26 88.08+1.0
3 60 31.6+0.52 25.31+0.24  30.4%0.52 24.63+0.15 90.68+0.35
4 80 40.73+0.18  36.28%0.75 39.7+0.16 34.21+0.61 93.63+0.54
5 100 51.63+0.36  45.69+0.73  48.27+0.22  43.19%0.67 94.21+0.34
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Comparison of % of inhibition of the standard with the leaf extracts
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Figure 1. Comparison of inhibition (%) of the standard with the leaf extracts

Hexane leaf extract exhibits the lowest
inhibition at all concentrations, ranging from
8.21 % at 20 ug/mL to 43.19 % at 100 pg/mL.
The leaf extract of ethyl acetate and chloroform
showed moderate inhibition. The percentage of
inhibition for ethyl acetate leaf ranges from 11.3
% at 20 pg/mL to 48.27 % at 100 ug/mL, and for
chloroform leaf extract, it ranges from 11.26 %
at 20 pg/mL to 45.69 % at 100 pg/mL.

Table 2 compares the percentage of inhibition
at varying concentrations (20, 40, 60, 80, and
100 pg/mL) for four different stem extracts of
methanol, chloroform, ethyl acetate, and hexane,
and a standard substance, likely a reference
compound used for As the
concentration of each extract increased, a
corresponding in the percentage of
inhibition was observed, indicating a dose-
dependent effect. This is a common pattern in
bioactivity assays, where higher concentrations

comparison.

rise

of an extract result in stronger inhibitory effects.
Methanol stem extract consistently shows the
strongest inhibition across all concentrations,
followed by ethyl acetate stem extract,
chloroform stem extract, and hexane stem
extract, which has the lowest inhibitory activity
at most concentrations. The standard remains
the most effective in inhibiting the target
process, showing the highest percentage of
inhibition across all concentrations. All extracts
show increased inhibition as the concentration
increases, supporting the idea of a dose-
dependent relationship
concentration and inhibitory activity. The
comparison of the percentage of inhibition
standard with steam extracts with various
like Methanol, Chloroform, Ethyl
acetate, and Hexane results were shown in a
graphical representation in Figure 2, and the
reported values are shown in Table 2.

between extract

solvents

Table 2. Comparison of % of inhibition of the standard with the stem extracts (methanol, chloroform, ethyl
acetate, and hexane) (concentration in pg/mlL)

Sr./No. Concentration % of inhibition
(ng/ML) MTL CTL ETL HTL Standard
1. 20 14.53+0.18  11.48+0.21  12.68+0.24 8.34+0.16 48+0.51
2. 40 28.34+0.52  19.23+x0.29  22.3320.67  17.34%0.25 88.08+1.0
3. 60 39.62+0.22  28.39+0.56  31.26+x0.41  23.89+0.68  90.68+0.35
4. 80 48.39+0.33  32.46+0.27  38.43+0.62  29.26%0.57  93.63+0.54
5. 100 60.32+0.58  39.64+0.45 47.13+0.7 37.9+0.24 94.21+0.34
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Comparison of % of inhibition of the standard with the stem extracts
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Figure 2. Comparison of % of inhibition of the standard with the stem extracts (methanol, chloroform,
ethyl acetate, and hexane) (concentration in ug/mL)

Methanol stem  extract consistently
outperforms at every
concentration. This suggests that methanol
extraction may be more effective at extracting

the bioactive compounds responsible for the

the other extracts

inhibition. Hexane stem extract shows the lowest
inhibition at most concentrations, indicating that
hexane extraction may be less efficient in
extracting the active compounds compared to
methanol. The standard shows significantly
higher inhibitory activity at all concentrations
compared to the extracts, indicating that the
reference compound used in the experiment is
more potent than the stem extracts from
Thunbergia fragrans. The standard's inhibition is
highest at 94.21 % at 100 pg/mL, suggesting it is
a potent compound, likely serving as a

benchmark for comparing the effectiveness of
the plant extracts.

Table 3 presents the anti-inflammatory
results of Thunbergia fragrans leaf extracts at
various concentrations, comparing the effects of
extract, aqueous extract,

solution (a
inflammatory drug). The values are presented as
means * standard deviations, which indicate the
average anti-inflammatory activity at each
concentration along with the variability (spread)
of the data. A graphical representation of the
results is shown in Figure 3.

At lower concentrations (10 pg/mL) the
methanol extract shows the highest anti-
inflammatory effect (6.52), followed by the
aqueous extract (2.89), and diclofenac solution
(20.18).

methanol and a

diclofenac common  anti-

Table 3. Anti-inflammatory results of Thunbergia fragrans leaf extracts

Concentration Methanol extract
(ng/mL)
10 6.52+1.58
25 15.29+1.19
50 28.56+1.09
100 60.70+1.39
150 97.6+£1.35

Aqueous extract Diclofenac solution

2.89+1.56 20.18+1.24
12.08+1.28 43.58+1.44
19.57+1.6 58.13+1.75
43.76£1.56 77.41+1.23
79.26+1.29 92.26+1.41
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Figure 3. Anti-inflammatory results of Thunbergia fragrans leaf extracts

However, diclofenac is typically more potent
as it acts as a standard, as expected. At higher
concentrations (150 pg/mL), the methanol
extract produces the highest anti-inflammatory
effect (97.6), followed by the aqueous extract
(79.26), and diclofenac (92.26). At higher
concentrations, both extracts of Thunbergia
fragrans exhibit substantial anti-inflammatory
effects, approaching the effect of diclofenac. The
methanol extract shows a progressive increase
in  anti-inflammatory  activity as  the
concentration increases. The effectat 150 pg/mL
is quite high (97.6), nearly matching or
exceeding diclofenac at similar concentrations.
The aqueous extract also shows an increase in
activity with concentration, though it generally
has lower anti-inflammatory effects compared to
the methanol extract at each concentration.
Diclofenac, as expected, is used as a standard for
comparison.  Its increase  with
concentration, high  anti-
inflammatory activity at 150 pg/mL (92.26),
though the methanol extract at the highest
concentration slightly surpasses it.

Table 4 presents the anti-inflammatory
results of Thunbergia fragrans stem extracts
(methanol and aqueous extracts) at various

effects
showing a

concentrations, comparing them with the effect
of a diclofenac solution (an established anti-
inflammatory drug). The values are reported as
means *= standard deviations, showing the
average  anti-inflammatory with
variability at each concentration. A graphical
representation of anti- inflammatory results is
shown in Figure 4.

At lower concentrations (10 pg/mL), the
methanol
inflammatory activity (4.06). The aqueous
extract has relatively low activity (1.69),
indicating weaker effects compared to the
methanol extract at this concentration.

At mid-range concentrations (50 pg/mL), the
methanol extract shows a more significant
increase in anti-inflammatory activity (27.63),
the aqueous extract continues to show lower
activity (16.92), butitincreases relative to the 10
pg/mL concentration.

At higher concentrations (150 pg/mL), the
methanol extract displays a
inflammatory effect (89.6), which is quite close
to the diclofenac solution. The aqueous extract
shows a noticeable increase in activity (65.76),
but still remains below the methanol extract and
diclofenac.

effects

extract shows moderate anti-

strong anti-
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Table 4. Anti-inflammatory results of Thunbergia fragrans stem extracts

Concentration Methanol extract Aqueous extract Diclofenac
(ng/mL) solution
10 4.06+£1.85 1.69+1.56 20.18x1.24
25 13.21+1.18 11.18+1.38 43.58+1.44
50 27.63+1.23 16.92+1.26 58.13+1.75
100 58.96+1.59 29.86+1.95 77.41+1.23
150 89.6+£1.35 65.76+1.29 92.26+x1.41
Stem extracts
100
80
60
40
. N
N ]
10 25 50 100 150

B Methanol extract

Aqueous extract

Figure 4. Anti-inflammatory results of Thunbergia fragrans stem extracts

The methanol extract shows a clear increase
in anti-inflammatory effects with concentration,
with the highest result at 150 pg/mL (89.6),
nearly matching diclofenac’s performance. The
aqueous extract also shows an increase in anti-
inflammatory effects with
concentration, but it is consistently lower in
effectiveness compared to the methanol extract.

increasing

Methanol extract comparison

The methanol leaf extract shows a steady
increase in anti-inflammatory activity from 6.52
at 10 ug/mkL to 97.6 at 150 ug/mL. The methanol
stem extract also shows an increase in anti-
inflammatory effects, but with slightly lower
values than in leaf extracts at each concentration.
For example, at 150 ug/mlL, the activity is 89.6
compared to 97.6 in leaf extracts. The methanol
extract from the stem (Table 4) appears to have
slightly effects

lower anti-inflammatory

compared to the methanol extract from leaves of
the plant. Both extracts show that the methanol
extract has the most potent anti-inflammatory
effects among the extracts. The methanol leaf
extract from Thunbergia fragrans appears to be
slightly more effective than in the stem extracts.

Aqueous extract comparison

The aqueous leaf extract has relatively low
anti-inflammatory effects compared to the
methanol extract. The values range from 2.89 at
10 pg/mL to 79.26 at 150 pg/mL. In Table 3, the
aqueous extract also shows lower values
compared to methanol extract. However, at
higher concentrations (especially 150 pg/mL),
the activity is still significant, with a value of
79.26. The aqueous extract from the leaf (Table
3) has a stronger anti-inflammatory effect than
the aqueous stem extract (Table 4). However,
both aqueous extracts have lower effects than
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methanol extracts. The aqueous extract from the
leaf appears to be effective than the aqueous
stem extract, but it remains less potent than the
methanol extracts.

Discussion

Antioxidants are essential in neutralizing
ROS, which contribute to the development of
diseases, including
cardiovascular conditions,
neurodegenerative disorders. A substance's
capacity to scavenge free radicals especially the
DPPH radical is widely used as an indicator of its
antioxidant activity. Thunbergia fragrans, a plant
known for its properties,
demonstrated promising antioxidant activity in
various studies, including in vitro tests using the
DPPH assay. The DPPH assay is commonly
employed to assess the free radical scavenging
activity of plant extracts, due to its simplicity,
sensitivity. DPPH is a stable free radical, and its
reduction (by donating hydrogen or electrons)
results in a decrease in absorbance that can be
quantified spectrophotometrically [11]. The
DPPH method is particularly advantageous
because it provides quick and reproducible
results for screening natural products, like plant
extracts, for their antioxidant activity.

numerous cancer,

and

medicinal has

Antioxidant potential of Thunbergia fragrans

In this study, the antioxidant activity of
Thunbergia fragrans leaf and stem extracts was
evaluated using the DPPH assay. The extracts
exhibited a
antioxidant activity, with higher concentrations
of the plant extracts resulting in stronger
inhibition of DPPH radicals. This suggests that
the
Thunbergia fragrans function in a concentration-
dependent manner, which is consistent with the
behavior of most bioactive antioxidants [15].
The methanol leaf extract demonstrated the

dose-dependent increase in

antioxidant compounds present in

highest antioxidant activity compared to other
extracts (chloroform, ethyl acetate, and hexane)
at all tested concentrations (20, 40, 60, 80, and
100 pg/mL). This may be attributed to the high
solubility of bioactive compounds, including
polyphenols, flavonoids, and other antioxidant
metabolites, in methanol. These compounds are
known for their ability to donate electrons or
hydrogen atoms, thereby neutralizing free
radicals [16,17]. Several studies have reported
that methanol extracts are effective in extracting
antioxidant phytochemicals from plants due to
the solvent's ability to dissolve both polar and
non-polar compounds [18]. On the other hand,
the chloroform extract exhibited the lowest
antioxidant activity. Chloroform is a less polar
solvent compared to methanol and may not be as
effective at extracting the hydrophilic
antioxidant compounds present in Thunbergia
fragrans. This observation is consistent with
previous studies showing that the extraction
efficacy of antioxidants is highly dependent on
the solvent used, with more polar solvents often
yielding higher antioxidant activity [19].

Comparison with standard antioxidants

The antioxidant activity of Thunbergia
fragrans extracts was compared to that of a
standard antioxidant (ascorbic acid), which
served as a positive control. At all tested
concentrations, the compound
exhibited significantly higher radical scavenging
activity than any of the plant extracts, which is
expected given that ascorbic acid is a potent
antioxidant widely known for its ability to
scavenge ROS [1]. However, the results also
that Thunbergia fragrans
substantial antioxidant potential, particularly in
its methanol leaf extract, making it a valuable
source of natural antioxidants. The results from
this study align with previous findings in which
Thunbergia species demonstrated antioxidant
properties, suggesting that Thunbergia fragrans

standard

indicate has
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can be a promising candidate for natural
antioxidant research and applications in
nutraceuticals or functional foods [20].

Phytochemical composition and mechanism of
action

The antioxidant activity of Thunbergia
fragrans is likely attributed to its rich
phytochemical composition, which
polyphenols, flavonoids, and terpenoids well-
known classes of compounds with proven
antioxidant properties [21]. Polyphenols are
especially effective at scavenging free radicals,
owing to their ability to donate electrons,
stabilize reactive species, and protect against
damage caused by oxidative stress. Flavonoids
including quercetin, catechins, and anthocyanins
are powerful antioxidants that play a crucial role
in neutralizing ROS and regulating oxidative
stress [22]. Terpenoids, which are abundant in
many plants, also contribute to antioxidant
activity through their ability to interact with and
neutralize ROS [23].

In addition to direct free radical scavenging,
antioxidants from Thunbergia fragrans might
also exert protective effects by modulating
cellular antioxidant defense mechanisms. For
example, they may activate nuclear factor
erythroid-2-related factor 2 (Nrf2), a
transcription that regulates the
expression of antioxidant enzymes such as
superoxide dismutase (SOD) and catalase,
resulting in improved cellular defense against
oxidative damage [24]. Thus, the bioactive
compounds from Thunbergia fragrans might
have a dual mechanism of action, both
scavenging free
upregulating the
defense system. The results of the DPPH assay
highlight the significant antioxidant potential of
Thunbergia fragrans, particularly in its methanol
leaf extract. The antioxidant activity of the plant
is concentration-dependent and suggests that it

includes

factor

radicals directly and

endogenous antioxidant

could serve as a valuable natural source of
antioxidants. The findings align with previous
studies on other plant species, which emphasize
the role of polyphenols and flavonoids in
modulating oxidative stress. Given the promising
antioxidant activity observed,
investigations are warranted to isolate and
identify the specific bioactive compounds
responsible the observed
Additionally, in vivo studies are necessary to
assess the long-term effectiveness and safety of
Thunbergia fragrans extracts in the prevention
and management of diseases associated with
oxidative stress. Plant-derived natural products
are fundamental to the treatment of various
human ailments and have long been utilized in
herbal and ethnomedicinal practices worldwide,
particularly across Africa and Asia. These
remedies are often prepared as decoctions and
continue to serve as the first line of defense in
managing both acute and chronic health
conditions due to their accessibility, efficacy, and
generally low incidence of side effects [25,26].
The therapeutic potential of plants largely stems
from the diverse phytochemicals they contain,
which often act synergistically to produce
pharmacological effects. Among the most
extensively studied phytochemicals with notable
antioxidant and anti-inflammatory properties
are alkaloids, polyphenols, terpenoids, and
flavonoids such as anthocyanins and flavones.
Plants rich in these compounds have been
recognized as potent sources of antioxidant and
anti-inflammatory agents [27,28]. Despite
substantial research, a considerable number of
plant species used in traditional Ghanaian herbal

further

for effects.

medicine remain scientifically uninvestigated
[25]. Moreover, there is a critical need for
scientific validation of the therapeutic claims
associated with many of these traditional
remedies, which are currently underrepresented
in the literature. The immunomodulatory effects
of antioxidants are also evident in their capacity
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to affect essential signaling pathways that
govern inflammation. NF-kB is a central
transcription factor that governs the expression
of numerous genes directly implicated in the
inflammatory process. Studies indicate that
certain polyphenols possess the capability to
modulate  NF-kB  activity and lessen
inflammation within cells. Antioxidant activity
results in the of the NF-kB
transcription factor, subsequently leading to the
downregulation of genes protein
products contribute to inflammation [29,30].
The suppression of NF-kB driven by
polyphenolic compounds and the consequent
inhibition of chronic inflammation in neoplastic
cells prove to be critically important for tumor
growth and proliferation [31,32].

The ability of antioxidants to reduce the
production of arachidonic acid, prostaglandins,
and
mechanism in modulating immune responses
and exerting anti-inflammatory effects.
Polyphenols, in particular, exert their biological
activity on the arachidonic acid signaling
pathway primarily through the inhibition of key
this process:
cyclooxygenase (COX), lipoxygenase (LOX), and
phospholipase A2 (PLAZ). These enzymes are
essential for the metabolism of arachidonic acid
and the subsequent synthesis of inflammatory
mediators such as prostaglandins, thromboxane
A2, and leukotrienes. Recent in vitro and in vivo
studies that
polyphenols suppress the expression of these
enzymes, leading to a marked reduction in the
release of pro-inflammatory cytokines and the

inhibition

whose

leukotrienes is considered a critical

enzymes involved in

have demonstrated certain

downregulation of transcription factors involved
in the activation of genes associated with an
exaggerated immune response. Notably, the
anti-inflammatory actions of flavonoids have
also been shown to enhance the anti-tumor
efficacy of immune cells, underscoring their

potential role in cancer immunomodulation [33-
35].

Conclusion

In summary, the methanol leaf extract shows
the best anti-inflammatory or inhibitory effect
among the leaf extracts, but it is still less potent
than the standard compound, which serves as
the benchmark for comparison. The methanol
stem extract is the most effective stem extract,
showing significant improvement as the
concentration increases. However, it still does
not reach the potency of the standard at the
highest concentration. The methanol and
aqueous extracts from the stem generally show
lower anti-inflammatory effects than the leaf
extracts from other parts of the plant. Both
indicate that methanol extracts outperform
aqueous extracts in terms of anti-inflammatory
activity. At higher concentrations (150 pg/mL),
methanol extracts approach or even surpass
diclofenac, while aqueous extracts remain lower
in their effectiveness. These results suggest that
methanol extracts may be more promising for
bioactive purposes, but further research is
required to identify the specific bioactive
compounds responsible for the observed effects.
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