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ABSTRACT

Objective: Liposomes are the controlled-release dosage form that improves the therapeutic efficacy of the drugs, prolongs the duration of action,
reduces dosage frequency, and improves patient compliance.

Methods: The thin-film hydration method was used to prepare Paclitaxel liposomes. In this process, cholesterol and sodium deoxycholate were
used for the formulation, while chloroform and methanol were used as diluents. Percentage (%) drug release study was carried out in phosphate
buffer at pH 7.4 in USP apparatus II (Paddle type)Model no VDA-8D, Veego, Mumbiai, India.

Results: Paclitaxel liposomes of various batches showed a percentage yield ranging from 38 to 84%. It was observed that (Encapsulation
efficiency)EE% of Batches B1 to B10 were 0,62.33,59.51,50.21,44.30,82.25,88.95,72.34,77.37 and 70.63 percentage, respectively. Data fitting to the
Peppas, Higuchi, 1st-order, and zero-order models was used to examine the optimized liposome (B7) release kinetic mechanism. Data comparison
was done using the correlation coefficient (R?). Zero-order had an observed correlation coefficient (R?) of 0.9988, which was greater than that for
other models. Therefore, it was clear that the medication was released from the formulation after the zero-order release.

Conclusion: The prepared liposomes were subjected to various evaluation parameters like SEM, zeta potential, particle size analysis, drug release
study, etc. Data showed that an increased concentration of cholesterol increases the drug release from liposomes. Microscopic images of the B7
batch revealed that liposomes are spherical and have regular surfaces. Formulation B7 shows good results and can be considered an optimized

batch that has been selected for further cell line studies. The statistical analysis was used to support the improved formulation.
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INTRODUCTION

Human society places higher importance on natural medicine. The
anticancer drug Paclitaxel, which is derived from the Taxus
brevifolia or Pacific Yew tree, is widely recognised for working. The
way that paclitaxel works is by halting the cancer cells' rapid cell
division. By preventing the spindle from forming and preventing the
cell from moving from the mitotic phase into the G1 phase, rapid cell
division is stopped [1]. On the other hand, paclitaxel's limited water
solubility significantly impairs its administration [2]. Cremophore
EL [3] and ethanol [4] are often used to increase the solubility of
paclitaxel phosphate buffer (disodium hydrogen phosphate, sodium
chloride, potassium chloride, and potassium dihydrogen phosphate).
But after being administered to a person, all of these solvents exhibit
negative responses and undesirable outcomes. Designing a novel
drug delivery method offers a chance to prevent these negative side
effects. The term "novel dosage forms" refers to formulations
created specifically for the safe delivery of active pharmaceutical
ingredients into the body, achieving desired therapeutic effects, as
well as extending drug half-lives, increasing drug absorption, and
administering medications locally, among other things [5]. Thus, it
was determined to manufacture liposomes in order to provide an
effective and secure delivery system for paclitaxel. Liposomes are
spherical vesicles made of one or more phospholipid bilayers.
Consequently, we have selected one of the numerous efficient new
carriers for the delivery of paclitaxel.

In recent years, innovative medication delivery technologies have
replaced conventional dosage forms more and more often. The most
popular innovative drug delivery technique in recent years has been
controlled release and sustained release formulations. For instance,
the liposomal version of Amphotericin B has shown to be much more
effective than the conventional form. By releasing the medicine at a
predefined pace, sustained-release drug delivery systems maintain
constant drug plasma levels throughout time, which reduces adverse
drug reactions and improves patient compliance [6].

An anti-neoplastic chemotherapy medication called paclitaxel is
used to treat certain kinds of solid tumors. In addition to its amazing
promise in the treatment of several malignancies, including lung,
breast, and ovarian cancer, it is also sometimes used to treat
Kaposi's sarcoma linked to AIDS. It is in BCS Class IV (low solubility
and low permeability) [6].

In order to decrease dose frequency and improve patient
compliance, the present effort intends to investigate the impact of
cholesterol content on the release profile of paclitaxel and to
determine the effect of the ratio of lipid matrix and edge activators
showing better drug release rates on the formulation of sustained
release liposomes of paclitaxel.

Nanoscale drug delivery systems using liposomes and nanoparticles
are emerging technologies for the rational delivery of
chemotherapeutic drugs like paclitaxel in the treatment of cancer.
Their use offers improved pharmacokinetic properties, controlled and
sustained release of drugs, and, more importantly, lower systemic
toxicity. A literature survey reveals that liposome-based nano drug
delivery has several disadvantages due to various combinations.

Different combinations of phospholipids and polymers used in various
research articles are vigorously examined by myself and my research
team, including my mentor and guide. The three most commonly used
polymers are PEG, egg lecithin, and sodium alginate [7].

It was found that the use of conventional phospholipids and
polymers is not highly effective in minimising the limitations of
anticancer liposome drug delivery. Due to this problem,
commercialization of liposomal drug delivery for cancer on a large
scale is still far from reality.

Our research effort aims to formulate the paclitaxel liposome by
using cholesterol, sodium deoxycholate, and soy lecithin. The
formulation is designed to reduce the various limitations of
liposomes associated with the various combinations of polymers
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and other stabilisers that are under research right now. Some of
them are not good candidates, while others produce toxic effects in
patients who are already in a diseased state and are in distress. Our
formulation is superior in the selectivity of various combinations of
cholesterol, sodium deoxycholate, and soy lecithin with the solvent,
which is the methanol-chloroform mixture, which after extensive
literature review, was found to be the most suitable combination of
solvent used in the preparation of liposomes [7].

This will help bridge the gap between research and commercialization
of anticancer drug delivery in the form of liposomes.

MATERIALS AND METHODS
Materials

Paclitaxel was obtained as a gift sample from Fresenius Kabi
Oncology in Kolkata; cholesterol, sodium deoxycholate, soy lecithin,
chloroform, methanol, and Tween 80 were purchased from Loba
Chemie Pvt. Ltd. All other chemicals were of analytical grade.

Characterization of the drug

The gifted sample of Paclitaxel was characterised by physical
observations, melting point determination, and recording of
ultraviolet, visible, and infrared absorption spectra that were further
compared and matched with reference spectra cited in the
International Pharmacopoeia.

Physical observation

Paclitaxel is a fine, almost white, crystalline powder that can be seen
with the naked eye.

Determining the melting point

The drug sample's melting point was found to be 216-217 °C, which
was the same as what was written in the literature. This proved that
the sample received was the right one.

Solubility

Almost insoluble in water, soluble in methanol, and easily soluble in
methylene chloride, which matched the specification and proved
that the sample received was the right one.

Method of preparation:
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Ultraviolet (UV) absorption spectra

In a phosphate buffer with a pH of 7.5, a sample of Paclitaxel was
scanned between 200 and 400 nm wavelengths.

Absorbance maximum were found at 230 nm, which was used for
quantitative analysis.

Infrared (IR) spectra: The IR spectra of Paclitaxel were matched
with those of the reference.

Calibration curve of paclitaxel

A calibration curve of Paclitaxel phosphate buffer pH 7.5 was
prepared. An increase in concentration was done in a preset
manner. For quantitative estimation of the drug, the regression
equation was calculated and utilized. The correlation coefficient was
found to be 0.9985.

Preparation of liposomes

Paclitaxel liposomes were prepared by the thin film hydration
method (fig. 2) [7]. The compositions of various batches of
liposomes are given in table 1.

Liposomes have been prepared by dissolving the drug Paclitaxel
(PTX) in methanol, to which cholesterol and soy lecithin (the
lipid matrix) were added in varying amounts as per the ratio of
different batches of formulations in the round-bottomed flask
(RBF). Then chloroform was added to it according to the fixed
ratio, and sodium deoxycholate (DCP) and tween 80 were added
in varying ratios as per the protocol set forth in composition
table 1.

Then the RBF is rotated at an rpm of 80 at a fixed temperature of
60 °C until the solvent is completely evaporated (approximately 1h).
After complete evaporation, the flask was sonicated for 30 min, and
then hydration was done using distilled water with a drop of
acetonitrile added to it. Again, a 30 min sonication cycle was
performed before collecting the final liposomes and storing them at
negative temperatures to prevent degradation. Fig. 1 depicts the
complete procedure in tabulated form.
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Fig. 1: Procedure of preparation of Paclitaxel liposomes by thin film hydration method
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Table 1: Composition of different batches of liposome

Batch LM ratio (Lipid matrix) cholesterol: Soy lecithin DCP: Tween 80 PTX in mg Methanol-chloroform mixture in ml
B1 1:1 Only Tween 80 10 50
B2 1:2 1:1 10 50
B3 1:3 1:1 10 50
B4 2:1 1:1 10 50
B5 3:1 1:1 10 50
B6 1:1 Only DCP 10 50
B7 1:1 1:1 10 50
B8 1:1 1:2 10 50
B9 1:1 2:1 10 50
B10 3:1 1:1 10 50

Evaluation of liposomes
% Yield of liposomes

The formula used to determine the percentage yield of all
manufactured Paclitaxel liposome formulations is given below:

weight of dried liposomes

% yield = x 100 [6]

weight of total drug+polymer
Swelling index

10 mg of Paclitaxel liposomes were soaked in 100 ml of pH 7.5
phosphate buffer for 24 h at 370 °C. After 24 h, liposomes are removed
from phosphate buffer, and the excess buffer is wiped out using filter
paper. After that, the final weight of the liposomes was taken.

The swelling index of the different batches of liposomes was
calculated using the following formula:

— Wo
X 100

Swelling index =
Where Wt is the weight of the liposomes after 24 h and Wy is the
initial weight of the liposomes [7].

Particle size and shape

The test is performed to determine the uniformity of the prepared
liposomes [8]. The average particle size of each formulation was
assessed using an optical microscope technique, by which the
diameters and shapes of 100 particles were recorded.

Percentage drug entrapment efficiency

10 mg of the formulated Paclitaxel liposomes were crushed using a
mortar and pestle and suspended in 100 ml of phosphate buffer at
pH 7.5 in a 100 ml volumetric flask. Continuous stirring of the
medium was done using a magnetic stirrer. On the next pH, the
medium was filtered, 1 ml of the filtrate was diluted with 10 ml of
the phosphate buffer, and the absorbance was measured by a UV
spectrophotometer at a wavelength of 230 nm. [9].

The percentage of drug entrapment efficiency was calculated using
the following formula:

Actual drug content
100

Drug entrapment efficiency % =
& P y 7 Theoretical drug content

Fourier transform infrared (FTIR) spectroscopy

The drug, polymers, and prepared liposomes were subjected to FTIR
analysis. Using KBr powder, the samples were scanned on a Bruker
Fourier transform infrared (FTIR) spectrometer over a range of
400-500 cm?.

In vitro drug release studies

An In vitro drug release study was performed at 50 rpm using a USP
Type II dissolution test apparatus (paddle type). 900 ml of
phosphate buffer (pH 7.5) was used as the dissolution medium. The
temperature was kept at 37 °C. 5 ml of each sample was taken at
predefined intervals and replaced with an equal volume of new
medium maintained at the same temperature. Filter paper no. 41,
diluted and measured at 230 nm on a Shimadzu UV 1800
spectrophotometer.

Drug release Kinetics mechanism

In vitro drug release data of 10 batches (B1-B10) was fitted to the zero-
order, first-order, Higuchi, and Korsmeyer-Peppas models to determine
the appropriate drug release kinetics model for every batch.

Scanning electron microscopy (SEM)

Drugs containing liposomes were mounted on conducting stubs and
vacuum-coated gold palladium film using a Gold Sputter Coater
(Model Edwards-S 150 B; Mfg. BOC Edwards UK). To examine the
surface morphology, images were taken in SEM at a voltage of 17 kV.

Dark field microscopy

The formed liposomes were seen under Magnus INV manufactured
by Olympus Optosystems at magnifications of 10X and 40X with
inverse phases for better viewing.

MTT assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium
bromide) assay is one of the most commonly used colorimetric assays to
assess cytotoxicity or cell viability. This assay primarily determines cell
viability by determining mitochondrial function in cells by measuring the
activity of mitochondrial enzymes like succinate dehydrogenase. In this
assay, MTT is reduced to purple formazan by NADH. This product can be
quantified by light absorbance at a specific wavelength.

The cytotoxicity of a prepared formulation of PTX liposomes was
determined via a colorimetric 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) assay. At 37 °C, A375 cell lines
(1*104 cells/well) were cultured in 96-well plates. On confluency, a
set of wells were treated with serum-free media only and with
standard PTX solution separately, and in other wells, PTX liposomes
were added and incubated for a maximum of 90 min. After the
treatment, 100 L of 0.5% (w/v) of MTT dissolved in 1X PBS were
added to each well, and the cells were incubated. The media were
aspirated out, and 150 ml of DMSO was added to each well to
dissolve the formazan crystals. The absorbance of each sample was
measured at 590 nm on an ELISA reader. Cell viability (%) was
calculated by dividing the absorbance of samples obtained from cells
incubated with media only and concentrations by the absorbance of
samples obtained from cells incubated with culture medium only
(Control) and multiplying this ratio by 100. The data were presented
as the mean of triplicate readings.

The effect of PTX liposomes at fixed time points on A375 cell lines
was examined by MTT assay. As a starting point, the standard PTX
solution was used. Cytotoxicity was dependent on the treatment
drug formulation and the duration of exposure. The earliest signs of
injury in A375 cells were seen after 60 min of exposure to the PTX
liposome in the cultured cells, where the percentage of cell survival
was approximately 48.34%. MTT assay in A375 cells revealed that
after 60 min and 200 g/ml PTX liposome concentration, the cell
damage was so severe (survival below 50%) that recovery was
difficult. The cell viability (%) of control and PTX liposomes (200
g/ml) was found to be higher for the PTX liposome.

RESULTS

The objective of our work was to determine the effect of the ratio of
lipid matrix and edge activators showing better drug release rates on
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the formulation of sustained-release liposomes of paclitaxel. Because
of their biocompatibility and the ease with which they can be obtained
in a high-purity grade, cholesterol and soy lecithin are excellent
candidates for the role of vesicle-forming components. As a result of
Span 80's biocompatibility and lipophilicity (HLB value of 4.3 and CMC
of 0.135 g/1), it was decided to use it as the edge activator.

In addition, sodium deoxycholate was chosen as the edge activator
because of its biocompatibility and structural properties. The
hydrophilic group of this bile salt molecule is located on the concave
face of the molecule, whereas the lipophilic steroidal skeleton is
located on the convex face of the molecule. This bile salt molecule
displays facial polarity. Because of this structural characteristic, it is
simple to incorporate sodium deoxycholate into the lipid bilayers
that make up the vesicle membrane [10]. In addition to this, the
United State Food and Drug Administration (USFDA) has granted
GRAS certification to both of surfactants and recommends their use
for systemic administration [11]. We used the film hydration
method to create liposomes containing Paclitaxel and investigated
the impacts of several parameters, such as cholesterol ratio and
methanol-chloroform concentration, on drug release rate.

Particle size analysis of different batches of liposomes

Optical microscopy was used to evaluate the mean particle size of
several formulations of Paclitaxel liposomes. Results indicate that
the mean particle size of liposomes was decreased by increasing the

Fourier transform infrared spectroscopy (FTIR)

Int ] App Pharm, Vol 15, Issue 2, 2023, 219-227

concentration of cholesterol. The shape of the liposomes was
observed through visual observation [12]. The particle size of
various batches of liposomes and their shapes are given in table 2.

Percentage yield of liposomes

The percentage yield of different batches of liposomes is shown in
table 2.

Liposome swelling index

Swelling studies of all 8 batches of liposomes were performed in a
phosphate buffer of pH 7.5. Results are mentioned in table 2. Data
from the swelling index indicated that the equilibrium water uptake
decreased as the proportion of lipid polymer cholesterol in the
matrix increased. This is because increased concentrations of
cholesterol do not allow swelling to take place [13, 14].

Drug entrapment efficiency as a percentage

The determination of entrapment efficiency was used to determine
the amount of Paclitaxel present in the various batches of liposome
formulations. The efficiency of drug entrapment as a percentage was
found to be dependent on the balanced ratios of all ingredients. As
the concentration of the ingredients was not varied in the
formulation, the entrapment efficiency also increased [15, 16]. As
shown in table 2, the B7 batch with LM Ratio and edge activator
ratio both 1:1 demonstrated the highest entrapment efficiency.
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Table 2: Percentage yield, swelling index, drug entrapment efficiency of 10 batches of liposome

Batch code % Yield Swelling index Encapsulation efficiency
B1 47.33+1.3 78.12+0.1 0

B2 53.1+1.5 60.78+0.4 62.33+0.51
B3 60.24+0.9 82.06+0.29 59.51+0.22
B4 62.6+0.5 47.017+0.1 50.21+0.3
B5 75.0£0.9 49.08+0.03 44.30+0.07
B6 77.5+0.7 79.46x0.03 82.25+0.32
B7 95.4+0.5 78.11+0.09 88.95+0.03
B8 75.26%0.5 52.19+0.5 72.34+0.03
B9 85.0+0.4 56.11+0.3 77.37+0.21
B10 72.9+1.3 47.14+0.2 70.63+0.18

Results are given in mean+SD

Table 3: Probable peaks on performing IR spectroscopy of drug

Phosphatidylcholine 34249 Water band
2922 Vs[(CH3)4]
2852.2 Vs[(CHs)4]
1736.6 V;s[C=0]
700-1500 §[C—H]
1467.4 scissoring S[(CHz)x]
1378.1 §[CHz]
1242.6 Vas[PO27]
1091.5 v[POz]
970.4 Asymmetric [*N—(CHs)s] stretching
927.0 v[C—C—N]
826.9 V[P(—=0—C)x]
721.8 rocking v[(CHz)x]
Taxol 3063 —C—H
1735 Ester
1709 Ketone
1647 Amide
1072 Finger print
1244 Finger print
708 Finger print
Phosphatidylcholinetaxol 709 Finger print
complex 969 Asymmetric[*N—(CHs3)s] stretching
1095 Symmetric vs[PO2’]
1245 Antisymmetric vas[POz]
1467 Scissoring CHzs(hexagonal)
1647 C=0; symmetric alyl C=C
1737 C=0 stretching
2853 Symmetric vs[(CH3)4]
2923 Symmetric vs[(CH3)4]
3441 H—bound OH groups
DRUG RELEASE RATE
80 L
i - B10
L E £ — -
3 — =
4 == |
= — [‘i‘.v
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= 4 —=
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In vitro drug release studies

TIME (in mints)

Fig. 4: Drug release rate of 10 batches of liposomes. Error bars indicate SD values

In vitro drug release studies of all the batches of the liposomes (B1-
B10) revealed that the drug release range was 76%-98% shown in

fig. 4 [17, 18]. In vitro drug release study of 10 batches of liposomes
can be presented in the following order: B3<pure drug<B10
<B4<B2<B5<B9<B6<B1<B8<B7.
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Drug release kinetics mechanism

In vitro drug release data of 10 batches of liposomes (B1-B10)
were fitted to zero order, first order, Higuchi, Korsmeyer-peppas
model to determine the appropriate drug release kinetics model
[19-21] (fig. 5).

Selection of the optimized batch

Selection of the optimum batch from 10 batches of prepared
Paclitaxel liposomes was based on results from the size and shape of
the liposomes, % entrapment efficiency, drug release rates and

Int ] App Pharm, Vol 15, Issue 2, 2023, 219-227

cumulative % drug release values. From the results, it can be
concluded that the B7 batch is the optimized batch [22, 23].

DSC measurements

DSC measurements were performed using a DSC4000 device (Perkin
Elmer). Before the calorimetric experiments, the solutions were
degassed and then filled into the sample cell (4 mg) [24]. A heating
rate of 10 °C min-!in the 30-300 °C range was applied. Three up and
down scans were performed for each sample to prove the
reproducibility. All curves shown in the fig. originate from the first
heating scan [25].

Drug release kinetics mechanism
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Fig. 5: Drug release kinetics mechanism
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Fig. 7: Differential scanning calorimetry (DSC) A. Cholesterol, B. Sodium deoxycholate, C. Cholesterol, and Sodium deoxycholate, D.
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Fig. 8: Image of liposome under darkfield microscope 40X and 10X, respectively
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Fig. 9: Comparison between cell viability% of control, standard drug and prepared liposomes. Error bars indicate SD values

Images under dark field microscope

Optimized batch B3 under a dark field microscope had been viewed
in inversed phase to view the interior of the liposomes in 40X and
10X, respectively. Instrument used Magnus INVS (220-240V-0.34,
50-60Hz). The liposomes were regular and spherical.

MTT assay

The measure of cell viability shows a stark difference between the
three formulations, that is control, standard PTX and PTX liposomes
(fig. 9) where cell viability was found to be lowest in liposomes
(48.34%), proving it to be indicative of positive response to move
this formulation for further studies.

DISCUSSION

The pharmaceutical sector is facing a growing challenge with
chemicals that are difficult to solubilize. Formulation scientists are
facing a rising issue as they try to deliver an ever-increasing number
of poorly soluble chemicals through various routes for its
assessment. Bose et al. did a study on improving the bioavailability
of paclitaxel using various novel drug delivery approaches out of
which the about method was selected after doing numerous trial and
error [26]. In order to boost the dissolution rate and improve the
bioavailability of poorly soluble compounds, novel ingredient
combination have been used, which has never been used before. The
chemotherapy drug paclitaxel has widespread use despite its very
low solubility. So, sodium deoxycholate has been used as an edge
activator.

Therefore, a novel delivery form, liposome, has been used as a
formulation technique to enhance the administration of poorly
soluble drugs. Liposome formulations have the benefit of decreasing
the organic solvent concentration often necessary for poorly soluble
drugs, making them suitable for administration. Similar work of
other authors has highlighted the use of Cremophor EL and Zein,

which are highly expensive additional materials so our product is
economically advantageous than the currently available marketed
preparations [27, 28]. In this particular investigation, cholesterol
and soy lecithin were used as vesicle-forming components, and
various quantities of span 80 and sodium deoxycholate were utilized
as edge activators. The fluidity of the lipid membranes of the vesicles
is provided by the surfactant when it is present at sublytic
concentrations, and the membrane of the vesicle becomes more
flexible. Cholesterol and soy lecithin are chosen as vesicle-forming
components primarily due to the biocompatibility of both
substances and the readily available high-purity grades of both. As a
result of Span 80's biocompatibility and lipophilicity (HLB value of
4.3 and CMC of 0.135 g/l), it was decided to use it as the edge
activator. In addition, sodium deoxycholate was chosen as the edge
activator because of the biocompatibility of its nature and its
structural property it has. The hydrophilic group of this bile salt
molecule is located on the concave face of the molecule, whereas the
lipophilic steroidal skeleton is located on the convex face of the
molecule. This bile salt molecule displays facial polarity. As a result
of this structural characteristics, it is not difficult to incorporate
sodium deoxycholate into the lipid bilayers that make up the vesicle
membrane [29-32]. Ongoing research is the pharmacokinetic study
which will improve the claim further. In the future BA/BE studies
will be done of the optimized liposome of paclitaxel.

CONCLUSION

Liposomal drug delivery methods are the most well-established,
with multiple formulations having received regulatory clearance.
Liposomes are lipid vesicles with a phospholipid bilayer membrane
capable of encapsulating both hydrophilic and lipophilic medicines.
For cancer therapy, there are many FDA-approved liposomal
formulations. Because of its biocompatibility, biodegradability, low
toxicity, and immunogenicity, liposomal formulations have the
greatest influence in the field of cancer. So, to solve such problems,
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preparation, characterization, and evaluation of paclitaxel liposomes
have been made for enhanced bioavailability and cost effectivity in
comparison to current available anticancer novel delivery forms in
the market. The investigation of the anticancer properties of
Paclitaxel-loaded-liposome on other cell line studies will be
evaluated to demonstrate the real efficacy of this nano-medicine in
preclinical and clinical applications.

ACKNOWLEDGEMENT

The authors would like to express their gratitude to Dr. Anirbandeep
Bose, M/S TAAB Biostudy services, Jadavpur for providing the
necessary facilities to complete the study.

FUNDING

This research work did not receive any grant from any funding
agencies or the commercial sector.

AUTHORS CONTRIBUTIONS

All authors contributed equally.

CONFLICT OF INTERESTS

The authors report no financial or other conflicts of interest in this
work.

REFERENCES

1.

2.

10.

11.

12.

13.

Ratnaparkhi MP, Gupta JP. Sustained release oral drug delivery
system-an overview. Int ] Pharm Res Rev. 2013;2(3):11-21.
Nicolas P, Tod M, Padoin C, Petitiean 0. Clinical
pharmacokinetics  of diacerein. Clin  Pharmacokinet.
1998;35(5):347-59. doi:  10.2165/00003088-199835050-
00002, PMID 9839088.

Patil P, Chavanke D, Wagh M. A review on ionotropic gelation
method: novel approach for controlled gastroretentive
gelispheres. Int ] Pharm Sci. 2012;4(4):27-32.

Adepu S, Ramakrishna S. Controlled drug delivery systems:
current status and future directions. Molecules. 2021 Sep
29;26(19):5905. doi: 10.3390/molecules26195905, PMID
34641447, PMCID PM(C8512302.

Haznedar S, Dortung B. Preparation and in vitro evaluation of
Eudragit microspheres containing acetazolamide. Int ] Pharm.
2004;269(1):131-40. doi:  10.1016/j.ijpharm.2003.09.015.
PMID 14698584.

Ishak RA, Awad GA, Mortada ND, Nour SA. Preparation, in vitro
and in vivo evaluation of stomach-specific metronidazole-
loaded alginate beads as local anti-helicobacter pylori therapy.
] Control Release. 2007 Jun 4;119(2):207-14. doi:
10.1016/j.jconrel.2007.02.012, PMID 17412443.

Koudelka S, Turanek J. Liposomal paclitaxel formulations. ]
Control Release. 2012;163(3):322-34. doi:
10.1016/j.jconrel.2012.09.006. PMID 22989535.

Yang T, Cui FD, Choi MK, Lin H, Chung SJ, Shim CK. Liposome
formulation of paclitaxel with enhanced solubility and stability.
Drug Deliv. 2007;14(5):301-8. doi: 10.1080/
10717540601098799, PMID 17613018.

Ravar F, Saadat E, Gholami M, Dehghankelishadi P, Mahdavi M,
Azami S. Hyaluronic acid-coated liposomes for targeted
delivery of paclitaxel, in vitro characterization and in vivo
evaluation. ] Control Release. 2016 May 10;229:10-22. doi:
10.1016/j.jconrel.2016.03.012, PMID 26968799.

Patil P, Singh S, Sarvanan ]. Preparation and evaluation of
liposomes of flurbiprofen. Int ] Pharm Sci Res. 2018 Sep
12;9(12):5388-93. doi: 10.13040/1JPSR.0975-8232.9(9).3621-37.
Trang Le NT, Nguyen NH, Hoang MC, Khoa Nguyen C, Hai
Nguyen D, Tran DL. Preparation of liposomal nanocarrier by
the extruder to enhance tumor accumulation of paclitaxel. |
Bioact Compat Polym. 2022 Nov 5;37(1):3-16. doi:
10.1177/08839115211053926.

Utreja P, Jain S, Tiwary AK. Localized delivery of paclitaxel
using elastic liposomes: formulation development and
evaluation. Drug Deliv. 2011 May 13;18(5):367-76. doi:
10.3109/10717544.2011.558527, PMID 21428706.

Gu Z, Da Silva CG, Van der Maaden K, Ossendorp F, Cruz LJ.
Liposome-based drug delivery systems in cancer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Int ] App Pharm, Vol 15, Issue 2, 2023, 219-227

immunotherapy. Pharmaceutics. 2020 Nov 4;12(11):1054. doi:
10.3390/pharmaceutics12111054, PMID 33158166.

Koudelka S, Turanek Knotigova P, Masek ], Prochazka L, Lukac
R, Miller AD. Liposomal delivery systems for anti-cancer
analogues of vitamin E. ] Control Release. 2015 Jun 10;207:59-
69. doi: 10.1016/j.jconrel.2015.04.003. PMID 25861728.

Yang T, Cui FD, Choi MK, Lin H, Chung SJ, Shim CK. Liposome
formulation of paclitaxel with enhanced solubility and stability.
Drug  Deliv. 2007  Jun  22;14(5):301-8.  doi:
10.1080/10717540601098799, PMID 17613018.

Ravar F, Saadat E, Gholami M, Dehghankelishadi P, Mahdavi M,
Azami S. Hyaluronic acid-coated liposomes for targeted
delivery of paclitaxel, in vitro characterization and in vivo
evaluation. ] Control Release. 2016;229:10-22. doi:
10.1016/j.jconrel.2016.03.012, PMID 26968799.

Bao QY, Zhang N, Geng DD, Xue JW, Merritt M, Zhang C. The
enhanced longevity and liver targetability of paclitaxel by
hybrid liposomes encapsulating paclitaxel-conjugated gold
nanoparticles. Int ] Pharm. 2014;477(1-2):408-15. doi:
10.1016/j.ijpharm.2014.10.040, PMID 25455782.

Sparano JA, Wang M, Martino S, Jones V, Perez EA, Saphner T.
Weekly paclitaxel in the adjuvant treatment of breast cancer. N
Engl ] Med. 2008 Jul 3;358(16):1663-71. doi:
10.1056/NEJM0a0707056, PMID 18420499.

Patt D, Rembert D, Corzo D. Treatment of metastatic breast
cancer with nab-paclitaxel in the community practice setting: a
US oncology survey. ] Community Support Oncol. 2015
May;13(5):173-80. doi: 10.12788/jcs0.0132, PMID 26029934.
Alshraim MO, Sangi S, Harisa GI, Alomrani AH, Yusuf O, Badran
MM. Chitosan-coated flexible liposomes magnify the anticancer
activity and bioavailability of docetaxel: impact on
composition. Molecules. 2019 Jan 11;24(2):250. doi:
10.3390/molecules24020250, PMID 30641899.

Shah M, Shah V, Ghosh A, Zhang Z, Minko T. Molecular inclusion
complexes of f-cyclodextrin derivatives enhance aqueous
solubility and cellular internalization of paclitaxel:
preformulation and in vitro assessments. ] Pharm Pharmacol
(Los Angel). 2015 Jan 10;2(2):8. doi: 10.13188/2327-
204X.1000011, PMID 25950011.

Verma RK, Garg S. Current status of drug delivery technologies
and future directions. Pharmacutical Technology Online. 2001
Feb 5;25(2):1-14.

Manivannan R. Recent advances in novel drug delivery system.
IJRAP. 2010 Nov 10;1(2):316-26.

Junghanns JU, Muller RH. Nanocrystal technology, drug
delivery and clinical applications. Int ] Nanomedicine.
2008;3(3):295-309. doi: 10.2147 /ijn.s595. PMID 18990939.
Yang T, Cui FD, Choi MK, Lin H, Chung SJ, Shim CK. Liposome
formulation of paclitaxel with enhanced solubility and stability.
Drug Deliv. 2007 Jul;14(5):301-8. doi:
10.1080/10717540601098799, PMID 17613018.

Bose P, Kr De PK, Bhattacharya M, Jana A. A study on improving
the bioavailability of paclitaxel through different novel drug
delivery approaches. Res ] Pharm Technol. 2022 Jun
10;15(6):2470-6.doi: 10.52711/0974-360X.2022.00412.
Gagliardi A, Bonacci S, Paolino D, Celia C, Procopio A, Fresta M.
Paclitaxel-loaded  sodium  deoxycholate-stabilized  zein
nanoparticles: characterization and in vitro cytotoxicity.
Heliyon. 2019 Sep 6;5(9):e02422. doi:
10.1016/j.heliyon.2019.e02422, PMID 31517130.

Szebeni ], Muggia FM, Alving CR. Complement activation by
cremophor EL as a possible contributor to hypersensitivity to
paclitaxel: an in vitro study. ] Natl Cancer Inst. 1998 Feb
21;90(4):300-6. doi: 10.1093 /jnci/90.4.300, PMID 9486816.
Das D, Halder D, Sekhar Maji H, Kumar De P, Kumar Pal T.
Special emphasis on bioanalytical method development and
validation of an anti-hypertensive drug azelnidipine by LC-ESI-
MS/MS in healthy human volunteer’s blood plasma. Res ]
Pharm  Technol. 2021 Jun 21;14(7):3571-7. doi:
10.52711/0974-360X.2021.00618.

Das D, Halder D, Sekhar Maji H, Kumar De P, Saha S, Singh N.
Introduction of an innovative approach for bioanalytical
method development and validation of febuxostat by using LC-
ESI-MS/MS in Human plasma. Res ] Pharm Technol. 2021 Aug
5;14(8):4060-6. doi: 10.52711/0974-360X.2021.00703.

226


https://doi.org/10.2165/00003088-199835050-00002�
https://doi.org/10.2165/00003088-199835050-00002�
https://www.ncbi.nlm.nih.gov/pubmed/9839088�
https://doi.org/10.3390/molecules26195905�
http://www.ncbi.nlm.nih.gov/pubmed/34641447�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8512302�
https://doi.org/10.1016/j.ijpharm.2003.09.015�
https://www.ncbi.nlm.nih.gov/pubmed/14698584�
https://doi.org/10.1016/j.jconrel.2007.02.012�
https://www.ncbi.nlm.nih.gov/pubmed/17412443�
https://doi.org/10.1016/j.jconrel.2012.09.006�
https://www.ncbi.nlm.nih.gov/pubmed/22989535�
https://doi.org/10.1080/10717540601098799�
https://doi.org/10.1080/10717540601098799�
https://www.ncbi.nlm.nih.gov/pubmed/17613018�
https://doi.org/10.1016/j.jconrel.2016.03.012�
https://www.ncbi.nlm.nih.gov/pubmed/26968799�
https://doi.org/10.13040/ijpsr.0975-8232.9(9).3621-37�
https://doi.org/10.1177/08839115211053926�
https://doi.org/10.3109/10717544.2011.558527�
https://www.ncbi.nlm.nih.gov/pubmed/21428706�
https://doi.org/10.3390/pharmaceutics12111054�
https://www.ncbi.nlm.nih.gov/pubmed/33158166�
https://doi.org/10.1016/j.jconrel.2015.04.003�
https://www.ncbi.nlm.nih.gov/pubmed/25861728�
https://doi.org/10.1080/10717540601098799�
https://www.ncbi.nlm.nih.gov/pubmed/17613018�
https://doi.org/10.1016/j.jconrel.2016.03.012�
https://www.ncbi.nlm.nih.gov/pubmed/26968799�
https://doi.org/10.1016/j.ijpharm.2014.10.040�
https://www.ncbi.nlm.nih.gov/pubmed/25455782�
https://doi.org/10.1056/nejmoa0707056�
https://www.ncbi.nlm.nih.gov/pubmed/18420499�
https://doi.org/10.12788/jcso.0132�
https://www.ncbi.nlm.nih.gov/pubmed/26029934�
https://doi.org/10.3390/molecules24020250�
https://www.ncbi.nlm.nih.gov/pubmed/30641899�
https://doi.org/10.13188/2327-204x.1000011�
https://doi.org/10.13188/2327-204x.1000011�
https://www.ncbi.nlm.nih.gov/pubmed/25950011�
https://doi.org/10.2147/ijn.s595�
http://www.ncbi.nlm.nih.gov/pubmed/18990939�
https://doi.org/10.1080/10717540601098799�
https://www.ncbi.nlm.nih.gov/pubmed/17613018�
https://doi.org/10.52711/0974-360x.2022.00412�
https://doi.org/10.1016/j.heliyon.2019.e02422�
https://www.ncbi.nlm.nih.gov/pubmed/31517130�
https://doi.org/10.1093/jnci/90.4.300�
https://www.ncbi.nlm.nih.gov/pubmed/9486816�
https://doi.org/10.52711/0974-360x.2021.00618�
https://doi.org/10.52711/0974-360x.2021.00703�

31

P.K.Deetal

Das D, Halder D, Bose A, Saha C, Sekhar Maji H, Kumar Pal T.
Bioequivalence study of azelnidipine 16 mg tablet to evaluate
the pharmacokinetic profile of single dose in healthy, adult,
human volunteers under fasting condition. Int ] App Pharm.
2021 Dec 12;13:154-9. doi: 10.22159/ijap.2021v13i4.41331.

Int ] App Pharm, Vol 15, Issue 2, 2023, 219-227

32. Das D, Halder D, Bose A, Shaw TK, Saha C, Kumar De P.
Determination of metformin and sitagliptin in healthy human
volunteers’ blood plasma and its bioequivalence study under
fasting condition. Int ] App Pharm. 2022 Jul 10;7:42-50. doi:
10.22159/ijap.2022v14i6.45140.

227


https://doi.org/10.22159/ijap.2021v13i4.41331�
https://doi.org/10.22159/ijap.2022v14i6.45140�

	MATERIALS AND METHODS

