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Abstract

This work demonstrates the use of Gamma-
Linolenic acid (GLA) liposomes with docetaxel.
This facilitates the easier determination and
absorption of (Lipo) by receptors, leading to more
focused drug delivery into cancer cells. The
potential harm induced by nonspecific dispersion is
the main problem with the chemotherapeutics that
are now on the market. In this study, we created
liposomes called DTX-GLA-Lipo, which contain
both DTX and gamma-Linolenic acid. These
liposomes showed outstanding stability under
accelerated storage conditions and sustained release
for up to 24 hours. Membrane absorbed more DTX-
GLA-Lipo, than free DTX, according to quantitative
tests. Additionally, compared to the Docetaxel
formulation, DTX-GLA-Lipo demonstrated a
significant decrease in tumor volume and toxicity,
demonstrating the improved safety and effectiveness
of the new formulation. The effectiveness of
chemotherapy and the combined effects of GLA and
DTX. possibly improved by encasing the
medications in liposomes. By limiting their
exposure to healthy tissues, liposomal formulations
may reduce the systemic toxicity of chemotherapy
drugs like Docetaxel. The anti-inflammatory
properties of GLA may also help lessen some of the
side effects of chemotherapy. Through its modes of
action, which include pro-apoptotic and anti-
inflammatory effects, GLA may increase the
anticancer efficacy of Docetaxel. The total efficacy
of the treatment may be increased by this synergistic
combination.

Keywords: Docetaxel, Gamma- Linolenic acid,
Liposomes, Cancer, Breast Cancer.
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Abbreviation

BC Breast cancer

GLA Gamma-Linolenic acid

DTX Docetaxel

NCI National Cancer Institute

PC Phosphatidylcholine

Chol Cholesterol

TPGS D-a Tocopherol polyethylene glycol
PBS Phosphate-buffered saline

SEM Scanning electron microscopy

TEM Transmission electron microscopy
FTIR Fourier Transform Infrared Spectroscopy
PS Particle size

PDI Polydispersity index

ZP Zeta potential

% EE Percent Entrapment efficiency

I. Introduction

Breast cancer is the most common type of
cancer worldwide. [1]. every nation's top cause of
death is cancer, which poses a serious challenge to
increasing life expectancy. [2]. Breast cancer is the
most frequently diagnosed malignant disease and
the primary cause of cancer-related mortality for
women worldwide. Through a thorough review of
the literature, the study explores the epidemiological
features, clinical implications, and unmet needs of
people dealing with brain metastases and breast
cancer that is positive for human epidermal growth
factor receptor 2. In 2020, there were an expected
2.3 million new cases of breast cancer in women
globally, accounting for 11.7% of all new cancer
diagnoses, and 685,000 deaths, or 6.9% of all
cancer-related deaths. [3,4].In recent decades,
Docetaxel (DTX) has become a highly successful

chemotherapeutic drug, showing notable efficacy in
the treatment of a wide variety of cancers, including
skin, lung, ovarian, and breast cancers. The
compound's strong lipophilicity and poor solubility
in aqueous conditions are responsible for its narrow
therapeutic window. [5, 6].A taxane class anticancer
medication called Docetaxel is frequently used to
treat a variety of solid cancers. It causes apoptosis
(programmed cell death) and stops cell division at
the G2/M phase by stabilizing microtubules and
preventing their depolymerization. The National
Cancer Institute (NCI) hailed Docetaxel, the first of
a new family of microtubule-stabilizing drugs, as
the most significant development in chemotherapy
in the last 15-20 years [7]. Docetaxel is a broad-
spectrum anticancer medication that can be used to
treat lung, breast, ovarian, and other cancers.
Therefore, using efficient production methods to
increase its water bioavailability and solubility is a
commendable scientific  objective.  Currently,
liposomes are being studied as Docetaxel dosage
formulations.[8,9].DTX functions by attaching
selectively to tubulin's b-subunit, a component of
microtubules. Eventually, these microtubules come
together to form stable assemblies. After DTX, cells
are stopped in the late G2 and M phases of the cell
cycle because the mitotic checkpoint is blocked.[10,
11].0mega-6 polyunsaturated fatty acids (PUFAs)
include gamma-Linolenic acid (GLA). Another
name for it is cis-6, 9, and 12-octadecatrienoic acid.
Recent research has connected omega-6 fatty acids
to the treatment of cancer, arthritis, and
inflammation. Reports of its use in mood regulation,
immune enhancement, and weight control have also
been made. An evening primrose plant's oil contains
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a significant amount of GLA. Several studies have
demonstrated that the processes underlying GLA's
anti-cancer activity include the production of free
radicals, lipid peroxidation, and macrophage
activation, all of which cause cell death. [12,
13].PUFAs divide into two families: omega-3 (»-3)
and omega-6 (®-6). A terminal carbon-carbon
double bond is present in omega-6 fatty acids (FAs)
at the omega-six position, six bonds from the methyl
end, but it is present in omega-3 acids, three bonds
from the methyl end. Gamma-Linolenic acid (GLA)
is vital to human health and is a member of the ®-6
family of fatty acids. It is categorized as an essential
fatty acid because the body cannot produce it on its
own and must get it through diet or supplements.
GLA may be present in a variety of plant oils,
including black currant seed oil, evening primrose,
and borage. The body may also produce it using
enzymes that are generated from another omega-6
fatty acid, linoleic acid.Although some research
suggests that GLA may have anticancer properties,
more research is necessary to ascertain its role in
cancer  prevention and  treatment. [14,
15].Liposomes is colloidal spherical structures that
are generated through the process of self-assembly
of amphiphilic lipid molecules, including
phospholipids, in solution. With the polar head
groups pointing towards the inner and outer aqueous
phases, the lipid membrane may be made up of one
or more lipid bilayers, or lamellas, arranged around
an internal aqueous core. Liposomes contain the
unique capacity to load and distribute compounds
with varying degrees of solubility because of their
well-organized structure. Amphiphilic molecules are
found at the water/lipid Dbilayer interface,
hydrophobic molecules are incorporated into the
lipid bilayer, and hydrophilic molecules are found in
the interior aqueous core. Using liposomes as a drug
delivery technology has enhanced treatments for a
variety of biomedical applications by enhancing the
bio-distribution of chemicals to target areas in vivo,
stabilising therapeutic compounds, and removing
barriers to cellular and tissue absorption. The
liposome-loaded medication is shielded from
physiological occurrences such as enzymatic
breakdown, chemical and immunologic inactivation,
and rapid plasma clearance, all of which enhance
and prolong its therapeutic effects. When opposed to
the free drug form, the medication's accessibility to
healthy tissue is minimised since it is enclosed
inside the liposome, which also lessens any
unwanted side effects. Liposomes are lipid-based
nanoparticles that have the potential to encase drugs
such as Docetaxel, therefore impeding their

degradation and enhancing their delivery to
tumorous cells. GLA and Docetaxel may work
better together to treat cancer cells when
encapsulated in liposomes. By reducing their
exposure to healthy tissues, liposomal versions of
chemotherapeutic drugs as Docetaxel may help
reduce their systemic toxicity. The anti-
inflammatory properties of GLA could also help
reduce some of the side effects of chemotherapy.
Using its pro-apoptotic and anti-inflammatory
mechanisms of action, GLA may increase the
effectiveness of Docetaxel anticancer treatment. The
total effectiveness of the treatment might be raised
by this synergistic = combination efficacy
[16,17,18].Gamma-Linolenic acid (GLA)-
functionalized Docetaxel-loaded liposomes should
be optimized in future studies to improve drug
loading, stability, controlled release, and tumor-
specific targeting. Using ligands like folic acid or
Lactoferrin to modify the surface may increase
selective delivery while reducing systemic toxicity.
The molecular mechanisms, including as apoptosis
and important signaling pathways, that underlie the
synergistic anticancer actions of Docetaxel and
GLA require more investigation. Pharmacokinetic
and safety investigations, as well as thorough in
vitro and in vivo evaluations, are crucial. To turn
this potential nanocarrier system into a successful
breast cancer treatment, large-scale production and
well planned clinical trials are essential.[19, 20].

II. Material and methods

2.1 Materials Phosphatidylcholine, Cholesterol
(MP101382), TPGS (D-a Tocopherol polyethylene
glycol 57665G SIGMA), Acetonitrile and water
were of HPLC grade (Merck, Darmstadt, Germany).
GLA (Gamma Linolenic Acid) was purchased from
TCI chemicals (India) Pvt .Ltd DTX (Docetaxel)
were kindly gifted from Neon Laboratories, Mumbai
India, Analytical grade, Methanol (FINARCASR:
67561), Chloroform (FINARCASR: 67-66-3),
ethanol and methanol werepurchased from Ltd.
(Mumbai, India)..The experiment was conducted
using Millipore (Milli Q water).Dialysis membrane
M. Wt. cut off 12,500-14,000 daltons) was
purchased from Himedia, Mumbai. 170 Membrane
filters 25 mm (0.2 pm).

2.2 Preparation of liposomes

DTX-GLA loaded liposomes were created
using a slightly modified version of the thin-film
hydration process. A 10 mL solvent mixture (1:1
chloroform: methanol) was used to dissolve
cholesterol, phosphotedycholin, Docetaxel, and
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gamma-Linolenic acid in a round-bottom flask. In
order to create a thin lipid layer, the organic solvents
were thereafter gradually evaporated under vacuum
in a rotary evaporator. After that, the film was dried
for four hours at 25°C in a vacuum oven to
eliminate any remaining organic solvents. After that,
the thin film was hydrated for two hours at 100 rpm
using Milli-Q water. In order to create smaller and
more evenly sized vesicles, the generated liposomal
dispersion was finally probe-sonicated (PROBE
SONICATOR (LABMAN-PRO-650)) for the ideal
amount of time. These vesicles were subsequently
freeze-dried. [17].

2.3 Optimization of Liposomes formulation by
using (DoE) Software

"Box Behnken" Response Surface design
was used to improve three process parameters at
three levels. Particle size, PDI, and % entrapment
efficiency were taken into consideration as
responses, while GLA and phospholipid cholesterol
ratio were selected as optimization factors based on
available data and literature. (Version -13 of Design
Expert) 17 runs were constructed using Stat-Ease®
version 13.0.5.0. A quadratic polynomial model was
fitted to the responses of every run. After examining
a number of statistical measures, including R2,
Sequential Model Sum of Squares, Lack of fit, and
partial sum of squares provided by analysis of
variance (ANOVA), appropriate fitting was
selected. [17, 20].

I11. Characterization

3.1 Particle Size, PDI and zeta potential

The improved liposomal formulation's particle size,
polydispersity index (PDI), and zeta potential were
evaluated using an average of ten measurements
using a Life Sizer (Anton Paar Instruments). The
optimized liposomal formulation was evaluated for
particle size and Polydispersity index (PDI) using
Life Sizer (Anton Paar Instruments) and an average
of ten measurements. [21].

3.2 Fourier Transform Infrared Spectroscopy
(FTIR) analysis

The components of DTX-GLA-loaded liposomes
were evaluated for any intermolecular interactions
using an FTIR (Thermo Scientific, USA Nicolet
6700) analysis. Using an FTIR spectrophotometer,
the FTIR spectra of the conventional DTX and GLA
blank and DTX-GLA-Liposomes preparations were
observed and recorded. The spectrum used to
examine the FTIR data ranged from 4000 cm-1 to
400 cm-1.[22].

3.3 Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) was used to
assess the surface texture using the previously
outlined approach. Each specimen underwent
scanning electron microscopy analysis (JEOL JSM-
6490LV, Japan) and dehydration in critical point
drying. For the surface texture investigation, we
employed the previously developed methodology.
Each specimen underwent critical point drying and
dehydration before being inspected under a scanning
electron microscope. [23]

3.4 Transmission electron microscopy (TEM)

Transmission electron microscopy using the Jeol
JEM 1400 model (Jeol Ltd., Tokyo, Japan) was used
to analyze the formulation's shape and surface
morphology. After diluting the samples with
ultrapure water, a drop of different nano
formulations was applied to a Formvar-coated grid,
dried, dyed with 1% w/v phosphotungstic acid,
analyzed using TEM, and viewed under a
microscope at an accelerating voltage of 80.[23,24].

3.5 Entrapment efficiency

The amount of DTX that was trapped in the
liposomes was assessed directly. In conclusion, the
liposomal dispersion was centrifuged for ten
minutes at 10,000 rpm in order to pellet down the
unentrapped DTX. After that, the supernatant
containing the DTX-loaded liposomes was gathered,
and the liposomes were pelleted using an
ultracentrifuge (Hitachi WX Series) set to 45000
rpm for 30 minutes at 4°C. The pellet was dissolved
in acetonitrile, and a validated UV method was used
to measure the concentration of DTX. [25,28].
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3.6 In-vitro drug release studies

Drug release of DTX-GLA-loaded liposomes was
examined in vitro using the dialysis bag diffusion
technique. The DTX-loaded liposomes contained 10
mg (10 ml) of Liposomes with a molecular weight
cut-off of 1000 Da were placed into a cellulose
membrane dialysis bag. After sealing the bag
tightly, 50 millilitres of phosphate-buffered saline
(pH 7.4) (PBS) were added to it. The system was
continuously shaken at 100 rpm/min to keep its
temperature at 37+0.5 C. Samples were taken out of
the receptor compartment at predetermined intervals
and replaced with fresh medium. An UV
spectrophotometer was used to measure the
absorbance after the samples were filtered through a
0.45 mm syringe filter. [26].

3.7 Stability studies

Accelerated stability study

Applying the procedure outlined in our previous
work, DTX-GLA-loaded liposomes were evaluated
for accelerated stability over a period of three
months. Particle size, ZP, and ease of reconstitution
were measured for the DTX-GLA Lipo
formulations, which were stored in a stability
chamber at 8 °C and 40 °C after three months. The
stability of the DTX-GLA-liposomes was evaluated
after three months of storage at 8°C and 40°C. The
amount of time the samples were stored affected
their ZP and particle size distribution. [27,29].

3.9 Statistical Analysis

All data is presented as means + standard deviations
(SD). The statistical analysis was carried out using
Graph Pad Prism Version 8.0.1 (Graph Pad
Software) and a student's t-test.

IV. Results
4.1 Optimization of Liposomes formulation by using (DoE) Software
The Box Behnken design was used to optimize the formulation by considering three separate factors at three
levels. 17 runs were recommended, as shown in Table 1

Std. Run Factor Factor Factor 3 | Response 1 | Response | Response 3 Response 4
Sample 1 2 C:CHOL | Particle size 2 PDI Zeta Entrapment
A:GLA B:PC mg nm Potential efficacy
pL mg +mV %
17 1 55 15 10 150.6 0.392 -12.1 74.76
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20 55 20 15 168.85 0.481 255 81.67
2 3 60 10 10 154.21 0.347 171 71.48
7 4 50 15 15 149.62 0.359 [15.1 78.24
s 55 10 15 138.72 0.355 203 70.18
4 6 60 20 10 188.43 0.498 185 80.29
! 7 50 10 10 132.48 0.353 145 68.14
101 g 55 20 5 165.21 0.346 1159 75.42
6 9 60 15 5 155.92 0.363 149 72.18
S 10 50 15 5 138.07 0.356 -20.9 70.08
161 55 15 10 150.6 0.392 12,1 7476
50 55 15 10 150.6 0.392 121 74.76
s 55 15 10 150.6 0.392 12,1 74.76
81 14 60 15 15 174.99 0.463 228 79.59
Bl s 55 15 10 150.6 0.392 12,1 74.76
T 55 10 5 135.92 0.379 143 67.84
S g 50 20 10 161.86 0.394 218 78.06

Table 1: Box-Behnken experimental design showing the outcomes of various factors and responses recorded
during a 17-run period. GLA and the ratio of Phosphatidylcholine to cholesterol were selected as optimization
factors, and PS, PDI, ZP and %EE were taken into consideration as responses.
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Figure-1 Box-Behnken experimental design illustrating the 3-D surface plots of represents the effect on P.S.PDI
and ZP.

4.2 Particle Size, PDI and zeta potential

Particle size, PDI, and Zeta potential we were assessed, and we recorded theDTX-GLA-Liposome
183.06£6.81, 0.359+0.016, and -19.63+1.400f PS, PDI, and ZP, respectively (Model) (Table 2)Particle size
distribution, Zeta potential, PDI and Entrapment efficiency of liposomes Values are presented as
mean £SD (n=3) (Table 2).

Sample Particle size Polydispersity Zeta potential %EE
(nm) index (%) (mv)
DTX -Lipo | DTX-GLA
Lipo

Placebo-Lipo 105.6+3.67 0.258+0.016 -10+0.26
DTX-Lipo 157.8+3.38 0.241+0.004 -17.93+1.56

o, (1)
GLA-Lipo 151.242.11 0.262+0.003 -15.26+0.41 82.68% 79.92%
DTX-GLA-Lipo 183.06+6.81 0.359+0.016 -19.63+1.40
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4.3 Fourier Transform Infra-Red Spectrometer (FTIR)

We performed FT-IR analysis to confirm the validation and compatibility of all excipients with drugs and GLA
and DTX (Figure-2 and 3). We recorded the FT-IR spectra 3011.7-3475.4 - O-H Stretch, 2082.3 -2935.0 —
C=H, 1419.3-1650.4 C=0 and 1103.5 - 1368.2 - O-H Stretch in each spectra of FTIR, which confirmed and

validated the no major changes in peak and shifting in peak of spectra.

(\ Wavenumber Observed

(Cm) Groups
30117 0-H Stretch

29215 CH

Stretch
N | 2860.1 C-H Stretch
17103 C=0 Stretch
14193 0-H Bending
12878 C-0 Stretch

Waenunters o)

Figure-2 FTIR spectrum of GLA analysis to confirm the validation GLA We recorded the FT-IR spectra

3011.7-3475.4 - O-H Stretch, 2082.3 -2935.0 — C=H , 1419.3-1650.4 C=0 and 1103.5 - 1368.2 - O-H Stretch in

each spectra of FTIR .
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(Cm1) Groups
37321 O-H Stretch
(medium)
3507.2 O-H Stretch
(strong)
2
2935.0 C-H Stretch
1713.3 C=0 Stretch
1650.4 C=C Stretch
1483.9 C-O Stretch
 — o & W 1368.2 0-H Bend

Figure -3FTIR spectrum of DTX

4.4 Surface morphology
The optimised liposome was analysed for shape and surface morphology by SEM and TEM analysis, and we
clearly observed the spherical and unilamellar particles. SEM and TEM analysis investigated the morphology of

liposomal formulations. As depicted in Figures 4 (A) and (B), all formulations of DTX-GLA liposomes showed
distinct spherical shapes.

A B

15kV  X15,000 —1pm 1125S8El . : _‘ : _ s
Figures 4 (A) and (B) formulations of DTX-GLA liposomes showed distinct spherical shapes.

4.5 Entrapment efficiency

The entrapment of optimised liposomes was analysed, and we observed 82.68% and 79.92% of DTX-Lipo and
DTX-GLA-Lipo, respectively (Table-2).
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80.00 - 9%6EE
79.50
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78.50 T T T 1
1 2 3 4

DTX-GLA LIPO DTX- LIPO

Figure 5 Entrapment DTX-GLA-Lipo and DTX-Lipo we observed 79.92% and 82.68% of DTX-GLA-Lipo
and DTX-Lipo, separately.

4.6 In-vitro drug release

Percentage of DTX released from the DTX-Lipo and DTX-GLA-Lipo in PBS buffer (pH 7.4) was determined at
specific time intervals (0.5h, 1 h, 2 h, 4 h, 8h, 16h, 24 h, 32h and 48 h) with the standard curve of
Docetaxel(Figure 6 and 7). 48hr 82.38 DTX-Lipo, 79.44 DTX-GLA-Lipo

—m— DTX-GLA Lipo.

90 - —&— DTX-Lipo.

% Cumulative drug release

0 T T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 a4 48

Time (h)

Figure-6 /n-vitro drug release % Cumulative drug release
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Figure-7 In-vitro drug release % Cumulative drug release Series -1 (time), Series-2(DTX-LIPO), Series -
3(DTX-GLA-LIPO)

4.7 Accelerated stability study

The DTX-Lipo was promptly stored at 8 °C and 40 °C after its preparation and characterization. Measurements
were for recorded at both temperature like particle sizes and Zeta potential .The data shown(Table-3) in
demonstrates that the two measures were consistent for the majority of the formulations after 12 Weeks.

Liposomes Initial After 3 months
PS(nm) PDI (%) ZP(mV) 8+2 °C 40+2 °C
PS PDI VA4 PS PDI zp
(nm) (%) (mV) | (nm) (%) (mV)
DTX- 157.8+3.38 0.241+0.004 | -17.93+£1.56 | 183+ 0.447+0.0155 | -1.39 271.7£7.45 | 0.445+ -23.2+
Lipo 5.30 +0.034 0.0083 1.45
DTX-GLA | 183.06+ 6.81 0.359+0.016 | -19.63+£1.40 | 294.2+14. | 0.372+0.0058 | -14.7 340 0.469 -18.4
Lipo 95 +0.854 | £10.78 +0.0072 | +0.65

Table 3 Storage and Accelerated stability of Lipo- DTX loaded liposomal formulations following the storage at
different temperature and humidity conditions up to 3- months Storage.

VI. Discussion

V.

passive

tumor

targeting via

the

increased

Based on the Box—Behnken Design (BBD),
the  current study  effectively  optimized
Docetaxel-Gamma—Linolenic Acid (DTX-GLA)
liposomes, allowing for a systematic assessment of
the effects of GLA concentration,
Phosphatidylcholine (PC), and cholesterol (CHOL)
on the physicochemical properties of liposomes.
Particle size, polydispersity index (PDI), zeta
potential, and entrapment efficiency were all
strongly impacted by lipid composition, as shown
by seventeen experimental runs produced by the
design.[30].Among the key factors influencing

permeability and retention (EPR) effect is particle
size. With a particle size of 183.06 £ 6.81 nm, the
improved DTX—GLA liposomes fall within the ideal
nanometer range for extended circulation and
preferential accumulation in tumor tissues. A fairly
consistent particle size distribution appropriate for
pharmaceutical applications was indicated by the
observed PDI (0.359 £+ 0.016). The obtained value is
nevertheless adequate for liposomal drug delivery
made via thin-film hydration, although being
marginally higher than very monodisperse systems
(PDI <0.3).Moderate electrostatic stability was
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suggested by the zeta potential of —19.63 + 1.40
mV. Phospholipid head groups and the addition of
GLA, which has ionisable carboxyl groups, are
primarily responsible for the negative surface
charge. By reducing particle aggregation through
electrostatic repulsion, negative surface charge
improves formulation stability.[31].To determine
the potential physicochemical interactions between
Docetaxel, gamma-Linolenic acid, and the
excipients wused to create liposomes, FTIR
spectroscopy ~ was utilized. The optimized
formulation did not significantly move or eliminate
the distinctive absorption peaks associated with
O-H stretching, C-H stretching, C=0O stretching,
and other functional groups. These results show that
there was no incompatibility or chemical
deterioration during the formulation process.The
optimized DTX-GLA liposomes had a spherical
shape with smooth surfaces and mostly unilamellar
vesicular structures, according to SEM and TEM
pictures. Because it reduces surface free energy and
enhances physical stability during storage, the
spherical form is beneficial. Additionally, consistent
vesicle architecture promotes repeatable biological
performance and predictable drug
release.[32].Phosphatidylcholine—cholesterol

bilayers can efficiently accept hydrophobic
Docetaxel molecules, as demonstrated by the
improved formulation's excellent drug encapsulation
efficiency. Increased membrane fluidity brought on
by the polyunsaturated fatty acid may be the cause
of the somewhat reduced entrapment efficiency seen
following GLA incorporation as compared to DTX-
only liposomes. However, the formulation
maintained around 80% of the medication,
suggesting a high loading capacity.The hydrophobic
Docetaxel was successfully incorporated into the
phospholipid bilayer, as evidenced by the high
entrapment efficiency (about 80%). Competition for
hydrophobic areas in the lipid bilayer may be the
cause of the modest decrease in trapping
effectiveness following GLA inclusion. However,
the measured entrapment efficiency validates that
the chosen lipid composition is appropriate for
efficient drug loading.[33].Drug release experiments
showed that DTX-GLA liposomes exhibited a
prolonged release pattern when compared to
traditional formulations. Instead of being adsorbed
onto the wvesicle surface, Docetaxel was well
integrated within the lipid bilayer, as indicated by
the lack of a significant initial burst release. A
controlled release over a 48-hour period indicates
that the medication diffuses gradually through the
phospholipid membrane. The membrane stability by

GLA, which may lower bilayer permeability and
extend drug retention, is responsible for the
somewhat slower release from DTX-GLA
liposomes in comparison to DTX liposomes.The
enhanced liposomal formulation maintained its
physical stability over the course of three months of
storage, according to accelerated stability
experiments. Under refrigerated conditions (8 =+
2°C), only slight changes in particle size, PDI, and
zeta potential were noted, indicating adequate
physical stability. Increased particle size indicated
partial vesicle aggregation and lipid membrane
rearrangement under accelerated circumstances (40
+2°C). [34.35].

VII. Conclusion

The current study used the thin-film
hydration method and Box-Behnken Design (BBD)
to  successfully  construct and  optimize
Docetaxel-Gamma—Linolenic Acid (DTX-GLA)-
loaded liposomes. The construction of a stable
liposomal delivery system was indicated by the
optimized formulation's desirable physicochemical
properties, which included nanosized particle size,
an appropriate polydispersity index, negative zeta
potential, and good drug entrapment efficiency.
Characterization tests verified that there were no
notable chemical interactions between Docetaxel,
GLA, and formulation excipients. The spherical,
unilamellar vesicles with homogeneous morphology
were revealed by SEM and TEM investigations. The
improved liposomes retained adequate physical
stability for up to three months in refrigerated
storage settings and offered continuous drug release
over 48 hours.It is thought that adding Gamma-
Linolenic Acid (GLA) to the liposomal formulation
may improve Docetaxel therapeutic efficacy through
increased cellular uptake, extended drug retention,
and GLA's complementing pro-apoptotic and anti-
inflammatory qualities. These characteristics could
improve tumor targeting while lowering the
systemic toxicity linked to traditional Docetaxel
treatment.
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