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Abstract
Background The use of phytochemicals to prevent or suppress tumours is known as chemoprevention. Numerous plant-derived
agents have been reported to have anticancer potentials. As one such anticancer phytochemical, diosgenin has several applica-
tions which are nevertheless limited due to its low solubility in water.
Methods We loaded diosgenin into niosome to increase its solubility and hence efficiency. Diosgenin-niosome (diosgenin loaded
into niosome) was prepared by thin-film hydration method and characterised by optical microscopy, dynamic light scattering
(DLS), scanning electron microscopy (SEM), and UV-visible spectrophotometry. Also, loading efficiency, in vitro drug release,
and cytotoxicity assay were performed on HepG2 cell line.
Results and discussion Diosgenin-niosome has a nanometric size with a normal size distribution and spherical morphology. The
loading efficiency of diosgenin was about 89% with a sustainable and controllable release rate. Finally, the viability of free
diosgenin was 61.25%, and after loading into niosomes, it was improved to 28.32%.
Conclusion The results demonstrated that niosomes increase the solubility of naturally derived hydrophobic chemicals and thus
enhance their anticancer effect.
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Background

Cancer is the most dangerous disease afflicting people around
the world. Generally, the cause of most cancers is genetic
mutations resulting from carcinogens such as tobacco smoke,
radiation, and chemicals, and infectious agents promote these
mutations [1]. Hepatic cancer is a fatal cancer [2], the fifth
most common and third deadliest cancer worldwide [3] and
the fourth cause of death from cancers in Asia and less devel-
oped countries [4]. Surgery, radiotherapy, chemotherapy, im-
munotherapy, and interventional therapy are common treat-
ment methods for hepatic cancer [5]. Although treatment
methods and chemotherapy drugs can inhibit the proliferation
of liver cancer cells, their side-effects may be continued in the
short and long term [6]. Because of numerous problems asso-
ciated with chemotherapy, many patients prefer to use alter-
native medicines such as herbal therapies. Numerous studies
have suggested that medicinal plants can be helpful for the
treatment of cancers, specifically liver cancer [7].
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Due to the high bioavailability, limited side-effects, and
low cost, plant extracts and their derivatives have been used
for curing various diseases [8, 9]. Recent studies have demon-
strated that some plant compounds such as steroidal saponins
and sapogenins have anticancer effects [7, 10]. Diosgenin is a
well-known steroidal sapogenin that can be useful for the
treatment of various types of disorders [11]. This substance
is abundantly found in several plant species such as Costus
speciosus, Smilax menispermoidea, species of Paris, Aletris
and Trillum, species of Dioscorea, and Trigonella foenum
[12]. Many studies have focused on the anticancer properties
of diosgenin, and some authors mentioned that Diosgenin has
antiproliferative activity in various tumoural cell lines, includ-
ing prostate cancer [13] , colon carcinoma [14] ,
erythroleukemia (HEL cells) [15], squamous carcinoma [16],
hepatocellular carcinoma [7, 17, 18], gastric cancer [19], lung
cancer [20], and breast cancer [21–23]. Yan et al. (2009) eval-
uated the anticancer effect of diosgenin in the LA795 lung
adenocarcinoma cell line using MTT assay [10]. Also, Selim
et al. (2015) reported the anticancer effect of diosgenin on
HepG2 cells [7]. Both reports confirmed that diosgenin has a
considerable anticancer effect. The anticancer mechanism of
diosgenin is thought to be the modulation of multiple cell
signaling that plays a significant role in cell growth/prolifera-
tion, differentiation, migration, apoptosis, oncogenesis, and
angiogenesis [24]. It has been suggested that the antitumor
effects of diosgenin are mediated through induction apoptosis,
activation of p53, cell cycle arrest, inhibition (STAT3& mtor)
signaling pathway, and activition of caspase-3 [25].

Generally, diosgenin and other biologically plant-derived
compounds have less toxicity than chemical drugs, but their
free consumption can decrease their efficacy because of their
low water solubility. Although numerous reports proved the
anti-cancer potential of diosgenin, its pharmacological appli-
cations have been limited due to its poor water solubility
(0.02 mg/L) [26], poor permeability, low bioavailability, and
low stability in biological systems. Thus, a new and efficient
method is required to enhance the solubility and anticancer
effect of diosgenin [27–29].

Nanomedicine is one of the essential parts of nanotechnol-
ogy with extensive applications in different areas, especially
drug delivery [30–35]. Different nanocarriers are used for
drug delivery, and niosomes are one of the best carriers [32,
36, 37]. Niosome is a vesicular nanoparticle composed of non-
ionic surfactants and a helper lipid such as cholesterol that can
increase the rigidity of the bilayer. Niosomes have high poten-
tial to target the tumour cell and show a controlled release in it.
Niosomes are considered an alternative to other vehicles, spe-
cifically liposomes, due to their exciting properties such as
simple preparation, low cost, high stability, and simultaneous
encapsulation of hydrophobic and hydrophilic drugs [38].
Some authors mentioned that nanotechnology can enhance
the application of diosgenin in medicine. Pathak et al.

(2018), for instance, employed chitosan/bovine serum albu-
min bilayers for improving the bioavailability of diosgenin.
They found that the combination of biocompatible ionic poly-
mers chitosan/BSA bilayer encapsulation around diosgenin
allowed the sustained release of drug molecules up to 30 h
[39]. Moreover, Wei et al. (2018) conjugated diosgenin deriv-
atives to polyethylene glycol (PEG) with Schiff base bond as a
pH-responsive drug delivery system to prevent thrombosis
without increasing bleeding risk [40]. Despite the high effi-
ciency of diosgenin loading in nanocarriers, there are a few
reports on the loading of diosgenin in nanocarriers like
niosomes for cancer therapy.

Due to the high demand of nano-phytochemicals, in this
study, we loaded diosgenin into nano-niosome for enhanced
solubility in biological systems and improved efficacy on
HepG2 cell line. First, diosgenin was analysed by gas chro-
matographymass spectrometry (GC/MS), and then diosgenin-
niosomes were prepared by thin-film hydration (THF) meth-
od. The size and morphology of the loaded formulations were
characterised using dynamic light scattering (DLS), scanning
electron microscopy (SEM), and light microscopy techniques.
The loading efficiency and release rate of diosgenin from
niosome were evaluated by dialysis bag and UV-visible spec-
troscopy. Finally, the anticancer effect of formulations was
analysed by MTT assay on HepG2 cell line.

Materials and methods

Materials

Sorbitan monopalmitate (Span 40), dimethyl sulfoxide
(DMSO), diosgenin ((3β,25R)-spirost-5-en-3-ol, C27H42O3),
and cholesterol ((3β)-cholest-5-en-3-ol) were obtained from
Sigma (St. Louis, MO, USA). The human hepatocellular car-
cinoma (HepG2) cell line was purchased from the National
Cell Bank of Pasteur Institute (Iran). RPMI-1640 was ac-
quired from Gibco (USA). Polyoxyethylene sorbitan
monopalmitate (Tween 40) was obtained from Quilmes Fine
Chem Pvt. Ltd. (India). MTT reagent (1-(4,5-dimethylthiazol-
2-yl)-3,5-diphenylformazan) was purchased fromMELFORD
Biolaboratories Ltd., UK. Finally, chloroform with analytical
grade was purchased from Merck (Germany).

Methods

GC/MS analysis

To identify the purity of diosgenin, a Varian CP 3800 gas
chromatograph (Varian, Inc., Palo Alto, CA, USA) coupled
with a Saturn 2000 MS/MS detector, a split-splitless injector,
and an MS ChemStation were employed. The column was a
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fused silica capillary CP-Sil 8 CB (5% phenyl groups in the
dimethylpolysiloxane polymer, length of 30 m, ID of
0.25 mm, and film thickness of 0.25 μm) (Agilent J&W).
The injector was set at 260 °C. the program of the oven started
with 110 °C and increased to 200 °C at the rate of 3 °C/min.
Helium was the carrier gas at the constant flow at 2 mL/min,
and the sample (1 μL) was injected in the split mode (1:60).
The data obtained from the sample were evaluated by the
database of the instrument (NIST-MS).

Preparation of formulations

Niosome formulations (blank niosome (niosome without
diosgenin) and diosgenin-niosome (niosome with diosgenin))
were prepared by the THF method. The non-ionic surfactants
(Span 40 and Tween 40), cholesterol, and diosgenin, dissolved
in chloroform, at themolar ratio of 30:30:30:10, were added to a
50mL round bottom flask. Afterward, chloroformwas removed
by a rotary evaporator (60 °C, 180 rpm) for 15 min (Heidolph,
LABOROTA 4003-control-WB, Germany). The resulting lipid
film was hydrated using 10 mL of phosphate buffered saline
(PBS) (60 °C) for 30 min. For niosome purification, the obtain-
ed niosome formulations were centrifuged for 15 min at the
speed of 15,000 rpm (MPW, MED INSTRUMENTS-150R,
Germany). Finally, formulations were filtered with a 0.22uM
membrane filter (Sartorius AG, Göttingen, Germany).

Characterization of formulations

Morphology

Formation of niosome and its morphology were evaluated by
optical light microscopy. Optical micrographs were obtained
by a camera (ICC50 W, Germany) attached to the optical

microscope (Leica DM500, Germany) at 10 × 100 magnifica-
tion at 25 °C. For a higher resolution, the size, shape, and
topography of the formulations were also determined by
SEM (SBC-12, KYKY, China) (2 kV). For this procedure,
formulations were added to a double-sided carbon tape, posi-
tioned on an aluminium stub, and vacuum-dried. The samples
were gold-coated by a Polaron E5100 for 3 min under an
atmosphere of argon gas. The thickness of the Au coat was
~200 nm.

Mean size and size distribution

The size distribution of niosome formulations was examined
using DLS (Malvern Instruments). Briefly, 2 mL of samples
was poured in a polystyrene cuvette and analysed at the dif-
fraction angle of 90°.

Loading efficiency

The amount of diosgenin entrapped into niosome formulations
was spectrophotometrically determined using a UV-visible
spectrophotometer (Agilent Technologies, Cary 60, USA) fol-
lowing a previously reported protocol [41, 42]. First, a calibra-
tion curve for diosgenin ethanolic solutions at different con-
centrations (1, 10, 50, 100, 200, 300, and 500 mg/L) was
plotted. Total diosgenin content added to the niosome was
300mg/L. After drug encapsulation, the loaded niosomeswere
dissolved in 1 mL of ethanol and then centrifuged at
15000 rpm for 20 min (model 5415D, Eppendorf, Germany).
Free diosgenin absorbance in the supernatant was measured by
the UV-visible spectrophotometer at the wavelength of
245 nm. Finally, the loading efficiency of the formulation
was calculated as the difference between the total diosgenin
amount added to niosome (300 mg/L) and the free diosgenin
content measured in the supernatant by means of Eq. 1:

Loading efficiency% ¼ Total amount of diosgenin–Free diosgeninð Þ
Total amount of diosgenin

� 100 ð1Þ

Release rate of diosgenin from niosomes

The release assay was performed to understand the release
behaviour of diosgenin encapsulated in niosome. Briefly,
1 mL of niosomes containing diosgenin was introduced into
the dialysis bag, clipped from two ends, and placed in a beaker
containing 30% (v/v) ethanol in 50 mL of PBS with pH 7.4
maintained at 37 °C with the help of a magnetic heater stirrer
(Heidolph,MR3002G, Germany) (constant speed of 150 rpm)
for 12 h. At specific time intervals, 1 mL of the released drug
into PBS medium was withdrawn and immediately replaced

with 1 mL of fresh PBS buffer for sink condition. Withdrawn
samples were analysed by a UV-visible spectrophotome-
ter (Agilent Technologies, Cary 60 UV-visible, USA) at
245 nm. The percentage of the released diosgenin in
PBS buffer was presented as % accumulative release.
Data were reported in triplicate to confirm the reproduc-
ibility of results.

Kinetic release study

The release kinetics of diosgenin from the niosome was
assayed by means of different kinetic models such as zero-
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order (Eq. 2), first-order (Eq. 3), Higuchi (Eq. 4), and
Korsmeyer-Peppas (KP) models (Eq. 5) [43].

Qt ¼ Q0 þ k0 t ð2Þ
Qt ¼ Q0e

−k1t k1=2:303 ð3Þ
Qt ¼ kH:t

1=2 ð4Þ
Mt=M ¼ kpt

n ð5Þ

where Qt is the cumulative amount of released drug at
time t, Mt/M is the fraction of drug released, and k0, k1,
kH, and kp are the constants for zero, first, Higuchi, and
Peppas model, respectively. Also, Q0 is the total con-
centration of loaded drug and n is the diffusional
exponent.

Cell culture

The cells were cultured in RPMI-1640 (Gibco, USA) contain-
ing 10% FBS and 100 IU/ml penicillin-streptomycin under
5% CO2 at 37 °C.

MTT assay

HepG2 cell line was seeded in 96-well culture plates and
allowed to adhere to the plate for 24 h in a humidified
CO2 incubator at 37 °C. Then, the culture medium was
removed and cells were treated with diosgenin (10, 20,
30, 40, 50, 60, 70, 80, 100, and 150 μM) and diosgenin-
niosome (40 μM) for 24 h. Next, 0.5 mg/mL of MTT
was added to each well and incubated at 37 °C for 4 h in
a dark place. Afterwards, MTT was removed, and
100 μL of DMSO was added to each well. Finally, ab-
sorbance was read at 570 nm using an ELISA plate
reader (BIO-TEK INSTRUMENT, USA). The percentage
of cell viability was determined using the following
equation:

Cell Viability %ð Þ ¼ Abs T
Abs C

� 100 ð6Þ

where Abs C is the absorbance of the control and Abs T
is the absorbance of the test sample.

Statistical analysis

One-way ANOVA was run for the statistical analysis of dif-
ferent experiments, followed by a posterior Bonferroni t-test.
The p value <0.05 was considered significant. All values are
reported as the mean ± standard deviation.

Results and discussion

GC/MS analysis of diosgenin

Alternative options is critically required to prevent the initia-
tion and progression of human cancers. One of the exciting
approaches is the use of medicinal plants or their isolated
chemicals for the treatment of diseases, especially cancer.
Diosgenin abundantly found in C. speciosus has several ap-
plications, especially in the pharmaceutical industry.

The GC/MS spectrum of diosgenin is presented in Fig. 1.
As shown in the spectrum, there are two retention times, a
small peak at 9.59 min corresponding to the solvent, and a
significant peak at 27.5 min corresponding to diosgenin.
Based on Fig. 1, despite the intense peak of diosgenin, there
are some small peaks that were not counted due to their low
intensity. It is evident from the spectrum that the purity of
diosgenin is high, ~87%.

Formulation characterization

Niosome vesicles were prepared using a conventional chloro-
form film method, generally used to prepare niosomes. A
schematic representation of diosgenin-niosome before filtra-
tion procedure is illustrated in Fig. 2. Photomicrographs taken
with a light microscope give the idea of shape attained by the
vesicles. For this light, before the filtration prosedure, optical
microscopy was performed to evaluate the morphology of the
prepared vesicles. Figure 3 depicts a micrograph image of
formulations at the magnification of 100X. Spherical shapes
with different sizes of niosomes were observed in the micro-
graphs, but multi-layer vesicles (MLVs) were frequently ob-
served. It can be seen that the external multilayered membrane
is very clear, indicating that the niosomes have a bilayer and
spherical structure. The loading of diosgenin into niosomes
did not disrupt the structure and morphology of formulations.
In formulations, no diosgenin or cholesterol crystal was ob-
served. In a study conducted by Yeo et al. (2018), the forma-
tion and morphology of cinnarizine niosome was evaluated,
and some round, circular shapes were observed under the light
microscope, consistent with the images in our study [44].

The shape, size, and morphology of niosomes were ob-
served by SEM (after niosome filtration). Figures 4 (a) and
(b) show the SEM images of blank and diosgenin-niosome,
respectively. SEM demonstrated nanometric niosomes with
semi-spherical and closed vesicular structure without consid-
erable aggregates. The diameter of niosomes was mainly in
the range of 100–200 nm. After the loading of nisomes by
diosgenin, the spherical integrity of formulations did not sig-
nificantly change, but the size of diosgenin niosomes in-
creased toward blank niosomes (100 nm for blank niosome
increased to 170 nm for diosgenin niosome).
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The size distribution of formulations measured by DLS is
presented in Fig. 5. As shown in this figure, by loading
diosgenin into niosomes, the size of vesicle did not signifi-
cantly change (p > 0.05). The particle size of blank niosome
was 99 ± 2.5 nm which increased to 103 ± 1.3 nm for
diosgenin niosome. The size distribution curves of both for-
mulations had sharp patterns, indicating that niosomes have a
standard size distribution. The homogeneity of the formula-
tions was known as the polydispersity index (PDI). Small

values of PDI < 0.1 indicate a homogeneous population, while
a PDI > 0.3 indicates high heterogeneity. The PDI value of
blank niosome and diosgenin niosome was 0.21 and 0.22,
respectively, revealing that both formulations have satisfacto-
ry homogeneity and stability.

Stability properties of formulations are dependent on the
zeta potential. A zeta potential near ±30 mV can guarantee a
long-term stable formulation [45]. Zeta potentials for blank
niosome and diosgenin niosome were − 29 mVand − 36 mV,

Fig. 1 GC/MS spectrum of diosgenin in cholorform

Fig. 2 Schematic representation of diosgenin niosome
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respectively (Fig. 6a and b). Loading of diosgenin into
niosome resulted in more negative zeta values and hence more
stable formulations.

Because of the hydrophobic nature of diosgenin, it will be
loaded in the hydrophobic lipid shell of niosome. Loading of
diosgenin into niosome is a physical absorption. Many studies
mentioned that hydrophobic drugs are entrapped into the bi-
layer of niosomes through electrostatic interactions [38]. The
loading efficiency of diosgenin in niosomes was relatively
high and about 89%. Such high drug loading will be beneficial
for the systemic administrations and results in the release of a
significant amount of diosgenin at the site of action [46].
Barani et al. (2018) prepared Lawsone-loaded niosomes with

a particle size of 300 nm and loading efficiency of 69% [47].
The diosgenin niosome prepared in this study had a higher
loading efficiency and smaller particle size in comparison to
the one mentioned above. Also, Pando et al. [48] incorpo-
rated resveratrol into liposome and niosome to enhance
its delivery to the skin. There were no important signif-
icant differences between the loading efficiency of
niosomes and liposomes and the EE value (80%), show-
ing that it has lower loading efficiency in comparison to
the present study [48].

Loading efficiency% ¼
300

mg
L

−33
mg
L

300 mg=L
� 100 ¼ 89% ð7Þ

Fig. 4 SEM microphotograph of
blank niosome (A and A’) and
diosgenin niosome (B and B′)

Fig. 3 Optical microscopic
images of blank niosome (a) and
diosgenin multilamellar niosome
(b) before niosome filtration at the
magnification of 100X
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Release study

The release rate of drugs is an important parameter which has
to be critically evaluated. In vitro studies are performed at
physiological conditions (37 °C and pH 7.4) which can give
an idea of in vivo performance. The in vitro drug release was
performed here by the dialysis method. The samples were
analysed in specific time intervals by a UV-visible spectropho-
tometer at 245 nm. The release profile is presented in
Fig. 7. Interestingly, the cumulative percentage release
of free diosgenin and diosgenin niosome significantly dif-
fered. For example, after 2 h, nearly all content of free
diosgenin was released, while the diosgenin niosome
showed a sustained release, such that after 12 h, only
about 42% of formulations was released. Student t-test
was run, showing a significant difference between the
release rate of free diosgenin and diosgenin niosome
(p < 0.05). Because of the hydrophobic nature of
diosgenin, it loaded in the bilayer part of niosome.
Generally, hydrophobic drugs show a slow release rate

because of low diffusion. On the contrary, hydrophilic
drugs demonstrate a faster release due to their high solu-
bility in aqueous media. Different studies reported that the
controllable and sustainable release of the loaded drug is a
crucial factor for cancer therapy. Timmadonu et al. (2011)
encapsulated hydrophobic paclitaxel into niosomes and
evaluated its release rate [49]. Their formulation released
~81% of its loaded drug after 12 h. In another study, Jain
et al. (2015) prepared duloxetine HCl-loaded nanoparti-
cles for oral administration in which ~12% of the drug
was released after 2 h [50]. Furthermore, Qi Xu et al.
(2016) encapsulated curcumin in niosomes and concluded
that curcumin release rate was ~55% after 12 h [51]. The
above-mentioned studies reported that drugs loaded in
niosomes show a sustainable release.

Kinetic release study

The drug release kinetics was evaluated using zero-order, first-
order, Higuchi, and KP kinetic models. Table 1 shows that the
KP model best fitted the experimental data on the basis of the

Fig. 5 Particle size distributions
of blank niosome (a) and
diosgenin niosomes (b) based on
DLS measurements
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correlation coefficient (R2 > 0.98). This takes into account
diosgenin diffusion and erosion controlled release processes
from the niosome. Then, at the beginning in the presence of
niosome might slightly expand and allow the Diosgenin with-
in to diffuse through the interface.

Cellular toxicity assay

Loading of hydrophobic drugs into niosomes can increase the
toxicity of resulting formulations due to the enhanced solubil-
ity and improved interaction of niosomes and cancerious cells

Fig. 6 Zeta potential of bank
niosome (a) and diosgenin
niosome (b) by DLS analysis
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[47]. In order to verify this hypothesis, we studied the cyto-
toxicity of different concentrations of free diosgenin (10–
150 μM) by MTT assay on HepG2 cancer cell line for 24 h
(Fig. 8). Evidently, when the concentrations of diosgenin were
increased, the toxicity of drug was increased.

Once again, when diosgenin was loaded into niosome,
MTT assay was repeated. The in vitro cytotoxicity of free
diosgenin, blank niosome, and diosgenin niosome was

evaluated on HepG2 cell line and presented in Fig. 9. For this
comparison, we chose the concentration of 40 μM of formu-
lations. Blank niosome did not show significant cytotoxicity,
and viability was ~89%. The low toxicity of carrier guarantees
the safety of its usage for healthy cells. Interestingly, cytotox-
icity was significantly increased when diosgenin loaded into
niosome. The viability of free diosgenin at the concentration
of 40 μMwas 60%, and that of diosgenin niosome at the same
concentration was 28% (p < 0.05). Many authors mentioned
similar results for phytochemical nano-delivery systems. For
example, Hen et al. (2013) prepared cantharidin-entrapped
niosomes, showing that the viability of cantharidin-niosome
at the concentration of 40 μM was lower than that of free
cantharidin at the same concentration [52], consistent with
our results. Moreover, Qi Xu et al. (2016) reported that
curcumin-niosomes demonstrate enhanced cytotoxic activity
against ovarian cancer cell line (A2780) in comparison to free
curcumin [51], in line with our findings. These studies prove
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Table 1 Models, equations, and regressions of diosgenin release from
niosomes

Model Equation R2

Zero-order y = 0.1488x + 10.667 R2 = 0.9394

First-order y = 0.002x + 0.8998 R2 = 0.5464

Higuchi y = 0.5552x + 0.4285 R2 = 0.9223

KP y = 0.3016x + 0.0583 R2 = 0.9894
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that the loading of low-solubility phytochemical into niosome
can improve their efficiency.

Conclusion

Diosgenin as an efficient anticancer agent was loaded into
niosomes, and its physicochemical characteristics were eval-
uated. The morphology of the resulting formulation was
spherical with a standard size distribution. The loading effi-
ciency of diosgenin was ~89%, and its release behaviour from
niosome showed a sustained release compared to free
diosgenin (40% in 720 min compared to 100% in 240 min).
Finally, MTT assay proved that free diosgenin has no signif-
icant cytotoxicity (60% viability), whereas diosgenin niosome
has a notable anticancer effect in HepG2 cancer cell line (28%
viability). Therefore, this system can be employed as a prom-
ising carrier for a controllable, sustainable, and effective de-
livery for phytochemicals.
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