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The present study aimed to evaluate the in vitro anti-denaturation activity of crude
leaf extracts of Nyctanthes arbor-tristis L. using bovine serum albumin (BSA) as a protein
denaturation model. Dried leaves were extracted by the cold extraction method using four
solvents, namely water, methanol, ethyl acetate, and chloroform. The highest extractive yield
was obtained with the methanolic extract (1.34%), followed by the water (1.25%), ethyl acetate
(0.61%), and chloroform (0.41%) extracts. Qualitative phytochemical screening revealed the
presence of various secondary metabolites, with the methanolic extract showing alkaloids,
phenols, saponins, and terpenoids. Quantitative analysis of the methanolic extract revealed a
total alkaloid content of 1.70% (17.0 mg/g extract) and a total phenolic content of 11.20 mg GAE/g
extract. In the BSA protein denaturation assay, the water extract exhibited the highest anti-
denaturation activity at the highest tested concentration of 50 mg/mL (82.02%), followed by the
methanolic (75.00%), ethyl acetate (74.43%), and chloroform (64.66%) extracts. HPTLC analysis
revealed five distinct bands, while GC-MS analysis tentatively identified several fatty acid
constituents, including undecanoic acid, tridecanoic acid, pentadecanoic acid, hexadecenoic
acid, heptadecanoic acid, octadecanoic acid, and nonadecanoic acid. Overall, the findings
provide preliminary evidence of inhibition of heat-induced BSA protein denaturation by N.
arbor-tristis leaf extracts under the tested conditions, with the water extract showing the highest
observed inhibition at 50 mg/mL. These preliminary findings support further investigation of N.
arbor-tristis leaves to elucidate their potential properties and the phytoconstituents potentially
associated with the observed activity.
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What is Denaturation? Denaturation may occur in response to

Denaturation is a process in biology in  physical or chemical activity, heat, or agitation can
which proteins or nucleic acids lose the quaternary ~ denature proteins, causing them to unfold or their
structure that is present in their native state.' polypeptide chains to become disordered, usually
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rendering the molecules non-functional. Denatured
proteins are often insoluble and precipitate, which
activates macrophage activity at the site of protein
denaturation within tissues and is implicated in
some neurodegenerative diseases.? Most denatured
proteins are insoluble and have a looser, irregular
structure.’

Protein denaturation is a process that
leads to the alteration of the protein’s stability
and conformation. The chemistry of proteins has
consistently been vital owing to the abundance
of these macromolecules in biological systems.
The essential blocks of our frame shape and their
functioning requirement for protein. This protein
is provided to our frame via meal merchandise
together with pulses, cheese, milk, meat, nuts, etc.?

The inhibition of protein denaturation
is commonly used as a preliminary in vitro
screening approach for evaluating the potential
anti-inflammatory properties of plant extracts and
other natural products. Bovine serum albumin
(BSA) is frequently employed as a protein model
in such assays because changes in protein stability
and denaturation can be monitored under controlled
experimental conditions.* However, inhibition
of BSA denaturation represents a preliminary
biochemical indication and does not by itself
establish anti-inflammatory or therapeutic efficacy
in biological systems.

Types of Denaturation

Depending on the substance that makes
a protein lose its secondary, tertiary, or quaternary
structure, denaturation can be categorized. These
structures are held together by van der Waal’s force,
hydrophobic interplay, and hydrogen bonding
interactions. There are three different ways for
denaturation: (1) denaturation by pH change (2)
chemical denaturation and (3) heat and radiation
denaturation.

Classification of Nyctanthes arbor-tristis L.

Nyctanthes arbor-tristis Linn., a member
of the Oleaceae family, is a shrub that grows in
tropical and subtropical parts of the world and
is often referred to as Parijat or night jasmine
(Table 1). Despite being mostly recognised as an
attractive shrub, it has a variety of pharmacological
and medicinal uses.

It is a medicinal and ornamental plant
distributed mainly across tropical and subtropical
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Table 1. Taxonomical Classification of
Nyctanthes arbor-tristis L.

Kingdom Plantae
Class Eudicots
Division Angiosperm
Order Lamiales
Family Oleaceae
Genus Nyctanthes
Species arbor-tristis

regions of Asia and is traditionally used in
various systems of medicine.® Recent reviews
have documented a diverse phytochemical
profile of N. arbor-tristis and described several
biological activities associated with different
plant parts and extracts, including antioxidant,
antimicrobial, antidiabetic, hepatoprotective, and
anti-inflammatory-related activities.*¢

The biological potential of N. arbor-tristis
has also been investigated using experimental
models relevant to inflammation. Previous study
reported in vitro and in silico anti-rheumatic
arthritis-related activities of N. arbor-tristis,
including inhibition of protein denaturation,
providing a basis for further investigation of
the plant in protein-based screening models.?
Nevertheless, the results of such preliminary
assays should be interpreted cautiously because
protein-denaturation inhibition alone cannot
establish therapeutic activity against arthritis or
other inflammatory disorders.
Rationale and Research Gap

Although N. arbor-tristis has been
extensively investigated for its traditional uses,
phytochemical composition, and pharmacological
properties, comparatively limited information
is available on the anti-denaturation activity
of crude leaf extracts prepared using different
solvents and evaluated under a common
experimental framework. In addition, differences
in solvent polarity can influence the extraction
of phytochemically diverse constituents and
consequently affect the biological activity of
the resulting extracts.>® Therefore, comparative
evaluation of aqueous and organic leaf extracts may
provide useful preliminary information regarding
the relationship between extraction characteristics,
phytochemical composition, and inhibition of
protein denaturation.
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Objective of the Study

Therefore, the present study aimed to
evaluate the in vitro anti-denaturation activity of
crude leaf extracts of Nyctanthes arbor-tristis L.
using a BSA protein-denaturation model. Leaf
extracts prepared using water, methanol, ethyl
acetate, and chloroform were comparatively
evaluated. The study further included preliminary
phytochemical screening, determination of total
alkaloid and phenolic contents, HPTLC profiling,
and GC-MS analysis to provide preliminary
information on the phytochemical characteristics
of the extracts. The findings are intended to
provide preliminary biochemical evidence for
further investigation of the phytoconstituents
and biological mechanisms associated with the
observed anti-denaturation activity.

MATERIALS AND METHODS

Collection of Experimental Material

Nyctanthes arbor-tristis L. plant leaves
harvested from ADIT College (22°31°03.8"N and
72°55°01.0"E), New Vallabh Vidyanagar, Anand,
Gujarat, India. To test its medicinal qualities, a
healthy and disease-free plant was used. The plant
specimens were recognised by Dr. Kalpesh Ishnava
(B.R.D. School of Biosciences, S.P. University),
Dist. Anand, Gujarat, India, by utilizing (Shah
1978).

Drying and Grinding of Plant Material

The collected leaves were thoroughly
washed under running tap water to remove
adhering dust and other surface contaminants. The
cleaned material was cut into smaller portions and
dried at room temperature under shade, away from
direct sunlight, until completely dry. Shade drying
was adopted to minimize possible degradation of
light-sensitive phytoconstituents. The dried plant
material was subsequently powdered using an
electric mixer grinder (A-One) and stored in a
clean, airtight container until further extraction and
analysis.’

Preparation of Plant Extracts (Cold Extraction
Method)

Fifty grams of powdered N. arbor-tristis
leaves were extracted separately with 250 mL each
of methanol, ethyl acetate, chloroform, and distilled
water. The extraction was carried out at ambient
temperature for 24 hours using a mechanical
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shaker (REMI) at 120 rpm. After extraction, each
mixture was filtered through Whatman No. 1 filter
paper. The respective filtrates were transferred into
clean Petri plates and evaporated at 37°C to obtain
the dried crude extracts. The dried extracts were
collected, and the extractive yield was determined.
The extracts were stored at 4°C until further
analysis.”!?

Crude Extract Yield (%) = [Amount of Product
Obtained / Amount of Raw Material Used] x 100

Bovine Serum Albumin (BSA) Protein
Denaturation Assay

The inhibitory effect of the plant extracts
on heat-induced bovine serum albumin (BSA)
denaturation was evaluated as a preliminary in
vitro screening assay. Diclofenac sodium was used
as the reference standard."

The reaction mixture consisted of 0.45
mL of 5% (w/v) aqueous BSA solution and 0.05
mL of the respective plant extract dissolved in the
appropriate solvent. For the control, 0.45 mL of
5% (w/v) BSA solution was mixed with 0.05 mL
of distilled water instead of the plant extract.'
The plant extracts and diclofenac sodium were
evaluated at concentrations of 10, 20, 30, 40, and
50 mg/mL.

The reaction mixtures were incubated at
72°C for 30 minutes and subsequently allowed
to cool to room temperature. Then, 2.5 mL of
phosphate-buffered saline (PBS; pH 6.3) was added
to each tube, and the absorbance was measured at
660 nm using a UV—Visible spectrophotometer
(Thermo Scientific). The percentage inhibition of
BSA denaturation was calculated relative to the
control and considered as the anti-denaturation
activity of the extracts. The results were compared
with the diclofenac sodium reference standard.'?

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

Percentage inhibition = [(Absorbance of control
- Absorbance of sample) / Absorbance of control]
x 100

Preliminary Phytochemical Analysis
Qualitative Phytochemical Analysis'>"

Hager’s Test: The purpose of this test was to
detect the presence of alkaloids. A considerable
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quantity of Hager’s reagent was introduced into
the unrefined methanolic extract of a particular
plant extract till the formation of yellow coloured
precipitation. A yellow precipitate that was formed
exhibits the presence of alkaloids.
Foam Test: Saponin was evaluated by the foam
test. Two milliliters of the extract and five milliliters
of distilled water. The amalgamation was agitated
forcefully by hand. The development of stable foam
signifies the existence of saponins.
Terpenoid: Following the precise addition of 3
ml of concentrated H,SO, to 5 ml of extract and
2 ml of chloroform, a reddish-brown colouration
appeared at the boundary, suggesting the presence
of terpenoids.
Folin Ciocalteu Reagent Test: This examination
was conducted to identify the occurrence of phenol.
To 1 ml of aqueous extract, Folin Ciocalteu reagent
(FCR) was applied. The presence of phenol was
indicated by the green or blue tint.
Quantitative Phytochemical Analysis
Determination of Total Alkaloid Content

The total alkaloid of the plant sample was
measured by alkaline precipitation technique. 5 g
of powdered plant material was weighed properly
and placed into a beaker containing 200 mL of 10%
acetic acid produced in ethanol. The beaker was
covered with aluminium foil to reduce the solvent
evaporation occurred, and the mixture was allowed
to remain undisturbed at ambient temperature for
4 hours for extraction. The extract was subjected
to filtration through Whatman No. 1 filter paper
to eliminate the undissolved plant residues. The
filtrate was carefully evaporated to one fourth
of its volume. The concentrated ammonium
hydroxide (NH,OH) was then added dropwise
with continuous stirring until no more precipitate
was formed, signifying the full precipitation of
the alkaloid. The precipitate was allowed to settle,
filtered and washed with 1 N ammonium hydroxide
to eliminate remaining contaminants. The alkaloid
residue was then dried to constant weight and
weighed on an electronic analytical balance.
Alkaloid content was given as mg alkaloid/g dry
weight. The technique was performed according
to the method given by with reference to the
adjustments reported by researchers.>!*!
Determination of Total Phenolic Content

The overall phenolic concentration (TPC)
of the methanolic plant extracts was determined
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utilising the Folin—Ciocalteu reagent (FCR)
assay. 0.1 mL of each methanolic extract (1 mg/
mL) was placed into a test tube with 0.5 mL of
Folin—Ciocalteu reagent. Thereafter, 2.9 mL of
distilled water was incorporated, succeeded by
the introduction of 2.0 mL of a 2% (w/v) sodium
carbonate (Na,CO,) solution.'” The reaction
mixture was well combined and incubated at
37°C for 30 minutes to facilitate complete colour
development.

Following incubation, the absorbance of
the produced blue solution was assessed at 750
nm with a UV—Visible spectrophotometer. The
calibration curve was established using gallic
acid (I mg/mL) as the reference standard. The
cumulative phenolic content for each extract was
assessed by the standard curve and conveyed as
milligrams of gallic acid equivalents per gram
of desiccated plant substance (mg GAE/g). The
evaluation was executed in accordance with the
Folin—Ciocalteu protocol established by Oso and
Ogunyemi," with regard to the procedure detailed
by Kumar et al.'¢
HPTLC Analysis

The phytochemical characteristics of
the plant leaf extract were analyzed through
High-Performance Thin-Layer Chromatography
(HPTLC) utilizing a CAMAG HPTLC system
(Switzerland). The extract was created by dissolving
10 mg of the dried methanolic extract in 10 mL of
a specified solvent, followed by filtration before
the analysis. The chromatographic separation was
accomplished using a combination of toluene and
ethyl acetate (9:2 v/v) as mobile phase. Before
the production of plates, the chromatographic
chamber was saturated with the mobile phase for
10 minutes to provide uniform solvent saturation.
The samples were spotted on silica gel HPTLC
plates and the plates were run to a migration
distance of around 8 cm. Plates were air-dried and
after chromatographic development were sprayed
with 10% methanolic sulphuric acid (H,SO,).
The derivatized plates were heated to 100°C
for four minutes to facilitate the ddevelopment
and visualization of the chromatographic bands.
The developed chromatograms. The sample was
analysed using a GC-MS system were visualized
under ultraviolet light of 254 nm and 366 nm
and the separated bands were photographed.
Phytochemical profiling was conducted by
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documenting chromatographic data (number of
bands and matching Rf values).

Gas Chromatography-Mass Spectroscopy
(GC-MS)

The phytochemical components
of the plant extract were examined via Gas
Chromatography—Mass Spectrometry (GC-MS)
utilizing an Auto System Gas Chromatograph
linked to a TurboMass Mass Spectrometer
(PerkinElmer, Germany). The examination was
conducted at the Sophisticated Instrumentation
Centre for Applied Research and Testing (SICART)
located in Vallabh Vidyanagar, Gujarat, India.

The sample was analysed using a GC-MS
system equipped with a suitable capillary column
and operated under standard analytical conditions.
Helium was used as the carrier gas, and mass spectra
were recorded in electron ionization mode over the
appropriate m/z range. The separated compounds
were detected based on their retention times and
mass spectral characteristics. The instrument was
employed in electron impact (EI) mode to generate
characteristic fragmentation patterns of the eluted
compounds. The chromatographic separation was
carried out under optimized conditions, and the
mass spectra of the detected constituents were
recorded throughout the analysis. The collected
mass spectra were compared with those available in
the National Institute of Standards and Technology
(NIST) Mass Spectral Library for tentative
identification of the compounds.
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RESULTS

Extractive Yield of Nyctanthes arbor-tristis L.

The extractive yield of the crude leaf
extracts was determined based on the weight of
dried extract obtained relative to the initial amount
of powdered plant material. The leaves were
extracted separately using water, methanol, ethyl
acetate, and chloroform. The methanolic extract
showed the highest extractive yield (1.34%),
followed by the aqueous extract (1.25%), ethyl
acetate extract (0.61%), and chloroform extract
(0.41%). Thus, methanol provided the highest
extract recovery among the solvents used under
the experimental conditions. The extractive yields
of the four solvents are presented in Figure 1.
Protein Denaturation using BSA

The inhibitory effect of the four crude
leaf extracts on heat-induced BSA denaturation
was evaluated at concentrations of 10, 20, 30, 40,
and 50 mg/mL. The extracts showed an increase
in percentage inhibition of protein denaturation
with increasing concentration under the tested
conditions.

For the water extract, the percentage
inhibition increased from 66.85% at 10 mg/mL
to 82.02% at 50 mg/mL. The methanolic extract
showed inhibition values ranging from 21.91%
to 75.00%, while the ethyl acetate extract showed
values ranging from 44.10% to 74.43% over the
same concentration range. The chloroform extract
showed the lowest values among the extracts,
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Fig. 1. Crude Extractive Yield (%) of Nyctanthes arbor-tristis
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increasing from 10.39% at 10 mg/mL to 64.66%
at 50 mg/mL.

At the highest tested concentration of 50
mg/mL, the water extract exhibited the highest
percentage inhibition (82.02%), followed by the
methanolic extract (75.00%), ethyl acetate extract
(74.43%), and chloroform extract (64.66%).
Diclofenac sodium was used as the reference
standard for comparison (Figure. 2). The results
are presented in Table 2.
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Phytochemical Analysis of Methanolic Extract
Qualitative Analysis of Methanolic Extract of
Nyctanthes arbor-tristis

Qualitative phytochemical screening of
the methanolic leaf extract indicated the presence
of alkaloids, saponins, terpenoids and phenolic
compounds under the respective test conditions.
The observations are summarized in Table 3.

Table 2. Percentage inhibition of bovine serum albumin (BSA) protein denaturation by
different leaf extracts of Nyctanthes arbor-tristis L. at different concentrations

Concentration Water Ethyl Acetate Methanolic Chloroform
(mg/ml) extract % extract % Extract % extract %
10 66.85 44.1 21.91 10.39

20 69.92 47.75 44.94 30.05

30 72.19 62.92 53.65 42.97

40 78.93 72.47 62.07 55.61

50 82.02 74.43 75 64.66

Table 3. Qualitative Phytochemical Analysis of Crude
Extract of Nyctanthes arbor-tristis

Phytochemical  Colour Occurrence

Constituents

Alkaloids
Saponin
Terpenoids

Yellow precipitates +++
Foam +++
Yellow colour at lower ++
layer

Blue colour

Phenol +++

Key: Trace = + Moderate = ++ High = +++

80.00
70.00
60.00
50.00

30.00
20.00
10.00

0.00

Percentage inhibition of BSA
protein denaturation (%)

0 10 20

Quantitative analysis of Nyctanthes arbor-tristis
Total Alkaloid Content

The total alkaloid content of the methanolic
extract was determined by the gravimetric method.
The initial weight of the empty filter paper was
0.4287 g, whereas the weight of the filter paper
containing the dried alkaloid residue was 0.4372 g.
The difference between these weights was 0.0085
g (8.5 mg) of alkaloid residue. Based on 0.5 g
of methanolic extract, the alkaloid content was

calculated as 17.0 mg/g extract, corresponding to
1.70% (W/w).

40.00 o

30 40 50 60

Concentration of diclofenac sodium (mg/mL)

Fig. 2. Percentage inhibition of BSA protein denaturation by diclofenac sodium (reference standard).
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Thus, the methanolic extract contained
1.70% total alkaloids under the experimental
conditions.
Total Phenol content

The biological and free radical
scavenging properties of phenols, a significant
class of antioxidant phytochemicals, highlight
their significance. The phenolic contents were
measured by the Folin Ciocalteu method in this
study. By comparing readings with the standard
graph of gallic acid, this method uses gallic acid
as the Standard compound (Figure. 3). The total
phenolic content of the methanolic extract was
11.20 mg GAE/g extract.
HPTLC

HPTLC is a high-performance thin-
layer chromatography and is a quick, reliable and
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reproducible analytical technique that has gained
broad application for qualitative characterization
and fingerprinting of herbal extracts. It is widely
used for authentication of medicinal plants, quality
control, detection of adulterants and preliminary
identification of phytochemical contents. The
HPTLC generated chromatographic fingerprint
is a helpful tool for the standardization and
authentication of plant-derived compounds.®
Figures 4 and 5 exhibit the HPTLC
fingerprint of methanolic leaf extract generated
in mobile phase of toluene : acetate (9:2, v/v).
Densitometric scanning of the plate at 254
and 366 nm revealed five highly resolved
chromatographic bands showing the existence of
several phytochemical ingredients with varying
polarity and ultraviolet absorption characteristics.

Calibration curve of gallic acid
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Fig. 3. Standard curve of gallic acid for total phenol content

Fig. 4. HPTLC profile of the methanolic extract under
UV light at 254 nm.

Fig. 5. HPTLC profile of the methanolic extract under
UV light at 366 nm.
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Among the identified constituents, the band
at Rf 0.35 has shown the highest peak area (648.6
AU) which is 6.61% of the total chromatographic
area indicating that this compound is one of the
major UV-active constituents in the methanolic
extract under the chosen chromatographic
conditions. The other bands showed substantially
fewer peak regions corresponding to the presence
of other phytochemicals in a considerably lower
amount.

HPTLC fingerprinting is a quick and
reproducible analytical technique commonly
recognized for verification, quality control and
standardization of herbal medicines. Therefore, the
fingerprint established in this study may provide
a significant reference for the future quality
assessment of N. arbor-tristis extracts.

GC - MS analysis

Gas chromatography-mass spectrometry
(GC-MYS) is a powerful analytical technique
that couples the identification and quantification
skills of mass spectrometry with the separation
capabilities of gas chromatography. This technique
is widely applied to the analysis of volatile and
semi-volatile organic compounds.

The presence of several fatty acid
derivatives, particularly various forms of decanoic
acid and its analogs, was discovered by GC-MS
analysis of the crude methanolic plant extract. The
occurrence of medium-chain saturated fatty acids
in the extract is strongly suggested by the identified
chemical decanoic acid. By comparing their
distinctive retention durations and fragmentation
patterns to NIST spectrum libraries, several
chemicals were found. Often present in plant oils,
decanoic acid is a ten-carbon saturated fatty acid
with antibacterial and anti-inflammatory qualities.
The discovery of several decanoic acid derivatives
suggests that the compound may play a significant
role in the sample as a lipid-based phytochemical
ingredient. The extract’s metabolic variety and
possible pharmacological usefulness are further
demonstrated by the presence of both free fatty
acids and esterified forms. The further analysis
required the LC-MS and NMR for compound
identification.

DISCUSSION

Protein denaturation involves disruption
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of the native conformation of proteins through
alterations in non-covalent interactions, including
hydrogen bonding, electrostatic interactions, and
hydrophobic interactions, and may also involve
changes in disulfide bonding under certain
conditions.® The BSA protein denaturation assay
demonstrated that the leaf extracts of Nyctanthes
arbor-tristis exhibited measurable inhibition of
heat-induced protein denaturation under the tested
conditions. The water extract showed the highest
inhibition of protein denaturation (82.02% at 50
mg/mL), followed by the methanolic (75.00%),
ethyl acetate (74.43%), and chloroform (64.66%)
extracts. The percentage inhibition increased
with increasing extract concentration for all four
extracts. These findings indicate that constituents
present in the crude extracts may interfere
with heat-induced BSA denaturation under the
experimental conditions. Because inhibition of
protein denaturation in the BSA assay is considered
a preliminary in vitro screening parameter, the
present findings provide an initial indication of
activity that warrants further investigation using
replicated assays and complementary biological
models. Importantly, the BSA assay alone does not
establish anti-inflammatory or therapeutic efficacy.

The total alkaloid content of the methanolic
leaf extract was 17.0 mg AE/g extract, equivalent
to 1.70% (w/w). Alkaloids constitute an important
class of plant secondary metabolites and have
been associated with diverse biological activities;
however, the present study did not establish a
direct relationship between the measured alkaloid
content and the observed BSA protein-denaturation
inhibition. Previous phytochemical investigations
of N. arbor-tristis have reported several classes
of secondary metabolites, including flavonoids,
terpenoids, iridoid glycosides, steroids, and
phenolic compounds,*!”'* The occurrence of
multiple phytochemical classes may contribute
to the overall chemical complexity of the plant
extracts, although synergistic or individual
contributions to the observed activity cannot be
determined from the present data. Differences in
reported phytochemical concentrations among
studies may arise from geographical origin,
environmental conditions, plant developmental
stage, harvesting period, extraction solvent,
extraction procedure, and analytical methodology.

The total phenolic content of the
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methanolic extract was 11.20 mg GAE/g extract.
Phenolic compounds are widely recognized for their
ability to donate electrons or hydrogen atoms and
to participate in antioxidant processes.’ Previous
studies have reported phenolic compounds,
flavonoids, and related constituents in N. arbor-
tristis, together with various biological activities.>"
However, the present study did not determine
whether the measured phenolic content directly
contributed to the inhibition of BSA denaturation.
Differences in phenolic content between studies
may be associated with geographical origin,
environmental conditions, harvesting season,
plant maturity, extraction solvent, extraction
conditions, and analytical methodology. Methanol
may favor the extraction of several polar phenolic
constituents, but the extraction yield and phenolic
recovery are influenced by multiple experimental
factors rather than solvent polarity alone.

The GC-MS analysis provided a tentative
chemical profile of the methanolic leaf extract, with
saturated fatty acid-related constituents including
undecanoic acid, tridecanoic acid, pentadecanoic
acid, hexadecenoic acid, heptadecanoic acid,
octadecanoic acid, and nonadecanoic acid being
tentatively identified. The presence of fatty
acid-related compounds is consistent with the
chemical diversity previously reported for N.
arbor-tristis. However, GC-MS library-based
identification should be considered tentative
unless supported by authentic standards and/or
additional spectroscopic confirmation. Therefore,
the detected compounds cannot be directly assigned
as the active constituents responsible for the BSA
protein-denaturation inhibition observed in this
study. Differences in GC-MS profiles between
investigations may result from differences in
plant organ, geographical origin, environmental
conditions, extraction solvent and procedure, and
instrumental parameters.

Overall, the observed inhibition of BSA
protein denaturation may reflect differences in
the chemical composition of the crude extracts
and their interactions with the assay system. The
variation among solvent extracts may arise from
differences in the types and relative amounts of
constituents extracted by each solvent, as well as
from physicochemical effects of the extracts on
the assay conditions. However, the present study
did not determine which individual constituents
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were responsible for the observed activity, nor
did it establish synergistic interactions among
phytochemicals. Therefore, no direct causal
relationship can be assigned between the measured
alkaloid or phenolic content, the tentatively
detected GC-MS constituents, and the observed
BSA protein-denaturation inhibition. In the
present study, the water extract exhibited the
highest inhibition of BSA protein denaturation
at 50 mg/mL, whereas the methanolic extract
showed the highest extractive yield (1.34%)
and was selected for detailed phytochemical
characterization. The findings should therefore be
considered preliminary evidence of inhibition of
heat-induced BSA denaturation under the tested
conditions rather than proof of anti-inflammatory
or therapeutic efficacy. Further studies using
independent experimental replicates, appropriate
statistical analysis, complementary biological
models, and isolation and characterization of
individual constituents are required to determine
the reproducibility, mechanism, and biological
relevance of the observed activity.

CONCLUSION

In conclusion, among the solvents
investigated, the methanolic extract of Nyctanthes
arbor-tristis L. leaves showed the highest extractive
yield (1.34%), whereas the water extract exhibited
the highest inhibition of BSA protein denaturation
(82.02% at 50 mg/mL) in the BSA protein
denaturation assay. Phytochemical screening of
the methanolic extract indicated the presence
of alkaloids, phenols, saponins, and terpenoids,
while quantitative analysis revealed a total alkaloid
content of 1.70% (17.0 mg AE/g extract) and a
total phenolic content of 11.20 mg GAE/g extract.
HPTLC profiling revealed five distinct bands,
including a band at an Rf value of 0.35; however,
its peak area was not interpreted as evidence of
a predominant individual component. GC-MS
analysis tentatively identified several fatty acid-
related constituents; however, their individual
contributions to the observed BSA protein-
denaturation inhibition were not established in the
present study.

Overall, the findings provide preliminary
in-vitro evidence of inhibition of heat-induced
BSA protein denaturationin N. arbor-tristis leaf
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extracts, with the water extract showing the
highest activity under the tested conditions. The
observed activity may indicate the presence of
constituents warranting further investigation for
anti-inflammatory potential; however, this study
does not establish a direct anti-inflammatory effect.
BSA assay alone does not establish therapeutic
efficacy against arthritis or other inflammatory
disorders. Further studies using independent
experimental replicates, appropriate statistical
analysis, complementary cellular and in vivo
models, and isolation and characterization of
individual constituents are required to confirm
the reproducibility and biological relevance of
the observed activity and to determine which
constituents, if any, contribute to the observed
effect.
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