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Abstract 

Background Urolithiasis, the deposit of stones in the urinary tract is a pertinent clinical issue in daily practice 
that imposes a burden on the human health system. Ficus religiosa plant has historically been useful in preventing 
urolithiasis. There is currently no information on phytochemical profiling that specifies the precise phytochemicals 
in the seed that are active against urolithiasis.

Methods F. religiosa seeds were extracted with different solvents in increasing order of their polarity by Soxhlet 
extraction. All the extracts were evaluated for their antioxidant potential. GC–MS profiling of the most potent anti-
oxidant F. religiosa seed extract was done to evaluate the phytoconstituents. To evaluate the pharmacokinetics 
and drug-likeness properties of these compounds in silico ADMET analysis was done. To comprehend the binding 
potential of the best ADMET evaluated phytochemicals contained in the F. religiosa seed extract against the several 
protein targets (matrix metalloproteinases (MMP-2, MMP-9), and Human calcium-sensing receptor (CaSR)) and anti-
oxidant enzymes (Glutathione S-transferase (GST), glutathione-disulfide reductase (GR), glutathione peroxidase (GPX), 
and superoxide dismutase (SOD)) involved in urolithiasis, multi targets based virtual screening tests were done using 
Autodock Vina tool.

Results GC–MS profiling revealed the presence of 53 different compounds. Of all these compounds, based 
on ADMET analysis 2-Methoxy-4-vinylphenol; 3,5-Di-tert-butylphenol; diethyl benzene-1,2-dicarboxylate; 4-hydroxy-
3,5-dimethoxybenzaldehyde; 2-methoxy-4-prop-2-enylphenol; and bis (2-methyl propyl) benzene-1,2-dicarboxylate 
were found to have best pharmacokinetics and drug-likeness properties. In the autodocking studies, 3,5-Di-tert-butyl 
phenol is proved to be the best of all in terms of binding energies with the selected targets.

Conclusion The findings of this study suggest a framework for employing F. religiosa seed ethyl acetate extract 
as a potent herbal treatment for urolithiasis.
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Introduction
One of the emerging issues jeopardizing the health of 
many individuals is lifestyle diseases. One such lifestyle 
disease which is affecting the global population is urolith-
iasis. Urolithiasis is a widespread condition with a wide 
range of undesirable aspects and causes, including die-
tary habits and other practices. A recent study revealed 
an increase in urolithiasis incidence in the global popula-
tion since the year 1990 to the year 2019 by 48.57% [1]. 
Urolithiasis is a condition characterized by the formation 
of urinary tract calculi or stones. This condition includes 
the arrangement of calcifications in the urinary frame-
work, generally in the kidneys or ureters, yet may likewise 
influence the bladder and additionally urethra. Uroliths 
are of different types, composed of calcium as calcium 
oxalate monohydrate and calcium hydrogen phosphate 
dihydrate, magnesium as ammonium magnesium phos-
phate hexahydrate, uric acid, and urates. Furthermore, 
cystine, hippuric acid, L-tyrosine, and xanthine also con-
tribute to minute amounts of urolithic stone formation 
[2]. Of all urolith types calcium oxalate is the most com-
mon component (75%-90%) seen in uroliths.

The first and most important step in stone formation is 
crystallogenesis which takes place in three steps namely 
nucleation, growth, and aggregation. It is assumed that 
due to the excessive rate of excretions, the urine becomes 
saturated with insoluble materials, leading to the forma-
tion of crystals and aggregates to form a stone [3]. The 
increased oxidative stress causes Reactive oxygen species 
(ROS)-induced injury to the renal epithelial cells, damage, 
inflammation, and interacts with calcium oxalate crystals 
or oxalate ions leading to increased deposition of calcium 
oxalate crystals (kidney stones) [4, 5]. ROS are also pro-
duced when calcium oxalate stones erode the renal cells 
[6]. A high calcium level can stimulate the generation 
and release of intracellular ROS, which can increase the 
expression of matrix metalloproteinases (MMPs), which 
in turn are targets of Nuclear factor kappa-light-chain-
enhancer of activated B cell (NF-κB), which may lead to 
the formation of kidney stones through a series of subse-
quent reactions [7].

The family of calcium-dependent-zinc-containing endo-
peptidases includes MMPs, which play a primary role in 
extracellular matrix remodeling [8]. MMPs like MMP-2 
and MMP-9 are involved in the growth of renal stones by 
breaking through the basement membrane barriers in the 
urinary tract mainly by digesting collagen and fibronectin, 
[9]. NF-κB contains a family of nuclear transcription fac-
tors, which include p65 (RelA), RelB, c-Rel, NF-κB1, and 
NF-κB2 [10]. ROS activates NF-κB signaling, which, in 
turn, activates the expression of several NF-κB target genes 
[11]. Calcium oxalate crystals also activate the NF-κB sign-
aling pathway and promote osteogenesis-related protein 

(OPN) expression in renal tubular epithelial cells [12]. 
The ROS/ NFκ-B/ MMP-9 signaling cascade thus targets 
MMP-9 downstream in urolithiasis [7]. By encouraging 
the transport of crystalline particles to the renal inter-
stitium, MMP-9 may increase the formation of Randall’s 
plaque and, subsequently kidney stone formation. Addi-
tionally, Randall’s plaques may rupture due to MMP-9, 
allowing urine from the pelvis to come into contact with 
the hydroxyapatite and create the core of calcium salt 
deposition that causes kidney stone development [13]. 
In addition, it has been reported that abnormal MMP-9 
and MMP-2 mediate renal fibrogenesis in stone-forming 
patients, which impairs kidney functions [14].

It is found that in renal tubular epithelial cells, a high 
calcium concentration stimulated calcium salt deposi-
tion and promoted the expression of MMP-9 which 
further promotes renal stone formation. Whereas 
silencing MMP-9 expression would inhibit the expres-
sion of the OPN, which would further inhibit calcium 
salt deposition, and eventually stone formation in 
the kidney. Similarly, when ROS were scavenged the 
expression of MMP-9, OPN, and RUNX2 (an osteo-
genic marker) was inhibited suggesting further inhibi-
tion of stone formation [7].

The human body is having an antioxidant defensive 
mechanism that is used to scavenge the ROS and pro-
tect the body from the development of oxidative stress-
mediated diseases including kidney stones. Therefore, 
the therapeutic intervention of antioxidants helps to 
reduce oxidative stress/damage and the eventual crystal 
deposits [15]. Natural antioxidants like phenols and fla-
vonoids were reported to mitigate free radical toxicity 
and alleviate stone formation in animal models as well as 
humans. Therefore, phytochemicals having antioxidant 
activities could be used in the treatment of kidney stones 
[16]. In addition, the antioxidant enzymes have also been 
found to be significant for urolithiasis management by 
preventing oxidative damage and showing protective 
effects on kidney stones. Antioxidant enzymes prevent 
calcium oxalate retention which could precipitate into 
kidney stones [17]. Glutathione S-transferase (GST), 
glutathione-disulfide reductase (GR), glutathione per-
oxidase (GPX), and superoxide dismutase (SOD) all play 
significant roles in maintaining a balance between ROS 
generation and breakdown in living organisms. Since 
none of these enzymes can eliminate all kinds of ROS 
on their own, they work together and synergistically to 
scavenge ROS [18]. The human calcium-sensing receptor 
(CaSR) controls the function of several tubular segments 
in the kidney by modulating electrolyte and water excre-
tion. CaSR, in particular, inhibits proton and water excre-
tion in collecting ducts, promotes phosphate absorption 
in proximal tubules, and decreases passive and active 
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calcium reabsorption in distal tubules. The usual bal-
ance of calcium, phosphate, protons, and water excretion 
may be disrupted in the renal medulla, by altered expres-
sion of the CaSR gene favouring stone development. As 
a result, It can be assumed to be a strong candidate gene 
for calcium nephrolithiasis [19].

Urolithiasis is a biochemical process with many steps 
and a high rate of recurrence. After urolithiasis treat-
ment, there is a 50% possibility of stone development 
again in 7 years span whenever left untreated. Hence, the 
treatment of urolithiasis should include both curative as 
well as preventive therapy. As a result, proactive treat-
ment is essential and recommended, particularly in stone 
former subjects [20]. Currently, for managing stone/
calculus disruption locally, Surgical procedures, litho-
tripsy, and laparoscopy are employed. These procedures 
are costly and they eventually pose a risk of acute renal 
injury and even stone recurrence [21]. However, only a 
few medicinal plants and unique composite herbal for-
mulations have been identified as an efficient treatment 
alternative for the minimally invasive prevention of renal 
calculi recurrence [22]. Utilizing these extracts could 
result in complementary and alternative medicine that 
could combat the drawbacks of modern pharmaceutical 
medications. In recent times, the hunt for new anti-lith-
iatic medicines from natural sources has assumed lesser 
significance. One of the plants which is used for the treat-
ment of urinary calculi in the Indian traditional medicine 
system is Ficus religiosa [23].

The present study centers around the assessment of the 
antiurolithiatic capability of F. religiosa seeds consider-
ing, the promising results obtained from the phytochemi-
cal and antioxidant studies done until this point [24]. 
This study also aims to investigate possible mechanistic 
insights into the antiurolithiatic potential of relatively 
unexplored phytoconstituents of F. religiosa seeds. Based 
on the antioxidant potential of hexane, chloroform, ethyl 
acetate, and methanol extract of F. religiosa seeds, the 
seed extract with the highest activity was further evalu-
ated for the volatile phytoconstituents by GC–MS analy-
sis. Recently in vitro and in vivo absorption, distribution, 
metabolism, excretion, and toxicity (ADMET) predic-
tion techniques have gained popularity, however, it is 
impossible to conduct intricate and pricey ADMET tests 
on a variety of chemicals [25]. As a Cost Saving High 
Throughput Alternative to Conventional Experimental 
Methods, in silico strategy to predict ADMET properties 
has become very attractive [26]. The GCMS evaluated 
phytoconstituents were then evaluated for their safety 
in ADMET while oral administration of the compound 
as a possible drug. Virtual screening is important in the 
identification of hits/leads against biological targets in 
computer-aided drug design and discovery as it saves 

time and money. Molecular docking is one of the virtual 
screening methods which is extensively used for this pur-
pose. This strategy has successfully found the active mol-
ecules against the different targets [27].

Compounds from the ethyl acetate fraction of F. 
religiosa seeds, as reported in the GC–MS analysis were 
selected based on their drug-like properties through 
the Quantitative Estimate of Druglikeness (QED) score, 
and their non-violation of Lipinski rule of 5 by using the 
tool ADMET lab 2. The selected compounds were later 
docked to predict their binding potential against differ-
ent biological targets (mentioned above) which were 
reported to be important in the management of kidney 
stone formation or urolithiasis as stated above. The bio-
logical targets studied include glycolate oxidase, glu-
tathione-disulfide reductase, glutathione-S transferase, 
superoxide dismutase, glutathione peroxidase, Human 
calcium-sensing receptor, and MMP-9 and MMP-2.

Traditionally, F. religiosa has been reported to have 
antioxidant potential, prevent stone formation, and 
bear protective effects to prevent kidney cell damage 
and is used for its diuretic and anti-urolithiasis activity 
[28]. However, there are currently no reports indicating 
which phytochemicals are specifically responsible for this 
plant’s anti-urolithiasis activity. This is the first kind of 
report of individual phytochemicals of F. religiosa seeds 
that were investigated against multiple targets responsi-
ble for urolithiasis or kidney stone.

Materials and methods
Plant material collection
F. religiosa figs were gathered from the region, which is 
located at 17° 43′ 47.3880’’ N and 83° 19′ 17.3820’’ E. 
Seeds were isolated from figs physically and cleaned. A 
mechanical blender of laboratory quality was used to 
grind the cleaned seeds into a fine powder after they had 
been shade dried. To get uniform-sized particles this seed 
powder was then sieved through a fine sieve. The seed 
powder was again shade dried to get rid of any moisture 
retained during the grinding process. The dried seed 
powder was stored in airtight containers at room tem-
perature in an aseptic environment for the subsequent 
extraction process.

Preparation of extract
F. religiosa seeds were then extracted by Soxhlet extrac-
tion method using different solvents successively in order 
of their increasing polarities (hexane: 0.1, followed by 
chloroform: 4.1, then ethyl acetate: 4.4, and then meth-
anol: 5.1). The 450  g of F. religiosa seed powder were 
first extracted in hexane at 70 ºC, the residue from the 
hexane extraction was then extracted using the Soxhlet 
apparatus for 14 h in chloroform at 61.2 ºC, followed by 
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ethyl acetate at 77 ºC, and methanol at 64.7 ºC. The seed 
extracts obtained  were subsequently concentrated by 
distillation, which involved evaporating the solvent. 
The concentrated extracts were then dried and kept in 
a desiccator at room temperature for further investiga-
tion. The aqueous extract was prepared by taking 10 g of 
F. religiosa seed powder mixed with 100  ml of distilled 
water, which was then agitated for 10  min with a mag-
netic stirrer, and then boiled for 30 min at 80 ºC. Whatt-
mann Filter Paper No. 1 was used to filter this aqueous 
extract and stored at -4 ºC for further use.

In vitro free radical scavenging activity
Reducing power assay
The approach outlined by [29] was used to assess the 
extracts’ reducing power ability. The plant sample was 
dissolved in dimethyl sulfoxide (DMSO) to obtain various 
concentrations, 100 µg/ml, 200 µg/ml, 300 µg/ml, 400 µg/
ml, and 500 µg/ml in several reaction tubes. 1.0 ml of var-
ied plant extract concentrations, 2.5 ml of 0.2 M sodium 
phosphate buffer, and 2.5  ml of 1% potassium ferri-
cyanide  made up the reaction mixture. After 30  min of 
incubation at 50 °C, the reaction was stopped by adding 
2.5  ml of 10% trichloroacetic acid and centrifuging the 
liquid for 10 min at 3000 rpm. After centrifugation 2.5 ml 
of the upper  layer was combined with double distilled 
water and 0.1% ferric chloride. The absorbance was meas-
ured at 700 nm against a blank that was made up entirely 
of double distilled water as opposed to plant extract. As 
standards, butylated hydroxytoluene (BHT) and ascorbic 
acid were used. An increase in absorbance implies that 
the sample has more reducing power. The results were 
expressed as ascorbic acid equivalents obtained from the 
standard curve of ascorbic acid with a regression equa-
tion of y = 0.0063x—0.0008.

Hydroxyl radical scavenging assay
The extracts’ capacity to scavenge hydroxyl radicals was 
assessed using the procedure described by Klein et  al. 
[30]. The reaction mixture contained 1.0  ml of extracts 
dissolved in Dimethyl sulfoxide (DMSO) at various con-
centrations (100  µg/ml, 200  µg/ml, 300  µg/ml, 400  µg/
ml, and 500  µg/ml), 1.0  ml of iron- Ethylenediamine-
tetraacetic acid (EDTA) solution (0.13% ferrous ammo-
nium sulfate and 0.26% EDTA), 0.5 ml of 0.018% EDTA, 
1.0 ml of DMSO (0.85% in 0.1 M phosphate buffer pH7.4) 
and 0.5 ml of 0.22% ascorbic acid. After 15 min of heat-
ing in a water bath at 80–90 °C with tight-fitting caps on 
the tubes, the reaction was stopped by adding 1.0 ml of 
17.5% ice-cold Trichloroacetic Acid (TCA). To this reac-
tion mixture, 3.0 ml of Nash reagent (a mixture of 75.0 g 
of ammonium acetate, 3.0 ml of glacial acetic acid, 2.0 ml 
of acetylacetone, and distilled water to make up the final 

volume to 1 L) was added and kept at room tempera-
ture for 15 min for colour development. At 412 nm, the 
intensity of the generated yellow colour was assessed in 
comparison to a reagent blank. As a control, the reac-
tion mixture without the sample was employed. BHT and 
ascorbic acid were employed as benchmarks. The fol-
lowing formula was used to determine the percentage of 
hydroxyl radical scavenging activity (HRSA):

Estimation of reduced glutathione
The Boyne and Ellman technique [31] was used to deter-
mine the quantity of reduced glutathione (GSH) present 
in the samples. 4.0  ml of the metaphosphoric acid pre-
cipitating solution (1.67 g of glacial metaphosphoric acid, 
0.2 g EDTA, and 30 g NaCl mixed in 100 ml water) was 
added to 1 ml of the sample extract dissolved in DMSO 
at various concentrations (100 µg/ml, 200 µg/ml, 300 µg/
ml, 400  µg/ml, and 500  µg/ml) and centrifuged. After 
centrifugation, 2.0 ml of the protein-free supernatant was 
combined with 1.0  ml of 5,5′-dithiobis-(2-nitrobenzoic 
acid (DTNB) reagent (40  mg of DTNB was dissolved 
in 100  ml of aqueous 1% trisodium citrate), and0.2  ml 
of 0.4  M  Na2HPO4. Within 2  min, the absorbance was 
measured at 412  nm. The amount of GSH was given as 
nmol/ml using a standard glutathione curve having a 
regression equation of y = 0.0049x + 0.0014.

GC–MS analysis
Sample preparation
100 µg of F. religiosa ethyl acetate seed extract was dis-
solved in 1 ml of methanol solvent. A vortex stirrer was 
used to swirl this dissolved solution before it was filtered 
using a 0.2-micron membrane syringe filter. The clear 
extract was then used for analysis using gas chromatog-
raphy along with a mass spectrometry (GC–MS) system.

Chromatography run
The Shimadzu QP 2010 Ultra GC- MS instrument 
from Agilent Technologies was used for the GC- MS 
analysis of the ethyl acetate seed extract from F. religi-
osa. A volume injection of 1µL was used to inject a 
DB- 5MS, 5 phenyl methyl siloxane column having an 
inner diameter (ID) of 30  m and a film thickness of 
0.25 m. A standard injection mode auto-sampler from 
Agilent, Santa Clara, USA, was used. Helium is used as 
the carrier gas with an inflow of 1.0 ml/ min. The oven 
temperature was originally programmed at 70  °C and 
held for 5 min, further gradually raised to 310 °C, and 
further held for 10 min while the injector was operated 
at 250 °C. After that, the sample was eventually eluted 
using a gradient that ran for 63  min. After a 4.5-min 

% HRSA = [(control OD − sample OD)÷ controlOD]× 100
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solvent delay, full scan and monitoring mode were 
used to acquire mass spectra in the 50–700 m/z range. 
Between the spectrum of the unknown component of 
the ethyl acetate extract of F. religiosa seeds  and the 
spectra of the known components kept in the NIST, 
WELLY, and TOX libraries, a comparison was done. 
Each phytochemical in the plant extract was named 
and its molecular weight and structure were deter-
mined using the data stored in libraries.

Pharmacokinetic analysis and drug‑likeness prediction
To overcome the unfavorable effects of a drug candidate 
at the beginning of the drug development process, it is 
essential to determine the ADMET (absorption, distri-
bution, metabolism, excretion, toxicity) features. Online 
prediction models were created that were effective and 
precise for the in-silico estimate of ADMET param-
eters. To calculate ADMET features such as absorption, 
distribution, metabolism, excretion, toxicity, and phys-
icochemical properties of all drugs, the online in-silico 
prediction model ADMET lab 2.0 was utilized. All GC–
MS Quantified Phytoconstituents were converted to 
Simplified Molecular Input Line Entry System (SMILES) 
format using PubChem and were then submitted to the 
ADMETlab 2.0 web server.

Physicochemical  characteristics, QED score, gastro-
intestinal tract absorption, blood–brain barrier (BBB), 
fraction unbound in plasma (Fu, P), the volume of dis-
tribution (VD), CYP3A4 substrate, CYP3A4 inhibitor, 
Clearance, Rat Oral Acute Toxicity, and Acute Toxic-
ity Rule were all considered while determining ADMET 
factors.

Docking studies
For Autodocking analysis of the chosen ligands against 
selected target proteins, the AutoDock Vina tool pro-
vided by the SeamDock web server (https:// biose rv. rpbs. 
univ- paris- dider ot. fr/ servi ces/ SeamD ock/) was used 
[32]. An open-source Python library, Docking_py is a 
simple and unified library, which was optimized by Jupy-
ter Notebooks, and it was used to construct the Auto-
Dock Vina tool in the SeamDock web server. The ligand 
was uploaded in SMILES format, which is converted to 
pdb format using RDKit. The ligand pdb file is then pro-
cessed using the prepare_ligand4.py (MGL tools). Where 
this program automatically computes the atomic charge, 
assigns atom types, repairs missing hydrogen atoms, and 
however torsions of the ligand will be kept active, and 
the output is a pdbqt file which will be used as an input 
file AutoDock Vina tool. Receptor structure docking grid 
parameters can be prepared by using MGLTools pre-
prare_gpf4.py. The visualization of docking results in 3D 
mode was facilitated by the NGLview library.

Statistical analysis
Each extraction method and the antioxidant study were 
carried out triple, and statistical analysis was carried out 
individually for each test. Three parallel replicates’ means 
and standard error mean (SEM) were used to express the 
results. Using Microsoft Excel 2022, a one-way analysis of 
variance (ANOVA) with the Tukey test of multiple com-
parisons was conducted for each report. The cutoff for 
statistical significance was p ≤ 0.05.

Results
Reducing power assay
Figure  1a provides a summary of each F. religiosa seed 
extract’s reducing power ability in terms of ascorbic 
acid equivalents at various concentrations (100  µg/ml, 
200  µg/ml, 300  µg/ml, 400  µg/ml, and 500  µg/ml) in 
comparison to standards (ascorbic acid and BHT). All 
extracts showed a linear increase in activity with increas-
ing concentrations. Of all the extracts tested the highest 
activity was found for ethyl acetate extract at a con-
centration of 500  µg/ml (111.22 ± 0.06), which is lower 
than that of standard ascorbic acid (362.80 ± 1.85  g/ml) 
and BHT (259.95 ± 0.11  g/ml) at the same concentra-
tion (500 µg/ml). The analysis of the cumulative reduc-
ing power capacity for all concentrations of different 
F. religiosa seed extracts and standards revealed that 
the Ethyl acetate extract exhibited the highest activ-
ity (90.68 ± 0.097  μg/ml), although lower than that of 
the standard’s ascorbic acid (244.67 ± 0.716  μg/ml) and 
BHT (184.37 ± 0.126 μg/ml). This analysis looked at the 
cumulative reducing power ability of all concentrations 
of different F. religiosa seed extracts and standards. 
These total data were examined using an F-statistic, 
[F(6,14) = 60527.20, p < 0.05], as shown in Fig. 1d.

Hydroxyl radical scavenging assay
Figure  1b depicts a summary of each F. religiosa seed 
extract’s percentage hydroxy radical scavenging activ-
ity at various concentrations (100  µg/ml, 200  µg/ml, 
300 µg/ml, 400 µg/ml, and 500 µg/ml) in comparison to 
standards (ascorbic acid and BHT). Each extract showed 
increased activity with an increase in concentration. At 
the highest concentration (500  µg/ml) methanol extract 
showed the highest activity (90.55 ± 0.07%) which is 
greater than that of ascorbic acid (85.56 ± 0.29%) but 
slightly lower than BHT (93.31 ± 0.37%). However, the 
cumulative percentage inhibitions for all concentra-
tions of different F. religiosa seed extracts and stand-
ards revealed that the Ethyl acetate extract exhibited 
the highest activity in terms of percentage of inhibition 
(79.87 ± 0.187%). This value was higher than that of the 
standard ascorbic acid (74.03 ± 0.387%) but lower than 
that of BHT (88.29 ± 0.257%). The cumulative results 

https://bioserv.rpbs.univ-paris-diderot.fr/services/SeamDock/
https://bioserv.rpbs.univ-paris-diderot.fr/services/SeamDock/
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were analyzed using an F-statistic [F(6,14) = 1774.515, 
p < 0.05], as depicted in Fig. 1e.

Estimation of reduced glutathione
Figure  1c summarises the total reduced glutathione in 
nanomoles/millilitre (nmol/ml) of all F. religiosa seed 
extracts at various concentrations (100 µg/ml, 200 µg/ml, 
300 µg/ml, 400 µg/ml, and 500 µg/ml) in comparison to 
standards (ascorbic acid and BHT). The amount of total 
reduced glutathione increased as the concentration of 
each extract was increased. At the highest concentration 
(500  µg/ml) of all extracts assayed, ethyl acetate extract 
exhibited the highest amount of reduced glutathione 
(285.84 ± 0.21  nmol/ml) which is much higher than the 
standard ascorbic acid (64.20 ± 0.20  nmol/ml) and BHT 
(79.92 ± 0.42 nmol/ml). Likewise, the cumulative activity 
for all concentrations of different F. religiosa seed extracts 
was analyzed, revealing that the ethyl acetate extract 
exhibited the highest amount of reduced glutathione 
(204.37 ± 0.162  nmol/ml) among the seed extracts. This 
value was higher than that of the standard’s ascorbic acid 
(43.44 ± 0.219  nmol/ml) and BHT (48.64 ± 0.170  nmol/
ml). These cumulative results were analyzed using an 
F-statistic [F6,14) = 134006.7956, p < 0.05], as depicted in 
Fig. 1f.

GC–MS analysis
The results of in-vitro antioxidant assays of the evalu-
ated hexane, chloroform, ethyl acetate, methanol, and 

aqueous F. religiosa seed extracts revealed that ethyl 
acetate extract is the most potent of all. Hence, to deter-
mine the underlying phytoconstituent that might be 
responsible for the antioxidant assay, F. religiosa seed 
ethyl acetate extract was analyzed using gas chromatog-
raphy along with mass spectrometry. Figure  2 displays 
the GC–MS intensities of the F. religiosa ethyl acetate 
extract’s GC–MS chromatogram. 62 peaks were seen in 
the ethyl acetate crude extracts of the F. religiosa seeds 
GC–MS chromatogram. Of these 62 peaks, some com-
pounds formed multiple peaks at different retention 
times. Hexadecan-1-ol gave two peaks at retention times 
20.060, and 25.398 likewise, Hexadecane gave two peaks 
at retention times 22.674, and 25.582, and Pentadecanoic 
acid gave 2 peaks at 29.739, and 32.103, Pentadecanoic 
acid methyl ester gave two peaks at 30.118, and 30.984, 
docosan-1-ol gave two peaks at 30.280 and 30.994, Hexa-
decanoic acid, methyl ester gave two peaks at 32.473, and 
33.402, Heptadecanoic acid, methyl ester gave two peaks 
at 34.837, and 35.727, pentatriacontane gave three peaks 
at 42.611, 45.444, and 51.713. Hence, we can say that 53 
different compounds were identified from ethyl acetate 
crude extracts of the F. religiosa seeds. Although all the 
compounds belonged to different classes, the most abun-
dant compounds were fatty acid methyl esters (29.03%), 
hydrocarbons (14.51%), fatty alcohols (14.51%), phenols 
(11.29%), fatty acids (6.45%), and all others were less 
abundant in the extract. In Table 1, the discovered com-
pounds’ retention times, molecular formula, molecular 

Fig. 1 a Reducing power ability at different concentrations, b % hydroxy radical scavenging activity at different concentrations, c Total reduced 
glutathione at different concentrations, d Cumulative reducing power ability of different seed extracts, e Cumulative % hydroxy radical scavenging 
activity of different seed extracts, f Cumulative total reduced glutathione of different seed extracts of F. religiosa. The results were expressed 
as Mean ± SEM; N = 3. Tukey test values labelled with different letters are significantly different at p ≤ 0.05
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weight, peak area, and chemical class are displayed. 
Based on the peak area most abundant compounds 
found in the evaluated extract in order of their abun-
dance is ethyl (9Z,12Z)-octadeca-9,12-dienoate (15.46%), 
methyl  (E)-octadec-9-enoate  (12.87%), methyl  hexade-
canoate (9.84%), octacosan-1-ol (9.24%).

Pharmacokinetic analysis and drug‑likeness prediction
GCMS-evaluated compounds were sufficiently advanced 
to be considered oral drug candidates. And hence, 
structural or physicochemical inspections were done to 
determine the drug-likeness of these compounds using 
the ADMETLAB2.0 online tool (https:// admet mesh. 
scbdd. com/ servi ce/ evalu ation/ index). ADMET analysis 
evaluated Drug-likeness, pharmacokinetics, and phys-
icochemical characteristics. "Drug-likeness" evaluates 
qualitatively if a molecule has a probability of developing 
into an oral medication in terms of bioavailability. The 
results of the ADMET analysis of the 53 compounds are 
summarised in Table  2. The medicinal chemistry of the 
53 compounds identified by GCMS analysis was evalu-
ated based on 2 factors if they follow Lipinski’s rule of 
5 and their QED score. Absorption studies of these 53 
compounds revealed that 16 compounds had low gastro-
intestinal absorption and 37 compounds had high gastro-
intestinal absorption. Distribution studies of the above 53 
compounds were studied based on volume distribution, 
BBB penetration, and Fu, P. VD values of these com-
pounds ranged from 0.221 L/Kg to 8.866 L/Kg.

Of all compounds evaluated, 30 compounds showed 
excellent BBB penetration, 15 had medium BBB 

penetration, and 8 had low BBB penetration. The Fu, 
P values of these compounds ranged from 0.12% to 
77.664%. Metabolic studies were done on these com-
pounds based on whether the given compound is a sub-
strate or inhibitor of the CYP3A4 enzyme of the human 
cytochrome P450 family. Out of 53, 47 compounds are 
neither substrates nor inhibitors of CYP3A4. 3,5-Di-
tert-butyl phenol is both substrate as well as inhibitor, 
2,5-ditert-butylbenzene-1,4-diol and N-[[3,6-dichloro-
2,7-bis[2-(diethylamino)ethoxy]fluoren-9-ylidene]
amino]-2,2-dimethylpropanamide are noninhibitors but 
substrate, 7,9-ditert-butyl-1-oxaspiro[4.5]deca-6,9-diene-
2,8-dione; ethyl  (9Z,12Z)-octadeca-9,12-dienoate and 
methyl  (E)-octadec-9-enoate  and methyl  (E)-octadec-
9-enoate are inhibitors but non substrate.

The excretory properties of the above 53 compounds 
were analyzed based on their clearance value. 29 com-
pounds had good clearance values which is above 5  ml/
min/kg and the rest 24 compounds had poor clearance val-
ues which is below 5  ml/min/kg. The toxicology of these 
compounds was studied based on rat oral acute toxicity and 
acute toxicity rule. All the analyzed compounds had low 
toxicity based on rat oral acute toxicity studies except for 
2 compounds which were highly toxic and 3 were medium 
toxic. But, according to the acute toxicity rule, none of the 
compounds were toxic. Based on the ADMET analysis of 
all 53 compounds, 6 compounds having the highest QED 
score, good absorption, good clearance, and low toxic-
ity were chosen to be the best of all. These compounds 
are 2-Methoxy-4-vinylphenol; 3,5-Di-tert-butylphenol; 
diethyl benzene-1,2-dicarboxylate; 4-hydroxy-3,5-dimeth-

Fig. 2 a GC–MS chromatogram of F. religiosa seed ethyl acetate extract

https://admetmesh.scbdd.com/service/evaluation/index
https://admetmesh.scbdd.com/service/evaluation/index
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Table 1 Compounds identified from F. religiosa seed ethyl acetate extract using GC–MS analysis

Peak no CN MF MW (g/mol) RT Area% CC

1 Methyl 3-hydroxytetradecanoate C15H30O3 258.4 10.93 0.6 Fatty acid methyl ester

2 Naphthalene C10H8 128.17 13.83 3.18 Aromatic hydrocarbon

3 2-Methoxy-4-vinylphenol C9H10O2 150.17 17.75 0.47 Phenol

4 tert-Butyldimethylsilyl acetate C8H18O2Si 174.31 18.28 0.62 Fatty acid

5 hexadecan-1-ol C16  H34 O 242.44 20.06 1.12 Fatty alcohol

6 1-Bromo-2-methyldecane C11H23Br 234.1 20.28 0.55 Hydrocarbon

7 Nonanoic acid, 9-oxo-, methyl ester C10H18O3 186.25 21.15 0.32 Fatty acid methyl ester

8 Ethyl(dimethyl)ethoxysilane C6H16OSi 132.28 22.22 0.14 Alkyl substituted silane

9 Butanoic acid, 3-methyl-, hexadecyl ester C21H42O2 326.6 22.32 0.2 Fatty acid methyl esters

10 Hexadecane C16H34 226.44 22.67 0.1 Hydrocarbon

11 3,5-Di-tert-butylphenol C14H22O 206.32 g/mol 23.25 6.72 phenol

12 3,7,11-Trimethyl-1-dodecanol C15H32O 228.41 23.42 0.08 Fatty alcohol

13 Tricyclo[5.2.1.02,6]dec-3-en-8-ol C10H14O 150.22 23.52 0.11 Cyclic alcohol

14 Dodecanoic acid, methyl ester C13H26O2 214.34 23.6 0.04 Fatty acid methyl ester

15 1-iododotriacontane C32H65I 576.76 23.88 0.14 Iodo alkane

16 Dimethyl nonanedioate C11H20O4 216.27 24.14 0.23 Fatty acid methyl ester

17 Diethyl benzene-1,2-dicarboxylate C12H14O4 222.24 25.24 0.82 Benzoic acid ester

18 Hexadecan-1-ol C16H34O 242.44 25.4 2.62 Fatty alcohol

19 Hexadecane C16H34 226.44 25.58 0.33 Hydrocarbon

20 1-Tetradecyl acetate C16H32O2 256.42 25.75 0.1 Fatty acid ester

21 Diphenylmethanone C13H10O 182.22 26.35 0.1 Benzophenone

22 4-hydroxy-3,5-dimethoxybenzaldehyde C9H10O4 182.17 27.01 0.17 Methoxy phenols

23 n-Tridecan-1-ol C13H28O 200.36 27.85 0.18 Fatty alcohol

24 Tetracosane C24H50 338.7 28.02 0.16 Hydrocarbon

25 2-hexadecyloxirane C18H36O 268.48 28.4 0.13 Epoxide ether

26 2,5-ditert-butylbenzene-1,4-diol C14H22O2 222.32 g/mol 28.5 0.11 Phenol

27 Methyl 12-methyltridecanoate C15H30O2 242.4 28.61 0.3 Fatty acid methyl ester

28 (E)-3-(4-methoxyphenyl)prop-2-enoic acid C10H10O3 178.18 28.9 0.28 Hydroxyphenolics

29 1-butylsulfanyl-4-methylbenzene C11H16S 180.31 29.08 2.43 Phenyl derivative

30 1-bromooctadecane C18H37Br 333.4 29.27 0.13 Bromo alkane

31 2-nitrobenzene-1,3-diol C6H5NO4 155.11 g/mol 29.46 0.32 phenol

32 2-methoxy-4-prop-2-enylphenol C10H10O2 164.2 g/mol 29.62 0.43 phenol

33 Pentadecanoic acid C15H30O2 242.4 29.74 0.34 Fatty acid

34 methyl pentadecanoate C16H32O2 256.42 30.12 0.24 Fatty acid methyl ester

35 docosan-1-ol C22H46O 326.6 30.28 2.82 Fatty alcohol

36 Henicosane C21H44 296.6 30.43 0.29 Hydrocarbon

37 2-hexyldecan-1-ol C16H34O 242.44 30.59 0.09 Fatty alcohol

38 methyl pentadecanoate C16H32O2 256.42 30.98 0.25 Fatty acid methyl ester

39 Bis(2-methylpropyl) benzene-1,2-dicarboxylate C16H22O4 278.34 g/mol 31.75 0.2 Phthalate Esters

40 Pentadecanoic acid C15H30O2 242.4 32.1 0.21 Fatty acid

41 Methyl hexadecanoate C17H34O2 270.5 32.47 0.36 Fatty acid methyl ester

42 7,9-ditert-butyl-1-oxaspiro[4.5]deca-6,9-diene-2,8-dione C17H24O3 276.4 32.81 0.93 Diketone

43 Tetrapentacontane C54H110 759.4 33 0.09 Hydrocarbon

44 Methyl hexadecanoate C17H34O2 270.5 33.4 9.84 Fatty acid methyl ester

45 Dibutyl benzene-1,2-dicarboxylate C16H22O4 278.34 g/mol 33.94 1.48 Phthalate Esters

46 Methyl heptadecanoate C18H36O2 284.5 34.84 0.23 Fatty acid methyl ester

47 Docosan-1-ol C22H46O 326.6 34.99 3 Fatty alcohol

48 Tetracontane-1,40-diol C40H82O2 595.1 35.29 0.49 Fatty alcohol

49 Methyl heptadecanoate C18H36O2 284.5 35.73 0.21 Fatty acid methyl ester
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oxybenzaldehyde; 2-methoxy-4-prop-2-enylphenol; and 
bis(2-methylpropyl) benzene-1,2-dicarboxylate.

Docking analysis
In the current study, seven target proteins namely (1) 
Glutathione-disulfide reductase (PDB ID: 1BWC), (2) 
Glutathione-S-transferase (PDB ID: 4MPG), (3) Super-
oxide dismutase (PDB ID: 1CB4), (4) Glutathione per-
oxidase (PDB ID: 2WGR), (5) Human calcium-sensing 
receptor (PDB ID: 5FBH), (6) Matrix metalloprotein-
ase (MMP)-9 (PDB ID: 4XCT) and (7) MMP2 (PDB ID: 
1ck7) were docked with 6 ligands, namely (L-I) 2-Meth-
oxy-4-vinylphenol (PubChem CID: 332), (L-II) 3,5-Di-
tert-butylphenol (PubChem CID: 70825), (L-III) diethyl 
benzene-1,2-dicarboxylate (PubChem CID: 6781), (L-IV) 
4-hydroxy-3,5-dimethoxybenzaldehyde (PubChem CID: 
8655), (L-V) 2-methoxy-4-prop-2-enylphenol (PubChem 
CID: 13245), (L-VI) bis(2-methyl propyl) benzene-1,2-di-
carboxylate (PubChem CID: 3314) and the results are 
depicted in Table 3.

The box coordinates for the target protein 1 were 
-3 × -8 × -7  Å (center) and 63 × 63 × 67  Å (size). The 
ligand L-II yielded the highest ΔG for the target protein 
1, which was about -6.4  kcal/mol in comparison with 
other ligands. L-II has shown hydrophobic and hydro-
gen bonding toward target protein 1. The oxygen atom 
O1 of L-II was involved in hydrogen bonding with amino 
acids Asp363, Asn365, and Lys452, whereas carbon 
atoms C3 is involved in hydrophobic contact with amino 
acid Lys452, likewise, C4 with Pro368 and Ala448, C8 
with Ile367, C12 with Ile367, Val341, Leu362, C13 with 
Ala344 and C14 with Ile367. In this interaction, Lys452 

is involved in both hydrogen bonding and hydrophobic 
interactions (Fig. 3a).

The box coordinates for the target protein 2 were 
-3 × -1 × -2  Å (center) and 57 × 49 × 59  Å (size). The 
ligand, L-II yielded the highest ΔG for the target pro-
tein 2, which was about -6.9  kcal/mol in comparison 
with other ligands. L-II has shown hydrophobic con-
tact, hydrogen bonding, and weak hydrogen bonding 
toward target protein 2. The oxygen atom O1 of L-II 
was involved in hydrogen (H) bonding with amino acids 
His40, whereas C14, C8, C6, C10, C3, C13, C13, and C13 
were involved in hydrophobic contact with amino acids 
Val10, Leu35, Leu35, Leu35, Lys53, Leu114, Trp115, 
Leu119, respectively (Fig. 3b).

The box coordinates for the target protein 3 were 
0 × 1 × 1 Å (center) and 44 × 71 × 44 Å (size). The ligand, 
L-II yielded the highest ΔG for the target protein (3), 
which was about -6.2 kcal/mol in comparison with other 
ligands. L-II has shown hydrophobic contact and hydro-
gen bonding toward target protein 3. The oxygen atom 
O1 of L-II was involved in hydrogen (H) bonding with 
amino acids Val7 and Cys144. Whereas carbon atoms of 
L-II, C3, C13, C10, C1, C13, and C12 were involved in 
hydrophobic contact with amino acids Val7, Val146, Lys9, 
Asn51, Val146, Val146, respectively (Fig. 3c).

The box coordinates for the target protein 4, Glu-
tathione peroxidase were -1 × 1 × 2  Å (center) and 
40 × 44 × 52 Å (size). The L-III and L-IV yielded the high-
est ΔG for the target protein 4, which was about -5.1 kcal/
mol in comparison with other ligands. L-III and L-IV 
have shown hydrophobic contact, hydrogen bonding, 
and weak hydrogen bonding toward target protein 4. For 
L-III, oxygen atom O2 is involved in hydrogen binding 

Table 1 (continued)

Peak no CN MF MW (g/mol) RT Area% CC

50 Methyl 2-hydroxyhexadecanoate C17H34O3 286.4 g/mol 36.1 0.1 Fatty acid methyl ester

51 Ethyl (9Z,12Z)-octadeca-9,12-dienoate C20H36O2 308.5 37.31 15.46 Fatty acid methyl ester

52 Methyl (E)-octadec-9-enoate C19H36O2 296.5 g/mol 37.5 12.87 Fatty acid methyl ester

53 Methyl octadecanoate C19H38O2 298.5 38.14 2.34 Fatty acid methyl ester

54 Methyl 10-methyloctadecanoate C20H40O2 312.5 39.04 1.82 Fatty acid methyl ester

55 Octacosan-1-ol C28H58O 410.8 39.87 9.24 Fatty alcohol

56 Octadecanoic acid C18H36O2 284.5 41.11 5.23 Fatty acid

57 (Z)-hexadec-7-enal C16H30O 238.41 41.88 0.63 Aldehyde

58 Pentatriacontane C35H72 492.9 42.61 1.76 Hydrocarbon

59 Methyl icosanoate C21H42O2 326.6 43.34 0.34 Fatty acid methyl ester

60 Pentatriacontane C35H72 492.9 45.44 2.14 Hydrocarbon

61 N-[[3,6-dichloro-2,7-bis[2-(diethylamino)ethoxy]fluoren-
9-ylidene]amino]-2,2-dimethylpropanamide

C30H42Cl2N4O3 577.6 48.65 2.55 Fatty acid amide

62 Pentatriacontane C35H72 492.9 51.71 1.22 Hydrocarbon

CN Compound name, MF Molecular formula, MW Molecular weight, RT Retention time, CC Chemical Class
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with Thr125 and Lys131, O1 with Arg148, and O4 with 
Thr125. O3 forms a weak hydrogen bond with Ser150, 
whereas C9, C1, and C5 have hydrophobic contact 
with amino acids Thr125, Lys131, and Arg148, respec-
tively (Fig. 3d). Likewise, C3 and C5 of L-IV form hydro-
phobic contact with amino acids Lys131 and Arg148. The 
oxygen atom O2 forms a hydrogen bond with T125 and 
O4 forms with Ser135, Lys131, Ser135, and Arg148, and 
C9 forms a weak hydrogen bond with Ser135 (Fig. 3e).

The box coordinates for the target protein 5 were 
4 × -3 × 3 Å (center) and 81 × 89 × 82 Å (size). The ligand, 
L-II yielded the highest ΔG for the target protein 5 
which was about -6.8 kcal/mol in comparison with other 
ligands. L-II has shown hydrophobic, hydrogen, and 
weak hydrogen bonding toward target protein 5. The 
carbon atoms C13, C14, C12, C10, C14, C3, C13, C4, C3, 
C1 of L-II forms hydrophobic contact with amino acids 
Val44, Ala46, Val58, Thr103, Tyr246, Asp178, Gln179, 
respectively. The oxygen atom O1 is involved in hydrogen 
bonding with amino acids Ser105 and Lys181 (Fig. 3f ).

The box coordinates for the target protein 6 were 
-1 × 0 × 2  Å (center) and 46 × 36 × 51  Å (size). The 
ligand, L-VI yielded the highest ΔG for the target pro-
tein 6, which was about -6.5  kcal/mol in comparison 
with other ligands. L-VI has shown hydrophobic and 
weak hydrogen bonding toward target protein 6. The 
carbon atoms, C4, C10, C9, C4, C9, C5 were involved 
in hydrophobic contact with amino acids Leu222, 
Val223, Leu243, Tyr248, respectively (Fig. 3g). The box 
coordinates for the target protein 7 were 8 × -3 × -2  Å 
(center) and 85 × 74 × 79  Å (size). The L-II yielded the 
highest ΔG for the target protein (7), which was about 
-7.4 kcal/mol in comparison with other ligands. L-II has 
shown hydrophobic and hydrogen bonding towards tar-
get protein 7. The carbon atoms, C4, C10, C13, C1, C14 
were involved in hydrophobic contact with amino acids 
Ala479, Gln480, Pro527, Phe572, respectively. Whereas 
the oxygen atom, O1 was involved in hydrogen bonding 
with amino acids Gln480, Ile481, and Glu525 (Fig. 3h).

Discussion
In the contemporary era, there have been significant 
changes in the medical treatment of urolithiasis. Cur-
rently, urolithiasis care comprises not only stone removal 
but also recurrence prevention. ROS, which causes oxi-
dative stress, is one of the key components in the patho-
genesis of kidney stone disease. Oxalate causes a rise 
in the free radical generation that can cause cell death, 
crystal deposition in the renal tubules, and the develop-
ment of calcium oxalate stones [33]. As a result, therapy 
with natural antioxidants may be an appropriate strat-
egy for reducing the oxidative stress and kidney damage 
brought on by hyperoxaluria. Hence the various extracts 
of F. religiosa seed were evaluated for their antioxidant 
potency.

In reducing power assay Reductants react with potas-
sium ferricyanide forming potassium ferrocyanide which 
further reacts with  FeCl3 to form an intense Prussian 
blue complex having maximum absorbance at 700  nm 
[34]. Reductants’ antioxidant effects are dependent on 
the donation of an atom of hydrogen to break the chain 
of free radicals. Reductants also interact with certain per-
oxide precursors, inhibiting the production of peroxide. 
According to the findings reported, the extracts’ notable 
reducing activity appears to be caused by the presence 
of polyphenols, which may serve as reductants by giv-
ing electrons to free radicals and interacting with them 
to produce more stable products and put an end to radi-
cal chain reactions [35]. The results of our present study 
revealed that both at the highest concentration and 
cumulatively F. religiosa seed ethyl acetate extract had 
the highest activity. This might be due to the highest total 
phenolic content of all extracts as reported in our previ-
ous study.

Hydroxyl radicals were generated using ascorbic 
acid- iron EDTA which were estimated quantitatively. 
The hydroxyl radical is formed by the oxidation reac-
tion with DMSO to yield formaldehyde, which provides 
a convenient approach to determine hydroxyl radicals 

Table 3 Binding affinity of test ligands with respective urolithiasis targets by tools pack Autodock Vina

S.no Target AutoDock Vina [ΔG (kcal/mol)]

L‑I L‑II L‑III L‑IV L‑V L‑VI

1 Glutathione-disulfide reductase -5.6 -6.4 -5.7 -6.2 -5.9 -5.5

2 Glutathione-S-transferase -5.8 -6.9 -6.2 -5.5 -6.7 -6.2

3 Superoxide dismutase -5.2 -6.2 -5.6 -5.5 -5.8 -5.6

4 Glutathione peroxidase -4.6 -5 -5.1 -5.1 -5 -4.8

5 Human calcium-sensing receptor -6.1 -6.8 -6.4 -6 -6.5 -6.3

6 Matrix metalloproteinase (MMP)-9 -6.1 -6 -6.1 -5.7 -7.5 -6.5

7 MMP2 -6.1 -7.4 -6.2 -5.9 -6.3 -6.8
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Fig. 3 Binding interactions of a Glutathione-disulfide reductase with 3,5-Di-tert-butylphenol, b Glutathione-S-transferase 
with 3,5-Di-tert-butylphenol, c Superoxide dismutase with 3,5-Di-tert-butylphenol, d Glutathione peroxidase with diethyl 
benzene-1,2-dicarboxylate, e Glutathione peroxidase with 4-hydroxy-3,5-dimethoxybenzaldehyde, f Human calcium-sensing receptor 
with 3,5-Di-tert-butylphenol, g Matrix metalloproteinase (MMP)-9 with 2-methoxy-4-prop-2-enylphenol and h MMP2 with 3,5-Di-tert-butylphenol 
by the tools pack Autodock Vina
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by treatment with Nash reagent [36]. The extracts’ 
cumulative hydroxyl radical scavenging abilities 
were discovered to be ethyl acetate > methanol > hex-
ane > chloroform > aqueous in decreasing order. When 
added to the reaction mixture, each of the F. religiosa 
extracts scavenges hydroxyl radicals in a concentration-
dependent manner. The phenolic components in the 
extracts may have the potential to donate hydrogen, 
which would explain why the hydroxyl radicals were 
being scavenged [36].

This test is based on the interaction of GSH with DTNB 
(also known as Ellman’s reagent), which results in the 
production of the oxidized glutathione-TNB adduct (GS-
TNB) and the TNB chromophore, which has a maxi-
mum absorbance at 412 nm. The amount of GSH in the 
sample directly affects how quickly TNB forms which is 
detected at 412 nm. GSH is subsequently recycled back 
into the process when GR reduces the disulfide prod-
uct (GS-TNB) in the presence of NADPH. The quantity 
of glutathione measured indicates the entire amount of 
reduced and oxidized glutathione in the sample since 
GR reduces the GSSG produced into 2GSH([GSH]
total = [GSH] + 2 [GSSG]) [37]. The extracts’ cumulative 
hydroxyl radical scavenging abilities were discovered to 
be ethyl acetate > hexane > chloroform > methanol > aque-
ous in decreasing order.

The results of GCMS analysis of F. religiosa seed 
extracts gave more precise information about its qualita-
tive phytoconstituents. With the use of GC–MS, volatile 
non-ionic, thermally stable, and low molecular weight 
molecules may be found. The flavour and fragrance of 
any plant are mostly contributed by volatile molecules. 
The presence of 53 various compounds explains the 
highest antioxidant activity of ethyl acetate extract when 
compared to the remaining seed extracts. Although 
ethyl  (9Z,12Z)-octadeca-9,12-dienoate; methyl  (E)-octa-
dec-9-enoate; methyl  hexadecanoate; octacosan-1-ol 
are the most abundant components of the extract, these 
compounds were not that significant in pharmacoki-
netic aspects. However, some other compounds in the 
extract showed significant biological activity. 2-Methoxy-
4-vinylphenol was reported to be responsible for seed 
germination inhibition [38], antimicrobial activity [39], 
anti-inflammatory activity [40]. 3,5-Di-tert-butyl phenol 
was reported to show antifungal [41], and anti-inflamma-
tory activity [42]. Diethyl benzene-1,2-dicarboxylate was 
reported to possess antibacterial activity [43]. 4-hydroxy-
3,5-dimethoxybenzaldehyde is reported to show 
antioxidant and antimutagenic activity [44]. 2-methoxy-
4-prop-2-enylphenol reportedly has antibacterial activity 
[45]. bis(2-methyl propyl)  benzene-1,2-dicarboxylate in 
combination with other compounds is reported to show 
an antimicrobial effect [46].

Drug development is a complicated, perilous, and 
time-consuming process that can be divided into several 
stages, including disease-related genomics, target iden-
tification/ confirmation, lead discovery/ optimization, 
and preclinical/ clinical trials [47]. For any compound 
to act as an effective drug, the molecule must reach its 
target in the body in ample amounts and stay there long 
enough in its biologically active form to perform the 
expected biological event. Drug development involves 
the assessment of absorption, distribution, metabolism, 
excretion, and toxicity (ADMET) [48]. Practically, the 
majority of the time, the final-stage removal of a vali-
dated expectant drug is attributed to some unfavourable 
effectiveness in its ADMET features [49]. In  vitro and 
in  vivo ADMET prediction methods have been widely 
employed recently, although it is impossible to con-
duct intricate and expensive ADMET experiments on a 
large number of drugs [25]. Therefore, in silico strategy 
to predict ADMET properties has become a very attrac-
tive, Cost Saving High Throughput alternative to con-
ventional experimental strategies [26]. Lipinski’s rule of 
five states that molecular properties of candidate com-
pounds are required to be within certain ranges for bet-
ter pharmacokinetics when used through the oral route. 
The conditions of this rule for compounds are molecular 
weight < 500, octanol–water partition ratio (LogP) < 5, 
the total number of hydrogen bond donors ≤ 5, the total 
number of hydrogen bond acceptors ≤ 10, and molar 
refractivity between 40–130 [50]. High molecular weight 
compounds are less likely to cross the membrane bilayer. 
The compounds whose lipophilicity values are less than 5 
are more than 90% likely to have good oral bioavailabil-
ity [51]. Molar refractivity is related to molecular weight 
and influences the diffusion coefficient [52]. A high num-
ber of hydrogen bond donors and acceptors increases 
the interaction of the compound with hydrogen-bonding 
solvents and thereby decreases permeation through the 
membrane bilayer [51]. In the present study out of the 53 
compounds, 38 had zero violations of Lipinski’s rule and 
were fit for oral administration. 9 compounds violated 
one of the five rules, 3 compounds violated two of the five 
rules and 3 compounds violated three rules.

As we have contended for the advantages of thinking 
about drug-likeness in quantitative terms. QED score 
productively measures and positions targets’ drugga-
bility as per their related ligands’ synthetic appeal. The 
druggability of targets can be efficiently quantified and 
ranked using QED [53]. The QED score of the 53 com-
pounds evaluated ranges from 0.141 to 0.749. Com-
pounds having a QED score > 0.67 are considered to be 
the most suitable drugs. In the present data of 53 com-
pounds, 7 compounds have a QED score > 0.67 which 
are 2-Methoxy-4-vinyl phenol (0.699), 3,5-Di-tert-butyl 
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phenol (0.680), diethyl benzene-1,2-dicarboxylate (0.731), 
4-hydroxy-3,5-dimethoxybenzaldehyde (0.714), (E)-
3-(4-methoxyphenyl)prop-2-enoic acid (0.718), 2-meth-
oxy-4-prop-2-enylphenol (0.693), and bis(2-methyl 
propyl) benzene-1,2-dicarboxylate (0.749).

Absorption studies give insight into the rate of diffu-
sion of the compound desired to be administered as an 
oral drug across small intestine or cell monolayers. How-
ever, the rate of diffusion is further influenced by several 
factors like chemical nature, the solubility of the com-
pound as well as  Ph of the intestinal secretion, intestinal 
motility, blood flow, etc. Of all compounds studied for 
gastrointestinal absorption 69.81% compounds had high 
absorption.

The study of the volume distribution of a compound 
assumed to be a potent drug helps us to understand how 
widely a drug molecule is distributed throughout the 
body after it is absorbed, as this can determine whether 
the compound is capable of eliciting a pharmacological 
response or not [54]. All compounds evaluated in the 
present study fall in the predicted range (0.04-20L/kg) of 
VD values according to the ADMETLAB 2.0 tool. Tetrap-
entacontane has the highest VD value of 8.866 L/Kg and 
(E)-3-(4-methoxyphenyl)prop-2-enoic acid has the least 
value of 0.221 L/Kg.

The blood–brain barrier (BBB) prevents drugs from 
crossing into brain tissue from the blood flow that circu-
lates the body. Drugs used to treat CNS disorders must 
penetrate the BBB. Lipophilic substances could be able 
to diffuse across cellular plasma membranes and trav-
erse the BBB in this way. The BBB permeability may be 
preferentially low or medium for medicines operating on 
peripheral systems [55]. The compounds evaluated here 
have different ranges of permeability and hence could be 
used for central as well as peripheral system treatment.

In pharmacokinetic and pharmacodynamic research, 
the Fu, P value is a significant indicator of drug effective-
ness. It is significant as only free drugs, in their unbound 
state, may move between plasma and tissues and interact 
with pharmacological target proteins such as receptors, 
channels, and enzymes. The Fu, P affects renal glomeru-
lar filtration and hepatic metabolism, which in turn influ-
ences the VD value and total clearance of a drug [56]. Of 
all compounds evaluated 12 compounds had high Fu, P.

The most significant enzyme system for the metabo-
lism of drugs is cytochrome P450 (CYP), which is made 
up of a broad family of related isoenzymes [57]. CYP3A4 
is the most significant isoenzyme, followed by CYP2D6 
and CYP2C9. The main biochemical effect of CYP isoen-
zymes is to catalyze oxidation, which usually makes the 
metabolized drug (substrate) more water-soluble and 
so more readily excreted by the kidneys [58]. Inhibiting 
CYP3A will boost oral absorption of the drug, reduce 

hepatic metabolism, and lead to a greater rise in plasma 
levels [59]. In this study, only 4 compounds are inhibitors 
of CYP3A4.

When adjusting medication dosages, to achieve a 
steady state concentration for delivery, clearance value 
is crucial. Molecules that are excreted out of the body 
rapidly have higher clearance values. 2-methoxy-4-prop-
2-enylphenol shows the highest clearance value of 
14.042%.

Forecasting a compound’s toxicity is crucial for provid-
ing information about potential risks as well as aiding in 
the identification of the compound’s safest dosages. All 
the compounds of the present study did not show any 
toxicity in terms of the acute toxicity rule and hence can 
be considered safe for consumption.

The goal of the current docking investigation was to 
determine how well certain phytochemicals contained in 
F. religiosa seeds might attach to various protein targets 
linked to urolithiasis. The phytochemicals were shown to 
exhibit binding mechanisms with either MMP-2, MMP-
9, and human calcium-sensing receptors, as well as a 
few antioxidant enzymes. The docking results showed 
variability in the binding affinities as well as in the bind-
ing modalities due to the structural diversity among 
the phytochemicals. Of all the ligands studied ligand 
II 3,5-Di-tert-butylphenol has shown good binding in 
terms of binding energies with most of the urolithiasis 
target proteins (Glutathione-disulfide reductase, Glu-
tathione-S-transferase, Superoxide dismutase, Human 
calcium-sensing receptor, and MMP2). since 3,5-Di-
tert-butylphenol is a phenolic compound this result sup-
ports one of the previous studies that reported phenols as 
potent drugs against renal stones [16].

Likewise, glutathione peroxidase has a good binding 
with ligand III (diethyl benzene-1,2-dicarboxylate) and 
ligand IV (4-hydroxy-3,5-dimethoxybenzaldehyde) and 
MMP-9 with ligand V (2-methoxy-4-prop-2-enylphenol). 
We cannot infer that ligands have a superior binding effi-
ciency since molecular docking is a static phenomenon 
but higher binding energy may suggest higher affinity 
between protein and ligand [60]. Since the grid box was 
placed across the whole surface of the studied  protein, 
ligands can attach to the protein’s many binding loca-
tions. However, the study did not show any common 
amino acid interactions.

Conclusion
The present study revealed that seed extracts of F. religi-
osa had good antioxidant properties comparable to that 
of standards. The strong antioxidant capacity of these 
phytochemicals might have strengthened their therapeu-
tic benefits in the treatment of kidney stones and uro-
lithiasis in this case. Based on the bioactive ingredients 
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present and docking experiments on urolithiasis pro-
teins, this study recommends the use of the F. religiosa 
seed ethyl acetate extract for the treatment of urolithi-
asis. Experimental research must be carried out to verify 
each phytochemical’s anti-urolithiasis effectiveness in-
vitro and in-vivo. These investigations should offer fresh 
understandings of the fundamental processes through 
which phytococktails display anti-lithiatic qualities so 
that they may be used for a variety of lifestyle illnesses 
improving overall health and well-being.
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