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Abstract

Nauclea orientalis, locally known as Gao Vang in Vietnam, is widely distributed in Southeast Asia and has been
traditionally used in ethnomedicine to treat fever, inflammation, and skin disorders. Although phytochemical
investigations of Nauclea species and the Rubiaceae family have been reported, studies systematically linking
polyphenol-enriched fractions with multiple bioactivities remain limited. This study aimed to determine the total
polyphenol and flavonoid contents and to evaluate the antioxidant, anti-inflammatory, antidiabetic, and antibacterial
activities of different extracts of N. orientalis, including ethanol extract, hexane, ethyl acetate, and dichloromethane
fractions. Among the tested extracts, the ethyl acetate fraction exhibited the highest total polyphenol and flavonoid
contents. Consistently, this fraction showed strong antioxidant activity, with ICsy values ranging from 31.63 + 0.40 to
54.61 + 0.72 pg/mL across representative radical scavenging assays, comparable to trolox. In addition, notable anti-
inflammatory activity was observed through inhibition of nitric oxide scavenging capacity, with ICso values of 84.96 +
1.48 pg/mL, along with superior protective effects in red blood cell membrane stabilization and protein denaturation
models. This fraction also demonstrated significant antidiabetic potential through effective inhibition of a-amylase and
a-glucosidase, as well as pronounced antibacterial activity. High-performance liquid chromatography analysis
qualitatively identified gallic acid, quercetin, and rutin as representative constituents. Overall, these findings highlight the
ethyl acetate fraction of V. orientalis as a source with multifunctional bioactivities, providing new pharmacological insight

beyond previously reported phytochemical studies of this genus.
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Introduction

Oxidative stress, characterized by a redox
imbalance where the generation of reactive oxygen
(ROS) or nitrogen species (RNS) overwhelms
endogenous antioxidant defenses, is a fundamental
driver of cellular damage. This failure in redox
homeostasis compromises phospholipid membranes,
proteins, and nucleic acids, contributing to the

pathogenesis of various chronic diseases [1]. While the

body employs both enzymatic (e.g., superoxide
dismutase, catalase) and non-enzymatic defenses (e.g.,
glutathione), these systems are often insufficient under
pathological conditions [2]. Consequently, reinforcing
these defenses with exogenous antioxidants from plant
sources is critical to mitigate protein structural
alterations and restore biological function.
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Similarly, inflammation serves as an essential
defense mechanism mediated by cytokines (TNF-a, IL-
6) and effectors like nitric oxide (NO) and prostaglandin
E2 (PGE2) [3,4]. However, its dysregulation forms a
pathological triad with oxidative stress and diabetes
mellitus, particularly type 2 diabetes [5]. In this vicious
cycle, hyperglycemia-induced ROS exacerbates insulin
resistance, while chronic inflammation further amplifies
metabolic dysfunction and impairs immune responses
[6]. Thus, breaking this feedback loop between
oxidative stress and inflammation is a key therapeutic
strategy.

Despite epidemiological projections indicating a
rise in global diabetes prevalence from 8.8% in 2015 to
10.4% by 2040 [7], current management strategies
remain limited. Type 1 and type 2 diabetes are distinct
in etiology [8], yet pharmacological interventions for
both, as well as NSAIDs used for inflammation, are
frequently associated with adverse long-term effects,
including gastrointestinal and cardiovascular risks
[9,10]. Furthermore, the molecular crosstalk where ROS
activate pro-inflammatory transcription factors like NF-
kB [11] necessitates the development of multi-target
agents capable of simultaneously modulating both
oxidative and inflammatory pathways.

Natural bioactive compounds, particularly

polyphenols and flavonoids, have emerged as promising

candidates to address this complex etiology [5]. Nauclea
orientalis (Gao vang), a Rubiaceae species widely
distributed in Southeast Asia, has been traditionally
utilized for fever and inflammatory conditions. While
recent phytochemical investigations have characterized
the alkaloid and phenolic profiles of its barks and leaves
[12,13], the stem bark remains largely unexplored. We
hypothesize that the stem bark may harbor a distinct
phytochemical profile with potent bioactivity capable of
disrupting the oxidative-inflammatory axis in diabetes.
Therefore, this study aims to bridge this knowledge gap
by evaluating the antioxidant, anti-inflammatory,
antidiabetic, and antibacterial potential of N. orientalis
stem bark, contributing to the development of novel

plant-based therapeutics.

Materials and methods

Plant materials

The stem bark of N. orientalis (Figure 1) was
collected from Binh Thuy District, Can Tho City, Viet
Nam. Botanical identification was performed by Dr.
Nguyen Thi Ai Lan, Deputy Director of the Institute of
Biotechnology, Tra Vinh University, based on
morphological characteristics. A voucher specimen
(code: CT Nor202304010019) was deposited at the
Biology Laboratory, Faculty of Medicine, College of
Health Sciences, Nam Can Tho University.

Figure 1 N. orientalis.

Processing of plant materials and preparation
of crude extracts

After collection, 10 kg of fresh N. orientalis stem
bark (NOSB) was dried at 55 °C and then finely ground
to obtain 4.4 kg of dry powder. The powder was

standardized using a 60-mesh sieve. Moisture content
was determined using a YOKE DSH-10A moisture
analyzer (YOKE, China), yielding a value of 7.27 +
0.17%. The dried powder was subsequently stored at 4
°C until further use. For extraction, 1 kg of the stem bark
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powder was macerated with ethanol at a solid-to-solvent
ratio of 1:10 (w/v), and the process was repeated three
times. The combined extracts were concentrated to
obtain 120 g of crude ethanol extract. From this extract,
100 g was subjected to successive liquid-liquid
partitioning with solvents of increasing polarity, namely
n-hexane, dichloromethane, and ethyl acetate, yielding
10.4 g,12.2 g, and 20.4 g of the respective fractions. The
moisture contents of the ethanol extract and the n-
hexane, dichloromethane, and ethyl acetate fractions
were measured using the same moisture analyzer, with
values of 6.73 £ 0.15%, 7.00 = 0.20%, 6.87 + 0.15%,
and 6.60 + 0.10%, respectively.

Quantitative determination of total polyphenol
content and total flavonoid content

The total polyphenol content (TPC) and total
flavonoid content (TFC) of NOSB extracts were
quantitatively determined following the standardized
spectrophotometric procedures described by Duc ef al.
[1], with modifications [1]. The concentrations of TPC
and TFC were calculated using their respective
calibration curves, with gallic acid employed as the
reference standard for TPC (expressed as mg gallic acid
equivalents per gram of extract, mg GAE/g extract; y =
0.0091x + 0.0179, R? = 0.9994) and quercetin used as
the reference standard for TFC (expressed as mg
quercetin equivalents per gram of extract, mg QE/g
extract; y = 0.0178x + 0.0029, R? = 0.9998).

In vitro evaluation of antioxidant activity

The in vitro antioxidant activity of NOSB extracts
was evaluated using modified procedures adapted from
a previous study [14]. Antioxidant capacity was
assessed through multiple complementary assays,
including total antioxidant capacity (TAC), reducing
power (RP), ferric reducing antioxidant power (FRAP),
DPPH radical scavenging, and ABTS®" radical
scavenging. Ascorbic acid was employed as the positive
control in all assays. The half-maximal inhibitory
concentration  (ICsp, upg/mL) and antioxidant
effectiveness were calculated from absorbance at the

corresponding wavelengths.

In vitro evaluation of anti-inflammatory
activity

The in vitro anti-inflammatory activity of NOSB
extracts was evaluated using complementary assays,
including red blood cell (RBC) membrane stabilization,
inhibition of bovine serum albumin (BSA) denaturation,
and suppression of nitric oxide (NO°®) scavenging
activity in a cell-free chemical system, following the
methods described by Tran et al. [15], with
modifications [15]. Diclofenac was used as the reference
standard (positive control) for the RBC and BSA assays,
and Trolox was employed as the positive control for
NO® scavenging, while 10% dimethyl sulfoxide
(DMSO) served as the negative control. The inhibitory
effects on RBC membrane stabilization, BSA
denaturation, and NO°® radical generation were
expressed as inhibition percentage (%) and half-
maximal inhibitory concentration (ICsp, pg/mL),
calculated from absorbance measurements at the

corresponding wavelengths.

In vitro evaluation of antidiabetic activity

The in vitro antidiabetic activity of NOSB extracts
was evaluated through o-amylase and a-glucosidase
inhibition assays, following the methods described by
Linh et al. [16], with modifications [16]. The
absorbance of the reaction mixtures was measured using
a Thermo Scientific Multiskan GO UV/Vis microplate
spectrophotometer (USA) at 660 nm for the a-amylase
assay and 405 nm for the a-glucosidase assay. To
eliminate potential colorimetric interference from
phenolic compounds, a sample blank containing the
extract and buffer (without enzyme) was prepared for
each concentration. The background absorbance of this
blank was subtracted from the absorbance of the test
sample before calculating the percentage of inhibition.
The inhibitory effects on both enzymes were expressed
as inhibition percentage (%) and half-maximal
inhibitory concentration (ICso, pg/mL). Acarbose was
used as the positive control.

In vitro evaluation of antibacterial activity

The in vitro antibacterial activity of NOSB
extracts was evaluated using agar well diffusion, broth
microdilution, and droplet counting methods, following
the procedures described by Ngan et al. [17], with
modifications [17]. The antibacterial assays were
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conducted against the following bacterial strains:
Listeria innocua ATCC 33090, Staphylococcus aureus
ATCC 6538, Pseudomonas aeruginosa ATCC 27853,
and Escherichia coli ATCC 25922™., Ciprofloxacin
was used as the positive control, while 10% DMSO
served as the negative control. Antibacterial efficacy
was assessed based on inhibition zone diameter,
minimum inhibitory concentration (MIC), and
minimum bactericidal concentration (MBC).

Qualitative profiling by HPLC-PDA

Qualitative HPLC-PDA analysis was conducted
on a Waters Alliance ¢2695 system with a 2998 PDA
detector using a C18 column (150%4.6 mm, 5 um) at 35
°C. Samples (10 pL) were eluted at 1.0 mL/min with a
gradient of 0.1% H3PO4 (A) and acetonitrile (D) over 20
min. PDA detection was set at 190 - 600 nm;
chromatograms were recorded at 270 nm and UV-Vis
spectra (200 - 400 nm) were used for qualitative
identification. Gallic acid, rutin, and quercetin (Sigma-
Aldrich) were used as reference standards based on

retention times and UV-Vis spectra.

Statistical analysis

Data are presented as mean + standard error.
Statistical analysis was performed using one-way
ANOVA followed by Tukey’s post hoc test in Minitab
16. All assays were conducted in triplicate in three
independent experiments, with statistical significance
set at p <0.05.

Table 1 TPC and TFC values of NOSB extracts.

Results and discussion

Quantitative analysis of total polyphenol and
total flavonoid content in NOSB

The present study quantified total polyphenol
content (TPC) and total flavonoid content (TFC) in
NOSB extracts obtained using solvents of different
polarities, including ethanol extract (EE), ethyl acetate
fraction (EF), n-hexane fraction (HF), and
dichloromethane fraction (DF). As summarized in
Table 1, extraction efficiency showed a clear
dependence on solvent polarity for both TPC and TFC.
Among the tested solvents, the EF exhibited the highest
levels of TPC (179.36 + 6.62 mg GAE/g extract) and
TFC (146.28 + 3.09 mg QE/g extract), followed by EE
and DF, whereas the HF contained the lowest amounts.

This trend can be attributed to differences in
solvent polarity, which strongly influence the solubility
and recovery of polyphenol and flavonoid compounds.
Moderately polar/polar solvents such as ethyl acetate
and ethanol are more compatible with the chemical
nature of these compounds [18,19], thereby enhancing
extraction efficiency, whereas non-polar solvents as n-
hexane are less effective [20]. Given the substantially
higher TPC and TFC observed in the EF, it can be
reasonably anticipated that this fraction may exhibit
stronger biological activities than the other extracts.
This expectation is based on the well-established role of
polyphenols and flavonoids as key bioactive
constituents in plant-derived extract [21]. Accordingly,
the outstanding TPC and TFC of the EF support its
potential to exhibit stronger biological activities than the

other fractions.

Samples TPC (mg GAE/g extract) TFC (mg QE/g extract)
Ethanol extract 129.54°+5.22 115.48°+2.68
n-Hexane fraction 50.249+3.12 30.83¢+2.73
Dichloromethane fraction 90.53°+ 5.50 62.20°+2.18
Ethyl acetate faction 179.36* + 6.62 146.28* + 3.09

Note: Values in the same row with different letters indicate statistically significant differences (p < 0.05)

Antioxidant activity of NOSB extracts

As shown in Table 2A, all extracts of N. orientalis
exhibited antioxidant activity in the ABTS®*, DPPH,
FRAP, and TAC assays. However, pronounced

differences in potency were observed among them.
Overall, the EF demonstrated the strongest antioxidant
activity across all assays, whereas the HF consistently
showed the weakest performance. Particularly, in the
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ABTS*" assay, the EF exhibited an ICso value of 42.28
+ 0.52 pg/mL, which was approximately 2.3-fold lower
than that of HF (96.77 £5.17 pg/mL) and 1.7-fold lower
than that of DF (72.86 = 1.74 pg/mL), indicating a
markedly stronger radical-scavenging capacity.
Similarly, in the DPPH assay, the EF showed nearly
two-fold greater activity than HF and approximately
1.6-fold higher activity than DF, while also
outperforming the EE. A comparable trend was
observed in the FRAP assay, where the antioxidant
potential of the EF (ICso = 44.94 + 1.50 pg/mL) was
approximately 2.2 times stronger than that of HF and 1.7
times stronger than that of DF, reflecting a superior
electron-donating ability. Notably, the EF exhibited
potent reducing power with an ICso value comparable to
the PSC (49.43 £+ 0.59 pg/mL), a promising finding
given the multi-component nature of the fraction
compared to the pure standard. Finally, in the TAC
assay, the EF again displayed the lowest ICso value
(31.63 £ 0.40 pg/mL), corresponding to more than a
two-fold increase in total antioxidant capacity compared
with HF and approximately 1.8-fold higher activity than
DF.

Across all antioxidant assays, the overall order of
activity was consistently EF > EE > DF > HF. The

outstanding antioxidant performance of the EF closely
corresponds to its significantly higher TPC and TFC,
which were approximately 3 - 5 times greater than those
of the HF. This quantitative relationship suggests that
elevated TPC and TFC levels likely contribute to the
observed in vitro antioxidant capacity [22].
Consequently, the EF can be considered the most potent
antioxidant fraction among the tested samples,
reflecting both its enriched chemical composition and
strong in vitro antioxidant capacity. These findings are
consistent with a recent study, in which five extracts and
fractions obtained from Ixora duffii leaves, including the
ethanol extract, n-hexane fraction, dichloromethane
fraction, ethyl acetate fraction, and water fraction, were
evaluated. In that study, the ethyl acetate fraction, which
exhibited the highest total polyphenol, total flavonoid,
total tannin, and total alkaloid contents, also
demonstrated the strongest antioxidant activity across
five assays (ABTS®**, DPPH, RP, FRAP, and TAC),
with ICso values ranging from 8.91 + 0.16 to 16.11 +
0.20 pg/mL [5]. The close agreement between these
results and those of the present study further supports

the reliability and consistency of the current findings.

Table 2 In vitro antioxidant, anti-inflammatory, and antidiabetic activities of N. orientalis extracts.

The ICso (ng/mL) values
Methods
EE HF DF EF PSC
A: Antioxidant activity
ABTS** 50.90¢+0.99 96.77*+ 5.17 72.86Y+ 1.74 42289+ 0.52 8.73°+0.25
DPPH 72.37°+1.59 100.53*+ 1.50 86.10°+ 0.70 54.619+£0.72 6.49¢+0.29
FRAP 61.69°+ 1.29 98.96%+ 1.97 76.14%+0.80 44,944+ 1.50 49.439+0.59
TAC 36.25°+0.60 69.732+ 1.60 56.53°+0.34 31.639+0.40 9.97¢+0.05
B: Anti-inflammatory activity
NO* 109.34°+ 1.40 147.752+1.33 126.74°+0.65 84.969+ 1.48 61.33°+4.10
RBCs 32.61°+£0.29 62.873+2.52 49.13°+1.20 28.624+0.40 50.19%+ 1.20
BSA 44.90°+ 0.89 60.993+ 1.29 58.313+1.85 36.469+ 0.38 51.09%+ 0.69
C: Antidiabetic activity
a-Amylase 61.67°+ 141 96.603+2.95 77.15%+1.22 53.1894+0.49 7.23°+0.40
a-Glucosidase 21.07°£0.51 31.99°+0.34 28.28°+0.98 16.59+0.35 4.14°+£0.01

Note: Values within the same row followed by different letters indicate statistically significant differences (p < 0.05).EE

= ethanol extract; HF = n-hexane fraction; DF = dichloromethane fraction; EF = ethyl acetate fraction; PSC = positive

control

Anti-inflammatory activity of NOSB extracts
The anti-inflammatory effects of the extracts were
evaluated using NO® inhibition, RBCs membrane

stabilization, and BSA denaturation assays (Table 2B).
Among the tested samples, the EF consistently exhibited
the strongest anti-inflammatory activity, with ICsg
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values of 84.96 + 1.48 pg/mL (NO®), 28.62 + 0.40
pg/mL (RBCs), and 36.46 + 0.38 pg/mL (BSA). These
values were approximately 1.1 - .3-fold lower than those
of the EE and 1.5 - 1.7-fold lower than those of the DF,
indicating a pronounced enhancement of anti-
inflammatory potential. Besides, the HF demonstrated
the lowest anti-inflammatory activity among the tested
extracts. Notably, the EF exhibited substantial
protective effects comparable to the PSC in the RBCs
membrane stabilization and BSA denaturation assays, a
promising result considering the complex nature of the
fraction compared to the pure standard, while its NO*®
inhibitory activity remained approximately 1.4-fold
weaker. Overall, the observed activity trend (EF > EE >
DF > HF) parallels the distribution of TPC and TFC,
supporting the hypothesis that these polyphenolic
compounds are key contributors to the fraction’s
bioactivity.

Numerous studies have established that
polyphenols and flavonoids exert anti-inflammatory
effects through both direct and indirect mechanisms
[23,24]. Beyond their capacity to scavenge ROS and
alleviate oxidative stress, these compounds can
modulate key inflammation-related pathways by
suppressing pro-inflammatory mediators, stabilizing
cellular ~membranes, and preventing protein
denaturation [25]. Given the close interplay between
oxidative stress and inflammatory signaling, the strong
antioxidant activity of polyphenol- and flavonoid-rich
fractions likely contributes to their enhanced anti-
inflammatory potential. Accordingly, the potent anti-
inflammatory effects of N. orientalis fractions with high
TPC and TFC may be attributed to the antioxidative
properties of these compounds, which are known to play
a protective role in mitigating inflammatory processes
[26,27].

Antidiabetic activity of NOSB extracts

The antidiabetic potential of the extracts was
evaluated through o-amylase and a-glucosidase
inhibition assays (Table 2C). Solvent polarity markedly
influenced enzyme inhibitory efficacy. Among all
extracts, the EF exhibited the strongest inhibitory
activity, with I1Csy values of 53.18 £ 0.49 pg/mL for a-
amylase and 16.5 + 0.35 pg/mL for a-glucosidase.
Based on ICs ratios, EF was approximately 1.8-fold (o-
amylase) and 1.9-fold (a-glucosidase) more potent than

the HF, 1.4-fold and 1.7-fold more potent than the DF,
and ~1.15-fold and 1.3-fold more potent than the EE,
respectively (Table 2C). Although EF was less active
than the positive control “acarbose” (ICso a-amylase =
7.23 £0.40 pg/mL and ICsp a-glucosidase = 4.14+ 0.01
pug/mL), it demonstrated substantial inhibitory potential
for other extracts. The observed increase in enzyme
inhibition from non-polar to moderately polar solvents
correlated with higher TPC and TFC, suggesting that
these compounds play an important role in modulating
carbohydrate-hydrolyzing enzymes and contributing to
the antidiabetic activity.

Polyphenol compounds are known to inhibit
carbohydrate-hydrolyzing enzymes through non-
covalent interactions, such as hydrogen bonding and
hydrophobic interactions, which may alter enzyme
conformation and reduce catalytic efficiency [28].
Flavonoids, in particular, have been reported to
preferentially inhibit a-glucosidase, thereby delaying
intestinal glucose release and absorption [29]. In
addition to direct enzyme inhibition, polyphenols exert
antidiabetic effects by alleviating oxidative stress and
inflammation associated with insulin resistance [30]. A
2024 study optimized a polyphenol-rich extract from
Curcuma zedoaria rhizomes and evaluated its activity
using o-amylase and a-glucosidase inhibition assays.
The optimized extract showed markedly stronger
antidiabetic activity than the non-optimized extract,
with ICso values ranging from 5.89 +0.23 t0 9.62 £ 0.11
pg/mL, whereas the non-optimized extract exhibited
weaker inhibition (ICso = 65.09 £ 0.99 pg/mL for o-
amylase and 56.77 £ 0.09 pg/mL for a-glucosidase).
These results highlight the pivotal role of polyphenols in
antidiabetic activity and support the consistency of the
present findings [31].

Antibacterial activity of NOSB extracts

The antibacterial activity of the extracts/fractions
was assessed using the agar diffusion method as a
preliminary screen, followed by MIC/MBC assays
(Tables 3 and 4). Among all samples, the EF exhibited
the strongest antibacterial activity against all tested
strains. At 1024 pg/mL, it produced the largest
inhibition zones against Staphylococcus aureus (30.83 +
0.49 mm) and Listeria innocua (27.27 £ 0.68 mm),
while smaller zones were observed for Escherichia coli
(18.80 + 0.46 mm) and Pseudomonas aeruginosa (19.47
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+ 0.50 mm). To ensure accurate assessment regarding
the diffusion limitations of non-polar extracts, broth
microdilution was employed. Consistently, the EF
showed the lowest MIC values among all extracts (64
pg/mL for L. innocua and S. aureus, 128 ng/mL for E.
coli, and 256 pg/mL for P. aeruginosa). Based on the
classification criteria reported by Duc et al. [5], MIC
values were interpreted as follows: very good activity
(40 - 80 pg/mL), good activity (80 - 160 pg/mL), and
moderate activity (160 - 320 pg/mL). In contrast, the
MIC results confirmed that HF and DF exhibited weak
or no antibacterial activity. The higher efficacy of the
EF may be attributed to its enrichment in polyphenol and
flavonoid compounds, which are known to exert
antibacterial effects through membrane disruption and
inhibition of essential cellular processes.

A clear difference in susceptibility between Gram-
positive and Gram-negative bacteria was observed.
Gram-positive strains (L. innocua and S. aureus) were

more sensitive to the active extracts, as indicated by

larger inhibition zones and lower MIC/MBC values,
whereas Gram-negative bacteria (E. coli and P.
aeruginosa) showed reduced susceptibility. This
difference can be attributed to structural variations in the
bacterial cell envelope, particularly the presence of an
outer lipopolysaccharide-rich membrane in Gram-
negative bacteria, which acts as an additional
permeability barrier limiting the diffusion of
antibacterial compounds [32]. The prominent
antibacterial activity of the EF is likely linked to its
higher TPC and TFC, suggesting that these solvent-
selective metabolites play a role in the observed
bacterial inhibition. Polyphenol and flavonoid
compounds are known to exert antibacterial effects
through membrane disruption [33,34], enzyme
inhibition, interference with nucleic acid synthesis, and
induction of oxidative stress in pathogenic
microorganisms, thereby contributing to the enhanced

antibacterial potential of this fraction.

Table 3 Diameter of inhibition zones (mm) of extract/fractions and ciprofloxacin at at different concentrations (png/mL).

Diameter of inhibition zones (mm) of extract/fractions at different concentrations (ng/mL)

L. innocua
64 128 256 512 1024
EE - 12.179£0.59 14.23°+0.91 16.97°+0.72 19.272+0.32
HF - - - - 14.602+0.10
DF - - - - 16.832 +0.68
EF 12.63°+0.25 15.109+ 1.04 17.90°+ 0.61 22.07°+0.51 27.273+0.68
Diameter of inhibition zones (mm) of ciprofloxacin at different concentrations (ug/mL)
Ciprofloxacin 1 2 4 8 16
- - - 22.17°+0.58 27.232+0.57
Diameter of inhibition zones (mm) of extract/fractions at different concentrations (ug/mL)
8. aereus 64 128 256 512 1024
EE - 14.409+0.17 17.07¢+0.42 20.43%+0.06 23.172+0.68
HF - - - 12.10°+ 0.53 15.10°+0.78
DF - - - 13.43°+0.90 18.532+1.00
EF 16.80°+ 0.53 19.734£0.59 22.77°+ 0.64 2593+ 1.16 30.832+0.49
Diameter of inhibition zones (mm) of ciprofloxacin at different concentrations (ug/mL)
Ciprofloxacin 1 2 4 8 16
- - 20.40°+1.15 26.30°+ 0.66 31.508+0.95
E coli Diameter of inhibition zones (mm) of extract/fractions at different concentrations (ng/mL)
64 128 256 512 1024
EE - - 12.90°+ 0.66 16.77°+ 0.50 19.432+0.51
HF - - - - -
DF - - - - -
EF - 12.074+0.61 14.20°+0.17 16.90°+ 0.60 18.802+ 0.46
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Diameter of inhibition zones (mm) of ciprofloxacin at different concentrations (ug/mL)

Ciprofloxacin 1 2

4 8 16

- 11.13°£ 1.01

15.73°+£0.59

17.60°+1.13 21.77°£ 0.55

Diameter of inhibition zones (mm) of extract/fractions at different concentrations (ug/mL)

P. aeruginosa

64 128 256 512 1024
EE - - - 13.57°+0.55 17.70+ 0.36
HF - - - - -
DF - - - - -
EF - - 13.33¢+0.96 16.90°+ 0.72 19.472+0.50
Diameter of inhibition zones (mm) of ciprofloxacin at different concentrations (ug/mL)
Ciprofloxacin 1 2 4 8 16
- - - 16.80° +0.53 20.47*+ 0.15

Note: Within the same row, values marked with different superscript letters represent statistically significant differences

(p > 0.05). The symbol “—" denotes the absence of inhibitory activity

Table 4 MIC and MBC values of extract/fractions and ciprofloxacin.

P. aeruginosa E. coli L. innocua S. aureus
Samples

MIC MBC MIC MBC MIC MBC MIC MBC
EE 512 1024 256 512 128 256 128 256
HF - - - - 1024 2048 512 1024
DF - - - - 1024 2048 512 1024
EF 256 512 128 256 64 128 64 128

Ciprofloxacin 8 16 2 4 8 16 4 8
Note: “—” represents data that have not been determined
Qualitative = HPLC-PDA  profiling of compounds was therefore based on the similarity of their

compounds in the EF of NOSB

Based on the biological activity results presented
above, the EF demonstrated markedly superior
performance compared to the EE, HF, and DF. To
further elucidate the potential phytochemical basis
underlying this enhanced bioactivity, a qualitative
analysis of the EF was conducted using HPLC-PDA.
The HPLC chromatogram of the EF exhibited several
distinct peaks, among which three major peaks showed
retention times comparable to those of the reference
standards: gallic acid, rutin (quercetin-3-O-rutinoside),
and quercetin (retention times of standards: 4.27 min for
gallic acid, 9.42 min for rutin, and 12.51 min for
quercetin (Figure 2(a)); corresponding peaks in the EF
observed at 4.41 min, 9.66 min, and 12.59 min (Figure

2(b)), respectively). The tentative identification of these

retention times under identical chromatographic
conditions.

From a structural standpoint, gallic acid is a simple
phenolic acid characterized by a trihydroxybenzoic acid
core, containing three hydroxyl groups directly attached
to an aromatic ring. This structural configuration is
known to confer strong hydrogen-donating capacity and
electron delocalization, properties that have been widely
associated with antioxidant and free radical scavenging
activities [35]. In addition, phenolic acids such as gallic
acid have been frequently reported to exhibit anti-
inflammatory, antibacterial, and antidiabetic potentials,
which may contribute to antidiabetic-related effects
stress  and

through modulation of oxidative

inflammatory pathways [36].



Trends Sci. 2026; 23(10): 13244

90of12

0.10

(0]

HO OH HO
HO
OH

Gallic acid

(a)
0.08-
0.06- .
o Rutin
< 0.04- s a
Gallic acid
0.02- Quercetin A
000 F——— " —
" ’ L] [} S L v ] ‘ ] . ’ ] v ] ] \; 3 3 ] ' ' '
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes
0.04 Gallic acid
¥ Rutin
o )
2 <
p— ‘ Que:etm
0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

Quercetin

Rutin

Figure 2 HPLC chromatograms illustrating (a) reference standards of gallic acid, rutin, and quercetin, and (b) their

qualitative identification in the ethyl acetate fraction (EF).

Besides, quercetin and rutin belong to the
flavonoid class of polyphenolic compounds, possessing
a characteristic C6-C3—C6 flavonol backbone with
multiple hydroxyl substitutions [14]. Quercetin, as the
aglycone form, exhibits a planar and highly conjugated
structure that is commonly linked to antioxidant, anti-
inflammatory, and antimicrobial activities, as well as
inhibitory effects against carbohydrate-hydrolyzing
enzymes [37]. Rutin, a glycosylated derivative of
quercetin containing a rutinose moiety, retains the
fundamental flavonoid scaffold while displaying
modified physicochemical properties, such as enhanced
solubility and stability, which have been reported to
influence its biological behavior [38]. Both compounds
have been widely documented for their potential roles in
antioxidant defense, inflammation regulation, and

metabolic disorder-related bioactivities.

In summary, the qualitative HPLC results indicate
that gallic acid, quercetin, and rutin may contribute to
the enhanced biological activities of the EF, providing
mechanistic support for its superior performance.

Limitations and propose future directions

Despite the comprehensive evaluation of N.
orientalis extracts, several limitations should be
acknowledged. First, the biological assessments were
primarily restricted to in vitro models. Specifically, the
anti-inflammatory activity was based on cell-free
assays, and the antidiabetic evaluation focused on
inhibition capacity without performing kinetic
characterization to determine the mode of enzyme
future should

incorporate macrophage models and detailed kinetic

inhibition. Consequently, research

analyses to elucidate cellular mechanisms [39,40],



Trends Sci. 2026; 23(10): 13244

10 of 12

followed by in vivo studies to confirm efficacy and
safety [41]. Second, while representative polyphenols
were identified qualitatively, their quantitative
contributions and synergistic interactions remain to be
explored through compound isolation and HPLC-based
profiling. Finally, to facilitate practical application,
future work should establish an optimized extraction
process [1] integrated with life cycle assessment and
economic analysis [42] to evaluate feasibility for large-

scale production.

Conclusions

The present study validates N. orientalis stem bark
as a significant source of bioactive phytochemicals.
Fractionation with ethyl acetate proved effective in
enriching polyphenols and flavonoids, resulting in this
fraction exhibiting the most prominent antioxidant, anti-
inflammatory, antidiabetic, and antibacterial activities
among the investigated extracts. These biological
effects were strongly correlated with the total
polyphenol and flavonoid contents, suggesting that
compounds such as gallic acid, quercetin, and rutin,
identified via qualitative analysis, likely contribute to
the observed properties. Collectively, these in vitro
findings provide scientific evidence supporting the
traditional use of N. orientalis and underscore the
potential of the ethyl acetate fraction as a candidate for
developing plant-based therapeutic agents.
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