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ABSTRACT
Ziziphus lotus (L.), traditionally recognised for its anti-inflammatory and antioxidant properties, has received limited scientific
exploration regarding its potential as an antigout agent. This study provides the first investigation of the inhibitory capacity
of Z. lotus seed and leaf extracts against bovine xanthine oxidase (BXO), a key enzyme in uric acid biosynthesis and the
pathogenesis of gout. To characterise its bioactive constituents, the potent extract was subjected to liquid chromatography–
high-resolution electrospray ionisation mass spectrometry (LC–HRESIMS)-based phytochemical profiling. In vitro evaluation
confirmed potent inhibitory effects, with the seed extract (IC50 = 40.63± 0.41 µg/mL) showing superior activity over the leaf extract
(IC50 = 61.06 ± 1.15 µg/mL). LC–HRESIMS profiling of the seed extract identified fourteen metabolites, dominated by syringic
acid (16 240.00 µg/g extract), sinapinic acid (3688.80 µg/g extract), and rutin (1918.00 µg/g extract) as the major constituents. A
computational study focused on phytochemicals not previously assessed against XO; molecular docking demonstrated strong
binding interactions to the target protein, suggesting promising inhibitory potential. ADMET and drug-likeness assessments
highlighted (+)-trans taxifolin as the most promising candidate for drug development. Overall, these findings establish Z. lotus
seeds as a valuable source of natural xanthine oxidase inhibitors and underscore their potential as novel phytotherapeutic agents
for treating gout and hyperuricemia.

1 Introduction

Herbal medicine has historically relied on plants as one of the
most accessible and affordable sources of therapeutic agents
in primary healthcare [1]. For millennia, they have provided a
vast repertoire of remedies to prevent, manage, and alleviate
diverse health conditions, establishing their enduring value in

both traditional and modern medical practices [2]. Ziziphus lotus
L., commonly known as wild jujube, belongs to the Rhamnaceae
family, which comprises approximately 135–170 species within
the Ziziphus genus. The plant is widely distributed across China,
Iran, Africa, South Korea, and Europe, like Cyprus, Spain, and
Sicily [3]. Although Z. lotus is common throughout Morocco,
Tunisia, and other arid to semi-arid regions of the Mediterranean
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basin, it is especially common in North Africa, especially in
Mediterranean nations like Algeria, where it is known locally
as ‘Sedra’ and yields the edible fruit ‘Nbeg’ [4]. Its fruits and
leaves have been extensively employed in traditional medicinal
practices to address a variety of health issues, including diabetes,
diarrhea, bronchitis, abscesses, liver problems, and urinary and
skin infections [5]. Based on the literature, the Ziziphus genus is
phytochemically rich in saponins, tannins, flavonoids, alkaloids,
and a wider variety of phenolic compounds responsible for
its biological effects [6]. Recent scientific studies have further
confirmed these ethnomedicinal uses by revealing the plant’s rich
phytochemical composition, which underpins its broad spectrum
of pharmacological effects, including potent antioxidant capacity
[7], anti-inflammatory activity [8], antihyperlipidemic effect [9],
antimicrobial activity [10], antidiabetic [11], immune modulation
[12], and neuroprotection [13].

Gout, a systemic disease, arises from the deposition of
monosodium urate (MSU) crystals in various tissues, a
consequence of elevated serum uric acid levels [14]. Uric
acid is the terminal product of purine metabolism, synthesised
via the catalytic action of xanthine oxidase (XO), which catalyses
the oxidation of hypoxanthine to xanthine and subsequently
to uric acid. This enzymatic process concurrently generates
reactive oxygen species (ROS), such as hydrogen peroxide (H2O2)
and superoxide anion (O2

∙−), further exacerbating oxidative
stress and inflammation [15]. A key therapeutic strategy for
gout involves the use of xanthine oxidase inhibitors (XOIs)
such as allopurinol and febuxostat [16], which reduces uric acid
production [17]. However, their clinical use is often constrained
by adverse effects, including neutropenia and susceptibility to
infection [18], which has encouraged the search for safer natural
XOIs from medicinal plants [19].

To the best of our knowledge, this is the first study to sys-
tematically investigate the antigout potential of Z. lotus ethyl
acetate seed and leaf extracts through in vitro assessment of their
xanthine oxidase inhibitory properties. The most active extract
was subsequently subjected to comprehensive phytochemical
profiling using liquid chromatography–high-resolution electro-
spray ionisation mass spectrometry (LC–HRESIMS). Moreover,
in silico analyses were performed through PASS evaluation,
ADMET and drug likeness prediction, pharmacophore mod-
elling, molecular docking, and molecular dynamics (MD) simu-
lation to elucidate the pharmacokinetic properties and binding
interactions of the identified phytochemicals, thereby highlight-
ing novel candidates with potential xanthine oxidase inhibitory
activity.

2 Materials andMethods

2.1 Organics and Chemicals

Bovine milk was obtained from a local firm in Laghouat, Algeria.
Uricase and peroxidase enzymes were purchased from BioLab.
The substrate (xanthine), K2HPO4, KH2PO4, DMSO, HEPES,
Tris, EDTA, and all other reagents were purchased from Sigma-
Aldrich. All reagents used in the experiments were of analytical
grade.

2.2 Plant Collection

Dried leaves of Z. lotus were acquired in March 2023, while the
dried seedswere obtained in September 2023 froma certified local
herbalist located in Laghouat, Algeria. The plant material was
authenticated by Pr. Khedidja Benarous, and voucher specimens
for the leaves (ID: Zll/03.2023) and seeds (ID: Zls/09.2023)
were deposited in the Herbarium of the University of Amar
Telidji, Fundamental Sciences Laboratory, for future reference.
All samples underwent quality inspection, were cleaned to
eliminate impurities, air-dried at ambient temperature, and
ground into a fine powder before extraction and subsequent
analyses.

2.3 XO Extraction

The extraction process involves a series of successive phases. For
bovine xanthine oxidase (BXO), we followed the methodology
described in the reference [20], with minor changes. A volume
of 1.7 L of fresh and unpasteurised bovine milk obtained from a
single cow was used in our experiments. Initially, the milk was
centrifuged for 35 min at 4500 rpm at +4◦C [21]. Subsequently,
a floating white cream was assembled and briefly subjected to
a temperature of 37◦C, after which it was dissolved in a double
volume of phosphate potassium (K2HPO4, 0.2 M) solution con-
taining 1 mM of EDTA [22]. Following a 2-h period of agitation,
the mixture was centrifuged at 6000 rpm for 20 min at 4◦C
[23]. The process was concluded with the acquisition of enzyme
fractions, which were subjected to filtration and then collected
[21, 24]. To ensure long-term stability and retain enzymatic
activity, the XO extract was lyophilised. The extract was initially
frozen at −50◦C for 1 h to facilitate solidification. Subsequently,
the frozen water content was removed through sublimation
under controlled conditions (20–30◦C, p = 0.05 mbar) for a total
duration of 8 h. This process enabled the direct transition of ice
from the solid to the vapour phase, ensuring efficient dehydration
while minimising thermal and structural degradation of the
enzyme [25].

2.4 Plant Extraction

The dried seeds and leaves of Z. lotuswere macerated in a ternary
solvent system of ethanol–methanol–water (EtOH–MeOH–H2O;
5:4:1, v/v/v) at room temperature for 48 h to ensure exhaus-
tive extraction of both polar and nonpolar phytoconstituents.
This solvent system was selected to maximise the recovery of
diverse bioactive constituents by enabling efficient solubilisation
of compounds with varying polarities. Following maceration,
the mixture solution was filtered, and the alcoholic phase was
evaporated using a rotary evaporator under reduced pressure at
40◦C. The remaining aqueous fraction was subsequently sub-
jected to liquid–liquid extraction with hexane and ethyl acetate,
thereby fractionating metabolites according to their polarity. The
obtained extracts were dehydrated using Na2SO4, filtered, and
concentrated under reduced pressure at a temperature of 40◦C.
The resulting crude extracts were stored at 4◦C until further
analysis.
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2.5 Phytochemical Composition Using
LC–HRESIMS

LC–HRESIMS analysis was performed using a Thermo Orbi-
trap Q-Exactive mass spectrometer to identify and quantify
the phenolic compounds present in the ethyl acetate fraction
of Z. lotus seeds. Compound separation was achieved with a
Troyasil-C18 column (150 mm × 3 mm, 5 µm particle size) using
chromatographic techniques. The LC–HRESIMS conditions fol-
lowed those outlined in a previous study [26, 27]. Electrospray
ionisation (ESI) was selected as the ionisation method due to
its excellent performance with small polar molecules. In high-
resolution mode, the mass spectrometer scanned ions within the
m/z range of 100–900. Identification of the compounds was based
on retention times and HR–MS data, compared with reference
standards. To address potential issues with repeatability due to
external factors like ionisation consistency, dihydrocapsaicin was
used as an internal standard during LC–HRESIMSmeasurements
[28, 29].

2.6 XO Inhibition

The inhibition assay was conducted following our previously
reported protocol [30], withmodificationsmade to optimise assay
conditions. BXO activity was determined spectrophotometrically
by measuring uric acid formation from a 0.06 mg/mL xanthine
substrate at 505 nm using a Thermo Fisher Scientific microplate
reader. The enzymatic environment was maintained using Tris
(50 mmol/L) and HEPES (100 mmol/L) to promote optimal pH
for enzyme activities. The reaction mixture was prepared by
pre-incubating BXO solution at a concentration of 20 mg/mL
with varying concentrations of Z. lotus seed or leaf ethyl acetate
extracts at 37◦C for 15 min. Then, xanthine was added to start the
reaction, and it was allowed to proceed for 30 min. The detection
of uric acid production was later accomplished through a double
enzyme detection (DED) system, in which the oxidation product
was integrated to yield quinonimine, yielding a distinctive pink
colour. Control measurement was performed under identical
conditions in the absence of inhibitor. The inhibitory activity of
BXO was expressed as a percentage, calculated as follows, where
AC represents the absorbance in the absence of the inhibitor and
AE represents the absorbance in the presence of the inhibitor [21].

𝐼 (%) =
(
AC − AE

AC

)
× 100

The IC50 value, defined as the concentration of inhibitor required
to inhibit 50% of XO activity [31]. It was expressed in µg/mL and
calculated from the inhibition ratio versus Z. lotus concentra-
tion curves by regression analysis [24]. The extracts’ inhibitory
potency was subsequently evaluated against febuxostat, a clin-
ically approved XO inhibitor, which served as the reference
standard.

2.7 PASS Study

In the framework of this study, the PASS approach has been
applied to predict the inhibitory activity of chemical compounds
using SMILES data generated from the PubChem database due

to its capability to effectively prioritise compounds for further in
vitro experimental validation [32]. PASS (Prediction of Activity
Spectra for Substances) is an advanced computational tool devel-
oped in 1995 to predict, with remarkable accuracy, the biological
activities [33], underlying physiological mechanisms, and a wide
range of potential toxicological effects, such as mutagenicity,
carcinogenicity, and embryotoxicity, of diverse chemical com-
pounds [34]. This software generates qualitative predictions by
analysing the intrinsic properties of a compound, solely based on
its molecular structure [35]. The activity profile of a compound is
expressed through probable activity (Pa) and probable inactivity
(Pi) values, derived from structure-activity relationship (SAR)
analysis of over 205 000 compounds representing more than
3750 distinct biological activities [36]. The molecular structure of
compounds is delineated using Multilevel Neighbours of Atoms
(MNA) descriptors, which represent atom-centred fragments
within the molecule without accounting for its stereochemical
details [37]. These descriptors function as a linear notation,
capturing the connectivity of atoms and incorporating hydrogen
atoms based on their valency and partial charges while excluding
the specification of bond types. The generation of an MNA
descriptor is constrained by specific conditions: the molecule
must contain aminimum of three carbon atoms, remain in a neu-
tral state, and possess a molecular weight (MW) below 1250 Da
[38]. It has established itself as an indispensable tool in forecasting
novel pharmacological effects, such as antiulcer, antimetastatic,
and anti-inflammatory activities, as well as providing insights
into mechanisms of action, toxicity profiles, and the modulation
of gene expression [39]. In this study, we focused on selecting
two biological activities from the PASS database as the primary
criteria for identifying potential antigout drug candidates. These
included the predicted high probability of inhibiting XO enzyme
and their ability to effectively treat gout.

2.8 ADMET and Drug-Likeness (DL) Evaluation

Computational methodologies are transforming drug discovery,
offering unprecedented efficiency in identifying, optimising, and
evaluating new therapeutic candidates within pharmaceutical
and biomedical research [40]. However, the high incidence of
clinical trial failures remains a major challenge [41]. To address
these limitations, the in silico prediction has become an essential
strategy for early-stage drug evaluation [42]. Reliable pharma-
cokinetic profiling is vital not only for optimising drug dosages
but also for recognising potential drug interactions and assessing
toxicity, thereby reducing the risk of late-stage development
failures [43]. In this study, the pharmacological potential of
phytoconstituents derived from Z. lotus seed ethyl acetate extract
was examined through ADMET screening combined with POM
(Petra, Osiris, and Molinspiration) analysis.

2.8.1 ADMET Screening

Pre-ADMET v2.0 (https://preadmet.qsarhub.com/) and the
ADMETLab (https://admetmesh.scbdd.com/) were used to
evaluate the pharmacokinetic and toxicological behaviour of
the selected compounds. These platforms analyse molecular
structures based on their SMILES notations, enabling the
high-throughput prediction of important key pharmacokinetic
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FIGURE 1 Strategic selection of pharmacokinetic parameters for comprehensive ADMET profiling.

indices (absorption, distribution, metabolism, excretion and
toxicity). These tools provided a rapid and cost-effective means
of screening compounds, offering valuable insights into their
pharmacological profiles, and facilitating the prioritisation
of candidates for further experimental testing. The full set of
pharmacokinetic parameters evaluated in this investigation is
summarised in Figure 1.

2.8.2 POMAnalysis

POM analysis has been validated against approximately 7000
marketed drugs and is widely acknowledged for its capacity to
produce two-dimensional models that pinpoint pharmacophore
sites affecting biological activity in relation to structure [44]. This
approach offers a robust framework for enhancing and defining
the pharmacophoric characteristics of organic compounds based
on physicochemical descriptors. Additionally, it facilitates the
prediction of biological activities and the investigation of the con-
nections between steric and electrostatic properties and biological
activity [45]. Osiris Property Explorer, developed by Thomas
Sander, predicts key physicochemical parameters, such as MW,
cLog P, solubility in water (log S), and topological polar surface
area (TPSA), while concurrently assessing toxicity risks, includ-
ing mutagenicity, tumorigenicity, irritancy, and reproductive
effects. These predictions are further integrated into calculations
of DL and overall drug score (DS).MolinspirationCheminformat-
ics extends this analysis by supplying bioactivity scores across a
range of therapeutic targets; it also offers cheminformatics tools
for SMILES/SDfile conversion, tautomer generation, molecular
normalisation, fragmentation, and descriptor computation nec-
essary for QSARmodelling and structure-based drug design [46].

2.9 Pharmacophore Modelling

Pharmacophore modelling involves the systematic identification
of pivotal structural and spatial features within a molecule

that influence its biological activity. It specifies the three-
dimensional arrangement of essential chemical functionalities,
such as hydrogen bond donors and acceptors, aromatic moieties,
and hydrophobic regions that are responsible for creating opti-
mal molecular interactions with the target biomacromolecule
[47, 48]. In the present study, pharmacophore modelling was
applied to forecast the distinctive characteristics of the ligands
using ZINCPharmer (https://zincpharmer.csb.pitt.edu/), thereby
shedding light on the chemical determinants that influence their
inhibitory effectiveness against XO.

2.10 Molecular Docking

Medicinal plants are distinguished by their vast repertoire of
bioactive compounds, a characteristic that drives their wide-
ranging andmultifaceted therapeutic applications. In the present
work, we performed an in-depth molecular docking analysis
on two phytochemicals, (+)-trans taxifolin and luteolin-7-O-
rutinoside newly identified in the Z. lotus seeds extract and not
previously explored for their inhibitory potential against BXO
in silico. In order to provide mechanistic insights into their
potential therapeutic relevance, our research was intended to
clarify their binding affinities and interaction patterns with the
enzyme [49]. In structural molecular biology, molecular docking
is one of the most important methods for predicting the preferred
binding orientations of small molecules within macromolecular
targets [50]. Beyond the prediction of ligand-protein interactions,
this computational method generates valid structural hypotheses
that can explain, at the atomic level, how natural substances
affect or inhibit enzyme function in addition to discovering
advantageous ligand-protein interactions [51]. It also makes it
easier to find interesting drug candidates by offering important
information about their binding affinities and modes of action by
mimicking the docking process [52]. To accomplish these goals,
comprehensive molecular docking analysis was carried out using
AutoDock Vina, powerful software that gives ligands complete
conformational flexibility while setting controlled flexibility on
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the receptors, improving the accuracy of binding predictions [22].
The Protein Data Bank (PDB) provided the three-dimensional
crystal structure of BXO (PDB ID: 3nrz), which was identified as
the receptor for system [21]. This structure, which was resolved at
a high resolution of 1.8 Å, includes the critical cofactor-binding
domains and is co-crystallised with the physiological substrate
hypoxanthine, thus offering a precise characterisation of the
active-site geometry [53]. The compounds selected for analysis
were sourced from the PubChem database [54]. In the receptor
preparation phase, the first phase requires the elimination of
ligands, heteroatoms, co-crystallised solvents, and any extraneous
molecules that are not directly related to the active site, as
determined by AutoDock Vina (ADV). Subsequently, hydrogen
atomswere infused into themacromolecule, resulting in a total of
21 602 hydrogens. This step was critical for accurately simulating
protonation states, tautomeric forms, and hydrogen-bonding
interactionswithin the binding site. A grid box structurewas care-
fully defined to include the catalytic region of BXO after receptor
optimisation. The box’s dimensions were set to 20 × 22 × 22 Å,
and its centre was at coordinates (x = 37.338, y = 19.791,
z = 17.854). Using AutoDock Tools (ADT), the receptor was
properly positioned in the grid centre with a 1 Å spacing. All other
default parameters were used, with the sole modification being
the output setting, which was limited to a single confirmation
[55]. Various binding positions for every ligand were generated.
The recurrence frequency of the predicted conformations and the
lowest binding free energy values,measured in kcal/mol,were the
twomain criteria used to choose the ideal poses. Discovery Studio
Visualiserwas used to analyse and depict the final ligand-receptor
complexes, allowing for a thorough analysis of the binding
interactions.

2.11 MD Simulation

MD simulation is a powerful computational technique that
captures the temporal progression of atoms and molecules,
offering detailed atomistic insights into their structural integrity,
conformational variability, and dynamic properties [56]. Within
the scope of drug discovery, MD simulations are crucial, as
they facilitate the examination of ligand-protein interactions
with high spatial and temporal resolution, thus contributing to
the elucidation of binding stability [57]. The MD simulation
of the current study was carried out to evaluate the stability
and movement of the top-ranking complex ((+)-trans taxifolin-
3nrz) obtained from molecular docking analysis. We have used
CABS-flex 2.0 (https://biocomp.chem.uw.edu.pl/CABSflex2), an
efficient platform designed for swift yet dependable simulations
of protein structural dynamics [58]. This platform is specifically
designed to generate the root mean square fluctuation (RMSF)
profile, offering a comprehensive evaluation of the flexibility
of individual amino acid residues within the binding pocket.
Additionally, complementary dynamic analyses were conducted
using the iMODS web server (https://imods.iqf.csic.es/). This
platformwas employed to extract additional dynamic descriptors,
including deformability, B-factors, eigenvalues, and variance
plots [59], which collectively facilitated a more profound com-
prehension of intrinsic motions and stability of the docked
complexes.

3 Results and Discussion

3.1 XO Extraction

A yield of 6.43% of BXO was successfully obtained from 1.7 L
of bovine milk. The enzyme’s activity was confirmed by incu-
bating the extract for 30 min under optimal conditions with a
xanthine substrate ([xanthine] = 0.06 mg/mL). After incubation,
a chromogenic reagent was added to the reaction mixture, and
the absorbance at 505 nm was measured. The formation of a
distinctive pink colour demonstrated evident catalytic activity,
validating the extracted enzyme’s activity.

3.2 Phytochemical Composition Using
LC–HRESIMS

The chemical characterisation of the Z. lotus seed ethyl acetate
extract was performed using LC–HRESIMS, with the identified
phytoconstituents listed in Tables 1 and 2 and illustrated in
Figures 2 and 3. The extract showed a very complex chemical
profile characterised by the presence of the fourteen phenolic
compounds. Syringic acid, a derivative of sinapinic acid, was
detected at high concentrations, with 16 240.00 µg/g extract for
syringic acid and 3688.80 µg/g extract for sinapinic acid. These
two compounds represented the most abundant phenolics in our
extract and have also been previously reported in Z. lotus leaf
and fruit extracts [60]. Computational studies of syringic acid-
derived compounds revealed potent competitive XO inhibition
in vitro, supported by molecular docking analyses highlighting
key enzyme-ligand interactions [61]. Additionally, sinapinic acid
has been demonstrated to inhibit XO both in vitro and in
vivo, contributing to the normalisation of renal biomarkers and
reducing inflammation [62]. In a recent comparative study of
hydroxycinnamic acids, Dhammaraj et al. [63] reported that
sinapinic acid exhibits moderate xanthine oxidase inhibitory
activity (IC50 ≈ 117 µM), with potency greater than caffeic acid
[63]. Rutin, the third most abundant phenolic compound in Z.
lotus seeds (1918.00 µg/g extract), is a bioflavonoid commonly
found in plant-based foods and herbs. It is well known for
its antioxidant properties [64] and multiple health-promoting
effects, such as supporting cardiovascular health and reducing
inflammation [65]. A recent study by Yu et al. [66] demonstrated
that rutin and quercetin inhibit XO in vitro and significantly
lower serum uric acid levels in animal models, supporting their
potential as antigout agents [66]. Furthermore, Yahia et al. [67]
confirmed the presence of rutin across different Z. lotus plant
parts [67]. In addition, the seeds of Z. lotus contain significant
amounts of apigenin-7-O-glucoside, salicylic acid, and luteolin-
7-O-rutinoside, ranging between 214.24 and 240.46 µg/g extract.
Salicylic acid, a simple phenolic acid, was also detected in the
leaves of Z. lotus [68]. It was recognised for its weak XO inhi-
bition, ranking among the least potent phenolic inhibitors [69].
Nonetheless, it is widely recognised for its anti-inflammatory and
antibacterial agents [70]. Luteolin-7-O-glucoside and apigenin-7-
O-glucoside were screened and identified as the candidate XO
inhibitors [71], and their presence in the methanolic extracts of
different Ziziphus species from Tunisia has also been reported
[67]. However, the abundance of the luteolin-7-O-rutinoside in Z.
lotus ethyl acetate extract, as well as its inhibitory activity against
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TABLE 1 Qualitative and quantitative analysis of the phenolic compounds of the ethyl acetate fraction of Ziziphus lotus seeds by liquid
chromatography–high-resolution electrospray ionisation mass spectrometry (LC–HRESIMS).

No Phenolics
Molecular
formula µg/g extract

Relative
uncertainty (%)

1 Salicylic acid C7H6O3 221.40 1.89
2 Caffeic acid C9H8O4 48.02 3.74
3 Syringic acid C9H10O5 16 240.00 3.71
4 Sinapinic acid C11H12O5 3688.80 3.57
5 Naringenin C15H12O5 26.00 4.20
6 Dihydrokaempferol C15H12O6 6.00 2.86
7 Quercetin C15H10O7 33.20 2.95
8 (+)-trans taxifolin C15H12O7 20.60 3.35
9 Myricetin C15H10O8 64.00 4.18
10 Apigenin 7-O-glucoside C21H20O10 240.46 3.59
11 Orientin C21H20O11 50.00 3.67
12 Naringin C27H32O14 62.00 4.20
13 Luteolin-7-O-rutinoside C27H30O15 214.24 3.06
14 Rutin C27H30O16 1918.00 3.07

TABLE 2 Analytical standards used in liquid chromatography–high-resolution electrospray ionisation mass spectrometry (LC–HRESIMS)
experiments.

Compound
Molecular
formula m/z

Ionization
mode

Linear regression
equation LOD/LOQ R2 Recovery % RSD

Salicylic acid C7H6O3 137.0244 Negatif y = 0.0361x + 0.00245 0.01/0.03 0.9982 92.88 3.97
Caffeic acid C9H8O4 179.0350 Negatif y = 0.0304x + 0.00366 0.08/0.27 0.9993 94.51 3.23
Syringic acid C9H10O5 197.0456 Negatif y = 0.0000831x + 0.000024 0.1/0.3 0.9991 97.29 4.56
Sinapinic acid C11H12O5 223.0612 Negatif y = 0.0000543x − 0.0000251 0.91–3.01 0.9989 97.61 4.67
Naringenin C15H12O5 271.0612 Negatif y = 0.0281x + 0.00182 0.01/0.03 0.9995 86.65 1.52
Dihydrokaempferol C15H12O6 287.0561 Negatif y = 0.0756x + 0.0118 0.01/0.03 0.995 95.37 3.75
Quercetin C15H10O7 447.0933 Negatif y = 0.0179x + 0.0003331 0.01/0.03 0.999 97 4.76
(+)-trans taxifolin C15H12O7 303.0510 Negatif y = 0.0289x + 0.00537 0.01/0.03 0.9978 91.66 3.26
Myricetin C15H10O8 317.0303 Negatif y = 0.0202x + 0.00165 0.01/0.03 0.9993 100.1 4.17
Apigenin 7-O-glucoside C21H20O10 431.0984 Negatif y = 0.0246x + 0.00306 0.01/0.03 0.9962 96.07 4.61
Orientin C21H20O11 447.0933 Negatif y = 0.00757x + 0.000347 0.01/0.03 0.9993 96.22 4.16
Naringin C27H32O14 579.1719 Negatif y = 0.00576x − 0.000284 0.01/0.03 0.9991 101.91 3.86
Luteolin-7-O-rutinoside C27H30O15 593.1512 Negatif y = 0.00879x + 0.000739 0.01/0.03 0.9988 93.05 3.84
Rutin C27H30O16 609.1461 Negatif y = 0.00329x − 0.00005576 0.01/0.03 0.999 96.97 4.12

the BXO, has not previously been demonstrated in the literature.
For this reason, we employed in silico approaches to predict the
potential of luteolin-7-O-rutinoside as an XOI. Other flavonoid
glycosides were also detected in the Z. lotus extract, such as
orientin (50 µg/g extract) and naringin (62 µg/g extract). Naringin
has been identified inmethanol-extracted leaves, seeds, and fruits
of Z. lotus by Yahia et al. [67]. Although orientin is a common
flavone glycoside in other plants, its occurrence in Z. lotus has
not yet been confirmed in published studies. Nevertheless, both

naringin and orientin and their related compounds have been
evaluated for XOI, displaying only weak inhibitory activity [72,
73]. Flavonoid aglycones were also identified in the Z. lotus
ethyl acetate extract, including quercetin (33.20 µg/g extract),
myricetin (64 µg/g extract), and naringenin (26 µg/g extract).
Both quercetin and myricetin showed strong activity against
XO at low concentrations [74, 75], supporting the relevance
of Z. lotus extract as promising antigout agents. Additionally,
naringenin has been shown to inhibit XO in vitro and to suppress

6 of 17 Chemistry & Biodiversity, 2026
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FIGURE 2 Structural elucidation of compounds identified in the ethyl acetate extract of Ziziphus lotus seed.

XO activity in vivo in experimental hyperuricemia models. It
was also identified as the strongest flavonoid XOI, contributing
to the prevention and treatment of gout, related inflammatory
disorders, and oxidative stress [76]. These compounds were
detected in Z. lotus fruit extract, as reported by Bencheikh et al.
[77], further reinforcing the abundance of these flavonoids within
the Ziziphus genus. In the biosynthesis pathway, naringenin is
converted into dihydrokaempferol by flavanone 3-hydroxylase
(F3H), and dihydrokaempferol is then oxidised into kaempferol

by flavonol synthase (FLS) [78] or converted to (+)-trans taxifolin
(dihydroquercetin) by flavonoid-3′-hydroxylase (F3′H) [79]. In
our extract, dihydrokaempferol and (+)-trans taxifolin were
detected with 6 and 20.60 µg/g extract, respectively. Various
studies demonstrate the efficacy of taxifolin in reducing uric acid,
supporting its potential as hypouricemic and antigout agents [80].
Additionally, dihydrokaempferol possesses antioxidant and anti-
inflammatory activity [81]. Despite the extensive phytochemical
characterisation of flavonoids in Z. lotus, no earlier studies report

Chemistry & Biodiversity, 2026 7 of 17
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FIGURE 3 LC–HRESIMS chromatograms of seed extract of Ziziphus lotus.

the presence of dihydrokaempferol or (+)-trans taxifolin in this
plant. The seed extract was also enriched with caffeic acid at
48.02 µg/g extract, a well-known compound that has been shown
to decrease serumuric acid levels in vivo and in vitro by regulating
the mRNA transcription of the renal uric acid transporters [82].
Furthermore, it was reviewed as amajor compound of the Z. lotus
leaf part [83].

3.3 XO Inhibition

The complex and incredibly varied chemical compositions of
medicinal plants are known to control a broad range of biologi-

cal processes. Various anatomical components, including seeds,
leaves, stems, and flowers, have distinctive sets of bioactive
ingredients that each contribute to the pharmacological potential
of the plant [84]. The findings of our experiment on the inhibitory
activity of BXO by the leaves and seeds of Z. lotus revealed a clear
difference in degrees of potency between the two extracts, where
the seed extract exhibited a stronger inhibition, with an IC50 of
40.63 ± 0.41 µg/mL, while the leaf extract displayed a compara-
tively weaker inhibitory effect, with an IC50 of 61.06 ± 1.15 µg/mL
(Table 3). These results highlight the superior efficacy of seed
extract over the leaf extract in suppressing BXO activity. Conse-
quently suggesting that seeds provide a more promising source
of bioactive chemicals for therapeutic utilisation. The observed
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TABLE 3 Comparative IC50 values of Ziziphus lotus seed and leaf
extracts in inhibiting bovine xanthine oxidase (BXO).

Extract Seed Leaf
Positive control
(febuxostat)

IC50 (µg/mL) 40.63 ± 0.41 61.06 ± 1.15 0.0074 ± 0

disparity in inhibitory activity can be attributed to the distinct
qualitative and quantitative phytochemical compositions of the
extracts. Hydroxylated chemicals stand out among these compo-
nents in terms of their mechanistic significance. The reduction of
themolybdenum-hydroxyl catalytic systemwithin the BXOactive
site becomes possible by their hydroxyl groups, acting as hydro-
gen donors. By obstructing the catalytic core, this interaction
successfully inhibits enzymatic function and reduces the activity
of the enzyme [22]. To the best of our understanding, Z. lotus
has not previously been investigated for its potential to inhibit
XO. In contrast, a well-studied member of the Rhamnaceae
family, Rhamnus alaternus, has consistently exhibited relatively
weak XO inhibition, with reported IC50 values typically exceeding
65 µg/mL [85]. Notably, when considered within the broader
phytochemical framework of the Rhamnaceae family, Z. lotus
appears to display markedly stronger XO inhibitory activity,
highlighting its promising potential as a novel source of natural
XO inhibitors.

3.4 PASS Study

Through the use of a web server to estimate the predicted
biological activities (PBA) of the selected compounds from Z.
lotus seeds, the findings indicated that both compounds were
forecasted to inhibit XO and contribute to gout treatment. For
(+)-trans taxifolin, it appears with a relatively high PBA value
of 1203 and a greater Pa value range of 0.825 for gout treatment,
indicating its significant potential for effectively managing gout.
However, its Pa of XOI is more moderate, achieving a value of
0.462. The second compound, luteolin-7-O-rutinoside, exhibited
787 PBA, with an effective value of Pa = 0.597 for blocking XO
activity.

3.5 ADMET and DL Evaluation

3.5.1 ADMET Screening

Pharmacokinetic parameters calculated by running the servers
(Table 4) indicate that none of the investigated compounds
showed effective permeability across Caco-2 cell monolayers,
since all values fell below the predetermined threshold. In
addition, human intestinal absorption was classified as low.
Importantly, no inhibition was detected for P-glycoprotein in
any compound. Regarding the distribution profile, both predicted
compounds failed to cross the blood–brain barrier (BBB) or
penetrate MDCK cells, with scores falling below the norm.
Furthermore, they displayed pronounced plasma protein-binding
affinities. Both of the compounds exhibited inhibitory action
against cytochrome P450 isoforms CYP3A4, CYP2C19, and
CYP2C9, according to the metabolic profile; however, neither

compound inhibited or acted as a substrate for CYP2D6. Regard-
ing the excretion profile, both compounds exhibited relatively
short half-lives, indicating minimal time required for metabolic
mechanisms, with clearance rates consistently classified as low to
moderate. Toxicological assessments produced highly favourable
outcomes; there was no sign of human hepatotoxicity, nephro-
toxicity, or hematotoxicity in any of the chemicals that were
evaluated.

3.5.2 POMAnalysis

The Osiris calculations revealed distinct pharmacokinetic
and physicochemical profiles for the investigated compounds
(depicted in Table 5). The examination of theoretical toxicity
risks indicated that both compounds are non-mutagenic, non-
tumorigenic, and present no reproductive risks, along with no
irritant effects. The hydrophilicity character of each compound
has been quantified by the cLog P value. It has been demonstrated
that the absorption or permeation is significantly influenced by
the cLog P value. Thus, when the cLog P exceeds 5, the rate of
absorption or permeation decreases [44]. Based on this, (+)-trans
taxifolin exhibited favourable lipophilicity (cLog P = 0.96).
The solubility of a compound in water plays a crucial role in
determining its absorption and distribution properties. It is
estimated that over 80% of the pharmaceuticals available in the
market possess a cLog S value exceeding −4 [86]. In the case
of (+)-trans taxifolin, it has moderate solubility. Additionally,
lipophilicity (cLog P) and polar surface area (TPSA) are two
crucial properties for predicting the oral bioavailability of drug
molecules. The polar surface area (TPSA) is determined by the
surface areas occupied by oxygen and nitrogen atoms, as well
as by hydrogen atoms that are bonded to them and/or to metal
atoms. It has been demonstrated to be an excellent descriptor for
characterising drug absorption, including intestinal absorption,
bioavailability, Caco-2 permeability, and penetration through the
BBB [87]. Compounds with TPSA values around 160 or higher
are anticipated to show poor intestinal absorption. In the case
of (+)-trans taxifolin, the TPSA falls within the normal range,
indicating sufficient oral absorption andmembrane permeability.
The software also provides the DL and DS of the compound;
(+)-trans taxifolin exhibits a high DL index of 2.03 and a DS of
0.87, underscoring its strong potential as a drug-like candidate
that adheres to Lipinski’s rule of five. In contrast, luteolin-7-
O-rutinoside possesses a high MW exceeding 500 Da, which
is further influenced by its low lipophilicity (cLog P = −0.91)
and a very high TPSA value. These characteristics may impede
intestinal absorption and permeability, potentially resulting in
poor oral bioavailability. This situation elucidates its relatively
lower DS of 0.59, despite a higher DL value of 3.66, which
reflects the presence of multiple pharmacophoric features. For
Molinspiration calculations (Table 6), (+)-trans taxifolin yielded
results consistent with Osiris data, where cLog P was 0.71, TPSA
was 127.4 Å2 (below the 160 threshold), MWwas 304.3 Da (below
500), with H-bond acceptors (nON) at 7, donors (nOHNH) at 5,
one rotatable bond, and no Lipinski violations. These parameters
adhere to Lipinski’s guidelines, indicating favourable oral DL.
Conversely, luteolin-7-O-rutinoside is predicted to exhibit poor
passive diffusion and low oral bioavailability, with a cLog P of
−0.51, a TPSA of 249.2 Å2, and aMW of 594.5 Da. It has 15 H-bond
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TABLE 4 Evaluation of ADMET properties in ligands.

Pharmacokinetics (+)-trans taxifolin Luteolin-7-O-rutinoside

Absorption
Caco-2 cell permeability (nm/s) 3.42 6.41
Human intestinal absorption (HIA %) 60.16 6.28
P-glycoprotein inhibition Non Non
Buffer solubility (mg/L) 655.53 53.08

Distribution
Blood–brain barrier penetration
(C.brain/C.blood)

0.16 0.02

MDCK cell permeability (nm/s) 9.56 0.05
Plasma protein binding (%) 95.16 54.83
Skin permeability −4.42 −4.56

Metabolism
Cytochrome P450 2D6 inhibition Non Non
Cytochrome P450 2D6 substrate Non Non
Cytochrome P450 3A4 inhibition Inhibitor Inhibitor
Cytochrome P450 3A4 substrate Weakly Weakly
Cytochrome P450 2C19 inhibition Inhibitor Inhibitor
Cytochrome P450 2C9 inhibition Inhibitor Inhibitor

Excretion
Clearance 12.28 1.54
T1/2 0.75 4.87

Toxicity
Carcinogenicity 0.24 0.02
Hepatotoxicity 0.49 0.25
Nephrotoxicity 0.12 0.03
Hematotoxicity 0.07 0.007

TABLE 5 In silico screening of toxicity risks and drug-score using the Osiris platform.

Compound MW

Toxicity risks Physicochemical properties

MUT TUM IRRI REP cLog P Sol TPSA DL DS

(+)-trans Taxifolin 304.2 Not toxic Not toxic Not toxic Not toxic 0.96 −1.94 127.4 2.03 0.87
Luteolin-7-O-rutinoside 594.5 Not toxic Not toxic Not toxic Not toxic −0.91 −2.65 245.2 3.66 0.59

Abbreviations: DL, drug-likeness; DS, drug score; IRRI, irritant; MUT, mutagenic; MW, molecular weight; REP, reproductive effective; Sol, solubility; TPSA,
topological polar surface area; TUM, tumorigenic.

acceptors, 9 donors, 6 rotatable bonds, and 3 Lipinski violations,
all exceeding acceptable limits. Collectively, this underscores
(+)-trans taxifolin as the more promising drug candidate in
comparison to luteolin-7-O-rutinoside.

3.6 Pharmacophore Modelling

The pharmacophoremodelling outcomes for the ligands revealed
distinct spatial distributions of chemical features that contribute

to their XO inhibition, as shown in Figure 4. The aromatic rings of
both ligands exhibited notable aromatic regions in purple, which
are associated with π–π stacking or hydrophobic interactions
within the enzyme’s active site. Additionally, this ring displayed
hydrophobic centres (in green), along with the hydrophobic char-
acteristics noted for the methyl group of luteolin-7-O-rutinoside,
which further enhanced these nonpolar interactions. Further-
more, multiple hydrogen bond acceptor and donor sites (orange
and grey, respectively, in Figure 4.) were identified, suggesting
the potential for the formation of stable hydrogen bonds that

10 of 17 Chemistry & Biodiversity, 2026
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FIGURE 4 3D pharmacophore models of (+)-trans taxifolin (A) and luteolin-7-O-rutinoside (B) illustrating the key chemical features involved in
xanthine oxidase inhibition.

TABLE 6 Computational prediction of drug-likeness parameters
via Molinspiration analysis.

Parameters
(+)-trans
taxifolin

Luteolin-7-O-
rutinoside

cLog P 0.71 −0.51
TPSA 127.44 249.20
MW 304.25 594.52
n-atoms 22 42
nON 7 15
nOHNH 5 9
n-violations 0 3
n-rotb 1 6
Volume 246.32 488.05

Abbreviations: MW, molecular weight; TPSA, topological polar surface area.

enhance binding stability, with luteolin-7-O-rutinoside exhibiting
the highest number of such interactions, indicating its stronger
and multi-point interactions with the enzyme.

3.7 Molecular Docking

The inhibitory activity of newly selected compounds was eluci-
dated through their incorporation within the active site cavity
of BXO (PDB ID: 3nrz). After docking, the ligands formed a
complex network of interactions with catalytically important
amino acid residues, including hydrophobic contacts, hydrogen
bonds and other non-covalent interactions. These interactions
justified the compounds’ potential as powerful inhibitors by
helping to damage the catalytic mechanism of the enzyme in
addition to carefully anchoring them within the binding region.

(+)-trans taxifolin, also known as dihydroquercetin, is a flavonoid
that falls under the flavanonol subclass. The presence of func-
tional groups, such as hydroxyl and carbonyl groups substituted
on various inhibitor rings, participates in the formation of
numerous hydrogen bonds. In cycle A, hydroxyl groups form
three hydrogen bonds with Thr1083 (3.11 Å), Val1259 (2.8 Å), and

Gly1260 (3.13 Å). Meanwhile, the cycle B hydroxyl group in posi-
tion 3′ interacts with the two catalytic amino acids Glu1261 and
Ala1079, resulting in the formation of two conventional hydrogen
bonds of 2.58 and 2.94 Å, respectively. Furthermore, the substitu-
tion of a carbonyl group on cycle C results in the establishment of
a supplementary hydrogen bond with Gln1040, characterised by
an interatomic distance of 2.6 Å. Beyond these polar contacts, a
single hydrophobic interaction of the π-alkyl type was observed
with Arg912, further contributing to the stabilisation of the
ligand-protein complex. The finding of this interaction explains
the significant affinity of the ligand towards BXO (PDB ID:
3nrz). These interactions, when considered together, elucidate
the robust binding affinity of (+)-trans taxifolin for BXO (PDB
ID: 3nrz), as demonstrated by its favourable docking score of
−7.5 kcal/mol, underscoring its potential as a powerful enzyme
inhibitor.

Luteolin-7-O-rutinoside is a flavonoid glycoside where the
flavonoid luteolin is linked at position 7 to a disaccharide rutinose,
which consists of a glucose and a rhamnose unit [88]. The
analysis of the molecular docking data revealed that luteolin-7-
O-rutinoside docked within the active site, achieving a binding
energy of−6.82 kcal/mol. Its structure formed a tunnel-like struc-
ture. The substitution of rutinose on the flavonoid significantly
enhances its ability to form crucial hydrogen interactions. A
total of 10 hydrogen bonds were observed between the ligand
and the amino acids Gln1194 (2.37 Å), Gly1260 (2.94 Å), Thr1083
(3.08 Å), Glu1261 (3 Å), Met1038 (2.75 Å), Ser1080 (2.42 Å), Gly799
(2.68 Å), Arg880 (2.92 Å), Gln767 (2.68 Å), and Thr1010 (3.35 Å),
with the hydroxyl group being the primary contributor. This
highlights the essential role of the sugar moiety in mediating the
inhibitory activities of this ligand. The benzene rings of the ligand
were orientated to promote π-alkyl and π-sigma interaction types
with the hydrophobic amino acid residues Val1011 (5.09 Å),
Leu1014 (4.63 Å), Leu873 (3.27 Å), Ala910 (5.48 Å), Ala1078 (4.25;
4.89 Å), and Ala1079 (3.93; 4.31 Å). However, the aromatic rings of
Phe914 and Phe1009 contribute to π–π-stacked and π–π-T-shaped
interactions with distances of 3.54 and 4.79 Å, respectively. While
a single alkyl interaction with Leu1042 is observed at a distance
of 4.11 Å, further stabilising the ligand-protein complex.

A comparative examination of the binding characteristics pro-
files of our chosen inhibitors and the standard reference drug,
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FIGURE 5 The optimal poses of selected inhibitors within the active site of bovine xanthine oxidase (PDB ID: 3nrz).

febuxostat, which is complexed with BXO (PDB ID: 3nrz),
reveals that (+)-trans taxifolin binds more strongly, reflected
in its lower binding energy score. The distinctive patterns of
hydrogen bonding that were seen are primarily responsible for
this stronger interaction. The enzyme-ligand combination is
more stable because our inhibitors form a far higher number
of conventional hydrogen bonds than febuxostat, which only
forms a small number of hydrogen bonds in the active site.
The abundance of hydroxyl substituents and the associated
sugar moieties, which easily interact with the hydroxyl, car-
bonyl, and amine groups of important amino acid residues in
the catalytic pocket, are the main source of increased binding
strength of flavonoid-based inhibitors. Furthermore, both the
inhibitors and febuxostat exhibit similar types of interactions.
Overall, luteolin-7-O-rutinoside stands out due to the additional
presence of π–π-stacked and π–π-T-shaped interactions. These
aromatic interactions considerably bolster the structural integrity
of the ligand-target complex, contributing to a more stable
ligand-target complex. A summary of the binding energy com-
parisons and full interaction profiles is depicted in Figure 5 and
Table 7.

3.8 Molecular Dynamic Simulation

To gain deeper validation of ligand-enzyme interactions, we
proceeded to MD simulations after performing a molecular dock-
ing study of previously unidentified phytoconstituents extracted
from Z. lotus seed extract. The detailed analysis focused on the
top-ranking complex, (+)-trans taxifolin, bound to 3nrz.

FIGURE 6 RMSF curve of the (+)-trans taxifolin-3nrz complex gen-
erated using the CABS-flex server. RMSF, root mean square fluctuation.

3.8.1 CABS-Flex Dynamic Simulation

The CABS-flex simulation generated an RMSF profile once
the docked protein-ligand complex was submitted. This profile
quantitatively describes the dynamic flexibility of individual
residues during a trajectory of 10 ns (Figure 6). Greater flexibility
is represented by elevated RMSF values, while lower values
signify structural stiffness and stability. RMSF values serve as an
indicator of local conformational mobility. The result revealed
that residue 1198 exhibited the least fluctuation (0.046 Å), under-
scoring its exceptional structural stability, whereas residue 1319
displayed the highest RMSF of 7.875 Å, suggesting localised
flexibility at that site. Interestingly, most of the protein-ligand
complex’s residues had RMSF values below 3 Å, which is

12 of 17 Chemistry & Biodiversity, 2026
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TABLE 7 The molecular docking outcomes of bovine xanthine oxidase (BXO) (Protein Data Bank [PDB] ID: 3nrz) with ligands.

Ligands
Energy

(kcal/mol)
Repeating
ratio % Closest residues Interactions type

Hydrogen
bonds

Length
(Å)

(+)-trans taxifolin −7.5 90 Arg912 π-Alkyl Glu1261
Ala1079
Gly1260
Val1259
Gln1040
Thr1083

>2.5

Luteolin-7-O-rutinoside −6.82 50 Val1011, Leu1014, Phe1009,
Ala1079, Leu1042, Ala1078,
Ala910, Glu802, Leu873,

Thr1077, Phe914

Alkyl
π-Alkyl

π–π-Stacked
π–π-T-Shaped

π-Sigma

Gln1194
Gly1260
Thr1083
Glu1261
Met1038
Gly799
Ser1080
Arg880
Thr1010
Gln767

>2.25

Febuxostat −7.08 60 Gln1040, Phe798, Ala910,
Phe914, Ala1078, Leu1042

Alkyl
π-Alkyl
π-Sigma

Lys1045 2.81
3.08

FIGURE 7 MDsimulation outcomes of the (+)-trans taxifolin-3nrz complex using the iMODS server. (A) deformability characteristics, (B) B-factor
graphs, (C) the eigenvalue, (D) variance, (E) correlation matrix, (F) elastic network. NMA, normal mode analysis; PDB, Protein Data Bank.
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frequently linked to stable conformational behaviour. Specifically,
we found that all seven key residues involved in crucial hydrogen
and hydrophobic interactions within the active site displayed low
RMSF values. In particular, Arg912 (0.87 Å), Glu1261 (0.92 Å),
Ala1079 (0.97 Å), Gly1260 (1.66 Å), Val1259 (1.54 Å), Thr1083
(0.64 Å), and Gln1040 (2.76 Å) exhibited minimal fluctuations
during the simulation. These low RMSF values indicate that
the residues maintain a stable conformation, thereby reinforcing
the stable incorporation of the ligand within the active site. A
simulation lasting 10 ns is sufficient for this objective, as it allows
us to determine whether the hydrogen bonds and hydropho-
bic interactions identified through docking remain stable in
a dynamic and aqueous environment. The findings confirmed
that the essential interactions are preserved, thereby validating
the docking predictions. We recognise that longer simulations
would be required to investigate the entire conformational space;
however, this falls outside the purview of this study, which aims
at a swift validation of the optimal docking complexes.

3.8.2 IMODS Dynamics Simulation

The MD simulation result obtained from the iMOD server,
specifically through normal mode analysis (NMA), provided
substantial data on the dynamic stability of the docked protein-
ligand complex, as illustrated in Figure 7. Regions with greater
peaks are more structurally flexible. Conversely, regions with few
fluctuations imply stability and structural stiffness. According to
our complex curve, themajority of residues had lowdeformability
values (<0.5), demonstrating the complex’s structural stability.
The calculated eigenvalue for the complex was 1.557093e − 04, a
relatively low value that indicates that minimal energy is needed
to induce conformational changes. This low eigenvalue suggests
that the docked conformation may support minor structural
modifications while preserving overall stability.

4 Conclusion

By integrating comprehensive phytochemical characterisation
with advanced in silico modelling, this study represents the
first comprehensive exploration of Z. lotus as potential anti-gout
therapeutics. The inhibitory capacity of its extract against bovine
XO was validated through in vitro assays and is strongly corrob-
orated by the phytochemical profile of the potent extract, which
harbours key XOIs within the plant extract. Among the identified
metabolites, (+)-trans taxifolin and luteolin-7-O-rutinoside rep-
resent novel and particularly compelling phytochemicals. Their
identification highlights the necessity of advanced computational
validation to further elucidate their inhibitorymechanisms and to
confirm their capacity as drug-like candidates, which presently
indicates a lack of human toxicity. Collectively, these findings
establish a critical foundation for the targeted isolation of active
constituents fromZ. lotus and emphasise the importance of future
in vivo and clinical studies to validate its therapeutic efficacy in
gout management.
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