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Abstract: Prolonged exposure to iron can result in severe hepatic complications such as chronic liver damage, jaundice,
cirrhosis, and hepatocellular carcinoma. Current treatment options for metal-induced hepatotoxicity are limited and often
associated with undesirable side effects. This study investigates the hepatoprotective and anti-inflammatory properties of
three phytochemicals, albiziasaponin-A, ellagitannin and azadirachtin, against iron-induced liver toxicity. Both in silico
and in vivo approaches were employed to assess their binding affinity as well as the therapeutic effects of selected
phytochemicals against the target protein, cyclooxygenase-2, a marker of liver damage. Molecular docking revealed strong
binding affinities of all compounds with COX-2, indicating promising anti-inflammatory potential. Hepatic injury was
assessed through biomarkers including ALT, 4HNE, 8-OHdG, TNF-a, IsoP-2a, MDA, and COX-2 levels. The rat group
exposed to iron overdose exhibited significantly elevated biomarker levels compared to controls, confirming
hepatotoxicity. However, combination therapy with the selected phytochemicals led to a significant reduction in these
biomarkers, suggesting effective hepatoprotection. These findings indicate that albiziasaponin-A, ellagitannin and
azadirachtin possess potent therapeutic properties that may be beneficial in mitigating iron-induced liver damage. Further
investigation is needed to establish their potential for inclusion in novel drug formulations targeting inflammatory liver

diseases.
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INTRODUCTION

Iron is a vital element for all living organisms, contributing
to numerous essential metabolic processes such as DNA
synthesis, mitochondrial function, energy production,
blood formation (hematopoiesis), and oxygen transport
(Crichton et al., 2002). Iron deficiency leads to anemia,
while excessive iron accumulation can also result in
hemochromatosis. In excess, iron facilitates Fenton
reactions, leading to the generation of harmful reactive
oxygen species (ROS) (Crichton et al., 2002; Galaris et al.,
2008). The liver is especially vulnerable to ROS-induced
damage, and iron storage can worsen conditions like
chronic hepatitis and cirrhosis (Lin ef al., 2008). The safe
amount of iron that is non-toxic for the biological system
is around 20 mg/kg body weight. (Thorngren et al., 2016).
Increased iron level, such as 20-60mg/kg body weight, can
induce adverse medical conditions including heart attack,
osteoarthritis, diabetes mellitus, metabolic syndrome,
osteoporosis, hypothyroidism, and sometimes even leads to
death (Bassett et al., 2011). Clinical iron toxicity
progresses through five stages, but not all patients do not
experience each stage due to the concentration of iron
deposition. Common symptoms in the first stage include
vomiting, abdominal pain, diarrhoea and hematemesis. The
second stage, the deceptive recovery phase, can occur even
with high iron levels. Shock, metabolic acidosis and renal
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failure characterize in the third stage. Hepatic failure and
elevated aminotransferase levels occur in the fourth stage
and the fifth and final stage involves the restoration of
gastrointestinal mucosa (Dardashti et al., 2024).

Macromolecules such as proteins, lipids and carbohydrates
are susceptible to oxidative damage. Increased iron levels
lead to the induction of lipid peroxidation, resulting in
increased levels of ROS and oxidative stress (Imam ef al.,
2017). Hydrogen peroxide (H2O) and superoxide (O>) are
considered toxic radicals that are responsible for increased
lipid peroxidation, resulting in the formation of by-
products such as, 4-Hydroxynonenal and 4-Hydroxy-2, 3-
alkenals. These act as active mediators in several signaling
cascades and play significant role in the proliferation of
target cells. (Krylatov et al., 2018). Increased production
of ROS induces oxidative stress, which exacerbates
damage at the cellular or molecular level.
Hemochromatosis is a genetic condition characterized by
the abnormal accumulation of iron within the body,
hereditary hemochromatosis (HFE) or non-HFE mutations
are considered as genetic defects. Exposure to excess
environmental iron leads to severe hepatotoxicity and
induces pro-fibrogenic cofactors resulting from viral
hepatitis, hepatotoxic xenobiotics or chronic alcohol abuse
(Licata et al., 2021).
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Albizia procera, known as white siris, belongs to the
Fabaceae family. It is mainly found in India, Myanmar and
Southeast Asia. One of its major phytocompounds,
albiziasaponin-A, play a significant hepatoprotective role.
Its roots are a source of the natural herbicide mesotrione
(Srivastava et al., 2020). Azadirachta indica, commonly
known as neem, belongs to the Meliaceae family and is
found in the Indian subcontinent. Azadirachtin, a
compound in neem, is effective in treating hepatic damage
induced by carbon tetrachloride (CCls) and has various
medicinal uses, including anti-inflammatory and
hypoglycemic properties. Albiziasaponin-A is effective in
modulating immune responses and reducing inflammation
by inhibiting pro-inflammatory mediators and enzymes
(Fernandes and Tambourgi, 2023). Studies have shown
that albiziasaponin-A can downregulate the expression of
inflammatory cytokines and enzymes involved in the
inflammatory response, such as cyclooxygenase-2 (COX-
2) (Wang et al, 2020). Similarly, -ellagitannin,
polyphenolic compounds found in various fruits and nuts
such as pomegranates and walnuts, have been selected for
their potent anti-inflammatory and antioxidant effects.
Ellagitannins scavenge free radicals and inhibit
inflammatory pathways, including the activity of COX-2,
which is critical for the synthesis of pro-inflammatory
prostaglandins, thereby reducing inflammation and
associated symptoms (Gandhi et al., 2024).

Presently, computational approaches such as molecular
docking are being used to assess the binding behaviour of
chemical compounds to target proteins. Previous research

has  generated widespread interest in  various
phytoconstituents ~ (i.e., alkaloids, terpenoids and
phenolics)  demonstrating their efficacy against

inflammatory disorders (Bellik ef al., 2012a, Bellik et al.,
2012b). Based on a comprehensive literature survey three
phytocompounds (Albiziasaponin-A, Ellagitannin and
Azadirachtin) were selected to evaluate their docking
interactions with COX-2, a key mediator of inflammatory
pathways and an inducible early response gene activated in
response to various extracellular or intracellular
physiological stimuli (Gandhi et al., 2017). Additionally,
in vivo experiments were performed to evaluate the
therapeutic effects of these phytochemicals against
hepatotoxicity in albino wistar rats.

MATERIALS AND METHODS

Computational methodology

The canonical amino acid sequence (Accession No.
P35355; 604 AA) of COX-2 from Rat (Rattus norvegicus)
was retrieved from Uniprot Knowledgebase Database
(https://www.uniprot.org/) in FASTA format. Position-
Specific Iterative Basic Local Alignment Search Tool (Psi.
BLAST) (Samal et al., 2021) was used to obtain a suitable
template for protein model generation (Li ef al., 2011). The
best template was selected based on sequence identity and

query coverage. Modeller v9.17 was employed to generate
three-dimensional (3D) structure (Chandrasekaran et al.,
2017). Couple of commands align2d.py and get-model.py
were employed in cmd to obtain the best protein model.
Furthermore, different evaluation tools ERRAT, Verify3D
and Rampage were used to evaluate of predicted model
structure. The overall quality factor of generated 3D model
was identified from ERRAT (Chowdhury et al., Samant et
al., 2015) whereas, the allocation of favoured, allowed and
outliers regions of model protein were confirmed through
Rampage (Chandrasekaran et al., 2017). Finally, USCF
Chimera v1.12 was used to minimize the model protein
structure at 1000 steepest and 1000 conjugate gradient runs
with Amber force field parameters (Medoro ef al., 2024).

Designing of ligands and molecular docking

Active phytocompounds, including albiziasaponin-A
(21604181), Ellagitannin (10033935), and Azadirachtin
(5281303) were confirmed and sourced from ChemSpider
and PubChem (Jha et al., 2022). The compounds were
converted into three-dimensional Mol2 format using Open
Babel (Bhat et al., 2022). The accuracy of these homology
models was assessed through four validation tests:
Procheck, ERRAT, Z-score, and VERIFY 3D. These
evaluations confirmed the models' reliability and
appropriateness for molecular docking studies (Reyes-
Gastellou et al., 2021). Homology models for COX-2 were
constructed with Swiss Model, using murine COX-2
crystal structures as templates. Molecular docking was
initiated by analyzing the COX-2 binding sites in detail.
Ligand-binding residues were precisely identified by
superimposing structures co-crystallized with inhibitors
(Kiss et al., 2012).

The pharmacokinetic properties like Absorption,
Distribution, Metabolism, Excretion, and Toxicity
(ADMET) profile were calculated from the admetSAR
online server (Cheng et al., 2012). Before, the docking
binding pocket was identified through literature (Orlando
et al., 2015) and CASTP (Zhang et al., 2011), COACH
(Yang et al., 2013), and 3D-Ligandsite (Wass et al., 2010)
tools. A molecular docking study was performed through
AutoDock Vina using the standard protocol. The grid
values were adjusted as X=156, Y=150, and Z=65 against
the target protein before the final run of the docking
experiment. The docked complexes were evaluated based
on energy values (Kcal/mol) and binding interaction
behaviour. The graphical depiction was generated by
UCSF Chimera v1.12 and Discovery Studio, respectively.

Plants extract

The standardized extract of albiziasaponin-A, ellagitannin,
and azadirachtin was purchased from the Sigma Aldrich
Corporation (St. Louis, MO, USA), and different doses of
the extract were prepared according to the study design.
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Study design and experimental analysis

The experiment was performed at the animal house of the
Institute of Molecular Biology and Biotechnology (IMBB)
of the University of Lahore. This experimental work was
performed according to the departmental ethical research
committee guidelines (IRB:
SPRM/UOL/MOCT/D01/0116).

The animals were randomly divided into nine groups; each
group had five Wister Albino Rats. Group A was the
control healthy rats with no toxicity. Hepatotoxicity
induced through the iron @150mg/kg b.wt/d (90 days) in
Group B served as disease positive. Group C, D, E was
induced hepatotoxicity through iron and treated with the
single therapy of Albiziasaponin-A, Ellagitannin,
Azadirachtin @400mg/kg b. wt. respectively. The animals
were treated with iron and fed with a combination of two
plants (Albiziasaponin-A + Ellagitannin) in group F.
Group G was treated with iron and administered the
mixture of two plants (Albiziasaponin-A + Azadirachtin).
Combination therapy of two plants (Ellagitannin +
Azadirachtin) was given to the iron-treated rats in Group
H. Rats were fed with the mixture of three plants
(Albiziasaponin-A + Ellagitannin + Azadirachtin), which
had iron-induced liver toxicity in Group I, as shown in
Table 4. The data were subjected to analyses of variance
using a COSTAT computer package (CoStat software,
Berkley, California). The mean values were compared with
the least significant difference test following Snedecor and
Cochran. Statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by Duncan S’
Multiple Range test (DMR-Test). The values are
Mean£SD, and p values (p<0.05) were considered
significant.

Biochemical analysis

Levels of 3,4-Methylenedioxyamphetamine (MDA) were
measured through thiobarbituric acid reactive substances
(TBARs) by following previously provided protocols
(Papastergiadis et al., 2012). Whereas levels of Alanine
transaminase (ALT), tumor Necrosis Factor alpha (TNF-
a), 8-hydroxy-2'-deoxyguanosine (8-OHdG), 4HNE, and
Isoprostanes isoprostane-2 alpha (ISOP-2a) were
measured through a commercially available enzyme-linked
immunosorbent assay (ELISA) Kit.

Measurement of MDA levels

Levels of MDA were quantified using the TBARs assay.
The protocol followed was provided by previously
provided (Ganhdo et al., 2011). Briefly, samples were
mixed with TBA reagent and incubated at high
temperatures (typically around 95°C) for a specific period
(60 minutes). After cooling, the absorbance of the pink
chromogen was measured at 532 nm, providing an estimate
of the MDA concentration in the sample.
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Measurement of ALT, TNF-a, 8OHdG, 4HNE, and
isoprostanes

The levels of ALT, TNF-a, 80OHdG, 4HNE, and
isoprostanes were determined using commercially
available ELISA kits, which are widely recognized for
their sensitivity and specificity. The general steps followed
in the ELISA protocol for each biomarker were:

Sample preparation
Blood was collected, and serum was separated and diluted
as required by the kit protocols.

Antigen-antibody reaction

Prepared samples were added to wells coated with specific
antibodies for each target biomarker. The samples were
incubated to allow binding between the antigen
(biomarker) and the immobilized antibody.

Washing
Unbound substances were removed by washing the wells
multiple times with a wash buffer.

Detection antibody
A biotinylated detection antibody specific to the target
biomarker was added to the wells, followed by incubation.

Streptavidin-HRP conjugate

Streptavidin conjugated to horseradish peroxidase (HRP)
was added, which binds to the biotinylated detection
antibody.

Substrate addition

A substrate solution, typically containing
tetramethylbenzidine (TMB), was added to the wells. The
HRP enzyme catalyzes a colorimetric reaction, producing
a blue color that changes to yellow upon addition of the
stop solution.

Measurement

The absorbance of the yellow color was measured at a
wavelength of 450 nm using a microplate reader. The
absorbance values were directly proportional to the
concentration of the target biomarker in the samples.

RESULTS

Protein model analysis

The generated protein model was analysed through
computational tools. The evaluation tool indicated that the
protein model demonstrated good accuracy and residues
were plumpted in a favourable region. ERRAT analysis of
the statistics of non-bonded interactions between different
atom types yielded a score that justifies the accuracy of the
model protein. Our results showed that the COX-2 model
protein exhibited a good an ERRAT value of 93.34%.
Additionally, the verify 3D (90.04%) score also confirmed
the accuracy of the target protein. Ramachandran analysis

Pak. J. Pharm. Sci., Vol.38, No.4, July-August 2025, pp.1593-1604

1595



Hepatoprotective effects of albiziasaponin-a, ellagitannin and azadirachtin in iron intoxicated animal model

showed that most residues were present in the favoured
region (87.6%), with a single outlier observed in the
Ramachandran graph. The predicted model of COX-2 is
shown in fig. 1.

Fig. 1: Generated model of COX-2.

Phytochemical analysis

Pharmacokinetic analysis of phytochemicals

The three selected phytochemicals are shown in fig. 2.
These phytochemicals were subjected to AdmetSAR to
predict their ADMET properties. Among the three
compounds,  Albiziasaponin-A  exhibited  positive
behaviour in crossing the blood brain barrier (BBB),
whereas the other two, FEllagitannin and Azadirachtin
showed negative behvior for the BBB parameter. For
human intestinal absorption, all three demonstrated
positive behavior and have potential to be absorbed in the
intestine. Additionally, low CYP inhibitory potential was
observed for all three compounds. Albiziasaponin-A
showed a value of 0.9360, as compared to other two
compounds (Ellagitannin and Azadirachtin values) 0.7364
and 0.8863, respectively. Non-AMES toxicity and non-
carcinogens behavior were observed for all three
compounds. The overall results indicate that
Albiziasaponin-A exhibited good therapeutic behavior
compared to the other two compounds (table 1).

Molecular docking analysis

Binding energy of phytochemicals

All three phytochemicals bound to the target protein at the
active site and exhibited favorable binding affinity values
(Kcal/mol). Table 2 depicts the binding energies, with
Albiziasaponin-A exhibiting a high binding energy value
(-15.0 Kcal/mol) compare to the other compounds.
Ellagitannin showed a comparable enrgy value to
Albiziasaponin-A, whereas, Azadirachtin had a binding
energy of -11.3 Kcal/mol.

Binding interactions

The docking complexes were analyzed based on hydrogen
and hydrophobic interactions. In the interaction between In
Albiziasaponin A-COX-2 docking complex, interactions

occurred via GLN356, GLN355, PHE353 and HIS108
hydrogen bonds. The ellagitannin-COX-2 complex
interacted via hydrogen bonds with LYS82, PRO177,
GLN178, ASN567, SER565 whereas the Azadirachtin-
COX-2 complex showed hydrogen bonds interaction at
ASN19 and PRO140. The 3D structures of all three
docking complexes are shown in fig. 3 (A, B, C).
Comparative analysis revealed that common residues were
observed in all docking complexes, with different bonds
detailed in table 3.

A \—0 B
/ _o

Fig. 2: Phytochemical structures of Albiziasaponin-A,
Ellagitannin, and Azadirachtin, sourced from PubChem,
with identifier numbers 21604181, 10033935 and
5281303, respectively.

In vivo analysis

Quantification of serum level of ALT

Experimental design groups used in current studies are
presented in table 4. The results shown in table 5 revealed
that the level of ALT was 37.129+1.99 IU/L (p=0.0012) in
the control group of rats. When rats were exposed to iron,
the levels of ALT increased to 116.96+7.86 IU/L in this
group, in contrast to the healthy group. Iron-treated rats
orally administered albiziasaponin-A (400 mg/kg b. Wt)
exhibited a significant reduction in ALT levels
(81.10£9.06 TU/L). Iron-induced rats administered a
singular treatment of Ellagitannin also showed decreased
levels of ALT to 60.16+5.06 IU/L, which is lower than that
observed with albiziasaponin-A. When the iron-treated rat
group was orally administered with Azadirachtin, the level
of ALT was reduced to 50.2642.66 IU/L. The combination
therapy (in groups F, G, and H) of two compounds more
effectively decreased the ALT level than the single
treatment group.
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Pro140

| 4

Fig. 3: The docking complexes of all three phytocompounds; Albiziasaponin-A (A), Ellagitannin (B) and Azadirachtin
(C) with COX-2.
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Fig. 4: Tron binds with transferrin protein (Tf) that is involve for the transportation of iron from blood to cellular system
through specific type of receptor that is exist in divalent form and depend on HFE protein. The activation of the BMP
signaling pathway leads to nuclear translocation of SMAD1/5/8 with SMAD4 and activate the hepcidin transcription.
Through interactions between transferrin receptor 1 (TfR1), HFE and transferrin receptor 2 (TfR2) hepcidin levels are
controlled in response to extracellular iron status. After the induction of iron into the cytosol it might be enter into the
endosome and disassociate from its binding protein. Additionally, iron further becomes a part of labile iron pool (LIP)
with the help of DMTT. In this response iron enter into the mitochondria either by Ca symptom channels or directly enter
through LIP and cause the oxidative stress through the overloading of iron NADPH oxidase. In the mitochondrial
membrane mitoferrin (MFRN) isoforms are involve through the direct communication of endosome with mitochondria
and from LIP to mitochondrion direct iron uptake It is well known that during the oxidative stress the free radicals were
binds with membrane and initiate the lipid peroxidation that’s results in the level of oxidative biomarkers include MDA,
8OHdG, 4HNE were increases. ROS directly regulate the inflammatory biomarker including NFkB. NFkB activate IL-6,
TNF-a and Cox-2. TNF-a activate MMP-9 and Cox-2 activate PG E; then MMP-9 and PG E; involve in inflammation
and regulate in steatohepatitis. Furthermore 8-OHdG activate the Ps3 in nucleus. Ps; activates Puma and Noxa. Puma and
Noxa activate Ps3 in cytosol then these apoptotic proteins Bax and Bak activate then these activated proteins activate Ps3
in mitochondria. Cytochrome C releases then apoptosis occur through caspase-9 and caspase-3.

Table 1: ADMET properties of selected phytocompounds.

Properties Albiziasaponin-A Ellagitannin Azadirachtin
Blood Brain Barrier BBB+, 0.5000 BBB-, 0.6212 BBB-, 0.7733
Human Intestinal HIA+, 0.6748 HIA+, 0.8930 HIA+, 0.8895
Absorption

CYP Inhibitory Low, 0.9360 Low, 0.7364 Low, 0.8863

Non-AMES Toxic 0.7563
Non-Carcinogens

AMES Toxicity Non-AMES Toxic 0.8943

Non-Carcinogens

Non-AMES Toxic 0.6290
Non-Carcinogens

Carcinogens 0.9692 0.9680 0.9455
Acute Oral Toxicity 11T 0.5590 II1 0.4614 10.6952

. . Not ready biodegradable Not ready biodegradable Not ready biodegradable
Biodegradation }(;.9868 g }(;.8477 g y1 000 s
Aqueous Solubility 42181 -3.1958 -3.8348
(Logs) : : '
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Table 2: Binding affinities of selected phytocompounds
with COX-2.

Docked complexes Binding affinities

(Kcal/mol)
Albiziasaponin-A with
COX-2 -15.0 Kcal/mol
Ellagitannin with COX-2 -14.3 Kcal/mol

Azadirachtin with COX-2 -11.3 Kcal/mol

The synergistic effect of all three phytocompounds on the
rat group demonstrated a significant decrease in ALT level
to 20.663+3.28 IU/L, within the normal range. The
maximum reduction in ALT level was observed only in the
last combination group.

4-HNE quantification

The normal 4-HNE level was 2.27+3.096 ng/L (p=
0.0156), measured in the control group, and after iron
accumulation, the 4-HNE level increased to 16.36+1.29
ng/L, as shown in table 5. Treatment with Albiziasaponin-
A reduced the 4-HNE level to 13.09+2.02 ng/L. Individual
treatment of Ellagitannin and Azadirachtin reduced 4-HNE
levels to 10.09+2.09 ng/L and 43.49+3.45 ng/L,
respectively. The combination of three therapies decreased
4-HNE levels more effectively than individual therapy, as
shown in table 5. The maximum decrease in 4-HNE levels
(5.06+1.08 ng/L) was observed with the combination of all
three compounds, compared to the control group levels.

8-OHDG quantification

Oral iron administration (150mg/kg b. Wt) increased 8-
OHAG levels in rats to 61.19£2.59 pg/ml, compared to the
normal group (4.29+0.26 pg/ml, p=0.0125) as presented in
table 5. Individual treatment with Albiziasaponin-A,
Ellagitannin, and Azadirachtin (400mg/kg b. Wt) in iron-
induced rats significantly decreased 8-OHdG levels to
20.094£3.08 pg/ml, 25.20+4.09 pg/ml, and 17.39+3.28
pg/ml, respectively, compared to untreated groups. The
combination of Albiziasaponin-A and Ellagitannin,
Albiziasaponin-A and Azadirachtin, and Ellagitannin and
Azadirachtin significantly decreased 8-OHdAG levels to
9.09+2.08 pg/ml, 10.06+1.20 pg/ml, and 9.09+4.06 pg/ml,
respectively, compared to individual treatment. Maximum
normalization of 8-OHdG level (7.09+1.99 pg/ml) was
observed in the combination of all three compounds.

Determination of TNF-a level

The normal level of TNF-a in the control group was
19.59+2.28 ng/ml shown in table 5. When healthy rats were
treated with iron then the level of TNF-a (72.24+4.48
ng/ml) significantly increased, in contrast to the healthy
rats. The level of TNFa was reduced to 55.194+1.56 ng/ml,
57.33£5.59 ng/ml, and 35.26+3.76 ng/ml after individual
treatment with Albiziasaponin-A, Ellagitannin, and
Azadirachtin, respectively. The value of TNF-a
(85.06+£5.06 ng/ml) increased significantly when the
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mixture of Albiziasaponin-A and Ellagitannin was
administered, and the combination of Albiziasaponin-A
and Azadirachtin and FEllagitannin and Azadirachtin
significantly reduced the level of TNF-a to 25.10+6.09
ng/ml and 29.06+4.20 ng/ml, respectively. When all
phytochemicals (Albiziasaponin-A, Ellagitannin, and
Azadirachtin) were administered, the maximum decrease
in the level of TNF-a (18.06+3.26 ng/ml) was observed.

Determination of isoP-2a level

Table 5 showed that in the control group, IsoP-2a level was
23.45+1.39 pg/ml (p=0.000), and iron induction raised the
IsoP-2a level to 151.96+6.16 pg/ml. Albiziasaponin-A in
iron-treated rats reduced IsoP-2a to 112.28+9.98 pg/ml.
Ellagitannin decreased IsoP-2a significantly to 88.06+5.55
pg/ml compared to other groups, and Azadirachtin did not
significantly decrease IsoP-2a (88.86+9.66 pg/ml). The
combination of Albiziasaponin-A and Ellagitannin resulted
in 77.36+4.20 pg/ml IsoP-2a, Albiziasaponin-A and
Azadirachtin reduced IsoP-2a to 78.96+9.40 pg/ml, and
Ellagitannin and Azadirachtin decreased IsoP-2a to
65.09+7.33 pg/ml compared to individual treatment
groups. The combination of Albiziasaponin-A,
Ellagitannin, and Azadirachtin effectively normalized the
IsoP-2a level to 30.06+4.277 pg/ml across all groups.

Determination of MDA level

According to table 5, when the healthy rats were treated
with the iron metal than the level of MDA (7.98+2.16
nmol/ml) was increased in contrast to the control group
(1.194£0.066 nmol/ml). When iron-induced rat groups were
individually treated with Albiziasaponin-A, Ellagitannin,
and Azadirachtin, they showed a notable reduction in the
MDA level to 3.19+1.17 nmol/ml, 6.79+2.79 nmol/ml and
5.65+3.98 nmol/ml respectively. Iron-intoxicated rats
treated with the combination of two phytochemicals
Albiziasaponin-A and Ellagitannin, Albiziasaponin-A and
Azadirachtin, and Ellagitannin and Azadirachtin, the level
of MDA was significantly reduced, as shown in table 5. A
highly effective and significant change in MDA levels was
observed with the combination of Albiziasaponin-A,
Ellagitannin, and Azadirachtin, with a remarkable decrease
in MDA levels to 2.19+31.987 nmol/ml, and the results
were statistically significant, with Pearson's’ correlation
coefficients presented in table 6.

Determination COX-2 level

Cyclooxygenase-2 is an enzyme that produces
prostaglandins and is highly inducible, particularly in
inflammatory conditions. In healthy rats, Cox-2 level was
0.5140.042 ng/ml (p=0.017), and iron increased COX-2 to
4.0943.67 ng/ml as shown in table 5. Higher COX-2 level
observed in Albiziasaponin-A treated group while
Ellagitannin and Azadirachtin reduced COX-2 to
2.69+1.29 ng/ml, 0.09+0.960 ng/ml respectively.
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Table 3: Interactive residues of COX-2 utilizing AutoDock Vina.

COMPOUNDS TYPE OF BONDING AMINO ACID RESIDUES
Ellagitannin Conventional Hydrogen Bond LYS82, PRO177, GLN178,
ASN567, SER565
Unfavorable Donor GLN569
Albiziasaponin A Conventional Hydrogen Bond GLN356, GLN355, PHE353
Carbon Hydrogen Bond HIS108
Azadirachtin A Conventional Hydrogen Bond ASN19, PRO140
Carbon Hydrogen Bond PRO140
Pi-Alkyl TYRI122
Alkyl ARG313
Attractive Charge ASP143

Table 4. Experimental design.

GROUPS (n=5)

TREATMENTS

Trommgaw e

Control

Fe alone

Fe + Albiziasaponin-A

Fe + Ellagitannin

Fe + Azadirachtin

Fe + Albiziasaponin-A+Ellagitannin

Fe + Albiziasaponin-A+Azadirachtin

Fe + Ellagitannin +Azadirachtin

Fe + Albiziasaponin-A+Ellagitannin Azadirachtin

Dose of Fe (150mg /kg B.Wt. per week)
Dose of Albiziasaponin-A, Ellagitannin, Azadirachtin (400 mg/kg B.Wt.)

Table 5. Biochemical response of Albiziasaponin-a, Ellagitannin, and Azadirachtin in a rat model.

MEAN=SD (n=10)

GROUPS ALT (IUL) 4-HNE 8-OHdG TNF-a IsoP-2a MDA COX-2
(ng/L) (pg/ml) (ng/ml) (pg/ml) (nmol/ml) (ng/ml)
A 37.129+£1.99 2.27+£3.096  4.29+0.26  19.59+2.28  23.45+1.39 1.1940.066  0.51+0.042
B 116.96+7.86 16.36+£1.29 61.19+2.59 72.24+4.48 151.96+6.16  7.98+2.16 4.09+3.67
C 81.10£9.06  13.09+2.02 20.09+3.08 55.19+1.56  112.28+9.98  3.19+1.17 4.18+£2.90
D 60.16£5.06  10.09£2.09 25.20+4.09 57.33+5.59  88.06+5.55 6.79+2.79 2.69+1.29
E 50.26+£2.66  43.49+£3.45 17.39+£3.28 35.26+3.76  88.86+9.66 5.65+3.98 0.0940.960
F 47.86£9.10  15.06+£5.06  9.09+2.08  85.06+5.06  77.36+4.20 5.09+3.88 3.08+0.99
G 40.66+529  19.06+5.06 10.06+1.20 25.10£6.09  78.96+9.40 4.99+2.67 1.89+3.098
H 39.76+4.19  8.18+1.91 9.09+4.06  29.06+4.20  65.09+7.33 8.89+1.90 0.89+0.155
I 20.663+3.28  5.06+1.08  7.09+1.99  18.06+3.26  30.06+4.277  2.19+1.987  2.36+1.857
LSD (0.05) 4.66 7.95 6.56 10.26 8.16 1.22 1.33
p-VALUE 0.0012 0.0156 0.0125 0.0113 0.000 0.0081 0.017
Table 6: Pearson s’ correlation coeeficients of different variables in liver tissues of rats receiving iron.
VARIABLES ALT AFP 8-OHdG TNF-a IsoP-2a MDA COX-2
ALT 1 0.733%* 0.461%* 0.663** 0.715%* 0.662%** 0.704*
4-HNE 1 0.617* 0.680** 0.6 19%* 0.460** 0.416**
8-OhdG 1 0.564** 0.504** 0.645%** 0.509%*
TNF-a 1 0.692%* 0.594** 0.629%*
IsoP-2a 1 0.516** 0.658**
MDA 1 0.711%*

*% Correlation is significant at the 0.01 level (two-tailed).
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The combination of Albiziasaponin-A and Azadirachtin
and Ellagitannin and Azadirachtin treatments significantly
decreased COX-2 to 1.89+£3.098 ng/ml and 0.89+0.155
ng/ml respectively. The combination of all three
phytochemicals in iron-induced rats showed a significant
reduction in COX-2 (2.36+1.857 ng/ml), approaching the
normal level, as presented in table 5. COX-2, as an
inflammatory marker, showed a significant correlation
with other biomarkers, as indicated in table 6.

DISCUSSION

The domain of drug design and development has witnessed
substantial advancements in recent years, marked by the
emergence of innovative computational methodologies
that enhance the discovery and optimization of novel
therapeutic agents (Kumar et al., 2011). In silico
approaches have facilitated the identification and
development of herbal medicinal agents with reduced
toxicity profiles compared to conventional therapeutic
interventions (Taylor et al., 2001). The current
investigation was structured to systematically characterize
the therapeutic potential of diverse phytochemical
constituents against iron induce hepatotoxicity through
integrated in silico and in vivo experimental frameworks.
The phyto medicines play a crucial role in the field of novel
drug designing (Thomford et al., 2018). The plants derived
phytocompounds have considerable focus as anti-
inflammation agents and prevention from the inflammation
process (Shin et al., 2020). Molecular docking analyses
were performed using plant-derived phytocompounds
Albiziasaponin-A, Ellagitannin, and Azadirachtin (fig. 2)
against COX-2 (fig. 1) to evaluate the efficacy of the
utlized phytocompounds against inflammation. All three
selected phytocompounds showed effective anti-
inflammatory activity against the COX-2. In the
development of new drug, in silico ADMET and molecular
docking studies are commonly utilized due to cost effective
and reduced time consumption compared to lab
experiments (Bandaru er al, 2021). All three
phytocompounds exhibited favorable ADMET properties
as anti-inflammatory agents (table 1). A good drug
molecule should reach the target site at a sufficient dose
and remain bioactive to achieve the anticipated biological
activity, thereby meeting the medication outcome (Daina
et al., 2017). The ADMET properties of phytocompounds
were satisfactory, as they are non-carcinogenic, exhibit low
CYP inhibitory potential, and all compounds demonstrate
the ability to be absorbed. The molecular properties of
small compounds, including bioavailability and membrane
permeability, are always dependent on LogP. Molecular
docking was conducted to gain an understanding with
structural = specificities, conformational behavior, and
stability of ligand target complexes (Pandey et al., 2017;
Shukla et al., 2018). It provides an atomic-level
characterization of the molecular process and stability
analysis of protein ligand complexes (Hassan ef al., 2020).

Tahira Anwer et al

Table 2 showed that higher binding affinity of
Albiziasaponin-A with COX-2 (-15.0 Kcal/mol), followed
by two other phytocompounds (Ellagitannin (-14.3
Kcal/mol) and Azadirachtin (-11.3 Kcal/mol) as compared
to the standard drug diclofenac (-7.3 kcal/mol) (Uzzaman
et al., 2021). All three phytocompounds demonstrated the
highest binding affinity with lowest energy; however,
Albiziasaponin-A showed better potential of inhibition as
well as binding affinity as an anti-inflammatory agent. The
binding strength and catalytic activity between COX-2 and
phytocompounds are predicted as hydrogen bonds, along
with carbon bonds, Pi-Alkyl, and opposite charge
attraction, as well (table 3). Albiziasaponin-A-COX-2
docking complex interacts via hydrogen bonds with
GLN356, GLN355, PHE353, and HIS108. The
Ellagitannin-COX-2 interacts via hydrogen bonds with
LYS82, PRO177, GLN178, ASN567, SER565, whereas
Azadirachtin-COX-2 exhibits hydrogen bond interactions
at ASN19 and PRO140 as shown in fig. 3. These residues
may inhibit the inflammation process of COX-2, as they
have been previously reported as active sites of COX-2
(Kiefer et al., 2000).

Iron overload disrupts cellular metabolism, leading to
severe diseases by impairing mitochondrial function.
Mitoferrin isoforms, involved in the direct communication
between endosomes and mitochondria, facilitate iron
uptake from the labile iron pool to the mitochondrion
(Rouault, 2012), with the proposed mechanism presented
in fig. 4. Azadirachtin, a limonoid derivative of
Azadirachta indica, has been extensively studied for its
hepatoprotective properties. An analysis by Baligar et al.
(2014) demonstrated that azadirachtin-A  exhibits
significant protective effects against carbon tetrachloride
(CCl4)-induced hepatotoxicity in Wistar rats, normalizing
liver enzymes and improving histopathology. Ellagitannins
are utilized for hepatotoxicity, liver fibrosis, and
hepatocellular carcinoma in various parts of the world.
When oxidative stress produced in the cell, it acts against
them by producing antioxidants (Teodor et al., 2020). The
combination of the three phytochemicals significantly
decreased ALT, oxidative stress markers (4-HNE, 8-
OHAG, MDA), and proinflammatory cytokines (TNF-a,
COX-2, IsoP-2) in the animal model, as shown in table 5.
These findings underscore the synergistic effects of the
three drugs, which exceed the efficacy observed with
individual or double combinations. Overproduction of
ROS disrupts normal cellular activity and leads to lipid
peroxidation.  Lipid  peroxidation  produced 4-
hydroxynonenal and malondialdehyde (Ayala, Munoz, &
Argiielles, 2014). 4-HNE exhibits a positive correlation
with  8-HdG (0.617*), TNF-o (0.680**), IsoP-2a
(0.619**), MDA (0.460**) and COX-2 (0.416%*) as
shown in table 6. MDA, an end product of lipid
peroxidation, plays a vital role in damaging DNA by
forming DNA adducts in the nucleus (Ayala, Munoz, &
Argiielles, 2014). MDA shows a positive correlation with
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COX-2 (0.711**). 8-OHdG, a byproduct of DNA
oxidation by ROS, accelerates recovery from inflammation
when treated (Ye et al., 2023). Furthermore, according to
the results of the current study, 8-OHdG exhibits a positive
correlation with MDA (0.645**) and TNF-a (0.564%%*) as
a liver damage factor. 8-OHdG contributes to inflammation
and shows a positive correlation with IsoP-2a (0.504*%*)
and COX-2 (0.509**). TNF-a is a cytokine and cell
signalling protein involved in inflammation, inhibits the
production of cytokines, affects cell survival and regulates
DNA transcription while activating IL-6, TNF-a, and Cox-
2 (Tajdari ef al., 2024). Inflammation mediated by TNF-a
can lead to increased oxidative stress, resulting in the
production of IsoP-2. Our study observed similar findings,
with TNF-a showing positive correlation with IsoP-2
(0.692*%*), MDA (0.594**), and COX-2 (0.629%%).
Increasing evidence supports the multi-component herbal
therapy as a promising approach to hepatic protection.
Future studies should prioritize elucidating the molecular
mechanisms and exploring the potential for clinical
translation.

CONCLUSION

The study findings suggest that Albiziasaponin-A,
Ellagitannin, and Azadirachtin may be promising in
mitigating the harmful effects of iron toxicity on liver
tissues. Moreover, Albiziasaponin-A, Ellagitannin, and
Azadirachtin demonstrated strong binding affinity to COX-
2, as confirmed by in silico and in vivo studies. These
results revealed their dual role as COX-2 inhibitors and
hepatoprotective agents, as validated by biochemical
analyses. Further exploration of these compounds could
unveil their therapeutic and diagnostic potential,
positioning them as promising candidates for anti-
inflammatory interventions.
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