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Abstract

Purpose Docetaxel (DTX) is one of the anti-neoplastic drugs widely employed in breast cancer management. Along with
advantages, several challenges are associated with administering the BCS class IV drugs like DTX. Looking into the prom-
ises of various nanotechnology-based drug delivery systems, it was envisioned to explore the influence of carrier type on
the drug delivery outcome for this anticancer agent.

Methods In the present study, docetaxel was encapsulated into solid lipid nanoparticles, nano-lipoidal carriers, liposomes,
niosomes, and microemulsion systems and the various systems were characterized. The carriers were also evaluated for drug
release profile, anticancer activity on cell lines, apoptosis assays, and hemocompatibility.

Results The developed nano-formulations were found to offer a spatiotemporal pattern of drug release. There was a sub-
stantial enhancement in the cytotoxicity of the drug against the cancer cells. It was vouched by the flow-cytometry assay and
MTT-cytotoxicity studies. The developed systems were found to be compatible with the erythrocytes vis-a-vis the plain drug.
Conclusion The study encompassing the drug loading and drug release capabilities of a BCS class IV drug, offering scientific
evidence for better efficacy and safety coupled with plasma protein binding insights, provides a platform to select appropriate
nanocarrier out of the plethora of options.

Keywords Solid lipid nanoparticles - Nano-lipoidal carriers - Liposomes - Microemulsion - Niosomes

Introduction

Delivery of drug molecules of more significant size gen-
erally poses a major challenge of poor solubility, which
indirectly affects the absorption and bioavailability of the
drug. The drug delivery also results in in vivo instability,
dose-dependent adverse effects, and issues related to the
targeted drug delivery [1]. Therefore, the advent of novel
drug delivery systems resolved these challenges [2, 3]. The
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developments in nanotechnology have played a vital role in
designing specialized novel drug delivery systems, which
possess drug targeting potential and controlled drug release
characteristics [4].

In between physical and biological sciences,
nanotechnology acts as a connecting bridge with the
advent of nanotechnology-based drug delivery systems and
nanomedicine. For practical purposes in pharmaceutical
sciences, nanomaterials are materials that fall in the range
of 1-1000 nm [5]. These nano-sized particles inherit specific
unique structural, chemical, and biological properties. The
most commonly used nanotechnologies in medicine involve
tissue engineering, microfluidics, biosensors, micro assays,
and drug delivery [6]. In the recent era, nanomedicine
came into the limelight, as the nanocarriers can encapsulate
or attach the drug molecules and deliver the active
pharmaceutical ingredients at the target site in a controlled
manner [7]. Owing to their nanostructures, these systems
are reported to penetrate the tissues quickly. These systems
also help in enhancing the cellular uptake, which is a
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testimony to the targeted action at the diseased site [8]. Due
to targeted action at the site of infection, there is a propensity
to reduce adverse effects and the plethora of chances and
promises of improved efficacy [9]. Therefore, drug release
can be achieved at a predetermined rate [10]. The share of
nanotechnology-based drug delivery products is escalating
in the market. There are various lipid-based, polymer-
based, mineral-based, and carbon-based nanocarriers,
which encompass polymeric micelles, nanostructured lipidic
carriers (NLCs), mixed micelles, nanoparticles, niosomes,
liposomes, solid lipid nanoparticles (SLNs), and micro and
nanoemulsions [2, 3, 11].

Although the chemotherapeutic drug, docetaxel (DTX), is
a promising agent for breast cancer management, still there
is massive scope for improvement due to the various con-
cerns [12]. The primary concern is poor oral bioavailability,
which is reported to be < 10%, generally ascribable to the
first-pass metabolism. The second major challenge is the
constraint of aqueous insolubility [13]. Due to the concerns
of the poor bioavailability, the frequent route of administra-
tion is the parenteral route. It requires vast amounts of sur-
factants, which generally result in unwanted effects like tis-
sue necrosis, neutropenia, hypersensitivity, and many other
side effects [14]. Peripheral neuropathy, alopecia, anemia,
myalgias, fluid retention, anorexia, hypersensitivity reac-
tions, mucositis, skin, and nail toxicity are the common side
effects of DTX [15, 16]. In an attempt to explore the effect
of nanocarriers like SLNs, NLCs, liposomes, niosomes, and
microemulsions on the overall performance of DTX, it was
envisioned to entrap DTX in the selected nanocarriers and
evaluate its performance using breast cancer cell lines. This
study will add more understanding to the delivery aspects of
these nanocarriers, especially for a drug that is quite prob-
lematic and belongs to the biopharmaceutical classification
system (BCS) class IV category. Till date, no such study
has been reported where all these carrier systems are being
compared for the delivery of DTX.

Materials and Methods
Materials Used

Docetaxel and unsaturated phospholipid, Phospholipon 90
G, were obtained as gift samples from M/s Fresenius Kabi
Oncology Ltd., Gurgaon, Haryana, India, and M/s IPCA
Labs, Mumbiai, respectively. 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (abbreviated as MTT) and
a-tocopheryl acetate isopropyl myristate were obtained from
M/s Sigma—Aldrich. In contrast, ethanol, HPLC-acetonitrile
(ACN), HPLC-water, stearic acid, Tween-80, and Span-80
were purchased from M/s Spectrochem Co., Ltd. All chem-
icals for the buffered solutions and isopropyl myristate
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(IPM) were supplied by M/s CDH Co. Ltd. The source of
dialysis membrane with a molecular cut-off of 12 kDa was
M/s Himedia laboratories Co. Ltd. Cell line studies were
performed at the Department of Pharmacy, BITS, Pilani,
Rajasthan, India. The study used in-house distilled water,
and the reagents/chemicals were used as provided by the
respective vendor without any further purification.

Preparation of NLCs

The standard microemulsification and subsequent dispersion
method were employed to develop DTX-loaded and blank
NLCs, using stearic acid as the solid lipid and a-tocopheryl
acetate as the liquid lipid component mass ratio of 5:1. Due
to the meritorious features of phospholipids, Phospholipid
90 G was employed in the formulation ([11, 17, 18]. Ini-
tially, stearic acid (75 mg) was melted at 70 °C in a beaker
to which DTX (10 mg) was added along with a-tocopheryl
acetate (15 mg) and Tween-80 (3 g) with continuous stir-
ring. Separately, phospholipid (15 mg) was placed in 10 mL
of water, maintained at 70 °C and dispersed properly till a
milky dispersion was formed. The dispersion of the second
beaker was added into the first one in a streamlined man-
ner, with constant stirring of 100 rpm. The obtained hot
and transparent emulsion was plunged into 10 mL of ice-
cold water, followed by continuous stirring at 1000 rpm for
30 min. The resultant milky dispersion of the drug-loaded
NLCs (DTX-NLCs) was adequately stored for further use.
The blank formulation was also prepared using the same
method without the drug [19].

Preparation of SLNs

For the development of SLNs, initially in a beaker, stearic
acid (90 mg) was melted, and DTX (10 mg) was added,
followed by Tween-80 (3 g) at a temperature of 70 °C. In
the second beaker, 15 mg of phospholipid dispersion was
prepared using distilled water (q.s. to 10 mL) at the same
temperature as the initial one. The dispersion of the second
beaker was slowly poured into the first beaker with continu-
ous stirring. A yellow colored hot and transparent micro-
emulsion was formed. The hot microemulsion was added in
a streamlined manner to 10 mL water, maintained at 4 °C,
with continuous stirring. The obtained dispersion of the
drug-loaded SLNs (DTX-SLNs) was stirred for 30 min and
stored at ambient conditions. The blank formulation was also
prepared analogously without drug use [20].

Preparation of Liposomes
Liposomes were prepared using the ethanol injection

method. Both the phospholipid and drug, in the mass ratio
of 10:1, amounting be a total lipid content of 110 mg, were
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dissolved in 1 mL of ethanol. The resulting solution was
streamlined to distilled water (9 mL) with constant stirring.
The obtained liposomal formulation (DTX-LP) was stored
at proper conditions. The blank formulation was prepared
using the same method without the drug [21].

Preparation of Niosomes

The ethanol injection method was employed for the niosomal
preparation. Span-80 and DTX in the mass ratio of 10:1,
amounting to a total weight of 110 mg, were added to a test
tube. Ethanol, 1 mL, was added to dissolve the contents using
a vortex mixer. The ethanolic solution was poured drop-wise
into a beaker containing distilled water with continuous stir-
ring. The final volume was made up to 10 mL using distilled
water. The resultant niosomal formulation (DTX-NIO) was
stored for further use. The blank formulation was prepared
using the same method without the drug [22].

Preparation of Microemulsion

Isopropyl myristate (IPM) (1 mL) was mixed with Tween-
80 (1 g) and stirred to dissolve 10 mg of DTX. Separately,
phospholipid (100 mg) was dispersed in distilled water
(q.s. to 10 mL). At a slow rate, phospholipid dispersion
was mixed with the drug solution at room temperature
with the help of constant stirring. This mixing resulted in
the formulation of microemulsion (DTX-ME). The blank
formulation was prepared using the same method without
the drug [23]. Table 1 shows the composition of all the
ingredients used in the preparation of nanoformulations.
Table 1 Compositions involved in the preparation of the
nanoformulations.

Characterization of the Developed Nanocarriers

Drug loading and entrapment efficiency of the developed
systems were determined using the dialysis bag method. In

this study, both the blank and drug-loaded formulations were
packed into a dialysis bag with each 1 mL. These bags were
dipped into beakers containing 50 mL methanol for a period
of 2 h. The sample of 2 mL was collected and analyzed using
the RP-HPLC method, which is mentioned in our previous
papers [24].

All the formulations were observed for the micromeritic
profile, including polydispersity index (PDI) and surface
charge. The study was performed at Birla Institute of Tech-
nology and Science, Pilani (BITS Pilani), India, on Malvern
Zetasizer. The reported reading was the average of the three
runs [25]. The optical microscopy was performed for the
liposomes and niosomes, and SLNs, NLCs, and microemul-
sion were observed under transmission electron microscope
to confirm the nanocarrier formation.

Evaluation Studies
In Vitro Drug Release Kinetics

Drug release studies were performed to know the rate and
pattern of the drug release from the developed nanopar-
ticulate systems. A very well-known dialysis method was
employed for this purpose. This study was performed at
both the physiological pH (pH 7.4) to understand the drug
release characteristics in the plasma-like conditions and
cancer cell pH (pH 5.6) to study the drug release charac-
teristics in the cancer cytosol-like conditions. Pure drug
(DTX) dispersions of 1 mg/mL in both the buffers, i.e.,
phosphate buffer solutions (PBS) of pH 5.6 and pH 7.4,
were prepared and packed in two different dialysis bags.
All the formulations were also packed in separate dialysis
bags with drug equivalent to 1 mg/mL. These bags were
separately dipped into the beakers containing 50 mL of pH
5.6 and 7.4, respectively. These beakers were continuously
stirred at 50 rpm at 37 +0.5 °C, and the sampling was done
at the predetermined time intervals. Collected samples

Table 1 Compositions involved

k 8 Ingredients NLCs SLNs Liposomes Niosomes Microemulsion

in the preparation of the

nanoformulations Stearic acid 75 mg 90 mg — —_ —
Docetaxel 10 mg 10 mg 10 mg 10 mg 10 mg
a-Tocopheryl acetate 15 mg — — — —
Phospholipid 15 mg 15 mg 100 mg — 100 mg
Tween-80 3g 3g — — lg
Ethanol — — 1 mL 1 mL —
Span-80 — — — 100 mg —
Isopropyl myristate — — — — 1 mL
Distilled water 10 mL 10 mL 10 mL 10 mL 10 mL
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were analyzed using the RP-HPLC method. Obtained data
were fitted into kinetic models like zero-order, first-order,
Higuchi equation and Korsmeyer—Peppas equation to draw
the inferences regarding the drug release pattern. Release
flux values were calculated to know the release rate [26,
27]. All the results reported were the arithmetic mean of
the three consecutive readings.

Hemocompatibility Studies

The Institutional Ethical Committee of the Central Uni-
versity of Rajasthan, Rajasthan, India, approved this study
protocol. This study was executed by collecting the blood
sample (5 mL) from a healthy human volunteer into an
EDTA-coated ampoule under strict medical supervision.
To the collected blood, 5 mL of saline solution (standard)
was added and subjected to centrifugation at a speed of
2000 rpm for 5 min. The lump of erythrocytes was har-
vested and washed 3—4 times with normal saline and resus-
pended in 10 mL of normal saline through decantation.
Naive drug (1 mg) along with the drug-loaded formula-
tions, which contained drug equivalent to 1 mg of DTX,
was added separately to 1 mL of the erythrocyte disper-
sion, followed by incubation of 1 h at 37 °C. The respective
positive and negative controls were the RBCs suspended in
normal saline and dispersed in distilled water. All the test
and control samples were centrifuged for 5 min, and the
clear supernatant was harvested. This supernatant was ana-
lyzed at a wavelength of 415 nm employing a UV-visible
spectrophotometer [28].

Protein Binding Studies

Protein binding studies were performed using the plasma
collected from the human blood, which was left over from
the hemocompatibility studies. Collected plasma was diluted
using normal saline as per the requirement. To 1 mL of
plasma, different volumes of the test samples (both DTX and
the nanoformulations equivalent to DTX), i.e., 0.1, 0.2, 0.4,
0.6, 0.8, and 1 mL, were added. All the samples were kept
for the overnight shaking, followed by centrifugation using
ultracentrifuge at a speed of 24,000 rpm and temperature of
5 °C for 30 min. Equal amounts of supernatant and HPLC
grade ACN were mixed and filtered through a 0.2 p
filter [29]. These samples were analyzed using RP-HPLC,
whose method is reported elsewhere [30].

Cell Viability Studies

The anticancer potential of the prepared nanoformula-
tions was evaluated using the MDA-MB-231 cell lines.
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The cells were inoculated and cultured in the well plates
enriched with Dulbecco’s Modified Eagle’s Medium/
Ham’s F-12. The culture medium was supplemented
with antibiotics (1% penicillin/streptomycin), fetal bovine
serum (5%), and 1-glutamine (1%). As per the standard
protocol, the percentage of carbon dioxide was fixed at
5%. In the wells containing the cell cultures, DTX and
the drug-loaded nanoformulations were added at a differ-
ent concentration range and incubated for 24 h at 37 °C.
Through centrifugation, formazan crystals were extracted
after the scheduled addition of the MTT solution (10 pL
of 2.5 mg/mL). These crystals were dissolved in 150 uL.
of dimethyl sulfoxide, and the optical density of the solu-
tion was measured by scanning at A, of 540 nm. The
obtained results were further employed to determine the
IC5, values [17, 18].

Apoptosis Assay

To study the apoptotic effect, cell lines with a density
of 1x 10° cells per well were added to a six-well plate,
seeded, and incubated for 24 h. The samples to be tested
include plain DTX and all the other five drug-loaded
nanoformulations in which the concentration of DTX was
50 nM. In these plates, media was removed, and the cells
were rinsed with PBS of pH 7.4. They were trypsinized
and followed by centrifugation at a speed of 1300 rpm for
3 min. The obtained cell pellet was suspended in sterilized
cold PBS, pH 7.4 and recentrifuged for 5 min at 1700 rpm
and 4 °C. After that, it was resuspended in Annexin V
binding buffer [31]. The apoptosis was quantified using
flow cytometry through the Annexin V-FITC conjugate
and PI kit as per the supplier instructions. A preliminary
analysis was performed to avoid background noise created
by plain buffer and the untreated cells. Earlier to the
post-acquisition analysis, autofluorescence of cells were
eliminated from the view surface. The Annexin V FITC
conjugate fluorescence was observed from the 525/40
bandpass filter, whereas it was a 610/20 bandpass filter for
PI [32]. CytExpert 2.0 software (Cytoflex, M/s Beckman
Coulter, USA) was used for the post-acquisition and data
acquisition analysis [33].

Statistical Analysis

Data obtained from various studies were subjected
to statistical analysis to draw an inference. One-way
ANOVA was employed for all the comparisons, as the
same is the most prescribed for such data sets. The
level of significance was mentioned at every neces-
sary section. All the studies were repeated thrice unless
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Table 2 Drug loading and the entrapment efficiency of the developed
drug-loaded nanoformulations

Nano formulations % Drug loading % Entrapment efficiency

DTX-SLNs 10.49+0.89 84.98+1.97
DTX-NLCs 13.10+£1.06 81.05+2.01
DTX-LP 14.84+1.24 88.47+3.01
DTX-NIO 11.53+1.18 85.32+2.64
DTX-ME 13.63+1.37 96.31+£2.89

mentioned and the data is represented in the form of
mean + SD.

Results and Discussion
Characterization Studies

The obtained % drug loading and % entrapment effi-
ciency of the developed nanoformulations are displayed
in Table 2. The high entrapment levels were observed,
which may be inferred to the hydrophobic core of the
nanocarrier, which attracts the hydrophobic DTX. Other
than various forces like hydrogen bonding and Van der
Waals interactions helped attain the loading of drug in
the carrier system. Through these results, it can be envi-
sioned that the hydrophobic carriers help in the better
entrapment of the chemotherapeutic drugs belonging to
BCS class IV [34].

Table 3 represents the results of the particle size, zeta
potential, and PDI values of both blank and the drug-
loaded nanoformulations. In all five formulations, it was
observed that an enhancement in the particle size ensures

Table 3 Values of micromeritic data and surface charge for both
blank as well as drug-loaded nanoformulations

Nano formulations Particle size (nm) Zeta potential (mV) PDI

Blank SLNs 101.93+2.88 —18.81+-0.63 0.320
DTX-SLNs 113.52+1.15 —29.23+-0.58 0.237
Blank NLCs 97.65+1.73 -16.25+-0.77 0.334
DTX-NLCs 106.39+2.51 —31.90+-0.86 0.174
Blank LP 87.53+1.81 -21.11+-0.94 0.484
DTX-LP 93.74+1.07 —25.94+-0.80 0.256
Blank NIO 76.49+2.18 —34.27+-0.73 0.371
DTX-NIO 103.32+1.52 —35.72+-0.55 0.224
Blank ME 88.91+1.04 —23.68£-0.65 0.387
DTX-ME 91.82+0.97 -31.26+-0.72 0.198

the lipophilic drug’s entrapment within the core. It was
found that the PDI values of the blank nanoparticulate
systems were showing high heterogenicity in the given
system, but on the encapsulation, the homogeneity was
increased in the polydispersed phase. Zeta potential
results showed that all the drug-loaded formulations are
highly stable as the values are almost near + 30 mV. The
negative charge on the blank formulations may be due to
the usage of phospholipid and other negatively charged
components. This negative charge was further enhanced
on the drug loading, which may be due to the negatively
charged drug molecule [35]. For further verification, the
microscopic analysis of the developed systems was per-
formed and the microphotographs have been incorporated
as Fig. 1. The results from the microscopic studies con-
firmed the formulation of the desired nanocarriers using
the reported protocols.

Evaluation Studies
In Vitro Drug Release Kinetics

The drug release profile of all the nanoformulations and
the plain DTX in pH 7.4 and 5.6 are displayed in Fig. 2.
The image clearly shows that the bag containing naive
DTX showed a high amount of release at physiological
pH, i.e., pH 7.4 instead of cancer cell pH, i.e., pH 5.6.
Notably, the release of DTX from the nanoformulations
showed a controlled and pH-dependent pattern in a sta-
tistical manner (p < 0.05). This feature helps in increas-
ing the bioavailability of the drug at the tumor site and
reduces the untoward biological responses resulting from
higher doses. The rate of drug release was calculated
and reported in Table 4 as the release flux values. The
flux values also proved the statement of controlled drug
releasing behavior of the developed nanoparticulate sys-
tems. By model fitting of the obtained drug release data,
it was found that at pH 5.6, pure DTX, DTX-SLNs, DTX-
NLCs, and DTX-ME followed the Higuchi model. DTX-
LP and DTX-NIO followed zero and first-order release
patterns. In pH 7.4, plain DTX, DTX-SLNs, and DTX-
ME followed the Korsmeyer Peppas model. DTX-NLCs
and DTX-LP followed the first-order pattern, whereas
DTX-NIO showed the Higuchi release pattern [36]. The
developed nanoparticulate systems were able to release
the drug in both temporal and spatial pattern. This is the
most desirable attribute in the delivery of the drug to the
target site rather than its normal distribution to all the
biological system.
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Fig. 1 The microphotographic
images of SLNs (A), NLCs (B),
liposomes (C), niosomes (D),
and microemulsion (E)

Blood Compatibility Studies
Figure 3 portrays the % hemolysis of naive DTX and other

drug-loaded nanoformulations. It was found that on the use
of DTX-SLNs, DTX-NLCs, DTX-LP, DTX-NIO, and DTX-
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(B)

ME, there was a significant 3.03, 2.42, 2.21, 3.46, and 2.69
fold decrease in the hemolysis in comparison to the pure
DTX (p <0.05). This decrease can be ascribed to the entrap-
ment of the drug molecules within the nanocarriers. From
the image, it was evident that there was negligible hemolysis
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Fig.2 Graphs showing % drug
release of pure DTX, DTX-
SLNs, DTX-NLCs, DTX-LP,
DTX-NIO, and DTX-ME at (a)
pH 5.6 and (b) pH 7.4, respec-
tively, at t=24 h

Table 4 The values of average drug release flux plain DTX and nano-
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% Drug Release

formulations at pH 5.6 and pH 7.4

——DTXSLNs —+-DTXNLCs DTXLP :
DTX NIO ——DTXME ——-DTX _— —
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12 24
Time (h)

(@)

——DTXSLNs —+-DTXNLCs DTXLP
DTXNIO —»-DTXME —-DTX

0 12 24

Time (h)

(b)

when the blank nanoformulations were evaluated, indicating
the safety in using these carriers in the drug delivery. Hence-

Nano formulations

Release flux values (ug/h/cm?)

forth, it can be concluded that developed nanosystems can
be administered through an intravenous route due to their

pH 5.6 pH7.4 hemocompatible nature.
DTX 1.72+0.29 4.03+0.57
DTX-SLNs 3.35+0.49 1.98+0.33 Protein Binding Studies
DTX-NLCs 3.72+0.56 2.13+0.35
DTX-LP 3.56+0.59 2.07+0.43 The amount of drug bound to the plasma proteins at vari-
DTX-NIO 3.79+0.83 2.26+0.48 ous concentrations of pure drug and the nanoformulations
DTX-ME 3.69+0.67 2.40+0.38 is depicted in Fig. 4. A significant difference (p <0.05)
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Fig. 3 Bar graph showing % 10
hemolysis of pure DTX and
developed nanoformulations

% Hemolysis
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SLNs SLNs NLCs NLCs LP LP NIO NIO ME ME

was observed between pure drug and the nanosystems in ~ lower than that of the naive drug. It indicates that higher
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amount of DTX bound from the nanoformulations was  ment from the nanoparticulate systems than the plain drug.
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Fig.4 Figure depicting the variation in the bound drug to the plasma proteins at various concentrations of naive DTX, DTX SLNs, DTX NLCs,
DTX LP. DTX NIO, and DTX ME
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Fig.5 Bar graph showing % cell viability of pure DTX, DTX SLNs, DTX NLCs, DTX LP, DTX NIO, and DTX ME at various concentrations

The reduced protein binding helps increase the concen-
tration of the drug, which will be available for the act-
ing at the target site. This ultimately helps in decreasing
the dosage along with the side effects caused during the
treatment.

Cell Studies

By treating the MDA-MB-231 cells with various concen-
trations of DTX and drug-loaded nanoformulations, %
cell viability was evaluated, which is depicted as a bar
diagram in Fig. 5. ICy, values of DTX, DTX-SLNs, DTX-
NLCs, DTX-LP, DTX-NIO, and DTX-ME were found to be
77.12 nM, 22.61 nM, 35.07 nM, 40.52 nM, 32.81 nM, and
38 nM, respectively. A significant difference was observed
between ICs, values (p <0.05). There was a statistical 3.44
(DTX-SLNs), 2.19 (DTX-NLCs), 1.90 (DTX-LP), 2.35
(DTX-NIO), and 2.02 (DTX-ME) fold decrease in the ICy,
values, which indicates the increase in the potency of the
drug (p <0.05). This change may be due to the specific
release of the drug at the target site and helps reduce the
side effects with enhanced efficacy. It was clearly evident
that the nanoparticulate systems were able to penetrate
the cells effectively and exert its effect in a better way

than the plain drug. The studies unequivocally vouched
for the enhanced efficacy of the developed systems over
its counterpart.

Apoptosis Assay

Annexin V-FITC/PI assay was used to determine the apoptosis
caused by the pure drug and other nanoformulations of MDA
MB-231 cells. Figure 6 represents the flow cytometric data of
the samples evaluated. In pure DTX, the apoptotic cells were
48.74% (37.65% early and 11.09 late), and the necrotic cell
count was 1.05%. In DTX-SLNs, the apoptotic and necrotic
cell count was 80.25% and 0%, respectively. DTX-NLCs
showed 92.44% and 0.16% apoptosis and necrosis. DTX-LP
exhibited 80.25% apoptosis and 0% necrosis. In the case of
DTX-NIO, the % of apoptosis and necrosis was 91.33 and 0.94,
respectively. DTX-ME showed 84.12% and 0.67% of apoptosis
and necrosis. On statistical analysis, all the results were found
to differ substantially at p <0.05. It was evident that the nano-
carriers induce a higher percentage of apoptosis. This may be
due to increased permeability and cellular uptake rather than
the pure DTX. The results showed the enhanced efficacy of the
DTX on the encapsulation into nanocarriers. These findings
are in close relation with the results of cell viability studies.
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Fig. 6 Pictorial representation showing apoptosis of a control, b DTX, ¢ DTX SLNs, d DTX NLCs, e DTX LP, f DTX NIO, and g DTX ME

Conclusion

After successful encapsulation of the DTX into the nanocarriers,
there was enhanced anti-tumor activity and hemocompatibility.
Through drug release studies, it was evident that the release was

@ Springer

in a controlled manner and pH-dependent. The protein binding of
the drug was reduced drastically, which proves the availability of

the drug to reach the target site. These carrier systems can offer a
better pathway for delivering chemotherapeutic drugs belonging
to BCS class IV, which have poor solubility and permeability.
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