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Drug resistance continues to be a barrier to successful chemotherapy for ovarian cancer. A potential
delivery strategy for circumventing drug resistance and locating a combination of strong
medications has been developed by nanoparticulate drug delivery. Using solvent evaporation
techniques, we developed albendazole & Paclitaxel dual drug loaded D-a-tocopheryl polyethylene
glycol 1000 succinate (vitamin E TPGS)-soluplus folic acid conjugated nanomicelles. First, we
used molecular docking and molecular dynamics simulation study to establish the anticancer
potential of ABZ. Albendazole binding affinity towards VEGFR-2 was checked by molecular
docking and dynamics study, which revealed a potent binding energy AG = -7.12 kcal/mol,
inhibitory concentration (Ki) = 6.04 pM, and as a positive control comparison with standard drug
(42Q1170A) showed AG = -12.35 kcal/mol and Ki = 881 pM. The binding energy is significantly
high for greater stability of the complex. Therefore, the current work suggests the role of
Albendazole as a potent angiogenesis inhibitor as ascertained by its potential interaction with
VEGFR-2.
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1. Introduction

Because more people are using oral contraceptives, there has been a decrease in the incidence
of ovarian cancer diagnoses in recent years [1]. among 2018, more than 240,000 women
received an ovarian cancer diagnosis, making it the sixth most frequent malignancy among
women globally [4]. Ovarian cancer is the second most prevalent cancer worldwide, especially
in industrialised nations, after breast cancer, which is the most common type of cancer in
women over 40 [3]. As mentioned earlier, the most deadly kind of gynecologic cancer is
ovarian cancer, which also happens to be the tenth most frequent disease in women [5]. It is
also the fifth most common cause of cancer-related deaths among females [7]. The survival
and cure rates for ovarian cancer have not significantly changed over time, despite the fact that
we now know more about the disease [6]. This is a result of the disease's ongoing difficulty
with early diagnosis [9]. This is caused, in part, by unclear screening tools not being available
and by symptoms and indicators that might be misleading and "masquerade™ as other illnesses
that are not malignant [2]. Approximately 22,000 new cases of ovarian cancer are found in the
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US each year, and 14,000 women pass away from the disease directly [8]. The encapsulation
efficiency can be calculated by dividing the amount of drug loading by the theoretical feed
[10]. Because it helps determine medicine or active medicinal component intake (API), this
statistic is important [13]. The dose is determined using this parameter [15]. High-pressure
liquid chromatography (HPLC), an efficient drug analysis technique, is widely used to
evaluate both of these attributes.
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Figure 1: Entry and movement of nano-enabled anticancer drugs in a ovarian cancer cell.

Despite significant advancements in research, issues including low drug loading and poor
stability have hindered the creation of these better drug carriers, especially for hydrophilic
medications. Notwithstanding these challenges, polymeric micelles have achieved notable
advancements [11]. Despite this, the chemical flexibility provided by amphiphilic block co-
polymers makes it possible to construct polymeric micelles that can overcome these
difficulties [14]. Despite significant advancements in research, issues including low drug
loading and poor stability have hindered the creation of these better drug carriers, especially
for hydrophilic medications [12]. Notwithstanding these challenges, polymeric micelles have
achieved notable advancements. Despite this, the chemical flexibility provided by amphiphilic
block co-polymers makes it possible to construct polymeric micelles that can overcome these
difficulties..

The rest of the paper is organized as follows: Section 2 provides the classification scheme for
the survey; Section 3 provides an overview of proposed architecture. Section 4 provides a
summary and comparison of the results of the various papers discussed in this taxonomy.
Finally, Section 5 concludes the paper.

2. Literature Review

The evaluation of the literature includes a detailed analysis of drug delivery systems that use
TPGS as a carrier for ovarian cancer as well as dual drug loading micelles for ovarian cancer
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therapy. When compared to single drug loaded delivery systems, dual drug loaded delivery
systems may show to be superior drug delivery systems since they can get beyond the
drawbacks of convectional drug delivery systems.

Reference Drug Composition Result
[4] Paclitaxel MPEG-SS-2SA and | Potential carrier for
TPGS Polymeric | anti-cancer drugs
mixed micelles
[5] Albendazole Bovine serum | Effective in tumor
albumin nanoparticles | therapy
[6] Doxorubicin and | DSPE-PEG-2000 Higher therapeutic
vinorelbine efficiency in breast
cancer treatment
[7] Paclitaxel & | Immunomicelles Proved to be better
doxorubicin decorated with | line of treatment in
CD147ab various cancer cell
lines
[8] Paclitaxel and | N-(2- HPMA copolymer
Gemcitabine hydroxypropyl)- was prove as a
methacrylamide promising  carrier

(HPMA) copolymer | for  dual  drug
with drug conjugation | delivery

[9] Curcumin and | Triblock Dual drug loaded
platinum polycaprolactum polymeric micelles

(PCL) polymeric | shows good

micelles synergistic effect as

compared to single
loaded micelles

[10] Paclitaxel & | TPGS & DTDPA | Synergistic
doxorubicin contain linker | anticancer efficacy
disulfide bond & reduced systemic
toxicity

3. Materials and Methods

A gift sample of Paclitaxel was supplied by Cipla Pvt Ltd, whereas a gift sample of albendazole
was obtained from Sequent Pharma, Mumbai. Acetonitrile and water of HPLC grade were
purchased from Merck Pharmaceuticals. Every substance used was of AR grade.

. Instrumentation

The analysis was conducted using a Shimadzu HPLC model prominence LC-2030C 3D
system. A High-Performance Liquid Chromatography system with quaternary gradient pumps,
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a variable wavelength PDI detector linked to a data recorder, and integrator software were
used for method development and data processing.

. Preparation of Mobile phase:

500 cc of Milli-Q Water and 100 cc of TFA were dissolved in the 1000 mL measuring
container to create mobile phase A (0.1% TFA + water). Milli-Q Water was used to make up
the final volume, which was subsequently filtered and degassed using 0.45 u membrane filter
paper. Phase B mobile phase was acetonitrile.

Selection of drug and polymer

An anti-cancer medication called paclitaxel is used to treat different types of cancer. BCS class
IV medication paclitaxel has poor permeability and solubility. Albendazole is usually used as
an anti-helminthic medication, however studies have shown that it also acts through the
depolymerization of microtubules. Using molecular docking, it is found that ABZ has a
binding affinity for VEGF receptor, which is crucial for the development of new blood vessels.
Because it is overexpressed in a lot of cancers, the folate receptor (FR) is a known biomarker
for tumour cells. Additionally, Pgp efflux of pharmaceuticals is inhibited by vitamin E
(TPGS), which promotes drug accumulation within cells. A solubilizing compound called
Soluplus aids in the creation of micelles. Micelles of PTX and ABZ combined with soluplus
and TPGS-Fol have never been made before. Therefore, these particular drug and polymer
combinations were chosen in order to prepare polymeric micelles.

3.1 Characterization of Albendazole and Paclitaxel
. FCMC determination

Using the UV technique, the critical micelle concentration of TPGS was determined. To
prepare a standard KI/I2 solution, precisely weighed 1 gramme of iodine and 2 grammes of
potassium iodide were dissolved in 100 millilitres of distilled water, following the previously
described procedure. For the purpose of determining the CMC, samples with varying
concentrations of polymer solution (from 0.001% to 0.1%), each containing precisely 25 pl of
iodine solution, were created. All of the samples were stored in the dark for 12 hours before
to analysis. Using a UV spectrophotometer, the absorbance of various polymer solution
concentrations was determined at 366 nm. By displaying the graph of absorbance vs. log of
polymer mass concentration, the CMC value of micelles was determined.

J Molecular docking

The purpose of this work is to investigate the binding characteristics of the 3VHE protein by
means of geometrically optimised compounds such as standard 42Q and ABZ. Proteins were
screened for missing sidechain residues using the open Molecular Mechanics (MM) simulation
tool (https://openmm.org/) before to use in molecular interaction investigations. Investigations
on molecular docking were conducted using Autodock v4.2.6.

o Molecular dynamics simulation

Using Schrédinger's Desmond software Vs 2020.1, MD simulations of docked complexes of
ABZ and 42Q with protein were carried out (PDB ID: 3VHE). Triplicate sampling was carried
out under the same conditions for every MD run in order to obtain more accurate results. The
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force field of OPLS-2005.

4, Results and Discussions

The time and financial savings associated with drug repurposing make it a very viable
substitute for the conventional approach to anticancer drug research and development.
Albendazole is a benzimidazole carbamate that has been used for a long time to treat parasitic
worms in both humans and animals. It is generally used as an anti-helmintic medication, but
it has also been used as an anti-cancer medication in recent times. By inhibiting VEGFR-2,
ABZ stops angiogenesis. The development of new blood vessels, or angiogenesis, is what
causes tumours to grow. The well-known anti-cancer medication paclitaxel is used to treat a
variety of cancers. There has also been reports of albedazole action in paclitaxel-resistant cells.
Its low water solubility and cytotoxicity are still thought to be significant obstacles to creating
formulations that would effectively treat the condition. Enhancing antitumor efficaciousness
is one of vitamin E TPGS's important roles. It also blocks the Pgp channel, which prevents
drug efflux. Patients with ovarian cancer have overexpressed folate receptors. Therefore, folic
acid can increase micelles' targeted efficacy. Developing targeted polymeric mixed micelles
with ABZ-PTX codelivery to increase therapeutic potential was the main goal of this effort.
Moreover, the target and synergistic effect of polymeric mixed micelles were improved by the
concurrent administration of TPGS-Fol and ABZ-PTX.

Figure 2: TEM of APSTFM
Nanotechnology Perceptions Vol. 20 No.S3 (2024)
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Using TEM, the surface morphology of the final optimised formulation of APSTFM was
studied. The micelles' morphology from TEM images revealed a homogeneous, smooth
surface area and spherical shape (fig 2).

5. Conclusion

The goal of the study was to strengthen PTX and ABZ's combined therapeutic efficacy while
also stabilising ABZ's anticancer potential. The ABZ is a good candidate for an anticancer
drug, as demonstrated by simulation research and molecular docking. Additionally, TPGS-
Fol-soluplus polymeric mixed micelles loaded with ABZ PTX were effectively synthesised
and characterised. The superior entrapment efficiency and target specificity of the ABZ-PTX-
Soluplus-TPGS-Fol micellar system allowed it to outperform traditional polymeric micelles.
The synthesised soluplus & TPGS-FOL conjugated polymeric micelles loaded with PTX and
ABZ showed reduced size, strong encapsulation, increased stability at dilution, prolonged
release, and biocompatibility. The MTT experiment and research on animals verified the
formed micelles' higher cytotoxicity. The investigation concluded that PTX and ABZ
distribution was aided by the nanosystem TPGS-SOL-FA polymeric mixed micelles. There is
room for more research on the whole release profile in animals as well as acute and long-term
toxicity assessments.
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