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ABSTRACT:

The present study aimed to evaluate the in vitro anti-inflammatory and antioxidant activities of the ethanolic
extract of Terminalia cattappa red leaves. The antioxidant potential was assessed using DPPH radical
scavenging and nitric oxide scavenging assays, while anti-inflammatory activity was evaluated through
cyclooxygenase-2 (COX-2) inhibition and protein denaturation methods.

The DPPH assay demonstrated a concentration-dependent increase in radical scavenging activity, with the
extract showing 69.12 + 0.86% inhibition at 100 pg/mL and an ICso value of 74.49 + 0.69 pug/mL. Similarly,
nitric oxide scavenging activity increased with concentration, reaching 58.12 + 0.86% inhibition at 100 pg/mL.
In the COX-2 inhibition assay, the extract exhibited 56.70% inhibition at 100 pg/mL, indicating its potential to
suppress prostaglandin-mediated inflammatory pathways. The protein denaturation assay further confirmed
anti-inflammatory activity, showing 50.00% inhibition compared to 76.92% for the standard drug Ibuprofen.

The observed biological activities may be attributed to the presence of phytoconstituents such as flavonoids,
tannins, and phenolic compounds, which possess strong antioxidant and anti-inflammatory properties. Overall,
the results suggest that the ethanolic extract of Terminalia cattappa red leaves exhibits significant antioxidant
and anti-inflammatory activities and may serve as a potential natural therapeutic agent for the management of
inflammatory disorders.

INTRODUCTION:

Inflammation is a complex biological response of the
body to harmful stimuli such as pathogens, damaged
cells, or irritants. It plays a crucial role in the defense
mechanism; however, prolonged or uncontrolled
inflammation is associated with the development of
chronic  disorders, including arthritis,
cardiovascular diseases, diabetes, and
neurodegenerative  conditions.! The inflammatory
process involves the release of mediators such as
prostaglandins, cytokines, nitric oxide, and reactive
oxygen species, which contribute to tissue damage and
disease progression. Among these, the cyclooxygenase
(COX) pathway, particularly COX-2, is a key regulator

various
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of prostaglandin synthesis and is widely targeted for
anti-inflammatory therapy.?

Conventional anti-inflammatory drugs, especially non-
steroidal anti-inflammatory drugs (NSAIDs) such as
Ibuprofen, are commonly used for the management of
inflammatory conditions. However, their long-term use
is often associated with adverse effects, including
gastrointestinal  irritation, wulceration, and renal
complications. These limitations have prompted the
search for safer and more effective alternatives,
particularly from natural sources. Medicinal plants have
gained significant attention due to their rich content of
bioactive compounds and their traditional use in the
treatment of various ailments.>*
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Terminalia cattappa, commonly known as Indian
almond or tropical almond, is a medicinal plant widely
distributed in tropical and subtropical regions. It has
been traditionally used in various systems of medicine
for its therapeutic properties, including anti-
inflammatory, antioxidant, antimicrobial, and
hepatoprotective  effects. The plant is rich in
phytoconstituents such as flavonoids, tannins, phenolic
compounds, and triterpenoids, which are known to
exhibit significant pharmacological activities.>*

Oxidative stress is closely linked with inflammation, as
excessive production of reactive oxygen species (ROS)
and reactive nitrogen species (RNS) can amplify
inflammatory responses. Antioxidants play a vital role
in neutralizing these free radicals and preventing
cellular damage. Therefore, evaluating both antioxidant
and  anti-inflammatory  activities  provides a
comprehensive understanding of the therapeutic
potential of plant extracts. In vitro assays such as DPPH
radical  scavenging, nitric oxide scavenging,
cyclooxygenase inhibition, and protein denaturation
methods are widely employed to assess these activities.’

Despite the traditional use of Terminalia cattappa, there
is a need for systematic scientific evaluation of its
pharmacological properties, particularly using its red
leaves, which are believed to possess higher
concentrations of bioactive compounds. The present
study was therefore designed to investigate the in vitro
antioxidant and anti-inflammatory activities of the
ethanolic extract of Terminalia cattappa red leaves
using multiple experimental models, including DPPH
radical scavenging assay, nitric oxide scavenging assay,
cyclooxygenase-2 (COX-2) inhibition assay, and
protein denaturation method.'°

The findings of this study are expected to provide
scientific evidence supporting the traditional use of
Terminalia cattappa and may contribute to the
development of novel plant-based therapeutic agents
with improved safety and efficacy profiles for the
management of inflammatory disorders.

MATERIALS AND METHODS:
Materials:

Fresh red leaves of Terminalia cattappa were collected
and authenticated by a qualified botanist. The leaves
were washed, shade-dried, powdered, and stored in
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airtight containers for further use. All chemicals and
reagents used were of analytical grade. Methanol, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), sodium
nitroprusside, and phosphate-buffered saline (PBS)
were procured from Merck (India). Sulfanilamide, N-(1-
naphthyl)ethylenediamine dihydrochloride, phosphoric
acid, Tris-HCI buffer, hematin, arachidonic acid, and
N,N,N’,N'-tetramethyl-p-phenylenediamine =~ (TMPD)
were obtained from Sigma-Aldrich (USA). Fresh hen’s
egg albumin was purchased from a local market.
Standard compounds such as Ascorbic acid and
Ibuprofen were obtained from HiMedia Laboratories.
All solutions were prepared using double-distilled
water. Absorbance measurements were carried out
using a UV—Visible spectrophotometer (Shimadzu).

Methodology:

Pharmacological Screening: In vitro Antioxidant
Activity

DPPH Radical Scavenging Assay!!"!?

The antioxidant activity of the ethanolic extract of
Terminalia cattappa red leaves was evaluated using the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging assay, which is based on the ability of
antioxidants to donate hydrogen atoms or electrons and
neutralize free radicals. A freshly prepared 0.004%
DPPH solution in methanol was used for the assay. The
plant extract was dissolved in methanol to obtain
different concentrations (20, 40, 60, 80, and 100
pg/mL). For the reaction, 1 mL of the extract solution at
each concentration was mixed with 5 mL of DPPH
solution. A control (negative control) was prepared by
mixing DPPH solution with methanol, while the blank
consisted of methanol and the respective sample
solution. The reaction mixtures were incubated in the
dark at 25°C for 30 minutes to allow complete
interaction between DPPH radicals and the test samples.
After incubation, the decrease in absorbance was
measured at 517 nm using a UV-Visible
spectrophotometer (Shimadzu model or equivalent).
The discoloration from deep violet to yellow indicated
the scavenging of DPPH radicals. A standard
antioxidant, Ascorbic acid, was used for comparison
under identical  experimental conditions.  All
experiments were carried out in triplicate, and the mean
values were calculated. The percentage of DPPH radical
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scavenging activity was calculated using the following
equation:

DPPH Scavenged (%) = (Acontrol = Asample / Acontrol) X
100

Where:

*  Acontrol Absorbance of DPPH solution

(control)
*  Asmple = Absorbance of test sample

The 1Cso value (concentration required to inhibit 50% of
DPPH radicals) was determined using linear regression
analysis, and results were expressed as mean + standard
deviation.

Nitric Oxide (NO) Scavenging Assay!314

The nitric oxide scavenging activity of the ethanolic
extract of Terminalia cattappa red leaves was evaluated
based on its ability to inhibit nitric oxide generation
from sodium nitroprusside under physiological
conditions. Sodium nitroprusside in aqueous solution at
physiological pH spontaneously releases nitric oxide,
which subsequently reacts with oxygen to produce
nitrite ions. These nitrite ions were quantified using the
Griess reagent. In this assay, a reaction mixture
containing sodium nitroprusside (5 mM) in phosphate-
buffered saline (pH 7.4) was prepared and mixed with
different concentrations of the plant extract. The
mixtures were incubated at room temperature for 150
minutes under light to facilitate nitric oxide generation.
Following incubation, an equal volume of Griess
reagent (comprising sulfanilamide, phosphoric acid, and
N-(1-naphthyl)ethylenediamine dihydrochloride) was
added to each sample. The resulting chromophore,
formed due to the reaction between nitrite and Griess
reagent, was measured spectrophotometrically at 546
nm. A control containing all reagents except the test
extract was maintained for comparison. A standard
antioxidant such as Ascorbic acid was used as a
reference under identical experimental conditions. The
percentage inhibition of nitric oxide was calculated
using the following equation:

2740

% Nitric Oxide Scavenging = (Acontrol - Asample /
Acontrol) x 100

Where,

Acontrol Tepresents the absorbance of the control reaction
and Agumple Tepresents the absorbance in the presence of
the extract. All experiments were performed in
triplicate, and results were expressed as mean =+
standard deviation.

In vitro Anti-inflammatory Activity'>?

Cyclooxygenase-2 (COX-2) Inhibition Assay!S?!

The in vitro anti-inflammatory activity of the ethanolic
extract of Terminalia cattappa red leaves was evaluated
by assessing its inhibitory effect on the cyclooxygenase-
2 (COX-2) enzyme using a colorimetric assay. COX-2
is an inducible enzyme responsible for the synthesis of
prostaglandins during inflammatory conditions, and its
inhibition is widely considered a key mechanism for
anti-inflammatory activity.

The assay was performed using a COX-2 inhibitor
screening method with purified enzyme. The reaction
mixture consisted of Tris-HCI buffer (100 mM, pH 8.0),
hematin as a cofactor, and COX-2 enzyme solution.
Different concentrations of the plant extract, prepared in
a suitable solvent, were added to the reaction mixture
and pre-incubated at 37°C for 10—15 minutes to allow
interaction with the enzyme. The enzymatic reaction
was initiated by adding arachidonic acid as the
substrate. The mixture was further incubated at 37°C for
15 minutes. During this process, COX-2 catalyzes the
conversion of arachidonic acid into prostaglandin
intermediates. Following incubation, the reaction was
terminated by the addition of a chromogenic reagent
such as N,N,N',N'-tetramethyl-p-phenylenediamine
(TMPD), which produces a measurable color change
proportional to enzyme activity. The absorbance was
recorded at 590 nm using a UV-Visible
spectrophotometer or microplate reader.

In vitro Anti-inflammatory Activity by Protein
Denaturation Method?*?

The anti-inflammatory potential of the ethanolic extract
of Terminalia cattappa red leaves was evaluated using
the protein denaturation assay. The reaction mixture
(total volume: 1 mL) was prepared by combining 0.1
mL of fresh hen’s egg albumin, 0.5 mL of phosphate-
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buffered saline (PBS, pH 6.4), and 0.4 mL of the test
extract at the desired concentration. For the control
group, an equal volume of double-distilled water was
used instead of the extract.

All samples were incubated at 37 + 2°C for 15 minutes,
followed by heating at 70°C for 5 minutes to induce
protein denaturation. After allowing the samples to cool
to room temperature, the absorbance was measured at
660 nm using a spectrophotometer, with the vehicle
serving as the blank. A standard drug, Ibuprofen (1
mg/mL), was used as a reference and treated under
identical experimental conditions.

The percentage inhibition of protein denaturation was
calculated using the following equation:

% inhibition = absorbance of control - absorbance of
test / absorbance of control x 100

Results and Discussion
DPPH Radical Scavenging Activity

The antioxidant potential of the ethanolic extract of
Terminalia cattappa red leaves was evaluated using the
DPPH radical scavenging assay. The assay measures the
ability of the extract to neutralize free radicals through
hydrogen or electron donation, indicated by a decrease
in absorbance at 517 nm.

Table 1: DPPH Radical Scavenging Activity

Sr. | Concentration Percentage
No. | (ng/ml) inhibition
EETC Ascorbic
Acid
(Standard)
1. |20 17.27 £0.75 29.42 £0.23
2. |40 28.76 £ 0.24 42.98 +£0.47
3. 60 43.57+0.78 57.24 £0.36
4. 80 56.83 +0.53 71.87 £0.89
5. 100 69.12 £0.86 87.89 +0.93
6. | ICso (ng/ml) 74.49 £ 0.69 52.86 +1.48

The data is expressed as the mean * standard error of
the mean (SEM) for each set of triplicate tests.
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The antioxidant activity of the ethanolic extract of
Terminalia cattappa red leaves (CTLE) was evaluated
using the DPPH radical scavenging assay and compared
with the standard antioxidant, Ascorbic acid. The results
demonstrated a clear concentration-dependent increase
in radical scavenging activity for both the plant extract
and the standard.

At lower concentrations (20 pg/mL), the extract
exhibited 17.27 £ 0.75% inhibition, which gradually
increased to 69.12 + 0.86% at 100 pg/mL. Similarly,
ascorbic acid showed higher scavenging activity across
all concentrations, ranging from 29.42 + 0.23% at 20
pg/mL to 87.89 + 0.93% at 100 pg/mL. The consistent
increase in percentage inhibition with rising
concentration indicates the effective free radical
neutralizing ability of the extract.

DPPH Free Radical Scavenging Assay

90 y=0.7291x + 14.131
R?=0.999

P #-EETC
60

¥=0.666x +3.205 Ascorbic Acid
10 _ R2=0.9989

0 20 40 60 80 100 120
Concentration pg/ml

% of Inhibition

Figure 1: Percentage inhibition in DPPH assay of
EETC at various concentrations

The ICso value, representing the concentration required
to inhibit 50% of DPPH radicals, was found to be 74.49
+ 0.69 pg/mL for the plant extract, whereas the standard
exhibited a lower ICso value of 52.86 + 1.48 pg/mL.
This suggests that although the extract possesses
considerable antioxidant activity, it is comparatively
less potent than ascorbic acid.

The observed antioxidant effect of the extract can be
attributed to the presence of bioactive phytoconstituents
such as flavonoids, phenolic compounds, and tannins,
which are known to act as hydrogen donors and free
radical scavengers. These compounds play an important
role in reducing oxidative stress, which is closely linked
to inflammatory processes.

Overall, the findings indicate that the ethanolic extract
of Terminalia cattappa red leaves exhibits significant
antioxidant potential in a dose-dependent manner. This
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antioxidant activity may contribute to its therapeutic
relevance by supporting its anti-inflammatory effects
through the suppression of oxidative stress—mediated
pathways.

Nitric Oxide (NO) Scavenging Assay

The nitric oxide scavenging activity of the ethanolic
extract of Terminalia cattappa red leaves (EETC) was
evaluated and compared with the standard antioxidant,
Ascorbic acid. The results demonstrated that both the
extract and the standard exhibited concentration-
dependent nitric oxide scavenging activity.

Table 2: Nitric Oxide (NO) Scavenging Assay

Sr. | Concentration Percentage
No. | (ng/ml) inhibition
EETC Ascorbic
Acid
(Standard)
1. 20 11.79 +£0.75 21.97 +£0.23
2. 40 24.98 £0.24 43.78 £0.47
3. 60 36.15+0.78 56.53 +0.36
4. 80 48.83 £0.53 71.68 +0.89
5. 100 58.12 +0.86 8436 £0.93
6. ICso (ng/ml) 58.12 £ 0.69 84.06 + 1.48

The data is expressed as the mean + standard error of
the mean (SEM) for each set of triplicate tests.

Nitric Oxide (NO) Scavenging Assay

S0 y=0.7634x +9.86 EETC

5 R? =10.9889

2 60

= 50 Ascorbic Acid
E 40 (Standard)

£ 30 y=0.5826x +1.021

R2=10.997

0 20 40 60 80 100 120
Concentration (ng/ml)

Figure 2: Percentage inhibition in Nitric oxide assay
of EETC at various concentrations
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At a concentration of 20 pg/mL, the extract showed
11.79 £+ 0.75% inhibition, which progressively
increased to 58.12 + 0.86% at 100 pg/mL. Similarly, the
standard ascorbic acid displayed higher inhibition
values across all tested concentrations, ranging from
21.97 £ 0.23% at 20 pg/mL to approximately 84.36 +
0.93% at 100 pg/mL. The steady increase in percentage
inhibition with increasing concentration indicates the
effective nitric oxide scavenging capacity of the plant
extract.

The ICso value of the extract was found to be 58.12 +
0.69 pg/mL, whereas the standard showed an ICso value
of 84.06 + 1.48 pg/mL. This suggests that the extract
possesses notable nitric oxide scavenging potential and,
based on the ICso values, may exhibit comparatively
efficient activity in this specific assay. However, the
overall inhibition levels indicate that the standard
compound still demonstrates stronger scavenging
activity at higher concentrations.

Nitric oxide is an important inflammatory mediator
produced during pathological conditions, and excessive
NO generation contributes to inflammation and tissue
damage. The ability of the extract to scavenge nitric
oxide suggests its potential role in reducing
inflammatory responses by limiting reactive nitrogen
species. The observed activity of the extract may be
attributed to the presence of phenolic compounds,
flavonoids, and other bioactive constituents known for
their free radical scavenging and anti-inflammatory
properties. These compounds can interact with nitric
oxide and its derivatives, thereby preventing oxidative
damage and inflammation. Overall, the results indicate
that the ethanolic extract of Terminalia cattappa red
leaves exhibits significant nitric oxide scavenging
activity in a dose-dependent manner, supporting its
potential as a natural antioxidant and anti-inflammatory
agent.

Cyclooxygenase-2 (COX-2) Inhibition Activity

The anti-inflammatory activity of the ethanolic extract
of Terminalia cattappa red leaves was evaluated using
the COX-2 inhibition assay. The assay determines the
ability of the extract to inhibit the activity of the COX-2
enzyme, which plays a crucial role in the synthesis of
pro-inflammatory prostaglandins.
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Table 3: In vitro COX-2 Inhibition Activity

Sr. No. | Concentr | Absorba | Mean %
ation nce at | Absorba | Inhibit
(ng/mkL) 590 nm | nce ion

0.820

Control | — 0.825 0.820 0.00
0.815
0.720

1 20 0.710 0.715 12.80
0.715
0.630

2 40 0.620 0.625 23.78
0.625
0.540

3 60 0.530 0.535 34.76
0.535
0.450 0.445

4 80 0.440 45.73
0.445
0.360

5 100 0.350 0.355 56.70
0.355

Ibuprof 0.140

f;tanda 100 0.135 | 0.138 |83.17

rd) 0.138

The results of the present study demonstrate that the
ethanolic extract of Terminalia cattappa red leaves
exhibits significant inhibitory activity against the COX-
2 enzyme in a concentration-dependent manner. As the
concentration of the extract increased from 20 to 100
pg/mL, a progressive decrease in absorbance was
observed, indicating effective inhibition of enzyme
activity.

At the highest concentration (100 pg/mL), the extract
showed 56.70% inhibition of COX-2, suggesting
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moderate to strong anti-inflammatory potential. In
comparison, the standard drug ibuprofen exhibited a
higher inhibition of 83.17%, confirming the sensitivity
and reliability of the assay.

The observed inhibitory activity of the plant extract may
be attributed to the presence of bioactive constituents
such as flavonoids, polyphenols, and tannins, which are
known to interfere with the cyclooxygenase pathway
and reduce  prostaglandin  synthesis. = These
phytochemicals may act by binding to the active site of
the COX-2 enzyme, thereby preventing the conversion
of arachidonic acid into inflammatory mediators.

The  concentration-dependent  inhibition  pattern
indicates that the extract possesses dose-responsive
pharmacological activity. Although the extract showed
lower potency compared to ibuprofen, its significant
inhibitory effect highlights its potential as a natural anti-
inflammatory agent with possibly fewer side effects.

Overall, the findings suggest that the ethanolic extract
of Terminalia cattappa red leaves can effectively inhibit
COX-2 enzyme activity and may contribute to the
management of inflammatory conditions.

COX-2 Inhibition Activity
® EETC (Plant Extract) ]
801 Regression Line
@ Ibuprofen (Standard)
70 4
y = 0.549x + 1.829
- 60 R* = 1.0000
2
p=]
=
€ 50
o
5
O 40
ES
30
201
10 - T T T T T T T T T
20 30 40 50 60 70 80 20 100
Concentration (ug/mL)

Figure 3: Cyclooxygenase-2 (COX-2) Inhibition
Activity of EETC at various concentrations

In-vitro anti-inflammatory activity of the ethanolic
extract of Terminalia cattappa red leaves

The anti-inflammatory activity of the ethanolic extract
of Terminalia cattappa red leaves was evaluated using
the protein denaturation assay. The ability of the extract
to inhibit heat-induced protein denaturation serves as an
indicator of its anti-inflammatory potential.
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Table 4: In vitro Anti-inflammatory Activity by
Protein Denaturation Method

Sampl | Concentra | Absorba | Mean %

e tion nce (660 | Absorba | Inhibit
nm) nce ion

Blank | — 0.50
0.52 0.52 0.00
0.52

Ibupro | 1 mg/mL 0.13

Jen 0.14 0.12 76.92
0.09

Plant 1 mg/mL 0.20
Extrac
t

0.31 0.26 50.00
0.29

The results of the present study demonstrate that the
ethanolic extract of Terminalia cattappa red leaves
exhibits significant anti-inflammatory activity, as
evidenced by its ability to inhibit protein denaturation.
Protein denaturation is a well-documented mechanism

associated with inflammatory processes, and agents
capable of preventing this denaturation are considered
potential anti-inflammatory candidates.

Figure 4: In vitro anti-inflammatory activity
evaluation by protein denaturation method

The standard drug, ibuprofen (1 mg/mL), showed a high
percentage inhibition of 76.92%, confirming the validity
of the experimental model. In comparison, the plant
extract at the same concentration exhibited 50.00%
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inhibition, indicating moderate yet significant anti-
inflammatory activity.

The observed activity of the plant extract may be
attributed to the presence of bioactive phytoconstituents
such as flavonoids, tannins, and phenolic compounds,
which are known to stabilize proteins and prevent
denaturation under stress conditions. Although the
extract demonstrated lower activity than the standard
drug, its considerable inhibitory effect suggests its
potential as a natural anti-inflammatory agent.

Overall, the findings support the traditional use of
Terminalia cattappa and highlight its potential for
further investigation, including isolation of active
compounds and in vivo studies to establish its
therapeutic efficacy.

In-vitro Anti-inflammatory Activity (Protein Denaturation Assay)
80 4 76.92%

~ w B v o ~
o =1 =) =} o o
L L L L L L

% Inhibition of Protein Denaturation

=
5]
L

0.00%

o

Blank Plant Extract (EETC) Ibuprofen
Sample

Figure 5: In vitro anti-inflammatory activity (protein
denaturation method)

CONCLUSION:

The present investigation demonstrated that the
ethanolic extract of Terminalia cattappa red leaves
possesses significant in vitro antioxidant and anti-
inflammatory activities. The extract exhibited dose-
dependent free radical scavenging activity in both
DPPH and nitric oxide assays, indicating its ability to
neutralize reactive oxygen and nitrogen species.
Furthermore, the extract showed appreciable inhibition
of COX-2 enzyme activity and protein denaturation,
confirming its potential to modulate key inflammatory
pathways.

Although the activity of the extract was comparatively
lower than standard compounds such as ibuprofen and
ascorbic acid, its substantial biological effects highlight
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its promise as a natural and safer alternative for anti-
inflammatory therapy. The presence of bioactive
phytochemicals such as flavonoids and phenolic
compounds likely contributes to these pharmacological
effects. In conclusion, the ethanolic extract of
Terminalia cattappa red leaves can be considered a
potential source of natural anti-inflammatory and
antioxidant agents. However, further studies involving
isolation of active constituents, mechanism-based
investigations, and in vivo evaluations are necessary to
validate its therapeutic applicability.
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