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Abstract 

Background Docetaxel (DTX) has been used to treat numerous types of cancers. Poor solubility, lower bioavailability, 
and serious side effects limit its use in cancer treatment. The objective of the present research work was to develop 
DTX-loaded niosomes to overcome these issues and investigate the anticancer effect on breast cancer. Niosomes of 
DTX were prepared and evaluated to estimate particle size, surface potential, morphology by TEM, %EE, in vitro drug 
release, %hemolysis, in vitro cytotoxicity, and stability. The cytotoxicity effect of plain DTX and DTX-loaded niosomes 
was performed on MCF-7 cell lines.

Results The mean particle size, zeta potential, and %EE of DTX-loaded niosomes were 244.9 nm, − 7.1 mV, and 
97.43%, respectively. Besides, combining the DTX with polymers enhanced drug loading capacity. The TEM images 
confirmed spherical-shaped niosomes. The IR, DSC, and P-XRD studies indicate no chemical interaction between drug 
and excipients. The developed DTX niosomes showed a sustained release behavior and lower in vitro cytotoxicity 
when compared to plain DTX.

Conclusion The current research work demonstrates the suitability of co-loading of DTX in niosomes as a promising 
approach to enhance the efficiency of DTX.
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Graphical Abstract

Background
Today globally, breast cancer is the most common 
type of cancer with 12% of all new annual cancer cases 
worldwide. The World Health Organization (WHO) 
has estimated that about 30% of newly diagnosed cases 
of cancers in women will be breast cancers [1]. Glob-
ally, cancer is a leading cause of death and a significant 
obstacle to raising life expectancy [2]. Cancer is the 
uncontrolled cell division that spreads abnormally grow-
ing cells across other organs, interfering with normal 
organ function and, in some cases, leading to death [3]. 
The development of tumors in cancer is the net result of 
the uncontrolled division of abnormal cells that affects 
the body [4]. In cancer patients, normal cell function is 
lost during the penetration phase of a malignant tumor 
when it spreads throughout the body through circula-
tory channels. In the angiogenesis phase, the cell devel-
ops and extends during the blood supply to sustain it [5]. 
One in four of all malignancies in women worldwide cur-
rently occurs as a result of breast cancer. The incidence 
of breast cancer has increased by more than 20% globally 
since 2008, whereas the mortality rate has increased by 
14% [6].

DTX, a taxane compound, has been successfully used 
in the treatment of metastatic, adjuvant, and neoadjuvant 
breast cancer in clinical trials. It is a semi-synthetic drug 
first discovered as a substitute for paclitaxel in 1986 [7]. 
DTX is an anticancer drug often used to treat prostate, 
ovarian, breast, and advanced non-small cell lung can-
cer [8]. It operates by destroying the cellular microtubu-
lar network required for mitotic and interphase cellular 

processes [9]. Its use is restricted due to its non-specific 
distribution, poor water solubility, low bioavailability, and 
significant adverse effects [10, 11]. To overcome these 
issues, nanocarriers have been actively studied in recent 
years because of their significant potential in the field of 
novel drug delivery [12].

Nanotechnology is one of the most promising tech-
nologies of the twenty-first century [13]. Liposomes, 
niosomes, solid lipid nanoparticles (SLN), dendrimers, 
polymeric nanoparticles, polymeric micelles, carbon 
nanotubes, nanocrystals, and other nano-carrier drug 
delivery systems have shown encouraging outcomes in 
the development of anticancer treatments [14]. One of 
the most efficient carriers among them is niosomes. The 
unique bilayer structure, self-association of non-ionic 
surfactants, and cholesterol in an aqueous phase make 
them the most potential drug carriers [12].

Niosomes’ biocompatible, non-immunogenic, and 
biodegradable nature and flexibility in their structural 
characterization make them ideal for the exploration 
of anticancer drug delivery. They last a long time, are 
incredibly stable, and allow for targeted, controlled as 
well as sustained delivery of drugs [15, 16]. Compared 
with liposomes, niosomes have advantages such as good 
stability, low cost, easy to be formulated, and scaling-up. 
Lü et  al. [14] successfully fabricated DTX niosomes by 
ethanol injection followed by lyophilization using  Span® 
40,  Span®60, and  Solutol® HS15 with a narrow range of 
size distribution and a high percentage of drug entrap-
ment efficiency (%EE). The major limitation of the etha-
nol injection technique reported was the presence of a 
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small amount of ethanol in the vesicle suspension which 
was difficult to remove. In addition, ethanol causes liver 
cirrhosis, disturbs the nervous system; affects the glands 
in humans, and mutations (genetic changes). Several 
reported studies indicated the inhibitory effects of DTX 
on the breast cancer Michigan Cancer Foundation-7 
(MCF-7) cell lines.

Several studies have reported that pluronic surfactants 
themselves prolong the residence time and decrease the 
clearance rate of the drug, resulting in drastic sensitiza-
tion of these tumors concerning various anticancer drugs 
[17]. Hence, the current research work was aimed to fab-
ricate and characterize the DTX-loaded niosomes using 
Sorbitan Monopalmitate  (Span® 40) and  Pluronic® F108 
(PF108) and evaluate their efficiency on the breast can-
cer cells. A  32 full factorial design was employed to fab-
ricate the DTX-loaded niosomes. The developed DTX 
niosomes were investigated for solubility issues, and anti-
cancer effects on breast cancer were further tested for 
particle size, polydispersity index (PDI), %EE, hemolysis, 
and stability studies.

Methods
Materials
IQ-GenX, Navi Mumbai, India, generously provided 
DTX. Cholesterol, PF108, and  Span®40 were generous 
gift samples from Molychem Lab, Mumbai. Methanol, 
chloroform, and distilled water were supplied by Fine 
Chemical, Mumbai.

Preparation of niosomes
A thin-layer evaporation technique was used to fabricate 
DTX niosomes. DTX,  Span® 40, and PF108 were dis-
solved in a solution of 8 mL methanol and 2 mL chloro-
form. This admixture was magnetically stirred for 30 min 
and the resultant solution was allowed to evaporate for 
over 1 h in a rotary evaporator that resulted in a thin film. 
The flask was held in a vacuum for 30  min to obtain a 
fully dried film. The film was hydrated with 20 mL of dis-
tilled water and the solution was extensively vortexed and 
mixed for 20 min. The resulting solution was centrifuged 
for 5  min at 8000  rpm, the supernatant was separated 
and the DTX niosomes were freeze-dried and stored in a 
refrigerator at 2–8 °C.

32 factorial design
The effect of the formulation variables, each at three lev-
els, and nine different combinations were investigated 
using a  32 full factorial design. The concentration of 
 Span® 40 (X1) and cholesterol (X2) was employed as inde-
pendent variables, whereas particle size (Y1) and %EE 
(Y2) were the dependent variables [18].

Characterization of DTX niosomes
Particle size and polydispersity index
The  particle size and PDI of all freshly prepared DTX-
loaded niosomal formulations were determined by using 
Zetasizer version 11 (Malvern Instruments, Worcester-
shire, UK) with the manufacturer’s software [19].

Percent entrapment efficiency
DTX niosome’s %EE was determined using the cen-
trifugation process. At room temperature, the freshly 
fabricated formulations were centrifuged for 10 min at 
20,000  rpm. The supernatant was diluted sufficiently 
by adding methanol and the absorbance was recorded 
at 230 nm employing a UV–visible spectrophotometer 
(Shimadzu UV-1900) [20].

Zeta potential
The zeta potential of DTX-loaded niosomes was meas-
ured using the Zetasizer (Horiba SZ-100). The samples 
were diluted at a 1:1 ratio using distilled water. The 
samples were transferred to cuvettes and were then 
placed in the Dynamic Light Scattering (DLS) analyzer 
to measure zeta potential [21].

Transmission electron microscopy
Transmission electron microscopy (TEM) (Jeol Model 
JM 2100) was used to examine the morphological char-
acteristics of the optimized DTX niosomes. A drop of 
niosomal  formulation  was placed on a carbon-coated 
copper sheet, and the unwanted sample was wiped 
away using filter paper. The carbon grid was stained 
with a drop of staining factor (2%w/v solution for phos-
photungstic acid) and left aside for 2  min. The excess 
staining agent was transferred to filter paper, and an 
electron microscope was employed to observe the thin 
film of stained niosomes [22].

Fourier transform infrared spectroscopy
Fourier Transform Infrared (FTIR) spectroscopy was 
used to determine the compatibility of DTX with 
excipients. Briefly, about 2 mg of a sample was ground 
thoroughly with previously dried potassium bromide 
(KBr) at 120 ºC for 30 min, uniformly mixed and com-
pressed into disks, and kept in the sample holder. Later, 
the disks were scanned at the wavelength of 4000–
500  cm−1. Plain DTX and DTX niosomes were assessed 
using an FTIR spectrophotometer (Agilent, Alpha 
100508) to obtain FTIR spectrums [23].

Differential scanning calorimetry
The thermal behavior of plain DTX and optimized 
DTX niosomes were examined using an automatic 
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differential scanning calorimeter (DSC) (Pyris Diamond 
TG/DTA, Perkin Elmer) equipped with an intracooler. 
A platinum crucible was used with an alpha-alumina 
powder as a reference to calibrate the DSC tempera-
ture and enthalpy scale. The powder samples of 3–5 mg 
were weighed and hermetically kept in the pierced alu-
minum pan and heated at a constant rate of 10 °C/min 
over a temperature range of 10  °C to 500  °C. Nitrogen 
was used at the flow rate of 150  mL/min to create an 
inert atmosphere. The reference employed for determi-
nation was an empty aluminum pan (SDT Q600 V20.9 
Build 20) [24].

X‑ray diffraction
Plain DTX and DTX niosomes were compared in the 
crystallographic investigation using an X-ray diffractom-
etry (XRD) (Bruker D8 Advance) with Cu-K radiation 
(λ = 1.54) at a voltage of 40 kV, 50 mA, at increments of 
0.02º from 5º to 100º diffraction angle (2θ) at 1  s/step. 
Plain DTX and optimized DTX niosomes were scanned 
against a zero backdrop [25].

In vitro drug release study
The pattern of release of plain DTX and DTX niosomal 
formulation was determined using the dialysis method 
[26–28]. The DTX solution equal to 2.5  mg DTX was 
poured into (12,000  Da MWCO) dialysis tubes and 
tightly sealed. The solution-filled dialysis tubes were 
placed in 100 mL phosphate buffer saline (PBS) (pH 7.4). 
Accurately 5 mL samples were withdrawn for estimation 
at 1, 2, 4, 8, 12, and 24 h. The volume of the drug release 
medium was maintained at 100  mL by substituting it 
with equal volumes of the fresh medium while stirring 
with a magnetic stirrer at 200 rpm/min. The withdrawn 
samples were centrifuged at 2000 rpm for 5 min, and the 
supernatant was separated and analyzed using a UV–vis-
ible spectrophotometer at 230  nm to estimate the per-
centage of drug released.

In vitro cytotoxicity study
The cytotoxicity of plain DTX and DTX niosomal for-
mulation was investigated against the MCF-7 cell line. A 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium 
bromide (MTT) dye reduction test was used to evaluate 
in vitro cytotoxicity. The cells were attacked and started 
growing again after being cultured for 24 h at 37 °C in a 
5%  CO2 incubator. Accurately 100  µl of serially diluted 
test solutions and plain DTX solution were substituted 
for supernatant Dulbecco’s Modified Eagle Medium 
(DMEM) in the niosomal formulation. Under the same 
conditions, all of the well plates were incubated for 48 h. 
After incubation, the supernatants were replaced with 
the same volume of MTT stock solution made in 0.6 mg/

mL PBS. After 4  h of incubation, the MTT solution 
was changed for the same volume of dimethyl sulfoxide 
(DMSO). The resulting absorbance of DMSO solutions 
was reported at 590 nm using an enzyme-linked immu-
nosorbent assay (ELISA) plate reader. Further,  IC50 val-
ues were calculated using dose–response curves, and the 
absorbance of test samples and untreated cells was meas-
ured and compared [29–31].

Stability study
Short-term stability analysis of plain DTX and an opti-
mized DTX niosome formulation was performed as per 
ICH Q1A R2 stability study guidelines. The stability of 
the DTX niosomes was investigated by storing them at 
5 ± 3  °C and 25 ± 2  °C/ 75% relative humidity (RH) for a 
total of 3 months [22].

Results
DTX niosomes were prepared by using DTX,  Span® 40, 
PF108, and the mixture of methanol and chloroform by 
using the thin-layer evaporation method. The technique 
of thin film hydration was used to prepare niosomes as 
it produces multilamellar non-ionic niosomal vesicles. 
Besides, it is the most efficient, simple, and reproducible 
method. To fabricate niosomes with a narrow size dis-
tribution, it is typically combined with sonication [34]. 
Historically, a variety of non-ionic surfactants have been 
employed to decrease the particle size and enhance the 
zeta potential of drug-free niosomal formulations [31]. 
Cholesterol, as it interacts with non-ionic surfactants, 
was used in the right proportion to produce the most sta-
ble formulation with an improved niosomal mechanical 
strength as well as water permeability that will retain its 
integrity under high-stress conditions [35].  Span® 40 is 
a hydrophobic amphiphile with a HLB value of 6.7, and 
DTX is also hydrophobic. Therefore, when pluronic F108 
which has a lower molecular weight and owns a longer 
hydrophilic PEO chain than the PPO chain, increases the 
hydrophobicity level, thus contributing to drug loading 
[34]. Niosomes, as they assist to direct the drug to the 
cancer cells, lengthen the course of treatment with low-
ered severity of harmful side effects, and enhance drug 
stability, are a promising drug delivery carrier for cancer 
therapy [32].

Formulation design
The combined effect of two formulation variables, each 
at three levels, and the potential nine DTX niosome 
formulation combinations were investigated using a  32 
factorial design. Cholesterol (X1) and Span® 40 (X2) con-
centrations were the independent variables while the 
particle size (Y1) and percent EE (Y2) were the dependent 
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variables in this experiment. The optimized batch 
(F5) showed 97.43% percent EE and a particle size of 
244.9 nm.

Effect of formulation variables
The results of the investigations indicate that the 
response values of the dependent variables vary with the 
change in independent variables. This is also affected by 
the spacious area of coefficient values of the polynomial 
equation terms for Y1. The major outcomes of X1 and 
X2 describe the typical outcome of increasing one vari-
able from a low to a high level. Out of the 9 formulations, 
the particle size (Y1) and %EE (Y2) values displayed a 
large range from 531.6 to 244.9 nm and 66.55 to 97.43%, 
respectively. It clearly shows that the Y1 and Y2 values 
were highly influenced by the X1 and X2 variables cho-
sen for the trials. This could also be illustrated by a wide 
variety of responses for the coefficients of the terms in 
equations. The primary effects of X1 and X2 indicate the 
average result of adjusting one variable at a time from low 
to high. The complete model statistical analysis shown in 
Table  1 reveals the significant influence of independent 
variables on the dependent variables.

Analysis of variance (ANOVA)
The statistical validity of the polynomials was determined 
using the Design Expert® software’s ANOVA feature. 
Mathematical designs were created for each response 
and verified for significance. The adjusted R2 and 

predicted R2 values were in best recommendations for all 
responses, showing that the mathematical model accu-
rately predicted the outcomes. The degree of variation in 
the dependent variable is determined by the independent 
variables, and it is collectively depicted by polynomial 
equations. The statistical model generated interactive 
polynomial terms for each response; the equations are as 
follows:

where Y is the independent variable, β0 represents the 
arithmetic mean response of the 9 trials, and  β1 is the 
calculated factor of a coefficient. The average outcome 
when the components were adjusted one at a time from 
their lower to higher values is represented by the prin-
cipal effects of the degree of A and B. The interaction 
terms (AB) demonstrated how the outcomes vary when 
two variables are altered at the same time. The DoE 
data suggest that particle size and %EE depend on the 
selected independent variables. The following polyno-
mial equations were used to derive conclusions based on 
the statistical sign it bears demonstrating synergistic or 
antagonistic effects (Table 2).

(1)Y = β0 + β1A+ β2B+ β3AB+ β4A
2
+ β5B

2

(2)

Y1(particle size) =244.90+ 24.79A+ 1.65B

+ 70.44AB+ 107.86A2
+ 91.48B2

(3)
Y2(%EE) = 97.43+ 4.58A+ 0.3394B+ 3.51AB−10.51A2

− 4.75B2

Table 1 Experimental design of DTX niosomes and effect on dependent variables

Formulation code Factor 1 Factor 2 Response 1 Response 2
Cholesterol (X1) (mg) Span® 40 (X2) (mg) Particle size (nm) EE (%)

F1 2 2 444.5 ± 2.5 83.56 ± 1.2

F2 2 2.5 421.8 ± 1.3 76.95 ± 1.3

F3 2 3 489.0 ± 0.9 66.55 ± 0.4

F4 2.5 2 412.0 ± 1.1 86.31 ± 0.9

F5 2.5 2.5 244.9 ± 0.5 97.43 ± 1.2

F6 2.5 3 531.6 ± 1.2 89.69 ± 1.1

F7 3 2 518.0 ± 1.3 82.26 ± 0.8

F8 3 2.5 346.0 ± 1.7 84.37 ± 0.7

F9 3 3 391.5 ± 1.4 87.65 ± 1.2

Table 2 ANOVA for a quadratic model of particle size and %EE

Source Df Particle size %EE

Sum of squares Mean square F-value P-value Sum of squares Mean square F-value P-value

Model 5 61,182.5 12,236.5 11.36 0.036 55,780 111.58 10.80 0.039
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The model F-value of 11.36 and 10.80 for particle size 
and %EE, respectively, indicates its significance. Because 
of the noise, there is only a 3.64% chance that such 
high F-values will occur. The P-values for the model 
were < 0.05. The terms AB, A2, and B2 are important 
model variables in this scenario. The fit statistics values 
for the model are presented in Table 3. Adequate preci-
sion tests the ratio of a signal to noise. A ratio of more 
than 4 would be desirable. Thus, the ratio 11.054 shows a 
suitable signal. The space of the design may be navigated 
using this model. A coefficient of variation (CV) for a sin-
gle variable describes the dispersion of the variable. The 
lower CV describes the smaller residuals relative to the 
predicted value suggesting a good model fit.

Counter plot and 3D surface plot analysis
The data are presented as 2D contour plots and 3D 
response surface plots for understanding interactions 
between the components and their impacts on the 
responses. These plots are useful in predicting the impact 
of two factors on the same set of results at the same time. 
The effects of change in concentrations of independent 
variables on particle size and %EE are described in the 
following section.

Effect on particle size
Cholesterol is an essential parameter in the fabrication of 
niosomal vesicles. Altering the concentration of choles-
terol and  Span® 40 can alter the particle size. The coun-
terplot presented in Fig. 1A represents the design space 
for employing independent variables based on particle 
size.

Effect on percent entrapment efficiency
At the initial phase of experiments, where the concentra-
tion of  Span® 40 increases the %EE also increases. How-
ever, additional increases in the  Span® 40 concentration 
led to a decrease in DTX %EE. Amongst independent 
variables investigated, %EE was affected mainly due to 
cholesterol concentration, Fig. 2. The %EE was found to 
be 97.43 ± 1.2 in the F5 batch hence it was considered as 
an optimized batch [30].

Particle size analysis and polydispersity index
The particle size of the optimized DTX niosomal formu-
lation (F5) was found to be 244.9 nm. Figure 3 PDI is a 
representation of the distribution of particle size within a 
given sample. The particle size distribution ranged from 
244.9 to 531.6 nm. The numerical value of PDI was 0.75 
indicating monodisperse samples.

Table 3 Fit statistics for particle size and %EE

Particle size %EE

SD 32.81 R2 0.9498 SD 3.21 R2 0.9474

Mean 422.09 Adjusted  R2 0.866 Mean 83.86 Adjusted  R2 0.8596

CV% 7.78 Predicted  R2 NA(1) CV% 3.83 Predicted  R2 NA(1)

Adeq Precision 11.053 Adeq Precision 10.477

Fig. 1 A Counter plot and; B 3D surface response plot for particle size
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Zeta potential
The zeta potential distribution graph of DTX-loaded 
niosomes is presented in Fig.  4. Niosomes were nega-
tively charged with a zeta potential of about −  10  mV 
[37].

Transmission electron microscopy
The TEM images of optimized DTX-loaded niosomes 
formulations (F5) are exhibited in Fig.  5. Niosomes 
appeared as well-defined spheres with a distinct wall 
enclosing an aqueous core [38]. Furthermore, the mean 

niosome size determined by TEM agreed well with that 
determined by particle size and PDI experiments.

Fourier transform infrared spectroscopy
The FTIR spectra of DTX and DTX-loaded niosomal for-
mulation were recorded in the range of 4000–400  cm−1. 
In DTX FTIR spectra, the peaks at 3010   cm−1 and 
1502   cm−1 are the characteristic peaks of the benzene 
ring and 1699   cm−1 indicates the presence of (C=O) 
carbonyl group in the DTX. The FTIR spectrum of opti-
mized niosomal formulation (F5) is presented in Fig. 6.

Fig. 2 A Counter plot and, B 3D surface response plot %EE of DTX niosomes

Fig. 3 The particle size of DTX co-loaded niosomes
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Differential scanning calorimetry
The melting point temperature of DTX and DTX nioso-
mal formulation were recorded using DSC (SDT Q600 
V20.9 Build 20). The DTX DSC thermogram showed a 
high endothermic peak at 178-188  ºC that corresponds 
to the DTX melting. DSC thermograms of DTX-loaded 
niosomal dispersion interestingly displayed endotherm at 
90.46 and 103 °C corresponding to  Span® 40, and choles-
terol (Fig. 7).

X‑ray diffractometry
Figure 8A and B showed the P-XRD pattern of plain DTX 
and optimized niosomal formulation batch (F5), respec-
tively. The results obtained from the P-XRD study were 
in agreement with DSC studies. DTX is a white crystal-
line powder with multiple distinct peaks at varied relative 
intensities when viewed via a diffraction angle which dis-
appeared in the P-XRD of the DTX niosomal formulation 
(F5) [30].

In vitro drug release study
The in  vitro drug release from plain DTX and DTX 
niosomes is presented in Fig. 9. The highest percentage of 
cumulative drug released in solution from the plain DTX 
was 85% after 8 h and from DTX co-loaded niosome was 
35.2% after 24 h [39].

In vitro cytotoxicity study
The in  vitro cytotoxicity of plain DTX and optimized 
DTX niosomal formulation (F5) was evaluated in the 
MCF-7 cells using the MTT assay. The findings of the 
study are reported as half-maximal inhibitory concen-
tration  (IC50). The doses of DTX ranged from 0.0001 to 
1  µM. In  vitro cytotoxicity of DTX was strongly influ-
enced by drug concentration. In the cell line study, both 
plain DTX and DTX niosomes successfully inhibited the 
proliferation in a concentration-dependent manner.  IC50 
of MCF-7 cells were more responsive to DTX niosomes, 
as compared to  IC50 of plain DTX indicating sustained 

Fig. 4 Zeta potential of optimized DTX niosomal formulation (F5)

Fig. 5 TEM image of optimized DTX niosomal formulation (F5)
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release of DTX from niosomes over a prolonged time 
(Fig. 10).

Stability study
The stability of niosomal formulations was investigated 
by keeping track of changes in the physical appearances 
and %EE by storing them at a temperature of 2–8  °C 
for 3 months. At the end of the study, there was no sig-
nificant change in the appearance, particle size, PDI, 
and zeta potential of the niosomal formulations indi-
cating their better stability. Additionally, DTX content 
retained throughout 1, 2, and 3 months was 97.20 ± 0.9, 
97.13 ± 1.1, and 97.02 ± 0.7%, respectively, against the 
initial amount of 97.43 ± 1.2%. The plain DTX retained 
only 80% 0.25 ± 0.3% of its initial 98.52 ± 0.9% indicating 
niosomes superior stability over plain DTX.

Discussion
DTX is indicated for the treatment of individuals with 
locally advanced or metastatic breast or non-small-cell 
lung cancer, as well as androgen-independent advanced 
or metastatic cancer. Its application in the treatment of 
cancer is constrained by its poor solubility, significant 
adverse effects, and multidrug resistance (MDR) [30]. 

Although many researchers have successfully devel-
oped DTX liposomes, one of the main problems with 
those traditional liposomes was rapid blood clearance 
of DTX because of the adsorption on plasma proteins, 
drug leakage, and high production costs [40]. Com-
pared with liposomes, niosomes have been reported to 
possess good stability, low cost, and ease of formulation 
and scale-up. Niosomes are much more stable because 
their forming materials are non-ionic surfactants that 
are more stable than those of lipids used in liposomes, 
both in terms of physical and chemical stability [22]. 
Therefore, to address these problems and improve ther-
apeutic efficacy, DTX was encapsulated in niosomes.

The thin-layer technique has the advantage of being 
much faster processing and requiring smaller quanti-
ties of lipids for analysis. The rotary evaporator takes 
advantage of the low boiling points of solvents by cre-
ating an environment where the solvent rapidly boils 
off leaving only the product. A big advantage of rotary 
evaporation is the easy possibility of scaling up [41].

The  32 factorial design applied at three levels led to 
potential nine DTX niosomal combinations. In these tri-
als, the concentrations of cholesterol (X1) and  Span® 40 
(X2) served as independent variables, and the dependent 

Fig. 6 FTIR overlay spectra of (A) plain DTX (B) optimized DTX niosomal formulation (F5)
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variables were particle size (Y1) and %EE (Y2). The par-
ticle size of niosomes ranged from 244.9 to 531.6  nm. 
Further, the drug’s cytotoxicity against cancer cells is 
enhanced by decreasing the particle size and increasing 
the amount of drug enclosed in the niosome’s vesicles 
[36]. There is an inverse relationship between concen-
trations of  Span® 40 and cholesterol in combination and 
particle size. The %EE was found to be highest in the F5 
batch which indicates an increase in the cholesterol con-
centration further increased %EE. It might be attributed 
to the high concentration of cholesterol preventing the 
gel state from transforming into a liquid-ordered state, 
which increases the stiffness of the resultant bilayers and 
hence increases niosomes stability and %EE [30]. The 
cholesterol and  Span® 40 concentration ratio in the opti-
mized formulation was found to be 2.5:2.5. These results 
were in significant agreement with the particle size, zeta 
potential, and PDI of DTX niosomes prepared by using 
 Span®  40 as a polymeric surfactant [37]. The negative 
value of zeta potential indicated that the appropriate 
concentration of  Span® 40 and cholesterol was signifi-
cantly effective for loading vesicles. The zeta potential 
of niosomes decreased as the amount of  Span® 40 and 
cholesterol increased, probably because the molecular 

weight for PF108 distribution onto the bilayer surfactant 
structure increased [38].

The TEM images revealed a well-defined spherical 
form with a distinct wall enclosing an aqueous center, 
which was consistent with the findings reported earlier 
for rifampicin-loaded niosomes [22]. In the DSC ther-
mograms, the lack of a DTX melting endotherm in the 
formulation indicated that the drug has changed from 
crystalline to amorphous which could be correlated to 
improved DTX entrapment in niosomal formulation [41, 
42]. The P-XRD pattern of DTX was robust and distinc-
tive, indicating that it was a crystalline powder. On the 
other hand, the optimized DTX niosomal formulation 
(F5) revealed a reduction in peaks and increased diffu-
sive peaks, indicating an amorphous form of DTX [30, 
36, 43]. Niosomes have many advantages common to all 
vesicular systems such as prolongation of the circulation 
of entrapped drugs, possible targeting to special organs 
and tissues and controlled release of entrapped drugs, 
and being biodegradable and non-immunogenic [39]. 
In the in  vitro drug release study, the amount of DTX 
released from niosomes concerning time was reduced, 
and at the same time, the release was sustained. The low 
DTX release in the blood circulation would help to target 

Fig. 7 DSC of (A) plain DTX; and (B) DTX niosomal formulation (F5)
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increased drug concentration to cancer cells and there-
fore would meet the parameters for effective drug deliv-
ery in cancer treatment [39].

A cytotoxicity study reveals that the DTX niosomes sig-
nificantly induce cytotoxicity in MCF-7 cells indicating the 
effectiveness of F5 formulation. It showed a sustained DTX 
delivery for 24 h which help to avoid its premature release 
to reduce the toxicity [31, 36]. The formulation’s stability 
studied at 2–8 °C showed its physical integrity retaining a 

good amount of drug that was speculated as stable over the 
storage period.

Conclusion
Niosomal formulations under study proved to have 
the potential to improve the aqueous solubility of the 
DTX due to the pre-dissolved form of the drug in the 
polymer and its monodisperse nanometric size. DTX 
niosomes were successfully released DTX in a sustained 
manner which avoids high-concentration toxicity to the 

Fig. 8 P-XRD of (A) plain DTX; and (B) DTX optimized niosomal formulation (F5)

Fig. 9 Graphical presentation of cumulative drug release study

Fig. 10 Cytotoxicity study plain DTX and optimized DTX niosomal 
formulation (F5)
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normal cells and delivers the drug slowly at the site of 
action. Besides, the stability of the DTX was improved 
when it was formulated in the niosomal form. Thus, 
DTX niosomes are a promising approach for the solu-
bility enhancement, toxicity reduction, and stability 
enhancement of the anticancer drug DTX.
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