
Research Article
Development of Polymer and Surfactant Based Naringenin
Nanosuspension for Improvement of Stability, Antioxidant, and
Antitumour Activity

Shadab Md ,1,2,3 Nabil A. Alhakamy,1,2,3 Sohail Akhter ,4 Zuhier A. Y. Awan ,5

Hibah M. Aldawsari,1,2 Waleed S. Alharbi,1 Anzarul Haque,6 Hira Choudhury,7

and Ponnurengam Malliappan Sivakumar 8

1Department of Pharmaceutics, Faculty of Pharmacy, King Abdulaziz University, Jeddah, Saudi Arabia
2Center of Excellence for Drug Research & Pharmaceutical Industries, King Abdulaziz University, Jeddah, Saudi Arabia
3King Fahd Medical Research Center, King Abdulaziz University, Jeddah, Saudi Arabia
4Department of New Product Development, Combination Product & Devices, Global R&D, Teva Pharmaceuticals, Runcorn, UK
5Department of Medicine and Biochemistry, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia
6Department of Pharmacognosy, College of Pharmacy, Prince Sattam Bin Abdulaziz University, Al-kharj, Saudi Arabia
7Department of Pharmaceutical Technology, School of Pharmacy, International Medical University, Jalan Jalil Perkasa,
Bukit Jalil, Kuala Lumpur 57000, Malaysia
8Center for Molecular Biology, Institute of Research and Development, Duy Tan University, 03 Quang Trung, Da Nang, Vietnam

Correspondence should be addressed to Shadab Md; shadabmd1982@gmail.com and Ponnurengam Malliappan Sivakumar;
sivamedchem@gmail.com

Received 25 November 2019; Revised 18 January 2020; Accepted 1 June 2020; Published 15 July 2020

Guest Editor: Wenji Li

Copyright © 2020 Shadab Md et al. -is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Nanosuspensions are widely reported to enhance the solubility of poorly soluble drugs. In addition to enhancement in solubility,
improvement of stability and therapeutic efficacy would be an added advantage. In the present study, premilling and subsequent
high-pressure homogenization were carried out to produce naringenin nanosuspension. Hydroxypropyl methylcellulose and
sodium dodecyl sulfate were evaluated for their performance as stabilizers under various homogenization cycles. -e prepared
nanosuspensions were studied for average particle size and size distribution, zeta potential, solubility, drug release, antioxidant
activity, and in vitro antitumor activity. It was observed that both hydroxypropyl methylcellulose-stabilized nanosuspension and
sodium dodecyl sulfate-stabilized nanosuspension produced an enhancement in physical stability, antioxidant potential, and in
vitro cytotoxicity compared with naringenin. Furthermore, hydroxypropyl methylcellulose-stabilized nanosuspension was found
to be better than sodium dodecyl sulfate-stabilized nanosuspension in terms of particle size and size distribution, storage stability,
and drug release.-is study showed that nanosuspension formulations could be a potential strategy for improving dissolution and
antitumor activity of naringenin.

1. Introduction

Breast cancer has been the major cause of cancer-related
deaths in women. Breast cancer can be treated by chemo-
therapy and othermethods [1]. However, chemotherapy often
produces serious side effects [1]. -e need for new drugs has

initiated the assessment of fruits, vegetables, herbs, and spices
for anticancer properties [2], leading to studies on dietary
phytochemicals [3]; these, in particular flavonoids, have been
reported to inhibit the growth of different types of cancer cells
by inhibiting cell proliferation and activating apoptosis [4].
Naringenin (NAR, 4′,5,7-trihydroxyflavanone), a naturally
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occurring flavonoid present in citrus fruits, possesses anti-
oxidant, hepatoprotective, anti-inflammatory, and anticarci-
nogenic effects [5, 6]. Despite its therapeutic potential, NAR
has not been developed for clinical use due to its low water
solubility, low membrane permeability, instability in physi-
ological media, first pass metabolism, and low bioavailability
[5]. Several approaches have been tried to resolve the solu-
bility problem, using cosolvents, micronization, and com-
plexation with cyclodextrins; however, these techniques have
limitations in enhancing solubility of drugs [7, 8]. Nano-
technology is being used increasingly for its pharmaceutical
applications [9]. Nanosuspensions are carrier-free, submicron
colloidal dispersions which consist of pure drugs and stabi-
lizers [10]. -ey are produced using top-down techniques
which comprise high-pressure homogenization (HPH) and
media milling techniques [10]. -e advantages of nano-
suspensions include passive drug targeting and improved
solubility, stability, and bioavailability, as well as lower drug
systemic toxicity [7, 10]. Many studies using nanotechnology
drug formulations have been conducted, and some show
promising results. NAR-loaded nanoparticles were reported
to improve NAR release, which increases their hep-
atoprotective effects and anticancer potential [5, 6]. -ere
have been no studies on the anticancer or antioxidant effects
of NAR nanosuspensions, although other flavonoids, such as
apigenin, puerarin, and diosmin, in the nanosuspension were
shown, respectively, to have increased antioxidant activity [8],
anticancer actions with lower toxicity [10], band-enhanced
permeation, and dissolution characteristics for better drug
delivery [11]. -erefore, evaluation of NAR nanosuspensions
for antioxidant and antitumor activity on the breast cancer
cell line was warranted. -e objective of the present inves-
tigation was to develop and evaluate polymer- and surfactant-
based nanosuspensions using HPH techniques. Short-term
physical stability was assessed by storing different stabilized
nanosuspensions at three different temperatures to reveal the
most effective stabilizer. Antitumor activity of NAR nano-
suspensions was examined in a breast cancer cell line (MCF-7
cells), and its in vitro antioxidant potential was determined
and compared with free drug solution.

2. Materials and Methods

2.1. Materials. Naringenin drug (Sigma-Aldrich, USA) in
powder form was used without further purification.
Hydroxypropyl methylcellulose (HPMC) and sodium
dodecyl sulfate (SDS) (Merck, Germany) were used as
stabilizers for the nanosuspension. Ethanol (Merck, Ger-
many), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and gallic
acid (Sigma-Aldrich, USA) were used. -e breast cancer cell
line (MCF-7 cells) was purchased from the American Type
Culture Collection (ATCC) (Manassas, VA, USA). Dul-
becco’s Modified Eagle Medium (DMEM), fetal bovine
serum, penicillin, streptomycin, and trypsin were purchased
from Gibco™ (Invitrogen, Carlsbad, CA).

2.2. Preparation of NAR Nanosuspensions. For nano-
suspension preparation, naringenin powder (2% w/v) was

dispersed into two different aqueous stabilizer solutions
containing HPMC (1% w/v) and SDS (1% w/v) under
magnetic stirring. -e mixture was disintegrated into mi-
croparticles using a high-shear homogenizer (Ultrturax T25,
IKA, Germany) at 20,000 rpm for 5min. -e microparticles
were further disintegrated via high-pressure homogeniza-
tion (IKA, Germany) for 6 homogenization cycles at 800 bar
followed by 20 homogenization cycles at 1500 bar. Samples
were collected after premilling, and different homogeniza-
tion cycles at 1500 bar were considered for characterization
study. -e optimized nanosuspension was freeze-dried in
the freeze dryer for 72 h using 5% (w/v) lactose as a cryo-
protectant. -e freeze-dried nanosuspensions were redis-
persed in distilled water before analysis.

2.3. Characterization of Nanosuspensions

2.3.1. Photon Correlation Spectroscopy (PCS). -e particle
size, polydispersity index (PDI), and zeta potential of the
nanosuspension were measured by PCS using Zetasizer
Nano ZSP (Malvern Instruments, UK). -e prepared
nanosuspensions were diluted with distilled water, and re-
sults were reported in triplicate.

2.3.2. Transmission ElectronMicroscopy (TEM) and Scanning
Electron Microscopy (SEM). -e actual particle size and
morphology of optimized NAR nanosuspensions were in-
vestigated using TEM (JEOL-JEM1010, Japan) and SEM
(Hitachi, Tokyo, Japan). A drop of the diluted nano-
suspension was placed onto a carbon-coated copper grid,
stained by adding a drop of 1% (w/w) phosphotungstic acid.
After staining, samples were viewed using a TEM. Freeze-
dried samples of NAR nanosuspensions were fixed onto
aluminium stubs with a double-sided adhesive tape and were
coated with gold for sample preparation before SEM
observation.

2.4. Physical Stability of the Nanosuspension. For physical
stability analysis, the nanosuspension was stored at three
different temperatures (4°C, 25°C, and 40°C) for 30 days. -e
parameters were measured on days 7, 14, and 30.

2.5. Solubility Studies. -e saturation solubility studies of
free NAR and two lyophilized nanosuspensions stabilized by
HPMC and SDS stabilizers were tested in distilled water and
phosphate buffer solution (PBS) (pH 6.8) using a temper-
ature-controlled water bath shaker. 10mg of the NAR
sample, lyophilized NAR-NS-HPMC, and NAR-NS-SDS
powder equivalent to 10mg of the pure NAR drug were
added to 5ml distilled water and PBS (pH 6.8). -e tem-
perature and speed were set at 37°C and 100 rpm, for 48 h.
Nanosuspensions were centrifuged at 4000 rpm for 10min.
-e clear supernatant sample was obtained and passed
through the 0.2 µm membrane filter, and NAR content was
analyzed by a UV spectrophotometer at 320 nm.
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2.6. InVitroRelease Study. -e in vitro study was carried out
by transferring the prepared drug solution and nano-
suspension into dialysis tubing, which was then immersed in
phosphate buffer solution (PBS) (100mL, pH 6.8) under
magnetic stirring at 37°C at 100 rpm. 2mL samples were
withdrawn at different time intervals (5, 15, 30, 60, and
120min) and replaced with the same volume of fresh PBS.
-e samples were filtered and analyzed using a UV spec-
trophotometer in triplicate. -e percentage of drug released
was plotted against time.

2.7. Determination of Antioxidant Activity. -e antioxidant
activity of NAR solution and nanosuspensions was mea-
sured using the method of Shaal and coworkers [8]. For
plotting a standard curve, different concentrations (10, 25,
50, and 100M) of DPPH in methanol were prepared. 0.2mL
of the NAR solution or nanosuspension was mixed with
2.8mL of DPPH methanolic solution (0.0355 g/100mL) for
each concentration, respectively. Gallic acid was used as a
positive control. All the samples were kept for 30 minutes at
37°C followed by measuring the absorbance using a UV
spectrophotometer at 520 nm in triplicate. -e percentage
inhibition of the DPPH free radical was calculated.

Inhibition of DPPH free radical (%)� (absorbance
control control − absorbance test/absorbance control) × 100.
-en, the (%) inhibition of the DPPH free radical was plotted
against the concentration of DPPH.

2.8. In Vitro Cytotoxicity Assessment. -e in vitro cytotox-
icity of free naringenin and naringenin nanosuspension was
evaluated using the MTT assay. MCF-7 breast cancer cells
were cultured in a humidified 5% CO2/95% atmosphere
incubator at 37°C. DMEM medium was used, containing
10% fetal bovine serum, 100U/mL penicillin, and 100 ug/mL
streptomycin. -e medium was exchanged every 2-3 days.
MCF-7 cells were seeded at a density of 5×103 cells per well
in 96-well plates at 37°C in a 5% CO2 atmosphere for 24
hours in the same medium used for cell culture. -e cells
were then incubated with free naringenin or with naringenin
nanosuspension at various concentrations for the indicated
time periods. Controls were incubated in the same volume of
culture media containing DMSO. 10 µl of MTTwas added to
each well and allowed to incubate for an additional 4 hours.
-e maximum absorbance of each well was detected at
570 nm using a microplate reader.

2.9. Morphological Analysis of Cells by Phase-Contrast
Microscopy. Morphological study by phase-contrast mi-
croscopy was undertaken according to a previous method
[12]. Changes to the MCF-7 cells incubated in the 96-well
plates at 100 µg/mL were observed using an inverted mi-
croscope (Nikon, Japan) after 24 and 48 hours of incubation.

2.10. Statistical Analysis. Results were presented as mean-
± standard deviation. Statistical analysis was conducted
using the one-way ANOVA to evaluate the significance of
differences between groups with p< 0.05 as significant.

3. Results and Discussion

3.1. Preparation and Optimization of NAR Nanosuspensions.
Premilling and subsequent high-pressure homogenization
have been reported to produce stable drug nanosuspension
[13]. A surfactant or polymer was necessary for stabilization
of nanosuspensions during the high-pressure homogeni-
zation process. HPMC- and SDS-stabilized systems are
reported for nanosuspensions [14–16]. In the present study,
polymer-based (HPMC) and surfactant-based (SDS) stabi-
lizers were selected for preparation of NAR nano-
suspensions. HPMC and SDS are extensively used as
excipients with no known toxicity [14–16]. NAR nano-
suspension formulations were prepared using different
stabilizer concentrations (0.1%–1% w/v). -e effect of dif-
ferent concentrations of stabilizers on particle size, PDI, and
zeta potential of NAR formulations is presented in Table 1.
-e results showed that, by decreasing the stabilizer con-
centration, there was a substantial increase in the particle
size and PDI of the NAR nanosuspension. It could be due to
poor dispersion of hydrophobic particles of NAR at low
stabilizer concentration and formation of agglomerates [17].
Ma and coworkers also reported a similar observation [17].
In case of SDS, with increase in the concentration of sta-
bilizers, the zeta potential value also increases significantly
(p< 0.05) from −25.86± 1.72 to −40.63± 2.23mV as shown
in Table 1. However, different concentrations of HPMC did
not change their zeta potential values significantly (p< 0.05)
as compared with the SDS stabilizer [17]. -e stabilizer
concentration 1% w/v for HPMC- and SDS-stabilized
nanosuspensions was optimized. -e quality of the nano-
suspension can depend on the pressure and number of cycles
used in the method. -e prepared nanosuspensions were
further optimized based on pressure and the number of
cycles.

3.2. Effect of Homogenization Cycle and Pressure on the NAR
Nanosuspension. In the present study, we examined the
effect of homogenization cycles 1, 5, 10, 15, and 20 in the
preparation of nanosuspensions. In the case of nano-
suspensions prepared with HPMC, the average particle size
was found to decrease gradually from 615± 10.2 to
365± 1.9 nm when the homogenization cycle was changed
from 1 to 20 (Figure 1(a)). -e average particle size of the
HPMC-stabilized nanosuspension was well dependent on
the homogenization cycle. A homogenization cycle of 10
produced a distinct effect on the particle size. It resulted in
an average particle size of 489± 5.5 nm. Meanwhile, ho-
mogenization cycles of 1 and 5 producedmore or less similar
average particle size. Similarly, 15 and 20 produced particles
with comparable size. It was noted that PDI also decreased
when the homogenization cycle was changed from 1 to 20.
-e PDI observed for 1, 5, and 10 cycles was comparable,
while the PDI for 15 and 20 cycles was similar and much
lower to the former ones.

-e effect of homogenization cycles on the preparation
of SDS-stabilized nanosuspensions is shown in Figure 1(b).
In this case also, a gradual decrease in the average particle
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size can be seen by increasing the homogenization cycle
from 1 to 20. SDS also produced similar particle sizes for 15
and 20 cycles; the average particle size was well below the
values obtained for cycles 1, 5, and 10. -e average particle
size varied from 732± 10.4 to 452± 5.8 nm when the ho-
mogenization cycle was changed from 1 to 20. -e PDI also
shows a gradual decrease by increasing the homogenization
cycle. -e PDI varied from 0.467± 0.02 to 0.332± 0.01 when
the homogenization cycle was changed from 1 to 20. -e
PDI was the lowest at 20 cycles.

When we compare the effect of HPMC and SDS as
stabilizing agents on the average particle size, it can be seen
that HPMC produces lower particle size. A similar effect was
observed for the PDI also. It is known that HPMC lowers the
particle size compared to other polymers such as chitosan
[18]. Surfactants are more efficient as a stabilizer in pro-
ducing nanosuspensions with lower particle sizes [19, 20].

However, in the present study, HPMC produced lower
particle size than SDS. -e concentration of HPMC used
might be more efficient than the concentration of SDS in
reducing the particle size. A similar result of better particle
size and PDI for HPMC in comparison with SDS was re-
ported in another study with celecoxib [16].

In addition to the average particle size and PDI, the zeta
potential was also determined for the optimized nano-
suspensions prepared at 15 cycles. HPMC-stabilized
nanosuspension was having a zeta potential value of
−8.82± 0.53mV (Figure 1(c)). HPMC-based nano-
suspensions showed steric stabilization by getting adsorbed
into the surface of the dispersed nanoparticles providing a
steric hindrance [21]. -e obtained zeta potential was rea-
sonably good for a stable nanosuspension, and this matched
with some reported values for HPMC-stabilized nano-
particles [22–24]. For the optimized SDS-stabilized

Table 1: Optimization parameters of NAR nanosuspensions stabilized by different concentrations of SDS and HPMC.

Samples Particle size (nm) (mean± SD) PDI (mean± SD) Zp (mV) (mean± SD)
SDS conc. (% w/v)
F1 (0.1) 1251± 14.9 0.52± 0.04 −25.9± 1.7
F2 (0.5) 674± 6.9 0.44± 0.02 −34.7± 1.9
F3 (1) 460± 7.3 0.33± 0.03 −40.6± 2.2
HPMC conc. (% w/v)
F4 (0.1) 1421± 13.6 0.58± 0.05 −5.8± 0.4
F5 (0.5) 760± 12.3 0.45± 0.03 −7.1± 0.8
F6 (1) 372± 3.50 0.32± 0.04 −8.8± 0.5
Drug : stabilizer (2 :1) ratio; 15 homogenization cycles and pressure 1500 bar were fixed.
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Figure 1: Mean particle size and polydispersity index (PDI) as a function of cycle numbers. 1, 5, 10, 15, and 20 homogenization cycles and
pressure 1500 bar (n� 3) for the HPMC-stabilized NAR nanosuspension (a) and the SDS-stabilized NAR nanosuspension (b). (c, d) Zeta
potential of HPMC- and SDS-stabilized NAR nanosuspensions.
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nanosuspension, the value of the zeta potential was
−40.75± 2.76mV (Figure 1(d)). SDS is an anionic surfactant
which showed excellent dispersion properties and can
produce electrostatic repulsion, and its molecules could
diffuse easily into the particle surfaces resulting in excellent
stabilizing effect in comparison with the HPMC-stabilized
nanosuspension [21, 25].

3.3. Characterization of the NAR Nanosuspension. -e SEM
image showed the morphology of NAR, NAR-NS-HPMC,
and NAR-NS-SDS nanosuspensions (Figures 2(a)–2(c)).
Pure NAR showed a flake-like structure, heterogeneous
shape, and larger particles (Figure 2(a)). NAR-NS-HPMC
showed small particles, uniform particle size with smooth
surface in addition to the large drug particles possibly due to
the presence of dried HPMC molecules (Figure 2(b)). -e
SEM image of the NAR-NS-SDS nanosuspension
(Figure 2(c)) did not show any clear image of small particles.
Instead, some particles are seen closely placed to each other
with flaky shape and larger particles. Overall, the image was
similar to that of an aggregated system. Figures 2(d) and 2(e)
show the TEM image of the HPMC-stabilized and SDS-
stabilized nanosuspensions, respectively. -e TEM images
were very well in accordance with the particle size analysis
results. Aggregations and larger particles can be seen in the
TEM image of NAR-NS-SDS, whereas the drug particles in
the NAR-NS-HPMC nanosuspension appeared without any
significant aggregation. -e aggregation observed for NAR-
NS-SDS may be the reason for observing a higher average
particle size. -e particles of the NAR-NS-HPMC nano-
suspension appeared around 300 nm and were supporting
particle size analysis results. -e SEM images of the
nanosuspensions were slightly different from those expected
from TEM images.

3.4. Physical Stability of Nanosuspensions. -e physical
stability of nanosuspensions prepared using HPMC and SDS
as stabilizers was assessed after storage at 4, 25, and 40°C for
7, 14, and 30 days. -e stability data of nanosuspensions
prepared using HPMC are shown in Figure 3. It can be seen
that nanosuspensions prepared with HPMC have reasonable
physical stabilities at 4°C and 25°C. -e particle size values
after storage at 4°C were very close to each other without
significant difference (p< 0.05). Similar observation was
obtained after storage at 25°C also. -e HPMC-stabilized
nanosuspensions stored at 40°C exhibited slight but an
observable increase in the particle size after storage for 14
and 30 days.-e average particle size changed from 365± 6.3
to 399± 4.4 nm on storage at 7 to 14 days. -e probable
reason for this change in particle size is the reduction in
viscosity of the medium at higher temperatures leading to
aggregation of suspended particles. In the case of PDI, no
significant variation was observed after storage at 4°C.
Nevertheless, a slight increase in the PDI was observed after
storage at 25°C and 40°C. -e change in the PDI was more
pronounced at 4°C and that too after storage for 30 days.-e
change in the PDI may be due to the aggregation of particles
to some extent. Despite a slight change in the PDI, it can be

seen that the changes are not much significant to cause a
drastic change in the physical stability of the system.

-e stability data of nanosuspensions prepared using
SDS are shown in Figure 4. On storage at 4°C, the average
particle size was increased after storage for 14 days. How-
ever, after 30 days, it was less, but there was significant
difference observed (p< 0.05). -e results at 25°C were more
or less similar to those observed at 4°C, except that the
particle size after 30 days was higher than that after 7 days.
-e observations at 4°C and 25°C could be explained based
on the low solubility of SDS. -e stabilizing action of SDS
depends on the surface adsorption of SDS molecules on the
drug nanoparticles. -e aqueous solubility of SDS is less at
4°C and 25°C. It is well known that SDS gets precipitated on
storage at lower temperatures. -us, on storage at low
temperatures, the behaviour of SDS as a surfactant may be
erratic. -ese might have contributed to the observations.
SDS is also reported to degrade on prolonged exposure to
temperature of 40°C or above.-e observation of the particle
size is in accordance with this effect. -e particle size was
found to increase after storage at 40°C. After 14 days, the
particle size was increased significantly. -is might be due to
the degradation of SDS on prolonged exposure at 40°C, thus
causing particle aggregation and an increase in the average
particle size. At the same time, the PDI was not much af-
fected on storage at 25°C and 40°C for 7, 14, and 30 days.
However, there was a significant difference (p< 0.05) in the
PDI which was observed at 4°C.-e variation in the PDI was
very less compared with the average particle size. -is might
be due to the fact that the instability is uniformly affecting
the particles thereby maintaining a similar particle size
distribution. On a close examination, we can see that, on
storage at 4°C, the PDI was more erratic and can be
explained by poor solubility of the surfactant to act as a
stabilizing agent. Now, on a detailed analysis of the physical
stability data among the two stabilizing agents, we can see
that HPMC was far better than SDS at the studied con-
centrations. -e effect of temperature was less intense in the
case of HPMC-stabilized nanosuspensions stored at 4°C and
25°C. In the case of nanosuspensions stored at 40°C, both
HPMC and SDS were not efficient in maintaining the sta-
bility effectively.

3.5. Solubility Studies. -e equilibrium solubility of pure
NAR was compared with NAR in the form of nano-
suspensions stabilized using HPMC and SDS. -e solubility
studies were performed both in water and pH 6.8 buffer. As
expected, the results show enhancement of solubility of NAR
when presented as nanosuspensions (Table 2). Similar re-
sults are reported for nanosuspensions of NAR and other
poorly soluble drugs [14, 20, 26]. -e extent of solubilization
was comparable for both HPMC and SDS as stabilizers.
Nevertheless, the solubilization of NARwas slightly more for
the SDS-stabilized nanosuspension. -is slight edge of SDS
over HPMC could be due to the inherent solubilizing power
of the former as it is a surfactant. -e enhancement of
solubility was noted both in water and pH 6.8 buffer. In
water, HPMC- and SDS-stabilized nanosuspensions

Journal of Chemistry 5



0

0.2

0.4

0.6

PD
I

7 14 30
No. of days

PS
PDI

4°C

340

360

380

400

Pa
rt

ic
le

 si
ze

 (n
m

)

HPMC

0

0.2

0.4

0.6

PD
I

7 14 30
No. of days

PS
PDI

25°C

300

320

340

360

380

Pa
rt

ic
le

 si
ze

 (n
m

)

HPMC

0

0.2

0.4

0.6

PD
I

7 14 30
No. of days

PS
PDI

40°C

330
340
350
360
370
380
390
400
410

Pa
rt

ic
le

 si
ze

 (n
m

)
HPMC

Figure 3: Stability profile of the HPMC-stabilized naringenin nanosuspension as a function of number of days at different storage
temperatures (after 15 homogenization cycles, pressure 1500 bar and n� 3).
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Figure 2: SEM micrographs of (a) pure NAR, (b) HPMC-stabilized nanosuspension, and (c) SDS-stabilized nanosuspension. (d, e) TEM
images of HPMC- and SDS-stabilized nanosuspensions.
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produced enhancement of solubility of around 27.2 and 28.7
times, respectively.-e enhancement of solubility by HPMC
and SDS was more in pH 6.8 buffer and was around 39.7 and
42.6 times, respectively. -e solubility of pure NAR was less
in pH 6.8 buffer compared with water.

3.6. In Vitro Release Study. -e in vitro release study was
performed in PBS (pH 7.4) buffer with pure NAR, HPMC-
stabilized nanosuspension, and SDS-stabilized nano-
suspension by the dialysis bag method (Figure 5).-e results
of the release study were slightly different than expected
from the saturation solubility results. Some reported
nanosuspensions show an initial burst release [25]. How-
ever, a typical burst release was neither observed from
HPMC-stabilized nor SDS-stabilized nanosuspensions. A
gradual drug release was observed from both HPMC- and
SDS-stabilized nanosuspensions. -e drug release from
HPMC- and SDS-stabilized nanosuspensions was more or
less similar up to 60min. Later, the drug release was more
from the HPMC-stabilized nanosuspension and reached
89.2± 5.4% at 120min. At the same time, the SDS-stabilized
nanosuspension could release only 71.3± 3.27% of the drug.
A lower release from the SDS-stabilized nanosuspension
might be due to the escape of SDS molecules into the release
medium thereby causing a reduction in the number of
molecules to solubilize NAR. In the case of HPMC, this was
not possible due to high molecular weight than the cut-off
value of the dialysis bag.-e drug release from the pure NAR
powder was very low compared with that of the nano-
suspensions. -is result was expected and was observed in
many studies [16, 20].

3.7. Determination of Antioxidant Activity. -e antioxidant
effect of NAR, NAR-NS-SDS, and NAR-NS-HPMC was
determined in comparison with gallic acid (Figure 6). Gallic
acid is very common as a standard in the DPPH assay
[27, 28]. -e antioxidant effect was measured in terms of
inhibition of the DPPH free radical. On increasing the
concentration of DPPH, the antioxidant effect of the samples
was found to decrease. In all the cases, the antioxidant effect
of the SDS-stabilized nanosuspension was slightly high in
the mean value than the HPMC-stabilized nanosuspension.
However, the difference was not significant. -e difference
in antioxidant activity was more visible at DPPH concen-
trations of 10 and 20 µg/mL. A significant difference was
obtained for stabilized nanosuspensions and pure NAR. At a

DPPH concentration of 100, the (%) inhibition was similar
for NAR, NAR-NS-SDS, and NAR-NS-HPMC.

3.8. In Vitro Cytotoxicity Assessment. Cytotoxicity of the
samples was studied in MCF-7 breast cancer cells by using
the MTT assay. NAR suspension and nanosuspensions
(NAR-NS-SDS and NAR-NS-HPMC) were studied to
monitor their cytotoxicity on cell lines. -e study used NAR
concentrations equivalent to 10, 20, 30, 50, and 100 µg/mL.
-e cytotoxicity assessment of HPMC and SDS was studied
as a negative control to rule out the effect of excipients on the
cytotoxicity result. It was shown that, after 24 and 48 h of
incubation with 100 µg/mL of HPMC and SDS, the cell
viability was more than 95%. -ese results indicated that
HPMC and SDS used in the experiment had no effect on the
cytotoxicity and can be used as safe stabilizers. -e results
show promising cytotoxic effect on cancer cells and indi-
cated antitumor potential for the NAR nanosuspensions
(Figure 7). After 24 h, at all studied concentrations, the
lowest cytotoxicity was observed for NAR solution. At lower
drug concentrations, the difference in cytotoxicity among
the NAR solution and nanosuspensions was not prominent.
However, on increasing the drug concentration, the effect
became prominent. Drug concentration higher than 30µg/mL
produced significant (p< 0.05) cytotoxicity after 24 h when
presented as NAR nanosuspensions. -e incubation time also
increased the cytotoxicity of all the samples. -us, the (%) cell
viability values for all the samples after 48hwere less than those
at 24h. An interesting observation in the cytotoxicity studies
was the effect of nanosuspensions. It is observed that, at higher
drug concentration and increased incubation time, theHPMC-
stabilized nanosuspensions (NAR-NS-HPMC) were more
cytotoxic than SDS-stabilized nanosuspensions (NAR-NS-
SDS). At the highest studied drug concentration of 100µg/mL
and the maximum studied incubation time of 48h, both
nanosuspensions produced similar cytotoxicity. IC50 for NAR
andNAR nanosuspensions was reduced with increased time of
treatment (Figure 7). IC50 of the NAR nanosuspension was
much lower than that of the NAR solution after the same

Table 2: -e saturation solubility of naringenin solution (NAR)
and naringenin nanosuspensions in distilled water and phosphate
buffer (pH 6.8).

Formulations Distilled water
(µg/mL)

Phosphate buffer
(pH 6.8) (µg/mL)

NAR solution 34± 6.2 18± 2.6
NAR-NS-HPMC 925± 9.5 713± 8.4
NAR-NS-SDS 977± 13.3 765± 13.8
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Figure 5: Comparative dissolution profile of naringenin and
naringenin nanosuspensions in phosphate-buffered solution (pH
6.8) at 37± 0.5°C (n� 3).
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incubation time (Figure 7). -ese results indicated that the
NAR nanosuspension had an enhanced efficacy as compared
with NAR solution. -e improved cytotoxicity of the NAR
nanosuspension compared with NAR solution is due to in-
creased solubility and dissolution rates of NAR nano-
suspension resulting in higher molecular concentration
around the cells. -is nanosuspension can enter cells via
endocytosis or phagocytosis resulting in higher accumulation
within the cells. -ese factors lead to higher efficacy of NAR
nanosuspension [29, 30]. Similar enhancement of cytotoxicity
by the formulation of nanosuspension has been reported for
naringenin and other drugs [29, 30].

3.9. Morphological Analysis of Cells by Phase-Contrast
Microscopy. -e morphology of the incubated cells was in
accordance with the cytotoxicity results by using the MTT
assay. All the samples show time-dependent morphological
changes on observation with a phase-contrast microscope
(Figure 8). Cell shrinkage and formation of apoptotic bodies
were noted on incubation with NAR, NAR-NS-SDS, and
NAR-NS-HPMC. Cell shrinkage and formation of apoptotic
bodies were more prominent after 48 h of incubation. From
the images, these effects were more pronounced for the
HPMC-stabilized nanosuspension. -ese types of mor-
phological changes were observed for MCF-7 breast cancer
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Figure 6: Percentage of DPPH free radical inhibition of NAR, SDS-stabilized NAR nanosuspension (NAR-NS-SDS), and HPMC-stabilized
NAR nanosuspension (NAR-NS-HPMC) compared with standard gallic acid as a function of different concentrations of DPPH.

IC50 values (µg/mL) of NAR and NAR nanosuspensions on MCF-7 cells.
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Figure 7: MTTassay showing effects of free naringenin and HPMC- and SDS-stabilized naringenin nanosuspensions on the cell viability of
MCF-7 cells in a time- and dose-dependent manner. Data are expressed as the mean± SD of three independent experiments (n� 3).
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cells with other cytotoxic nanostructures and extracts
[31–33].

4. Conclusion

HPMC- and SDS-stabilized nanosuspensions were pre-
pared by premilling and subsequent high-pressure ho-
mogenization of NAR. HPMC and SDS were evaluated for
their performance as stabilizers under homogenization
cycles of 1, 5, 10, 15, and 20. -e prepared nanosuspensions
were studied for particle size and size distribution, zeta
potential, solubility, drug release, antioxidant activity, and
in vitro antitumor activity. -e particle size and size dis-
tribution were determined by PCS. -e homogenization
cycle was found to affect the average particle size and the
PDI. Lower particle size was obtained for NAR-NS-HPMC
when compared with NAR-NS-SDS. Physical stability of
NAR-NS-HPMC was better when compared with that of
NAR-NS-SDS. Temperature-dependent instability was
observed for NAR-NS-SDS. Meanwhile, the solubility
enhancement of the drug from nanosuspensions of both
stabilizers was comparable. -e antioxidant effect of both
nanosuspensions was comparable. However, a slightly
higher mean value was noted for NAR-NS-SDS. Both NAR-
NS-HPMC and NAR-NS-SDS produced enhanced in vitro
cytotoxicity compared with NAR. Overall, NAR-NS-
HPMC was found to be better than NAR-NS-SDS in terms
of particle size and size distribution, zeta potential, storage
stability, and drug release.
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