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Abstract

Dalbergia latifolia Roxb. is a high-value species known for its phytochemical richness, although the
comparative bioactive potential of its different plant parts remains underexplored. The present study
evaluated the in vitro antioxidant potential of ethanolic leaf (ELDL), stem (ESDL), and bark (EBDL) extracts
of D. latifolia. Phytochemical screening confirmed the presence of major secondary metabolites, including
phenolics, flavonoids, tannins, terpenoids, and sterols. Total phenolic and flavonoid contents showed minor,
non-significant variation among extracts (P > 0.05), with ELDL showing the highest phenolic content (8.09 +
1.12 mg GAE/g) and ESDL showing the highest flavonoid content (3.68 + 0.01 mg QE/g). Antioxidant
activity was assessed using total antioxidant capacity (TAC), reducing power assay (RPA), DPPH, and ABTS
radical scavenging assays. TAC differed significantly among extracts, with EBDL showing the highest
activity (323.83 + 3.70 mg AAE/g), followed by ESDL and ELDL (P < 0.05). In contrast, RPA values were
statistically comparable among extracts (p = 0.1621). In DPPH, ELDL and ESDL showed comparable 1Cso
values (16.00 + 0.76 and 16.18 + 0.18 ug/mL) and significantly stronger activity than EBDL (31.26 + 3.67
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pg/mL; P < 0.0001). Similarly, in ABTS, ELDL and ESDL showed lower ICso values than EBDL (P <
0.0001), with ELDL comparable to the standard Trolox (P = 0.0563). The findings demonstrate assay-
dependent antioxidant variation in D. latifolia, with bark showing stronger total antioxidant capacity and leaf
and stem extracts showing superior radical scavenging activity. This study can help understand tissue-specific
bioactivity and its therapeutic use to guide extraction as well as spatial isolation and characterization of the
phytoconstituents.

Keywords:  Dalbergia latifolia Roxb.; phytochemical screening, phenolics and flavonoids; DPPH assay;
ABTS assay; ICso; fabaceae.

1. Introduction

Oxidative stress is one of the major factors implicated in the progression of severe disease conditions, including
inflammatory disorders, impaired tissue repair, and metabolic disorders (Masenga et al., 2023; Rani et al., 2016).
A lot of compounds derived from plants are natural antioxidants, having the innate ability to reduce oxidative
damage caused by reactive oxygen species and free radicals. They are, hence, much safer alternatives to
synthetic drugs and are now being incorporated into herbal therapies for a variety of disease conditions
(Lourenco et al., 2019; D.-P. Xu et al., 2017). In this context, plant secondary metabolites such as phenolics and
flavonoids are widely recognized for their antioxidant properties (Zahra et al., 2024; Zhang & Tsao, 2016).

The genus Dalbergia from the family Fabaceae consists of several species that are known for their economic as
well as medicinal importance. Although many Dalbergia species have been extensively utilized for their timber,
they have also been reported to contain diverse classes of secondary metabolites like flavones, chalcones,
rotenoids, etc., each contributing to the bioactive, medicinal, and therapeutic potential of these plants (Vasudeva
et al,, 2009). Several studies on Dalbergia species have reported bioactive constituents with antioxidant
potential. For example, Dalbergia sissoo bark extracts have shown strong radical scavenging activity in in vitro
assays (Roy et al., 2011).

Dalbergia latifolia Roxb., commonly known as Indian rosewood, is one of the high-quality timber-yielding tree
species (Arunkumar et al., 2022). Apart from timber, it has ethnomedicinal significance, where it has been
traditionally utilized for a variety of ailments. Various parts of the plant are reported to exhibit anthelmintic,
stimulant, stomachic, appetizing, and bitter tonic properties. The species has also been traditionally employed in
the treatment of diarrhoea, dyspepsia, obesity, leprosy, worm infections, ulcers, wounds, and veterinary ailments
(Almeida & Almeida, 2010; Council of Scientific & Industrial Research, 1952; Jain, 1991; Kirtikar & Basu,
1918). Existing studies on the species have identified neoflavonoids such as dalbergin and latifolin, along with
other phenolics and flavonoids, which may contribute to its medicinal potential (Masendra et al., 2020).
Flavonoids and neoflavonoids from the genus Dalbergia have been linked with antioxidant and anti-
inflammatory activity. For example, neoflavonoids from Dalbergia sissoo trunk exudates have shown
suppressed nitric oxide production in LPS-stimulated J774.1 cells (Shrestha et al., 2008). Similarly, recent
studies on newly isolated neoflavonoids and flavonoid derivatives from roots and heartwood Dalbergia
odorifera have also shown strong inhibition of nitric oxide production in LPS-induced RAW 264.7 macrophages
models. (Wu et al., 2025; W. Xu et al., 2026). In addition, latifolin, has shown antioxidant activity in skin cell
models by reducing ROS accumulation and modulating the stress- related MAPK signaling. It also suppressed
TNF-o/IFN-y-induced inflammatory mediators through regulation of the JAK/STAT and NF-«kB signaling
pathways (Dong et al., 2023).

Most of these studies, as evident form literature, have focused on isolated plant parts, with limited or no
comparison across its parts. It is well known that phytochemicals are variably distributed across different tissues,
which influences their biological activity and subsequent utilization. Leaves, bark, and stem tissues often differ
in their composition of phenolics, flavonoids, and other secondary metabolites, leading to variation in
antioxidant capacity (Drabinska et al., 2021; Lavola et al., 2017).

The leaf, bark, and stem extracts of D. latifolia were predicted to have diverse phytochemical profiles and
antioxidant responses across assay platforms based on the tissue-specific distribution of secondary metabolites.
The present study, therefore, aims to comparatively assess the phytochemical profile and in vitro antioxidant
potential of leaf, bark, and stem extracts of Dalbergia latifolia. By evaluating these parts using multiple
antioxidant assays, the study seeks to gain a better understanding of its applicability as a source of natural
antioxidants.
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2. Materials and Methods
2.1 Chemicals and Reagents

Sisco Research Laboratories branded 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,2-
diphenyl-1-picrylhydrazyl (DPPH) was used. Every solvent used in phytochemical screening, including
petroleum ether, ethanol, methanol, and ethyl acetate, was AR grade. Gallic acid, Trolox, and butylated hydroxy
toluene (BHT) were acquired from Merck, while standard quercetin dihydrate (98%) was acquired from SDFCL.
SRL or Merck was used to purchase all other common reagents that weren't specified.

2.2 Plant Collection and Identification

Dalbergia latifolia was sourced from Yeoor, Thane, and its identity was verified at the Blatter Herbarium, St.
Xavier’s College (Autonomous), Mumbai, under specimen number NYD-4235, attributed to N. Y. Das. The
collected vegetative parts- bark, stem and leaves., were gently cleaned using light brushing and rinsing, then cut
into small pieces and dried in a hot air oven at 40°C for three days. Once fully dehydrated, the parts were ground
into a fine powder using a commercial mixer and stored in an airtight container at 4°C until further use.

2.3 Extract Preparation for Qualitative Analysis

Crude extracts were prepared using solvents of varying polarity, including petroleum ether, ethyl acetate,
ethanol, and methanol. Briefly, 10 g of dried plant powder was added to 100 mL of the respective solvent in an
Erlenmeyer flask and kept on an orbital shaker for 48 h under continuous agitation. The extracts were then
filtered through Whatman No. 1 filter paper, and the filtrates were directly used for further analysis.

2.3.1 Qualitative Phytochemical Analysis

Analysis was carried out in triplicate following standard protocols (Shaikh & Patil, 2020) to detect the presence
of major classes of secondary metabolites in the plant extracts.

Lignin: Addition of gallic acid to the extract resulted in an olive-green color.

Alkaloids: The extract was treated with Dragendorff’s, Mayer’s, and Wagner’s reagents, which produced
orange-brown, yellow, and reddish-brown precipitates, respectively.

Flavonoids: Presence of flavonoids was confirmed by multiple tests. In the Shinoda test, addition of magnesium
turnings and concentrated HCI produced a pink or scarlet color. In the alkaline reagent test, NaOH produced a
yellow color that disappeared upon addition of dilute HCI. The ammonia test resulted in a yellow coloration, and
lead acetate (10%) produced a white precipitate.

Phenolic compounds: Addition of iodine solution produced a transient red color. Ferric chloride (5%) gave a
dark green or bluish-black color, and potassium dichromate produced a dark coloration, confirming phenolics.

Tannins: Ferric chloride (5%) produced a blue-green or green coloration. Lead acetate (2%) and gelatin (1%)
with NaCl (10%) formed white precipitates. Phlobatannins gave a red precipitate upon boiling with HCI.

Terpenoids: Addition of concentrated H.SOs to a chloroform-extract mixture produced a grey coloration.
Diterpenes were indicated by an emerald green color upon addition of copper acetate.

Triterpenoids and Sterols: Treatment with concentrated H.SO4 produced a yellow color for triterpenoids and a
red color for sterols. In Hesse’s test, a pink or red ring at the interface confirmed sterols.

Saponins: Formation of stable froth upon vigorous shaking with water and persistence of foam after addition of
NaHCO:s indicated saponins.

Cardiac glycosides: Baljet’s test (picric acid) produced an orange color, while Keller—Kiliani test resulted in a
blue coloration in the acetic acid layer.

Coumarins: Treatment with NaOH followed by HCI produced turbidity, while chloroform and NaOH resulted
in yellow coloration.
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Quinones: Addition of concentrated HCI produced a green color, while alcoholic KOH resulted in red to blue
coloration.

Anthraquinones: Addition of 10% ammonia solution produced a pink to violet or red color.
2.4 Quantitative Phytochemical analysis

Seventy percent ethanolic extracts of the leaf, stem, and bark of D. latifolia (designated as ELDL, ESDL, and
EBDL, respectively) were prepared for quantitative analysis and antioxidant assays. Briefly, 10 g of dried plant
powder from each part was mixed with 70% ethanol in an Erlenmeyer flask and subjected to continuous
agitation on an orbital shaker for 48 hours at room temperature. Following extraction, the mixtures were
centrifuged at 6000 rpm for 15 minutes, and the supernatants were filtered through Whatman No. 1 filter paper.
The filtrates were concentrated under reduced pressure using a rotary vacuum evaporator to remove the solvent
completely. The resulting dried extracts were weighed and stored in Eppendorf tubes at 4 °C until further use.
The percentage extraction yield of each extract was calculated as:

Extractive YVield (%) = Weight of dried extract (g) < 100
xtractive Tie o Weight of plant powder (g)

The same extract was used for quantitative as well as antioxidant assays. A stock solution of each extract was
prepared at a concentration of 100 mg/mL in 70% ethanol and stored at 4 °C until further use.

2.4.1 Determination of Total Phenolics

The test was conducted using a slightly modified version of the conventional procedure (Singleton et al., 1999).
Folin-Ciocalteu's reagent (0.1 mL, 1 N) was combined with 1 millilitre of ethanolic plant extract (conc; 10
mg/mL) dissolved in distilled water, and the mixture was let to stand for fifteen minutes. After adding 5 mL of
saturated Na2CO3, the mixture was again let to stand at room temperature for 30 minutes. The Shimadzu
Double monochromator UV-2700i UV-visible spectrophotometer was used to detect absorbance at 760 nm after
30 minutes. Gallic acid values of 10, 20, 30, and 90 ug/mL were used as standards to create the calibration curve.
(Fig. 1. A). Gallic acid equivalent (mg GAE/g) is used to express total phenols.

2.4.2 Determination of Total Flavonoids

Total flavonoid content was determined using the aluminum chloride colorimetric method with slight
modifications, using quercetin as the reference standard (Chang et al., 2002). Briefly, 1 mL of ethanolic plant
extract at a concentration of 10 mg/mL was mixed with 75 pL of sodium nitrite solution. After 5 min of
incubation, 150 pL of 10% aluminum chloride was added, and the reaction mixture was allowed to stand for 6
min. The final volume was adjusted to 2.5 mL using distilled water, followed by the addition of 0.5 mL sodium
hydroxide. The absorbance was measured at 510 nm. A quercetin calibration curve was prepared using
concentrations ranging from 10 to 100 pg/mL (Fig. 1. B), and the total flavonoid content was expressed as mg
quercetin equivalents per gram of extract (mg QE/g).

Ascorbic Acid Standard Curve for Total Phenols | Quercetin Standard Curve for Total Flavonoids
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Fig. 1. Standard curves for estimation of total phenols and flavonoids
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2.5 In vitro Antioxidant Assays
2.5.1 Total Antioxidant Capacity Assay by Phosphomolybdenum Method

Total antioxidant capacity was evaluated using the phosphomolybdenum assay with minor modifications to the
method described by (P. Prieto et al,, 1999).. In brief, 100 pL of plant extract was transferred into a
microcentrifuge tube, followed by the addition of 1 mL reagent solution containing 0.6 M sulphuric acid, 4 mM
ammonium molybdate, and 28 mM sodium phosphate. The tubes were tightly capped and incubated at 95 °C for
90 min. After incubation, the reaction mixtures were cooled to room temperature, and absorbance was recorded
at 695 nm using an ELISA plate reader (SpectraMax iD3) against a reagent blank. Ascorbic acid was used as the
standard (Fig. 2. A).

2.5.2 Reducing Power Assay

The reducing power of the extracts was determined according to the method of (Oyaizu, 1986), with suitable
modifications. One milliliter of extract or standard at different concentrations was mixed with 2.5 mL phosphate
buffer (0.2 M, pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The mixture was vortexed thoroughly and
incubated at 50 °C for 20 min. After cooling, 2.5 mL of 10% trichloroacetic acid was added, and the mixture
was centrifuged at 3000 rpm for 10 min. Then, 2.5 mL of the upper supernatant was collected and mixed with
2.5 mL distilled water and 0.5 mL of 0.1% ferric chloride. Absorbance was measured at 700 nm against a blank,
with butylated hydroxy toluene (BHT) used as the reference standard (Fig. 2. B).

Ascorbic Acid Standard Curve for BHT Standard Curve for Reducing Power Activity
Total Antioxidant Capacity -
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Fig. 2. Standard curves for estimation of total antioxidant capacity and reducing power activity
2.5.3 DPPH Radical Scavenging Assay

The free radical scavenging activity of the extracts was determined using a microplate DPPH assay, modified
from (J. M. Prieto, 2012) and (Kazi et al., 2025). In each well, 100 pL of extract at the required concentration
was mixed with 100 pL of freshly prepared 0.2 mM DPPH solution. The plate was protected from light using
aluminum foil and incubated for 30 min at 25 °C. After incubation, absorbance was read at 517 nm. The control
contained 70% ethanol instead of extract, while ascorbic acid was used as the positive control. DPPH radical
inhibition was calculated using:

o Abs. control — Abs.saample
% DPPH Inhibition = Ahs control x 100

2.5.4 ABTS Radical Scavenging Assay

ABTS radical scavenging activity was evaluated using a microplate-adapted method based on (Re et al., 1999)
with modifications described by (Kazi et al., 2025). The ABTS radical solution was prepared by mixing 5 mL of
7 mM ABTS solution with 88 puL of 140 mM potassium persulfate. The mixture was kept in the dark at 25 °C
for 16 h to allow radical formation. Before use, the ABTS working solution was diluted with distilled water in a
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1:44 ratio. For the assay, 100 pL of extract or standard at different concentrations was added to each well,
followed by 100 pL of diluted ABTS reagent. The plate was maintained at 25 °C, and absorbance was recorded
at 734 nm after 6 min using a plate reader. The control contained 100 pL of 70% ethanol instead of sample, and
Trolox was used as the reference standard. ABTS radical scavenging activity was calculated using:

o Abs. control — Abs.saample
% ABTS Inhibition = 1hs control x 100

2.6 Statistical Analysis

All experimental observations, including phytochemical screening, total phenolic and flavonoid quantification,
and antioxidant evaluations, were carried out in three independent replicates. The obtained data were
summarized as mean =+ standard deviation. Statistical differences among the extract groups were assessed using
one-way ANOVA. Where a significant overall difference was observed, Tukey’s multiple comparison test was
applied to identify differences between individual groups. Statistical significance was accepted at P < 0.05. Data
organization and statistical processing were performed using MS Excel and GraphPad Prism software.

3. Results
3.1 Qualitative Phytochemical Analysis

Qualitative screening of D. latifolia extracts showed clear variation across plant parts and solvents (Table 1).
Among the leaf extracts, methanol and ethanol showed the presence of alkaloids, flavonoids, tannins, phenols,
diterpenes, sterols, cardiac glycosides, coumarins, quinones, and anthraquinones. Similarly, the methanolic and
ethanolic stem extracts mainly showed flavonoids, tannins, phenols, diterpenes, sterols, coumarins, quinones,
and anthraquinones. The methanolic and ethanolic bark extracts showed the presence of alkaloids, flavonoids,
tannins, phenols, diterpenes, sterols, saponins, cardiac glycosides, and coumarins. Petroleum ether and ethyl
acetate extracts showed limited phytochemical presence; however, triterpenoids were detected only in the
petroleum ether extract of stem. Saponins were detected in all bark extracts except petroleum ether, while in
stem they were observed only in the aqueous extract.

.Table 1. Preliminary phytochemical analysis of leaf, stem and bark extracts of D. latifolia

Part Solvent Lig Alk Fla Tan Phe Dit Tri Ste Sap CG Cou Qui Ant
+

Leaf PE - - - - + + - ++ o+ + _ _
EA - ++ ++ - + - - ++ - +=+ - ++ -
MeOH +H o ++ +H - + - + ++ ++ ++
EtOH - ++ ++ ++ ++ - ++ - ++ ++ ++
Aq - + ++ 4+ + - + — — =+ — —

Stem PE - - - - - - +H+ o+ - - + + _
EA - - + - ++ - - ++ - — + +H -
MeOH - ++ o+ o+t ++ ++ - ++ - — ++ ++ +
EtOH - - ++ 4+ ++ ++ - ++ - — ++ ++ +
Aq - + + +HH - - +H 4+ - + + —

Bark PE - - - - - - - — — - - — —
EA - - + + + - - ++ 4+ + + — -
MeOH - + + ++ ++ + - + o+ + + - -
EtOH - + + ++ ++ + - + o+ + + - -
Aq — + + + + + + - ++ + ++ - —

Abbreviations: PE, petroleum ether; EA, ethyl acetate; MeOH, methanol; EtOH, ethanol; Aq, aqueous, Lig, lignin; Alk,
alkaloids; Fla, flavonoids; Tan, tannins; Phe, phenols; Dit, diterpenes; Tri, triterpenes; Ste, sterols; Sap, saponins; CG,
cardiac glycosides; Cou, coumarins; Qui, quinones; Ant, anthraquinones. Symbols: (+) present; (++) strongly present,; (-)
absent

3.2 Quantitative Analysis

The extraction yield obtained for quantitative analysis and in vitro antioxidant assays varied among the different
plant parts. The highest yield was recorded for ELDL (21.108% w/w), followed by ESDL (13.13% w/w) and
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EBDL (12.844% w/w). These extracts were further used for quantitative phytochemical estimation and
antioxidant assays.

3.2.1 Determination Total Phenols

The total phenolic content (TP) of D. latifolia extracts showed minor variation among the different plant parts
(Fig. 3.). The leaf extract (ELDL) showed the highest TP value (8.09 + 1.12 mg GAE/g), followed by the stem
extract (ESDL) (7.11 £ 0.34 mg GAE/g) and bark extract (EBDL) (6.72 = 0.17 mg GAE/g). However, one-way
ANOVA showed that the difference in TP among the extracts was not statistically significant (P = 0.1115).

3.2.2 Determination of Total Flavonoids

The total flavonoid content (TF) was also comparable among the extracts (Fig. 3.). The stem extract (ESDL)
showed the highest TF value (3.68 = 0.01 mg QE/g), followed by the leaf extract (ELDL) (3.60 £ 0.00 mg
QE/g) and bark extract (EBDL) (3.51 + 0.04 mg QE/g). One-way ANOVA showed a statistically significant
difference in total flavonoid content among the extracts (P = 0.000449). Tukey’s post hoc test revealed that
ESDL had significantly higher flavonoid content than ELDL (P = 0.01/67) and EBDL (P = 0.0004). ELDL also
showed significantly higher flavonoid content than EBDL (P = 0.0098). Based on the mean values, the total
flavonoid content followed the order ESDL > ELDL > EBDL, with all groups differing significantly from each
other.

Total Phenols and Total Flavonoids

mg SE/ g of dry extract

Fig. 3. Estimation of total phenols and flavonoids of Dalbergia latifolia extracts
TP, Total Phenols; TF, Total Flavonoids, SE, Standard equivalents. Values expressed as mean + SD, n=3

3.3 In vitro Antioxidant Assays
3.3.1 Total Antioxidant Capacity Assay (TAC)

The total antioxidant capacity of D. latifolia extracts is presented in Fig. 4. The TAC values showed variation
among the extracts, with EBDL exhibiting the highest activity (323.83 + 3.70 mg AAE/g), followed by ESDL
(313.33 = 1.57 mg AAE/g), and ELDL (211.48 + 3.78 mg AAE/g). One-way ANOVA followed by Tukey’s
post hoc test revealed significant differences among the extracts. ELDL showed significantly lower TAC
compared to both ESDL (P < 0.0001) and EBDL (P < 0.0001). Additionally, ESDL exhibited significantly
lower TAC compared to EBDL (P=0.0379). EBDL > ESDL > ELDL.

3.3.2 Reducing Power Assay (RPA)

The reducing power of the extracts is shown in Fig. 4. The RPA values were 272.84 + 6.23 mg BHT/g for
ELDL, 274.07 = 5.09 mg BHT/g for ESDL, and 286.22 + 9.37 mg BHT/g for EBDL, indicating relatively
similar reducing capacities across the extracts. One-way ANOVA revealed no statistically significant
differences in reducing power among the extracts (P = 0.1621). These findings indicate that the reducing power
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of ELDL, ESDL, and EBDL is comparable, with no extract demonstrating significantly stronger or weaker
activity than the others.

TAC and RPA Assay

TAC

500

400

300

200

100

mg SE/ g of extract

Fig. 4. Total antioxidant capacity and reducing power activity assays of Dalbergia latifolia extracts
TAC, Total antioxidant capacity; RPA, Reducing power activity; SE, standard equivalent. Values expressed as mean + SD,
n=3

3.3.3 DPPH Radical Scavenging Activity

The DPPH radical scavenging activity of D. latifolia extracts increased in a concentration-dependent manner
(Fig. 5). All extracts showed a gradual rise in % inhibition with increasing concentration, reaching a plateau at
higher concentrations. The standard (ascorbic acid) achieved comparable inhibition at lower concentrations.
ELDL and ESDL exhibited comparable ICso values (16.00 + 0.76 pg/mL and 16.18 + 0.18 pg/mL, respectively),
while EBDL showed a higher ICso value (31.26 + 3.67 pg/mL). The standard demonstrated an ICso of 21.68 +
0.36 pg/mL. One-way ANOVA revealed significant differences among the groups (P < 0.001). Tukey’s post
hoc analysis indicated no significant difference between ELDL and ESDL (P = 0.9994). Both ELDL and ESDL
showed significantly lower ICso values compared to the standard (ELDL vs STD, P = 0.0254; ESDL vs STD, P
= 0.0297). In contrast, EBDL exhibited significantly higher ICso values compared to all other groups (ELDL vs
EBDL, P <0.0001; ESDL vs EBDL, P <0.0001; EBDL vs STD, P=0.0011). ELDL ~ ESDL > STD > EBDL.

DPPH Scavenging Activity
1001
« ELDL
80 g 3} = ESDL
S 6 }?: Fad ‘ .~ EBDL
2 le = STD-AA
= g
£ a0d [
=l
204,
-}
0 I I I I 1
0 50 100 150 200 250
Concentration (ug/mL)

Fig. S. DPPH scavenging activity of Dalbergia latifolia extracts
STD AA- standard ascorbic acid. Values plotted as mean = SD, n =3
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3.3.4 ABTS Radical Scavenging Activity

The ABTS radical scavenging activity of the extracts also increased with concentration (Fig. 6.). EBDL showed
a pronounced increase, reaching near-complete inhibition (~100%) at higher concentrations. ELDL and ESDL
exhibited comparable activity at lower to moderate concentrations, achieving approximately 70—-80% inhibition.
The standard (Trolox) demonstrated high scavenging activity at relatively lower concentrations. ELDL and
ESDL exhibited ICso values of 5.53 + 0.34 pg/mL and 7.33 + 1.83 pg/mL, respectively, while EBDL showed a
higher ICso value (22.82 = 0.70 pg/mL). The standard demonstrated the lowest ICso (2.97 + 0.26 pg/mL). One-
way ANOVA indicated significant differences among the groups (P < 0.001). Tukey’s post hoc test showed no
significant difference between ELDL and ESDL (P = 0.2015). ELDL did not differ significantly from the
standard (P = 0.0563), whereas ESDL exhibited a significantly higher ICso compared to the standard (P =
0.0031). Both ELDL and ESDL showed significantly lower ICso values compared to EBDL (ELDL vs EBDL, p
< 0.0001; ESDL vs EBDL, P < 0.0001), and EBDL also showed significantly higher ICso compared to the
standard (P < 0.0001) STD > ELDL ~ ESDL > EBDL.

ABTS Scavenging Activity

190 g == ] ELDL

2 { ESDL

8 i - EBDL
= -
R H

0 I I I 1 I 1
0 50 100 150 200 250
Concentration ug/mL

Fig. 6. ABTS scavenging activity of Dalbergia latifolia extracts
STD TO- standard Trolox. Values plotted as mean + SD, n=3

4. Discussion

Phenolics and flavonoids are important contributors to plant antioxidant activity because their hydroxylated
aromatic structures allow them to donate electrons or hydrogen atoms, stabilize radical species, and participate
in redox reactions. In Dalbergia latifolia, previous phytochemical reports have identified several phenolic and
flavonoid-related compounds, particularly from the wood and heartwood. Reported constituents include
dalbergin, latifolin, dalbin, dalbinol, latinone, dalcriodain, and (R)-dalbergione, along with broader classes such
as neoflavonoids, benzofurans, rotenoids, and triterpenoids (Deshmukh et al., 2021). A separate study on
heartwood neoflavonoids reported dalbergiphenols, dalbergiones, dalbergins, benzophenones, and other
neoflavonoid-type compounds from D. latifolia (Masendra et al., 2021). These compounds are relevant because
neoflavonoids and related phenolic metabolites are structurally suited for redox activity and may contribute to
the antioxidant behaviour observed in the present study.

The preliminary phytochemical screening in the present study showed that ethanolic extracts contained a
broader range of secondary metabolites than aqueous extracts, particularly phenolics, flavonoids, tannins,
coumarins, sterols, terpenoids, and quinones. This supports the suitability of ethanol for extracting moderately
polar phytochemicals from D. latifolia. Quantitatively, total phenolic content showed no significant difference
among leaf, stem, and bark extracts, although ELDL recorded the highest value. In contrast, total flavonoid
content differed significantly among the extracts, with ESDL showing the highest value, followed by ELDL and
EBDL. However, the absolute TF values remained within a narrow range of approximately 3.5-3.7 mg QE/g,
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suggesting that the statistical difference reflects consistent but small variations among replicates rather than a
large biological separation. Therefore, the antioxidant differences observed across assays may not be explained
solely by total phenolic or flavonoid quantity. Instead, they are more likely influenced by the specific chemical
composition, structural features, polarity, and assay-specific reactivity of individual constituents present in each
extract.

The total antioxidant capacity assay showed a clear part-specific pattern, with EBDL exhibiting the highest TAC,
followed by ESDL and ELDL. Since TAC reflects the cumulative electron-donating and reducing capacity of
the extract, the higher value in EBDL suggests that bark may contain a stronger pool of compounds capable of
broad antioxidant reduction. This agrees with (Khalid et al., 2011), who reported strong antioxidant activity in
ethanolic bark extract of D. latifolia, including DPPH, nitric oxide, and thiocyanate radical inhibition. The
strong TAC of bark also aligns with studies where bark extracts showed systemic protective effects in oxidative
stress-linked models, including anti-obesity and antidiabetic studies (Khalid et al., 2020; Tiwari & Choudhary,
2021). In contrast, the reducing power assay did not show significant differences among ELDL, ESDL, and
EBDL. RPA reflects the ability of extracts to donate electrons and reduce oxidized intermediates, which is
biologically relevant to redox balance (Sadeer et al., 2020). The absence of significant difference indicates that
reducing capacity is distributed across all three plant parts. Therefore, while EBDL showed the highest TAC, its
reducing power was not statistically stronger than leaf or stem extracts. This distinction is important because
TAC and RPA do not measure identical antioxidant mechanisms.

The DPPH and ABTS assays provided a different antioxidant pattern. These assays estimate the direct radical
scavenging ability of extracts, with lower ICso indicating stronger scavenging potency (Jaganjac et al., 2021). In
DPPH, ELDL and ESDL showed comparable and stronger activity than EBDL, with both extracts also showing
lower ICso values than the standard (Fig. 7.). In ABTS, ELDL and ESDL again showed comparable scavenging
activity, while EBDL had significantly higher ICso and therefore weaker scavenging potency. Thus, although
EBDL was strongest in TAC, leaf and stem extracts were more effective in direct radical scavenging. This
suggests that bark may contribute more to total reducing capacity, while leaf and stem may contain constituents
that react more efficiently with DPPH and ABTS radicals.

ICs, DPPH and ABTS Scavenging
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Fig. 7. ICso Values for DPPH and ABTS radicals of Dalbergia latifolia extracts
Values expressed as mean + SD, n=3. Significance difference (p < 0.05)

This assay-dependent variation is scientifically meaningful. TAC gives an estimate of total antioxidant capacity,
RPA reflects electron-donating power, while DPPH and ABTS more directly represent free radical
neutralization (Jaganjac et al., 2021; Sadeer et al., 2020). Therefore, the present results show that antioxidant
activity in D. latifolia is not uniform across plant parts or assay systems. EBDL may be more relevant where
broad reducing capacity is required, whereas ELDL and ESDL may be more relevant for rapid radical
scavenging. Such variation also explains why single-assay antioxidant evaluation can be misleading.
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The present findings are consistent with earlier reports that link D. latifolia bioactivity to oxidative stress
modulation. (Nagarathna & Kumari, 2018) reported that D. latifolia leaf extract protected against 5-FU-induced
cardiotoxicity by improving antioxidant enzyme status and reducing oxidative injury. This supports the strong
radical scavenging activity of ELDL observed in the present study. (Tiwari & Choudhary, 2021) showed that
hydroalcoholic bark extract improved antioxidant enzymes such as SOD, CAT, GPx, and GST in diabetic rats,
which corresponds well with the strong TAC observed for EBDL. (Khalid et al., 2020) also reported metabolic
and histological improvement with bark extract in high-fat diet-induced obesity, further supporting the relevance
of bark antioxidant capacity in systemic oxidative stress.

The ethnomedicinal uses of D. latifolia also fit with the current antioxidant findings. Bark has traditionally been
used for diarrhoea, dyspepsia, leprosy, obesity, worms, body pain, and as a bitter tonic, stomachic, stimulant,
anthelminthic, and spasmogogue. Bark, leaves, and roots are also used for chronic ulcers, polyuria, urinary
bladder disorders, leukoderma, wounds, and skin diseases (Almeida & Almeida, 2010; Council of Scientific &
Industrial Research, 1952; Jain, 1991; Kirtikar & Basu, 1918). Oxidative stress is commonly involved in chronic
wounds, inflammatory skin conditions, ulcers, metabolic disorders, and tissue injury (Feng et al.,, 2022;
Masenga et al., 2023; Rani et al., 2016). The high TAC of EBDL may partly support the traditional use of bark
in systemic and inflammatory conditions, while the strong DPPH and ABTS scavenging activity of ELDL and
ESDL may support the relevance of leaf and stem parts in oxidative injury and skin-related applications. The
reported tribal use of stem-derived oil for eczema and bark preparations for severe skin diseases is therefore
consistent with the antioxidant potential observed across these plant parts.

5. Conclusion

Overall, the present study shows that different parts of D. latifolia express different antioxidant strengths. EBDL
was superior in total antioxidant capacity, while ELDL and ESDL showed stronger radical scavenging potency
in DPPH and ABTS assays. The comparable TP and TF levels suggest that antioxidant activity depends not only
on the total amount of phenolics and flavonoids, but also on the specific chemical composition of each extract.
However, the present study was limited to ethanolic extracts and selected in vitro antioxidant assays; therefore,
the findings should be interpreted within this experimental scope. The active compounds responsible for the
observed activity were not individually characterized through HPLC/LC-MS-based profiling, and cellular or in
vivo antioxidant responses were not assessed. Further studies involving solvent-fractionated extracts,
compound-level identification, samples from different geographical or seasonal conditions, and biological
validation models would help establish the therapeutic relevance of D. latifolia more comprehensively.

6. Future Scope

As these findings strengthen the pharmacological relevance of D. latifolia, it can support further work focused
on compound-level profiling, especially of phenolic and neoflavonoid constituents, to identify the metabolites
responsible for the observed antioxidant effects. Bioactivity-guided approaches such as TLC bioautography and
online HPLC-DPPH, HPLC-ABTS, or HPLC-FRAP assays coupled with mass spectrometry can help separate
and identify active compounds. Further confirmation may be carried out using LC-MS/MS, HRMS, and NMR.
In silico docking against antioxidant or oxidative stress-related targets can provide preliminary mechanistic
insights. Active fractions or purified compounds should then be evaluated in cell-based and in vivo models to
confirm efficacy, safety, and therapeutic relevance.
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