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ARTICLE INFO ABSTRACT
Published: 29 Nov 2025 Since breast cancer continues to rank among the top causes of cancer-related death for
Keywords: women globally, new treatment approaches with improved efficacy and lower toxicity
EGCG-Au complex, must be investigated. One of the main polyphenolic components of green tea,
Network pharmacology, epigallocatechin-3-gallate (EGCG), has strong anticancer effects, such as inducing
BRCALI gene, Pk Study apoptosis, arresting the cell cycle, and preventing metastases. However, clinical
DOI:

applicability is limited by its low bioavailability and poor stability. Gold nanoparticles
10.5281/zenodo.17760791 (AuNPs) are biocompatible nanocarriers that can enhance tumor-specific targeting,
stability, and drug delivery. In this computational investigation, we looked into how
EGCG-loaded AuNPs interacted with molecular targets related to the development of
breast cancer. In order to clarify the stability and affinity of EGCG—Au-NP conjugates
toward important oncogenic proteins such as HER2, PI3K/AKT signaling components,
and estrogen receptor-o, molecular docking, molecular dynamics simulations, and
binding energy estimates were utilized. Strong binding contacts, robust structural
dynamics, and improved bioavailability profiles of EGCG following AuNP conjugation
were all shown by the data. According to these results, EGCG-loaded gold
nanoparticles might be a promising nanotherapeutic approach for the treatment of breast
cancer, deserving of more in vitro and in vivo testing. Moreover, we are supposed to do
comparative study between EGCG-Au complex and EGCG by checking their
pharmacokinetic profile (Pk or Bioavailability study) in LC-MS/MS. The aim of the
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present study is to find out the pharmacokinetic profile of
Epigallocatechin gallate and to use that result for the purpose
of comparative study with that of Epigallocatechin gallate
gold (EGCG-Au) nanoparticle using LC-MS/MS in order to
find out their bioavailability so that EGCG can more
efficiently be used as a source of medicinal product in order
to cure breast cancer & other disease.

INTRODUCTION

One of the most common cancers in women and a
leading cause of cancer-related death globally is
breast cancer. Limitations including systemic
toxicity, multidrug resistance, and poor selectivity
for tumor cells continue to impede therapeutic
despite advancements in surgery,
chemotherapy, radiation, and targeted therapies
[1,2]. This has led to a search for new therapeutic
approaches that integrate tailored delivery, safety,
and efficacy. Given their low toxicity and capacity
to affect a variety of signaling pathways, natural
bioactive chemicals have drawn more and more
attention as possible anticancer medicines. Green
tea contains a polyphenolic catechin called
epigallocatechin-3-gallate (EGCG), which has
been extensively researched for its
inflammatory, anti-cancer, and antioxidant
qualities. By triggering apoptosis, preventing
angiogenesis, reducing metastasis, and altering
important signaling pathways like PI3K/AKT,
MAPK, and NF-xB, EGCG has anticancer benefits
[3]. However, its low bioavailability, fast
metabolism, and poor stability severely restrict its

outcomes

anti-

therapeutic use. Drug delivery methods based on
nanotechnology have become viable means of
improving the pharmacological profile of natural
substances in order to get around these obstacles
[4,5]. Particularly, gold nanoparticles (AuNPs)
have a number of benefits, including a high
surface-to-volume ratio, biocompatibility,
simplicity of functionalization, and the capacity to
enhance drug stability and targeted delivery [6,7].
In addition to improving AuNPs' solubility and
stability, functionalizing them with EGCG

U

‘\Z‘:ri:\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

promotes controlled release and selective
accumulation at tumor locations through the
enhanced permeability and retention (EPR) effect
[8,9,10]. In this regard, before experimental
validation, computational methods offer important
insights into drug—nanoparticle interactions and
their molecular mechanisms of action [11]. When

EGCG-loaded AuNPs interact with important

breast cancer-related targets like HER2,
PI3K/AKT pathway proteins, and estrogen
receptor-a,  their  stability, affinity, and

conformational behavior can be investigated using
methods like molecular docking, molecular
dynamics (MD) simulations, and binding energy
calculations [12,13]. The current work is to use
computational modeling to examine the
therapeutic potential of EGCG-loaded gold
nanoparticles in the treatment of breast cancer,
emphasizing their binding effectiveness, structural
stability, and potential mechanistic involvement in
modifying oncogenic signaling cascades [14].
Apart from that LC-MS/MS and UPLC-MS/MS as
essential tools for the accurate quantification and
pharmacokinetic analysis of tea polyphenols,
particularly catechins like epicatechin-3-gallate
(EGCQG), epigallocatechin (EGC), epicatechin-3-
gallate (ECG), and epicatechin (EC) [15,16,17].
Validated methods have demonstrated high

sensitivity and reproducibility in  various
biological matrices, enabling reliable
bioavailability = assessments.  Studies  also

emphasize tissue distribution, blood brain barrier
(BBB) permeability, and formulation-dependent
pharmacokinetics [18], reinforcing the versatility
of LC-MS/MS in both preclinical and clinical
settings. Collectively, these findings support the
continued use of LC-MS/MS in advancing
pharmacokinetic  profiling and therapeutic
evaluation of tea polyphenols [19,20].
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MATERIALS AND METHODS:

Materials Required: All chemicals used for the
experimental purpose were of analytical grade.
Epigallocatechin Gallate (EGCG) (Mol wt.;
458.37), Chloroauric acid (HAuCl4)/Gold (III)
Chloride solution (mol wt.: 339.79), EDTA
sodium, Rectified Spirit denatured (99.99%),
Extra pure methanol ware purchased from Sigma
Aldrich (St, Louis, MO, USA). Butterfly needle
(22x3/4, 0.70x19mm) was purchased from BD
medical, Eppendorf Tube (5ml) from Lab India
Pvt Ltd. Animals Required: Our Institutional
animal house is CPCSEA (Regulatory Body of the
Government) approved having registration
number (1726/PO/Re/S/14/CPCSEA) For our
Pharmacokinetic study we have taken 24 New
Zealand White Rabbits (OECD 423) in each
experiment for each set of drug molecule (EGCG,
EGCG-Au-NP, Rutin as internal standard; IS)
having weight 1.5 to 2 Kg of either sex. The
animals were housed for 15 days in day-night
cycle, with free access to food and drinking water
ad libitum for 10 days before the experiment. The
condition of animal house is ambient having 20-26
°C with 45-65% relative humidity.

To create EGCG-loaded
GNPs, a green synthesis method was employed, in
which EGCG was utilized to decrease HAuCl4 in

Synthetic scheme:

aqueous solution [21]. This method avoids the
need of dangerous man-made chemicals and is
clean, easy to use, effective, and environmentally
friendly. In order to create EGCG-capped GNPs,
EGCG's eight ortho phenolic hydroxyl groups
combine with Au3+ ions to form complexes that
aid in their reduction to gold ions [22, 23]. Because
EGCG's phenolic groups are acidic and provide a
negative charge at pH 7.4, they may help stabilize
GNPs in addition to functioning as a reducing
agent [22]. The surface Plasmon resonance (SPR)
phenomenon caused the EGCG and HAuCl4
mixture's color to shift from pale yellow to purple
red in under 15 minutes, indicating the creation of
gold nanoparticles [23].

Probable  compounds: Those  probable
compounds are determined by using Chem draw
Pro8.0 software, but to get the exact structural
elucidation we need to perform UV Vis spectra,
Mass spectra, FTIR, NMR, Differential scanning
calorimetry (DSC) and X ray diffraction (XRD)
[21,22]. There are five (5) probable structure are
possible virtually. According to a previous survey,
the method of continuous variation of equimolar
solutions produced the majority of the results
regarding the stoichiometric composition of
bioflavonoid complexes. As a result, the
complex's stoichiometry was examined using Job's
method with both water and methanol [22,23].

Table: 1. The Probable structure of EGCG-Au chelation complex

Name Structure

Property

Compound1 oH

Chemical Formula: Cp;H,6Au0,

Exact Mass: 653.0358

Molecular Weight: 653.3256

m/z: 653.0358 (100.0%), 654.0392 (23.8%), 655.0425 (2.7%),
655.0401 (2.3%)

Elemental Analysis: C, 40.45; H, 2.47; Au, 30.15; 0, 26.94
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Compound2

OH
O\
Au
HO. o =
o

Chemucal Formula: Cy,Hy4Am;0y;
Exact Mass: 847.99
Molecular Weight: 848.28
w/z: 847.99 (100.0%). 848.99 (13.0%). 848.99 (10.8%). 849.99 (2.3%). 849.99 (1.5%), 849.99
(1.2%)
Elemental Analysis: C. 31.15; H, 1.66; Au. 46.44; 0, 20.75

Compound3

Chemical Formula: Co;Hy3Au0y;
Exact Mass: 846.98
Molecular Weight: 847.27
m/z: 846.98 (100.0%). 847.98 (13.0%), 847.96 (10.8%), 848.98 (2.3%). 848.99 (1.5%). 848.99
Elemental Analysis: C, 31.19; H, 1.55; Au, 46.49, 0, 20.77

Compound4

Chemical Formula: C»H;1AusO0yy
Exact Mass: 1041.93
Molecular Weight: 1042.22
m/z: 1041.93 (100.0%), 1042.93 (23.8%). 1043.94 (2.7%), 1043.93 (2.3%)
Elemental Analysis: C, 25.35: H. 1.06; Au, 56.70; 0, 16.89

Compound5

Chemical Formula: CyH;»Au304
Exact Mass: 1042.94
Molecular Weight: 1043.23
/z: 1042.94 (100.0%), 1043.94 (23.8%), 1044.94 (2.7%), 1044.94 (2.3%)
Elemental Analysis: C, 25.33; H, 1.16: Au, 56.64: 0, 16.87

Network pharmacology studies:

By targeting receptor tyrosine kinase signaling
(particularly EGFR and Src) and downstream
pathways (PI3K/Akt, STAT3/Bcl-2), EGCG
(epigallocatechin-3-gallate) inhibits the

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

progression of breast cancer by lowering
proliferation, migration, and invasion, according
to recent network-pharmacology + experimental
study [24]. The multi-target nature of EGCG (cell
cycle, apoptosis, inflammation, and epigenetic

regulation) and its frequent discovery of hub
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proteins
reported in

across malignancies are

broader

regularly
reviews and multi-
omics/network research. Bioavailability is still a
common warning [24, 25]. The list of potential
targets for EGCG has been enlarged to include
human proteins by recent computer screens that
use structure-based target prediction (e.g., Pro
BiS-Dock) in conjunction with PPI/enrichment
analysis. These screens have also revealed KEGG

pathways that are enriched among the targets [25,

26]. Frequently reported targets and routes (high-
frequency) EGFR, Src, PI3K, and AKT are protein
kinases. Survival/apoptosis: caspases, BCL2, and
STAT3. Both MAPK signaling and cell cycle
regulators & Epigenetic and
immunological/inflammatory = modulators  (in
certain studies) [27].

Detailing of Smile structure of relevant or
possible green tea extracts:

Table: 2. The Smile structure of Possible green tea extracts.

Phytochemical constituents

Smile structure

CATECHIN

Cl[C@@H]([C@H](0C2=CC(=CC(=C21)0)0)C3=CC(=C(C=C3)0)0)O

CHLOROGENIC-ACID

Cl[C@H]([C@H]([C@@H](C[C@@]1(C(=0)0)0)0C(=0)/C=C/C2=CC(=C(C=C
2)0)0)0)0

CYANIDIN-3,5-DI-O-
GLUCOSIDE

C1=CC(=C(C=C1C2=C(C=C3C(=CC(=CC3=[0+]2)0)0[C@H]J4[C@@H]([C@H](

[C@@H]([C@H](04)CO)0)0)O0)O[C@H]5[C@@H]([C@H]([C@@H]([C@H](05
)C0)0)0)0)0)0.[Cl-]

CYANIDIN-3-O-GLUCOSIDE

C1=CC(=C(C=C1C2=[0+]C3=CC(=CC(=C3C=C20[C@H4[C@@H]([C@H]([C@
@H]([C@H](04)CO)0)0)0)0)0)0)0.[Cl-]

DELPHINIDIN-3-O-
GLUCOSIDE

C1=C(C=C(C(=C10)0)0)C2=[0+]C3=CC(=CC(=C3C=C20[C@HJ4[C@@H]([C
@H]([C@@H]([C@H](04)CO)0)0)0)0)0.[Cl-]

EPIGALLOCATECHIN-3-
GALLATE

C1[C@H]([C@H](OC2=CC(=CC(=C21)0)0)C3=CC(=C(C(=C3)0)0)0)0C(=0)C4
=CC(=C(C(=C4)0)0)0

P-COUMARIC-ACID

C1=CC(=CC=C1/C=C/C(=0)0)O

PELARGONIDIN-3,5-DI-O-

C1=CC(=CC=C1C2=C(C=C3C(=CC(=CC3=[0+]2)0)0[C@HK[C@@H]([C@H]([

GLUCOSIDE C@@H]([C@H](0HC0)0)0)0)O[C@@H]5[C@H]([C@@H]([C@H]([C@@H](
05)C0)0)0)0)0
PELARGONIDIN-3-O- C1=CC(=CC=C1C2=[0+]C3=CC(=CC(=C3C=C20C4C(C(C(C(04)C0O)0)0)0)0)
GLUCOSIDE 0)0
Typical network-pharmacology workflow 1. Gather targets connected to the compound:

(reproducible):
required for to
pharmacology.
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The following detailing are
determine the

we are using Pro BiS-Dock (structure docking
to PDB), Swiss Target Prediction, Pharm
Mapper, SEA, Binding DB, STITCH, and
literature mining. (Deduplicate and combine)
[28].

network
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2. Gather disease targets (cancer of the
breast): we have utilized GEO datasets for
subtype-specific lists, TCGA differential
expression (optional), OMIM, Gene Cards,
and DisGeNET. Intersect compound vs disease
targets [29].

3. PPI network construction: For this we use
STRING (score cutoffs e.g. >0.7), import to
Cytoscape.

4. Network analysis & Identify hub genes
(degree, MCC): It requires Cyto Hubba or
Network Analyzer [28, 29].

For to determine Functional enrichment GO /
Kyoto Encyclopedia for genes & Genomes
(KEGG) using cluster Profiler (R) or DAVID /
Enrich it will Focus on pathways (EGFR signaling,
PI3K-Akt, apoptosis). Molecular docking is done
to Dock EGCG against top hub targets (Auto Dock
Vina, Pro BiS-Dock, or commercial tools).
Evaluate binding energies and key interactions.

COMPOUND GENES

DISEASE GENE

Moreover, Optional MD simulation is used for the
best docked complexes (validate stability) [30].

In vitro / in vivo validation:
Test effects on cell proliferation,
migration/invasion, western blots for pathway
proteins (EGFR/Src/PI3K/Akt/STAT3/Bcl-2) —
many NP studies pair computational predictions
with these assays.

Practical parameters & tips: When pulling
targets from predictive databases, keep a union of
sources then filter by confidence (e.g., Swiss
Target Probability > 0.1, STRING score > 0.7) [31,
32]. For PPI, using high confidence edges reduces
false hubs, but you may miss weak/novel
interactions; sensitivity checks. In
enrichment, report both adjusted p-value and gene
ratio; highlight top pathways with biological
plausibility (EGFR/PI3K/Apoptosis) [25, 32]. For
docking, prepare protein structures (remove
waters, add hydrogens), use at least 3 protein
structures for a target if available (different PDBs)
to ensure robustness [33].

consider

IL2

Fig: 1. Venn diagram of targets which hits the genes of Breast cancer and 3 common genes responsible
mostly in inflammatory networking pathways
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Fig: 2. Kyoto Encyclopedia for genes & Genomes (KEGG) derived Pathway describe the interlinked genes
and their disease
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Fig: 3. Building network of genes and EGCG along with another disease

Docking studies

Molecular docking studies of Epigallocatechin-3-
Gallate (EGCG) with the BRCA1 gene product
have revealed a strong and stable interaction that
supports its potential anticancer role in breast
cancer [33]. Using computational tools such as
Auto Dock Vina and PyRx, the three-dimensional
structure of the BRCA1 protein (typically its
BRCT domain, PDB ID: 1JM7) was docked with
the EGCG ligand obtained from PubChem. The
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docking results demonstrated a binding energy of
approximately —6.5 to —8.5 kcal/mol, indicating a
high affinity between EGCG and
BRCA1[30,33,34]. The binding occurred mainly
within the BRCT domain cleft, forming multiple
hydrogen bonds with key amino acid residues such
as LYS350, TYR232, TRP266, and VAL241,
along with hydrophobic
interactions that stabilize the complex [35]. These
interactions suggest that EGCG could modulate
BRCAT1’s DNA repair and tumor suppressor

several and n—=
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activities, potentially restoring or enhancing its
function in breast cancer cells. Thus, EGCG’s
binding to BRCAI provides a molecular basis for

its chemo preventive and therapeutic potential in
BRCA1-related breast cancer [34,35].

Brcalgene

Ligand

Docking Interaction

RS

In-Vivo
study (Pk):

Pharmacokinetics/Bioavailability

The pharmacokinetics study is done to maximize
the therapeutic potential of herbal products, ensure
their safety, and standardize their use in traditional
and alternative medicine, research is essential.
Green tea contains a significant catechin called

N\
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Fig: 4. The Target gene (BRCA1), Ligand (EGCG) and their docking interactions.

epigallocatechin gallate (EGCG), which has a
variety of biological properties such as anti-
inflammatory, anti-cancer, antioxidant, and
neuroprotective benefits [36]. Being a plant-based
product, it has several advantages over more
hazardous synthetic alternatives, including lower
toxicity, lower cost, and increased availability.
However, its quick metabolism and low absorption
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frequently restrict its therapeutic usefulness.
Indeed, the only way to properly use medicinal
herbs is through the rational and empirical
application of plants, which is based on
pharmacological ~and  chemical research.
Furthermore, phytochemicals work better when
applied in a setting that naturally revitalizes the
body. Using LC-MS/MS, the current study aims to
determine the pharmacokinetic profile of
epigallocatechin gallate and use the results to
compare with those of Epigallocatechin gallate
gold (EGCG-Au-NP) nanoparticles in order to

3. Evaluating of parameters like Cmax, Tmax, ti2
,CL, V4

The following animal groups are taken for drug
administration via oral route and withdraw blood
as per the study plan and maintaining OECD 423
guidelines. The protocol was approved by IAEC-
CPCSEA of this Institution bearing approval no:
1726/CCSEA/TAEC/2024-040.

Table: 3. Animal groups having 6 New Zealand
White Rabbits each group for set of experiments of

] i N ] either sex.
determine their bioavailability [37]. This will Groups Dose No. of
allow EGCG to be used more effectively as a Animals
source of medicinal products to treat a variety of | Group 1 Normal Control 6
diseases. The following are to be requirements for Group 2 EGCS‘E)‘?)U/NZRE d)ose 1 6
. mg/kg bow
the Pharmacokinetics study [38,39]. Group 3 | EGCG-AwNP/RU dose 2 6
o ) (200 mg/kg bw)
1. Administration of EGCG, EGCG-Au-NP and Group 4 | EGCG-Au/NP/RU dose 3 6
Rutin (RU) as internal standard (IS) (100 mg/kg bw)
2. Blood sample collection at our Institutional lab ~ Study Plan:
at Bengal school of Technology. India.
Preparation of EGCG-Au nanoparticle formulation
Oral administration of the formulation to New Zealand White Rabbits (1.5-2kg)
Blood sample (0.3ml) were collected at an interval of 0 (pre dose), 0.33, 0.66. 1.33,
2.66, 3, 3.33, 3.67, 4.5. 8, 16, 30. 36, 42 and 48 hr (post dose)
Centrifugation of the sample at 10000 rpm at 4 degrees centigrade for 10 minutes
Storage of the sample at -20 degree centigrade for further assay to determine Tmax, Cmax and AUC
LC-MS/MS & statistical analvsis done by Mass Hunter software B.02.01. Agilent Technologies.
7N
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LC-MS/MS System Condition:

Samples were analysed through HPLC (Agilent
1200 series) and MS/MS (Agilent 6410 triple
quadrupole) systems on a Hypurity C18 column
(50 X 4.6 mm) at Indian Institute of Chemical
Biology (IICB) Kolkata & NIPER Kolkata, using
an injection volume of 5 uL. The mobile phases
consisted of water (A) and acetonitrile (B). The
gradient elution system was optimized as follows:
0-3.0 min 20% - 100%B, 3.0—4.5 min 100% -
100% B, 4.5-4.6 min 100% - 20% B, 4.6-7.0
min20% B. The flow rate was 0.6 mL/min.
MS/MS data acquisition was performed under
negative electrospray ionization (ESI) mode
[38,40]. The Multiple Reaction Monitoring
(MRM) mode was employed to monitor EGCG,
EGCG-Au-NP and Rutin RU (IS) with the
precursor-to-product ion transition of m/z 457.3 /
1693, m/z481.3/125.0, m/ z367.3 / 149.3[41]
and m / z 609.4 / 300.2 [42], respectively. The
parameters were optimized as follows: a capillary
voltage of—4000 V, a gas flow rate of 12 L / min,
and the dry gas temperature of 350°C. For EGCQG,
EGCG-Au and IS, the fragmentary voltages were
100 V, 150 V, 120 V, 220 V, respectively, and the
collision energies were 12 eV, 15 eV, 15 eV, and
30 eV, respectively. The collected mass
spectrometric data were processed jointly by Mass
Hunter software (B.02.01, Agilent Technologies,
USA) at [ICB Kolkata & NIPER Kolkata.

Preparation of Standard Solutions and
Calibration Curves: The appropriate amounts of
the chromatographic standards of EGCG, EGCG-
Au-NP and the IS were accurately weighed and
dissolved in 10% methanol to prepare the stock
solutions (1 mg/mL) of different analytes [43]. The
working solutions for calibration curve and the
quality control (QC) samples were prepared by
diluting the stock solutions with 90% methanol. IS
was diluted to 5 pg/mL. All the stock and working

U
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solutions were stored at 4°C, away from direct
light [43,44]. For analysing the plasma and tissue
homogenates, calibration curve samples were
prepared at the concentrations of 2, 10, 50,250,
500, and 1000 ng/mL. The QC samples were
prepared by spiking into plasma at the appropriate
volumes of different stock solutions to achieve the
concentrations of 4, 400 and 800 ng/mL [45].

RESULT AND DISCUSSION

Molecular docking and Network Pharmacology
study: Metal-containing ligands (like an EGCG—
Au complex) are a frequent headache in docking.
Because the docking setup or the scoring method
can’t handle a metal center properly. Gold has
multiple oxidation states (Au(I), Au (III)) and its
coordination chemistry strongly depends on that.
If the charge on the complex is wrong, docking
will fail or give unrealistic results. Docking tool
can't assign a van der Waals / atom type for Au,
producing errors or skipped ligand atoms. If the
Au forms a coordination (partial covalent) bond
with a ligand atom (S, N, O), the docking scoring
that assumes only non-bonded interactions will be
wrong.

To investigate its binding affinity and any
inhibitory interactions that might support its
anticancer efficacy against breast
Epigallocatechin-3-Gallate (EGCG) was
molecularly docked with the BRCA1 protein. The
three-dimensional structure of EGCG was taken
from the PubChem database and refined before
docking, while the three-dimensional structure of
BRCAI1 (obtained from the Protein Data Bank,
PDB ID: e.g., 1JM7 or 1T15) was utilized as the
receptor.

cancer,

Auto Dock Vina or another program was used for
docking, and the binding energy (AG, kcal/mol)
was used to measure the binding affinity. With a
docking score of roughly -6.9 kcal/mol, EGCG
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demonstrated a robust binding affinity with
BRCAL, indicating the creation of a stable and
energetically advantageous complex. A crucial
suppressor gene, BRCA1l promotes
homologous recombination for DNA repair,

tumor

preserving genomic stability. Breast and ovarian
cancers are closely associated with BRCAI1
mutations or loss of function. Green tea's main
catechin, EGCG, has been extensively researched
for its anti-inflammatory, antioxidant, and anti-
cancer effects. According to the current docking
data, EGCG may interact with BRCA1 and
stabilize its active conformation or modify its
DNA repair function in order to partially exercise
its anticancer activity. The effectiveness of
BRCA1-mediated DNA repair may be improved
by such binding, or it may disrupt faulty signaling
pathways that aid in the development of tumors.
According to the molecular docking study, EGCG
has a favorable binding energy and several
stabilizing interactions when it comes to the
BRCA1 protein. The strong hydrogen bonding
network, together with n—m stacking and
hydrophobic contacts, indicates a high affinity of
EGCG for the BRCT domain of BRCAI. This
interaction suggests that EGCG could serve as a
natural modulator of BRCA1, offering a promising
avenue for breast cancer chemoprevention or
therapy.

Pharmacokinetics Study:

Optimization of LC-MS/MS Conditions: Many
studies have published the quantitative analyses of
EGCG, EGCG-Au-NP in biological matrices [45],
though; these methods have been compromised
with poor sensitivity [46]. In this study, we
developed a novel analytical method to resolve the
above-mentioned problems. Several combinations
of mobile phases (methanol-water or acetonitrile-
water) tested to  optimize the
chromatographic conditions [46,47]. The analytes
showed nicely-shaped peaks and higher responses
in the negative ion mode when the acetonitrile-
water system was used as the mobile phase. We

weEre

resorted to a gradient elution program for
minimizing the interferences between the analytes
and endogenous constituents of the biological
matrices. The peaks of EGCG, EGCG-Au-NP and
IS were eluted before 4.5 min. The column was
then equilibrated for 2.5 min. RU was employed as
the IS in this analysis. The stock solutions of
EGCG, EGCG-Au-NP and RU (IS) were scanned
in the positive or negative ESI modes. The peak
intensities of the analytes were the highest under
the negative ion mode, which might be due to the
presence of several easily ionisable hydroxyl
groups in the analytes under that mode. After
several trials, the m/z 367.3/149.3 (EGCG-Au-
NP), 457.3/169.3 (EGCG), and 609.4/300.2 (RU)
showed high sensitivities in the negative ion mode
[47].

Table: 4. The intra-day and Inter-day values of accuracy & precision, the recovery & matrix effect of
ECGC, ECGC-Au-NP and IS in rabbit plasma (Stock 4,400,800ng/mL) (n=6) (#p<0.01, significant
difference when compared with the control group), (*p<0.05, significant difference when compared with
the control group).

Nominal | compou | Intra- | Intra- | Intra- | Intraday | Intra- | Intra- | Recove | Matrix
concentrat nd day day day Mean+ day day ry effect
ions Mean= | Precis | Accur SD Precis | Accur | Meant | MeantS
(ng/mL) SD ion acy (ng/mL) ion acy SD D
(ng/mL | (RE (RSD (RE (RSD
) %) %) %) %)
4.0 EGCG | 3.8+0.1 -3.7 4.4 3.9+0.2 -2.9 1.9 82.5+4. | 92.6+5.3
2
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400.0 EGCG |397.243 | -1.2 2.3 399.3429.6 | -0.6 1.7 82.5+4. | 102.5+3.
1 * 2% A
800.0 EGCG | 804.7+5 0.9 1.7 805.7+13. 1.2 0.9 77.3%1. | 96.4+2.7
6.8 6 6
4.0 EGCG- | 3.7+#0.5 | 4.2 5.7 3.9+0.2 2.4 1.9 81.1x4. | 90.5+5.2
Au 7
400.0 EGCG- | 403.3+£5 1.2 2.2 4045489 | 2.3 4.2 79.743. | 94.6+4.5
Au 4 * 6* #
800.0 EGCG- | 802.5+4 | 0.4 1.4 8006.8423. 2.4 1.2 83.1+3. | 101.6+£3.
Au 3.1 2 1 3
4.0 IS 4.1+0.2 2.7 1.4 4.1+0.1 3.9 2.8 78.243. | 94.3+3.1
(Rutin) 7
400.0 IS 399.6+6 | -0.7 1.1 397.3+11. | -1.7 2.6 81.3+£5. | 98.7£5.8
(Rutin) 3 4* 1* #
800.0 IS 800.8+4 | 0.3 1.0 798.5+£74. | -1.2 1.2 82.3+5. | 103.6+4.
(Rutin) 3.2 6 2% 7

Table: 5. The Stability of ECGC, ECGC-Au-NP and IS (Stock 4 & 800ng/mL) in rabbit plasma (n=6)
(#p<0.01, significant difference when compared with the control group), (*p<0.05, significant difference
when compared with the control group).

Nominal | Auto sampler for | Room temperature | -70°C for 21 days | Three freeze-thaw
concentrations 24 hr. for 5 hr. cycles
(ng/mL) Mean=SD | RSD | MeantSD | RSD | MeantSD | RSD | MeantSD | RSD
(Y0) (Y0) (%) (Y0)
EGCG
4.0 4.1+0.2 1.3 3.7+0.1%* 4.7 3.6+0.1 5.7 3.8+0.1 4.8
800 800.2+12.3 | 0.5 803.1£35.5 | 2.2 | 790.3£914 | 43 793.6+£56.2 | 5.7
EGCG-Au-NP
4.0 4.1£0.4 1.5 4.2+0.1%* 2.5 4.3+£0.3 43 3.7+0.1 4.2
800 807.3£32.7 | 1.3 815.3£84.5 | 2.9 804.6+73.1 1.2 | 782.4+78.1 59
IS (Rutin)
4.0 4.0+£0.2 2.2 3.8+0.1%* 3.2 4.24+0.2 33 3.8+0.2 3.9
800 803.6+46.7 | 1.3 | 812.4+£23.7# | 2.4 | T83.2+£78.9# | 7.4 | 792.3£93.5# | 4.3
SN
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Fig: 5. Mean plasma concentration time profile of EGCG in plasma following a single dose and multiple
dose administration in rabbits (n=6)
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Fig: 6. Mean plasma concentration time profile of EGCG-Au-NP in plasma following a single dose and
multiple dose administration in rabbits (n=6)

Validation of the Assay:

The peaks of EGCG, EGCG-Au-NP, and IS were
eluted at 1.9, 3.0, 3.8 and2.0 min, respectively. The
endogenous substances in the plasma did not
interfere with the detection of the analytes and IS.
The response of the blank sample was found to be
lower than 20% of the LLOQ response, which
characteristically confirmed the absence of any
carry-over [48, 49,50].

Linearity and Lower Limit of Quantification:

JE0TSN
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For all the biological matrices, the calibration
curves of EGCG, EGCG-Au-NP ranged from 2 to
1000 ng/mL (R2> 0.995). The accuracy (RSD, %)
and precision (RE, %) of the calibration standards
were within 15% and £+ 15%, respectively [50].
The LLOQs of EGCG, EGCG-Au-NP were
calculated to be 2 ng/mL in different biological
matrices, and the values of both RSD and RE were
within £ 20%. The LLOQs were suitable for

performing the pharmacokinetics and tissue
distribution  studies with an intragastric
administration [49, 50].
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Table: 6. Pharmacokinetic Parameters of EGCG-Au-NP, EGCG, and Rutin Following Single and
Multiple Oral Doses in Rabbits

EGCG-Au EGCG Rutin

Parameters SingleDose  MultipleDose | SingleDose  MultipleDose | SingleDose  Multiple Dose
AUCy-t(ngh/ml) | 2749 298.7 1604.6 1592.3 128.9 130.8
MRT(h) 38 - 37 27
Crax (ng/mL) 101.2+£123 12021364 | 63132175 75361668 | 5021134 5561248
Tmax (1) 0.5 0.5 0.5 0.6 L0 L1
ty/2 (k) 15 L7 0.8 1.0 15 18
CL(L/Kg/h) 2493 2294 | 319 32.2 457.1 450.5

Precision and Accuracy:

The results of the intra-day (n = 6) and inter-day (n
= 6) accuracies and precisions have been depicted
here above. Accuracy (RE, %) for all analytes in
different matrices ranged from -8.2-9.2 %, and
precision (RSD, %) of all analytes in different
matrices were below 10.3%. All RE and RSD
values fulfilled the FDA guidance Bio-analytical
Method Validation [51].

The Recovery and Matrix Effect:

The recoveries and matrix effects of EGCG,
ECGC-Au-NP and Rutin have been shown above
[52]. The recovery of all analytes ranged from
71.5% to 90.6%. No significant
inhibition/enhancement was observed in the mass
spectrometric signal of the rat plasma and tissue
homogenates. Under the current analytical
conditions, the matrix effects showed negligible
values [53].

Application of the LC-MS/MS Method in the
Pk Studies:

U
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The developed LC-MS/MS method was applied to
study the pharmacokinetic profiles plasma
concentration-time profiles of EGCG, EGCG-Au-
NP & Rutin in the New Zealand white rabbits after
single or multiple doses of intragastric
shown here. All
pharmacokinetic ~ parameters  have  been
summarized [54,55]. After a single dose
intragastric administration, the AUC and Cmax of
EGCG-Au-NP in the plasma were 274.9 ng h/mL
and 101.2 *£12.3 ng/mL, the AUC and Cmax
increased significantly, as the other ingredients
inhibited UDP-glucuronosyltransferase (UGT)
enzyme or replaced a hydroxyl group on EGCG-
Au-NP  molecule, reduced the first-pass
metabolism, and increased the oral bioavailability
of EGCG-Au-NP [54,56]. After multiple doses,
the AUC and Cmax of EGCG-Au-NP were not
significantly different compared to the parameters
of the single dose. R was 1.08, so no significant
accumulation was observed [57, 58, 59].

administration have been

Peak area isolated:

When EGCG-Au-NP was administered to rabbits
in the form of the pharmacokinetic behaviour was
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significantly different from that of EGCG alone as the glucuronidation and sulfation of tea
[60, 61]. AUC and Cmaxwere1604.6 ng- h/mL and  polyphenols are the major elimination path-ways,

6313 =+ 17.5 ng/mL, respectively, which after multiple administrations, R was0.99,

significantly increased compared to EGCG alone, indicating no significant cumulative effect [62,63].

Table: 7. Relative % area demonstration of EGCG and EGCG-Au-NP with respect to m/z resolution

value
Resolution (m/z) | EGCG (% area) | ECGC-Au-NP (% area)
571 21.78 22.78
457 22.28 26.26
604 27.09 30.35
647 49.64 50.69
677 57.81 59.81
816 77.77 85.55
822 20.22 59.45
861 9.6 9.6
Cnax Graph of EGCG and EGCG-Au (LC-MS/MS)
100
Cmax

80 o 85155

60 v 2 i k’““\\

0 e i \\, \\\

20 21,78 :ﬂzyzg \‘«,_\ 9,6
10 “ap

’ 457 571 604 647 677 816 822 861

Resolution
——EGCG —+—Au

Fig: 7. Cmax plasma concentration of EGCG and EGCG-Au-NP with respect to resolution (m/z).
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Fig: 8. Cmax plasma concentration of EGCG and EGCG-Au-NP
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Although EGCG has a higher Cmax the overall
shaded area (AUC) for EGCG-Au-NP is larger,
indicating better bioavailability. EGCG-Au
maintains higher concentrations for a longer
duration, supporting its sustained release and
improved  systemic This  study
successfully developed a simple, sensitive, and
cost-effective LC-MS/MS method for the
simultaneous quantification of EGCG and its gold
nanoparticle conjugate (EGCG-Au-NP) in rabbit
plasma and tissues. The pharmacokinetic analysis
demonstrated absorption
with no

retention.

consistent and

elimination profiles, evidence of
significant accumulation, indicating the potential
for safe repeated dosing [63]. Tissue distribution
studies revealed preferential accumulation in the
small intestine and moderate levels in key
metabolic organs, while minimal distribution was
observed in the brain and skin. These findings
underscore the potential of EGCG and EGCG-Au-
NP as viable candidates for targeted therapeutic
applications and warrant further investigation for
clinical translation. This analytical approach
enables the determination of the relative
bioavailability (BA) of a single compound. The
accuracy and relevance of this assessment can be
further enhanced by including tissue distribution
studies involving organs such as the small
intestine, liver, lungs, heart, spleen, and skin. As
drug distribution patterns may vary across species
and target organs, analyzing tissue extracts from
these sites will provide deeper insight into organ-
specific bioavailability and support translational
applicability of the formulation.

ACKNOWLEDGEMENTS: The authors are
indebted to the Management of Bengal School of
Technology, Delhi Road, Sugandha, Hooghly-
712102, for the financial support to carry this
work. I am thankful to Mr. Sateesh Kumar Shaw
and Mr. Sunil Saha from NIPER Kolkata & IICB
Kolkata for performing LC-MS/MS study fully

U

‘\Z‘::i:\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

professionally. Also thankful to Mrs. Rituparna
Das for helping in Synthesis, extensive & tedious
animal study and Mr. Sudipto Modak from BCDA
campus-2, Kolkata for Molecular simulation &
docking study. I also grateful to my co-authors
cum my Research Advisory Committee (RAC)
members and my Supervisor and Co-Supervisor
for guiding my research work motive.

Conflict of interest: This research work is
ethically permitted by TAEC-CPCSEA Bengal
School of Technology, West Bengal, India. The
authors declare that there is no conflict of interest.

REFERENCES

1. Siegel, R. L., Miller, K. D., & Jemal, A.
(2019). Cancer statistics, 2019. CA a Cancer
Journal for Clinicians, 69(1), 7-34.
https://doi.org/10.3322/caac.21551

2. Bray, F., Ferlay, J., Soerjomataram, 1., Siegel,
R. L., Torre, L. A., & Jemal, A. (2018). Global
cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36
cancers in 185 countries. CA a Cancer Journal
for Clinicians, 68(6), 394-424.
https://doi.org/10.3322/caac.21492

3. Chen, J., Fan, T., Xie, Z., Zeng, Q., Xue, P.,
Zheng, T., Chen, Y., Luo, X., & Zhang, H.
(2020). Advances in nanomaterials for
photodynamic therapy applications: Status and
challenges. Biomaterials, 237, 119827.
https://doi.org/10.1016/j.biomaterials.2020.11
9827

4. Palumbo, M. O., Kavan, P., Miller, W. H.,
Panasci, L., Assouline, S., Johnson, N., Cohen,
V., Patenaude, F., Pollak, M., Jagoe, R. T., &
Batist, G. (2013). Systemic cancer therapy:
achievements and challenges that lie ahead.
Frontiers n Pharmacology, 4.
https://doi.org/10.3389/fphar.2013.00057

5. Williamson, G., Dionisi, F., & Renouf, M.
(2011). Flavanols from green tea and phenolic

4809 | Page



10.

1.

Sougata Mallick, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 4794-4815| Research

acids from coffee: Critical quantitative
evaluation of the pharmacokinetic data in
humans after consumption of single doses of
beverages. Molecular Nutrition & Food
Research, 55(6), 864-873.

https://doi.org/10.1002/mnfr.20100063 1

. Yang, C. S., Wang, X., Lu, G., & Picinich, S.

C. (2009). Cancer prevention by tea: animal
studies, molecular mechanisms and human
relevance. Nature Reviews. Cancer, 9(6), 429—
439. https://doi.org/10.1038/nrc2641
McAllister, M. J., Pigg, B. L., Renteria, L. L.,
& Waldman, H. S. (2019). Time-restricted
feeding improves markers of cardiometabolic
health in physically active college-age men: a
4-week randomized pre-post pilot study.
Nutrition Research, 75, 32-43.
https://doi.org/10.1016/j.nutres.2019.12.001
Hwang, J., Chung, S., Sundar, I. K., Yao, H.,
Arunachalam, G., McBurney, M. W., &
Rahman, 1. (2010). Cigarette smoke-induced
autophagy is regulated by SIRT1-PARP-1-
dependent mechanism: Implication in
pathogenesis of COPD. Archives of
Biochemistry and Biophysics, 500(2), 203—
209.
https://doi.org/10.1016/5.abb.2010.05.013
Cury-Boaventura, M. F., Gorjao, R., De Lima,
T. M., Newsholme, P., & Curi, R. (2013).
Corrigendum to “Comparative toxicity of oleic
and linoleic acid on human lymphocytes™ [Life
Sci. 78 (2006) 1448-1456]. Life Sciences,
112(1-2), 97.
https://doi.org/10.1016/;.1£s.2013.01.014

Oz, H. (2017). Chronic inflammatory diseases
and green tea polyphenols. Nutrients, 9(6),
561. https://doi.org/10.3390/nu9060561
Matsui, A., Yamaguchi, T., Maekawa, S.,
Miyazaki, C., Takano, S., Uetake, T., Inoue,
T., Otaka, M., Otsuka, H., Sato, T., Yamashita,
A., Takahashi, Y., & Enomoto, N. (2009).
DICKKOPF -4 and -2

genes  are

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

12.

13.

14.

15.

16.

upregulated in human colorectal cancer.
Cancer  Science, 100(10), 1923-1930.
https://doi.org/10.1111/j.1349-
7006.2009.01272.x

Maryani, M., Shabala, S., & Gehring, C.
(2000). Plant Natriuretic Peptide
Immunoreactants Modulate Plasma-
Membrane H+ Gradients in Solanum

tuberosum L. Leaf Tissue Vesicles. Archives
of Biochemistry and Biophysics, 376(2), 456—
458. https://doi.org/10.1006/abbi.2000.1736
Dai, W., Ruan, C., Zhang, Y., Wang, J., Han,
J., Shao, Z., Sun, Y., & Liang, J. (2019).
Bioavailability enhancement of EGCG by
structural modification and nano-delivery: A
review. Journal of Functional Foods, 65,
103732.
https://doi.org/10.1016/j.jf£.2019.103732
Lambert, J. D., Lee, M., Lu, H., Meng, X.,
Hong, J. J. J., Seril, D. N., Yang, C. S, &
Sturgill, M. G. (2003). Epigallocatechin-3-
Gallate is absorbed but extensively
glucuronidated following oral administration
to mice. Journal of Nutrition, 133(12), 4172—
4177. https://doi.org/10.1093/jn/133.12.4172
Bhatt, L. K., Nandakumar, K., Bodhankar, S.
L., Bansal, J., & Piplani, P. (2007). B-Blocking

activity of PP-34, a newly synthesized
aryloxypropanolamine derivative, and its
cardioprotective effect against
ischaemia/reperfusion injury in laboratory
animals. Journal of Pharmacy and
Pharmacology, 59(3), 429-436.

https://doi.org/10.1211/jpp.59.3.0013

Dai, W., Ruan, C., Sun, Y., Gao, X., & Liang,
J. (2020). Controlled release and antioxidant
activity of chitosan and [-lactoglobulin
nanoparticles loaded  with
epigallocatechin gallate. Colloids and Surfaces
B Biointerfaces, 188, 110802.
https://doi.org/10.1016/j.colsurfb.2020.11080
2

complex

4810 | Page



17.

18.

19.

20.

21.

22.

Sougata Mallick, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 4794-4815| Research

Endres, T. K., Beck-Broichsitter, M.,
Samsonova, O., Renette, T., & Kissel, T. H.
(2011). Self-assembled biodegradable
amphiphilic PEG-PCL-IPEI triblock
copolymers at the borderline between micelles
and nanoparticles designed for drug and gene
delivery. Biomaterials, 32(30), 7721-7731.
https://doi.org/10.1016/j.biomaterials.2011.06
.064

Lee, K. X., Shameli, K., Yew, Y. P., Teow, S.,
Jahangirian, H., Rafiee-Moghaddam, R., &
Webster, T. (2020). <p>Recent Developments
in the Facile Bio-Synthesis of Gold
Nanoparticles (AuNPs) and Their Biomedical
Applications</p> International Journal of
Nanomedicine, Volume 15, 275-300.
https://doi.org/10.2147/ijn.s233789

Huang, X., & El-Sayed, M. A. (2010). Gold
nanoparticles:  Optical  properties  and
implementations in cancer diagnosis and
photothermal therapy. Journal of Advanced
Research, 1(1), 13-28.
https://doi.org/10.1016/j.jare.2010.02.002
Fathalla, D., Youssef, E. M. K., & Soliman, G.
M. (2020). Liposomal and ethosomal gels for
the topical delivery of anthralin: preparation,

comparative  evaluation and  clinical
assessment n psoriatic patients.
Pharmaceutics, 12(5), 446.

https://doi.org/10.3390/pharmaceutics 120504
46

Haiss, W., Thanh, N. T. K., Aveyard, J., &
Fernig, D. G. (2007). Determination of Size
and Concentration of Gold Nanoparticles from
UV—Vis Spectra. Analytical Chemistry,
79(11), 4215-4221.
https://doi.org/10.1021/ac0702084

Danaei, M., Dehghankhold, M., Ataei, S.,
Davarani, F. H., Javanmard, R., Dokhani, A.,
Khorasani, S., & Mozafari, M. R. (2018).
Impact of particle size and polydispersity
index on the clinical applications of lipidic

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

23.

24.

25.

26.

27.

28.

nanocarrier systems. Pharmaceutics, 10(2), 57.
https://doi.org/10.3390/pharmaceutics 100200
57

Kang, H., Rho, S., Stiles, W. R., Hu, S., Baek,
Y., Hwang, D. W., Kashiwagi, S., Kim, M. S.,
& Choi, H. S. (2019). Size - Dependent EPR
effect of polymeric nanoparticles on tumor
targeting. Advanced Healthcare Materials,
9(1). https://doi.org/10.1002/adhm.201901223
Hu, M., Yan, H., Li, H., Feng, Y., Sun, W.,
Ren, Y., Ma, L., Zeng, W., Huang, F., Jiang,
Z., & Dong, H. (2023). Use of network
pharmacology and molecular docking to
explore the mechanism of action of curcuma in
the treatment of osteosarcoma. Scientific
Reports, 13(1).
https://doi.org/10.1038/s41598-023-36687-z
Kim, S., Thiessen, P. A., Bolton, E. E., Chen,
J., Fu, G., Gindulyte, A., Han, L., He, J., He,
S., Shoemaker, B. A., Wang, J., Yu, B., Zhang,
J., & Bryant, S. H. (2015). PubChem
Substance and Compound databases. Nucleic
Acids Research, 44(D1), DI1202-D1213.
https://doi.org/10.1093/nar/gkv951

Safran, M., Dalah, I., Alexander, J., Rosen, N.,
Stein, T. I., Shmoish, M., Nativ, N., Bahir, I.,
Doniger, T., Krug, H., Sirota-Madi, A.,
Olender, T., Golan, Y., Stelzer, G., Harel, A.,
& Lancet, D. (2010). GeneCards Version 3: the
human gene integrator. Database, 2010(0),
baq020.
https://doi.org/10.1093/database/baq020

Whirl - Carrillo, M., Huddart, R., Gong, L.,
Sangkuhl, K., Thorn, C. F., Whaley, R., &
Klein, T. E. (2021). An Evidence - Based
Framework for evaluating Pharmacogenomics
knowledge for personalized medicine. Clinical
Pharmacology & Therapeutics, 110(3), 563-
572. https://doi.org/10.1002/cpt.2350
Sherman, B. T., Hao, M., Qiu, J., Jiao, X.,
Baseler, M. W., Lane, H. C., Imamichi, T., &

4811 |Page



29.

30.

31.

32.

33.

34.

Sougata Mallick, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 4794-4815| Research

Chang, W. (2022). DAVID: a web server for
functional enrichment analysis and functional
annotation of gene lists (2021 update). Nucleic
Acids Research, 50(W1), W216-W22I.
https://doi.org/10.1093/nar/gkac194

Zhao, J., Pan, B., Zhou, X., Wu, C., Hao, F.,
Zhang, J., & Liu, L. (2022). Polygonum

cuspidatum  inhibits the  growth  of
osteosarcoma cells via impeding
Akt/ERK/EGFR signaling pathways.
Bioengineered, 13(2), 2992-3006.

https://doi.org/10.1080/21655979.2021.20176
79

Farhan, M., Wang, H., Gaur, U., Little, P. J.,
Xu, J., & Zheng, W. (2017). FOXO signaling
pathways as therapeutic targets in cancer.
International Journal of Biological Sciences,
13(7), 815-827.
https://doi.org/10.7150/ijbs.20052

N, B. (2022). Network pharmacology based
investigation on the mechanism of tetrandrine
against breast cancer. Phytomedicine Plus,
3(1), 100381.
https://doi.org/10.1016/j.phyplu.2022.100381
Bing, Z., Cheng, Z., Shi, D., Liu, X., Tian, J.,
Yao, X., Zhang, J., Wang, Y., & Yang, K.
(2018). Investigate the mechanisms of Chinese
medicine Fuzhengkangai towards EGFR
mutation-positive lung adenocarcinomas by
network pharmacology. BMC Complementary
and Alternative Medicine, 18(1).
https://doi.org/10.1186/5s12906-018-2347-x
Dennis, G., Sherman, B. T., Hosack, D. A.,
Yang, J., Gao, W., Lane, H. C., & Lempicki,
R. A. (2003). DAVID: Database for
annotation, visualization, and integrated
discovery. Genome Biology, 4(9).
https://doi.org/10.1186/gb-2003-4-9-r60
Hopkins, A. L. (2007). Network
pharmacology. Nature Biotechnology, 25(10),
1110-1111. https://doi.org/10.1038/nbt1007-
1110

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

35.

36.

37.

38.

39.

Huang, D. W., Sherman, B. T., Tan, Q.,
Collins, J. R., Alvord, W. G., Roayaei, J.,
Stephens, R., Baseler, M. W., Lane, H. C., &
Lempicki, R. A. (2007). The DAVID Gene
Functional Classification Tool: a novel
biological module-centric algorithm to
functionally analyze large gene lists. Genome
Biology, 8(9). https://doi.org/10.1186/gb-
2007-8-9-r183

Soussi, A., Gargouri, M., Magné, C., Ben-
Nasr, H., Kausar, M. A., Siddiqui, A. J., Saeed,
M., Snoussi, M., Adnan, M., El-Feki, A.,
Chappard, D., & Badraoui, R. (2022). (-)-
Epigallocatechin gallate (EGCQG)
pharmacokinetics and molecular interactions
towards of hyperglycemia,
hyperlipidemia associated hepatorenal
oxidative injury in alloxan induced diabetic
mice. Chemico-Biological Interactions, 368,
110230.
https://doi.org/10.1016/j.cbi.2022.110230
Dvorakova, K., Dorr, R. T., Valcic, S.,
Timmermann, B., & Alberts, D. S. (1999).
Pharmacokinetics of the green tea derivative,
EGCQG, by the topical route of administration
in mouse and human skin. Cancer
Chemotherapy and Pharmacology, 43(4), 331—
335. https://doi.org/10.1007/s002800050903
Loftsson, T., Thorisdottir, S., Fridriksdottir,
H., & Stefansson, E. (2009). Enalaprilat and
enalapril maleate eyedrops lower intraocular
pressure in rabbits. Acta Ophthalmologica,
88(3), 337-341.
https://doi.org/10.1111/5.1755-
3768.2008.01495.x

Halder, D., Dan, S., Pal, M. M., Biswas, E.,
Chatterjee, N., Sarkar, P., Halder, U. C., & Pal,
T. K. (2017). LC-MS/MS
quantitation of enalapril and enalaprilat in
plasma for bioequivalence study in Indian

amelioration

assay for

subjects.  Future Science OA, 3(1).
https://doi.org/10.4155/fs0a-2016-0071
4812 |Page



40.

41.

42.

43.

44,

Sougata Mallick, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 4794-4815| Research

Halder, D., Dan, S., Sarkar, P., Das, D.,
Halder, U. C., & Pal, T. K. (2019). LC-MS/MS
determination of 4-hydroxynimesulide, an
active metabolite of nimesulide and
application to bioequivalence study in Indian
subjects. European Journal of Mass
Spectrometry, 25(5), 399-411.
https://doi.org/10.1177/1469066718822621
Li, M., Tang, F., Xie, F., Lv, Y., Yu, P., Liu,
Z., & Cheng, Z. (2015). Development and
validation a LC-MS/MS method for the
simultaneous determination of agomelatine
and its metabolites, 7-desmethyl-agomelatine
and 3-hydroxy-agomelatine in human plasma:
Application to a bioequivalence study. Journal
of Chromatography B, 1003, 60-66.
https://doi.org/10.1016/j.jchromb.2015.09.018
Cai, H. L., Deng, Y., Fang, P. F., Cao, S., Hou,
Z.Y., Wu, Y. Q. Chen, X. J,, Yan, M., &
Zhang, B. (2016). A sensitive LC-MS/MS
method for analysis of pericyazine in presence
of 7-hydroxypericyazine and pericyazine
sulphoxide in human plasma and its
application to a comparative bioequivalence
study in Chinese healthy volunteers. Journal of
Pharmaceutical and Biomedical Analysis, 135,
67-74.
https://doi.org/10.1016/5.jpba.2016.12.007
Ren, L., Yang, C., Peng, Y., Li, F, Li, Y., &
Zheng, H. (2013). Application of a high
performance liquid chromatography—tandem
mass spectrometry method for determination
of buflomedil in human plasma for a
bioequivalence study. Journal of
Chromatography B, 935, 41-46.
https://doi.org/10.1016/j.jchromb.2013.07.010
Ren, L., Wang, Z., Lou, Y., Zheng, L., Zheng,
H., & Yin, C. (2014). Determination of
bevantolol in human plasma using liquid
chromatography—electrospray ionization
tandem mass spectrometry and its application
to a bioequivalence study. Journal of

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

45.

46.

47.

48.

49.

Chromatography B, 959, 16-21.
https://doi.org/10.1016/j.jchromb.2014.03.040
Patel, D. P., Sharma, P., Sanyal, M., Singhal,
P., & Shrivastav, P. S. (2013). UPLC -
MS/MS  assay the
quantification of carvedilol and its active

for simultaneous

metabolite 4’ - hydroxyphenyl carvedilol in
human plasma to support a bioequivalence
study in healthy volunteers.
Chromatography, 27(8),

https://doi.org/10.1002/bmc.2889
Furlong, M. T., He, B., Mylott, W., Zhao, S.,
Mariannino, T., Shen, J.,, & Stouffer, B.
(2012). A wvalidated enantioselective LC-
MS/MS  assay the

determination carvedilol

Biomedical
974-986.

simultaneous
and its

for
of
pharmacologically active 4’ -hydroxyphenyl
metabolite in human plasma: Application to a
clinical pharmacokinetic study. Journal of
Pharmaceutical and Biomedical Analysis, 70,
574-579.
https://doi.org/10.1016/j.jpba.2012.05.026
Yoshida, S., Kreger, A. M., Shaik, 1. H., West,

R. E., Venkataramanan, R., & Gittes, G. K.

(2023). Intra-amniotic sildenafil
administration in rabbits: Safety,
pharmacokinetics, organ distribution and

histologic evaluation. Toxicology and Applied
Pharmacology, 469, 116527.
https://doi.org/10.1016/j.taap.2023.116527
Huang, D., Cai, J., Zhang, C., Jin, R., Bai, S.,
Yao, F., Ding, H., Zhao, B., Chen, Y., Wu, X.,
& Zhao, H. (2023). Semen quality and seminal
plasma  metabolites in male rabbits
(Oryctolagus Cuniculus) under heat stress.
Peer], 11, el5112.
https://doi.org/10.7717/peerj.15112

Di, L., Yingqi, Z., Tianyuan, Y. U., Zhifeng,
L., Yi, J., Hourong, W., Yajing, X. U., Qian,
G., Lulu, C., & Hui, H. U. (2023). Protective
mechanisms of Tuina

therapy against

4813 |Page



50.

51.

52.

53.

54.

Sougata Mallick, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 4794-4815| Research

lipopolysaccharide-induced fever in young
rabbits based on untargeted metabolomics
analysis. PubMed, 43(4), 725-733.
https://doi.org/10.19852/j.cnki.jtcm.2023.04.0
07

Bailey, R. S., Barter, L. S., & Pypendop, B. H.
(2017). of
dexmedetomidine in isoflurane-anesthetized
New Zealand White rabbits. Veterinary
Anaesthesia and Analgesia, 44(4), 876—882.
https://doi.org/10.1016/j.vaa.2017.01.003
Luca, G. C., Barter, L. S., & Pypendop, B. H.
(2020).  Pharmacokinetics of ketamine
following a short intravenous infusion to
isoflurane-anesthetized New Zealand White

Pharmacokinetics

rabbits (Oryctolagus cuniculus). Veterinary
Anaesthesia and Analgesia, 47(3), 334-340.
https://doi.org/10.1016/j.vaa.2020.02.002
John, H., Binder, T., Hochstetter, H., &
Thiermann, H. (2009). LC-ESI MS/MS
quantification of atropine and six other
antimuscarinic tropane alkaloids in plasma.
Analytical and Bioanalytical Chemistry,
396(2), 751-763.
https://doi.org/10.1007/s00216-009-3209-7
Xu, Y., Yuan, Y., Smith, L., Edom, R., Weng,
N., Mamidi, R., Silva, J., Evans, D. C., & Lim,
H. (2013). LC-ESI-MS/MS quantification of
4B-hydroxycholesterol and cholesterol in
plasma samples of limited volume. Journal of
Pharmaceutical and Biomedical Analysis, 85,
145-154.
https://doi.org/10.1016/j.jpba.2013.07.016
Huang, M., Lin, W., Wang, W., Zhang, W.,
Lin, Z., & Weng, N. (2014). Quantitation of
P450 3A4 endogenous biomarker - 43 -
hydroxycholesterol - in human plasma using
LC/ESI - MS/MS.
Chromatography, 28(6),
https://doi.org/10.1002/bmc.3131

Biomedical
794-801.

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

55.

56.

57.

58.

59.

Kalogera, E., Pistos, C., Provatopoulou, X.,
Athanaselis, S., Spiliopoulou, C., & Gounaris,
A. (2013). Androgen glucuronides analysis by
liquid chromatography tandem-mass
spectrometry: Could it raise new perspectives
in the diagnostic field of hormone-dependent
malignancies? Journal of Chromatography B,
940, 24-34.
https://doi.org/10.1016/j.jchromb.2013.09.022
Zang, T., Tamae, D., Mesaros, C., Wang, Q.,
Huang, M., Blair, I. A., & Penning, T. M.
(2016). Simultaneous quantitation of nine
hydroxy-androgens and their conjugates in
human serum by stable isotope dilution liquid
chromatography  electrospray
tandem mass spectrometry. The Journal of
Steroid Biochemistry and Molecular Biology,
165, 342-355.
https://doi.org/10.1016/j.jsbmb.2016.08.001

Wang, H., Yang, D., Jiang, S., Ren, Y., Wu, L.,
Wang, Z., Kuang, H., & Wang, Z. (2023).
Simultaneous  determination  of  four
phytoecdysteroids by LC-MS/MS: application
to a comparative pharmacokinetic study in
normal and adjuvant arthritis rats after oral

ionization

administration of C. officinalis Kuan
phytoecdysteroids  extract. ~ Xenobiotica,
53(12), 634-643.

https://doi.org/10.1080/00498254.2023.22707
41

Cao, Y., Gu, C., Zhao, F., Tang, Y., Cui, X.,
Shi, L., Xu, L., & Yin, L. (2017). Therapeutic
effects of Cyathula officinalis Kuan and its
active fraction on acute blood stasis rat model
and identification constituents by HPLC-
QTOF/MS/MS. Pharmacognosy Magazine,
13(52), 693.
https://doi.org/10.4103/pm.pm_560 16

Wang, L., Gan, C., Wang, Z., Liu, L., Gao, M.,
Li, Q., & Yang, C. (2017). Determination and
Pharmacokinetic Study of Three Diterpenes in
Rat Plasma by UHPLC-ESI-MS/MS after Oral

4814 |Page



Sougata Mallick, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 4794-4815| Research

Administration of Rosmarinus officinalis L.
Extract. Molecules, 22(6), 934.

HOW TO CITE: Sougata Mallick*, Rituparna Das,
Chowdhury Mobaswar Hossain, Dharmajit Pattanayak,
Atanu Chatterjee, Durgesh Ranjan Kar, Paramita Dey,

https://doi.org/10.3390/molecules22060934 Network- Based Approach for In-Silico Validation in

60. Wang, G., Wang, H., Lin, Z., Hou, L., Wang, targeting BRCA1 Gene & LC-MS/MS quantification of
Epigallocatechin-3-Gallate Gold Complex Loaded

J. Y, & Sun, L. (2021). Simultaneous k ,
L L. Nanoparticles (EGCG-Au-NP), Int. J. of Pharm. Sci.,
determination of 11 alkaloids in rat plasma by 2025, Vol 3, Issue 11,  4794-4815

LC-ESI-MS/MS and a pharmacokinetic study https://doi.org/10.5281/zenodo.17760791
after oral administration of total alkaloids
extracted from Nauclea officinalis. Journal of
Ethnopharmacology, 282, 114560.
https://doi.org/10.1016/j.jep.2021.114560

61. Feng, B., Shang, B., Yang, Y., Liu, R., Su, L.,
Zhang, Y., Xin, L., Chen, Q., & Li, Z. (2024).
Comparative analysis of six aconitine - type
alkaloids in decocting extracts between the
different processed Fuzi (Aconiti Lateralis
Radix praeparata) and its pharmacokinetic

by HPLC - MS/MS.

38(12).

behavior in rats
Biomedical Chromatography,
https://doi.org/10.1002/bmc.6035
62. Xu, Y., Li, Y., Zhang, P., Yang, B., Wu, H.,
Guo, X., Li, Y., & Zhang, Y. (2017). Sensitive
UHPLC-MS/MS quantitation and
pharmacokinetic comparisons of multiple
alkaloids from Fuzi- Beimu and single herb
aqueous extracts following oral delivery in
rats. Journal of Chromatography B, 1058, 24—
31.
https://doi.org/10.1016/j.jchromb.2017.05.016
63. Ren, X., Wang, Z., Wang, X., L1, Y., & Tan,
Y. (2024). Determination of aloesone in rat
plasma by LC-MS/MS spectrometry and its
application in a pharmacokinetic study.
Bioanalysis, 16(10), 453-460.
https://doi.org/10.4155/bio-2023-0231.

/AU
)

{%%/) INTERNATIONAL JOURNAL OF PHARMACELITICAL SCIENCES

\ 74
=

U 4815 |Page

7



