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a b s t r a c t

The constant release of neurotrophic factors through a nanomaterial-based delivery system can be an
important strategy in medical and pharmaceutical fields for nerve tissue engineering. The present study
was aimed at encapsulating NGF and AuNPs in chitosan nanoparticles (NGF-CNPs and AuNPs-CSNPs) and
its evaluation on the differentiation potential of human adipose-derived stem cells (h-ADSCs) to
Schwann-like cells. The NGF-CNPs were prepared by ionotropic gelation method with tripolyphosphate
(TPP) as a crosslinker. After synthesis and characterization of nanoparticles, NGF encapsulation efficiency
and release profile were observed by Bradford assay. Next, the effects of NGF-CSNPs and AuNPs-CSNPs on
h-ADSCs survival were assessed through MTT assay. Also, the efficacy of Schwann-like cells differenti-
ation was assessed by immunocytochemistry and real-time RT-PCR for S100b and MBP markers. NGF
encapsulation efficiency was found about 85% and controlled and sustained release of NGF was observed
during 7 days in vitro (74.63 ± 2.07%). The findings revealed that these nanoparticles are cytocompatible.
The immunocytochemical analysis indicated that NGF-CSNPs and AuNPs-CSNPs could significantly in-
crease the differentiated rate and myelinogenic potential of Schwann-like cells (p < 0.05). Besides, the
expression level of GFAP, S100b, and MBP demonstrated significant upregulation in NGF-CSNPs and
AuNPs-CSNPs groups compared to the control group (p < 0.05). Hence, it can be proposed that NGF-CNPs
and AuNPs-CSNPs are capable of controlled release with improving the ability of h-ADSCs differentiation
to Schwann-like cells. Also, the results show the potential future application of this differentiation in
nerve tissue regeneration.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

The delivery system is useful in the controlled release of pro-
teins, drugs, and genes. This system helps to more constant effect of
drugs and materials on the target tissue and protects rapid degra-
dation of drugs, lower administration of drugs, and minimized side
effects of drugs [1]. Different polymers of natural or synthetic
materials can be applied in a delivery system. These materials,
however, should be biocompatible, easily fabricated and sterilized,
and capable of high drug loading. Chitosan as a biomaterial with
biodegradability, biocompatibility, and mucoadhesive properties is
derived from the deacetylation of chitin and is used extensively in
Sciences, School of Medicine,
-176, Iran.
the delivery system [2,3]. Chitosan with amino groups has positive
charges and can bind to molecules with negative charges. Accord-
ingly, in the encapsulation of drugs using chitosan, tripolyphos-
phate (TPP) macromolecule are used as a cross linker with negative
charges [4].

Neurotrophic factors are one of the important options in nerve
tissue engineering. These proteins can stimulate cell proliferation
and differentiation, as well as tissue growth. There are several kinds
of neurotrophic factors such as nerve growth factor (NGF). This
factor is found in different areas of the nervous system and cere-
brospinal fluid (CSF) [5]. NGF is an essential protein in axonal
regeneration, neurons, and neurotransmitter function. Also, it plays
an important role in myelin sheath formation [6]. However, the
level of NGF in the nervous system has an indirect relationship with
age increase [5]. Thus, the decrease in NGF can establish many
disorders such as Alzheimer's disease and Huntington's disease [7].
NGF has neuroprotective effects and alleviates age-related atrophy,
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injured nerves regeneration, and promote learning and memory
functions [8,9]. Moreover, NGF has an effective role in the regula-
tion of proteins, carbohydrates, and lipids metabolism in neurons
[10]. These findings show that NGF can be beneficial for preventing
or treating nerve injuries [11]. Nevertheless, due to the short half-
life of proteins, their encapsulation and controlled delivery are
serious problems in this regard. Recently, it has been shown that in
addition to growth factors, AuNPs affect proliferation and differ-
entiation of stem cells. Besides, AuNPs can be used as a carrier in
drug delivery [12]. AuNPs have significant features such as easy
synthesis in various sizes, high surface to volume ratio, and good
biocompatibility and antimicrobial activity. Therefore, AuNPs have
been investigated extensively in medicine field [13e15]. The size
AuNPs is an important parameter in their administration and their
effect on the treatment of diseases in vivo. Therefore, many studies
have shown that 15e50 nm AuNPs can cross the blood-brain bar-
rier and help to diagnosis and treatment of neurological disorders
[16,17]. AuNPs has high mechanical strength so that when they are
encapsulated with chitosan, they can be suitable for conduits
fabrication in nerve tissue engineering [18].

The aim of the present study is to offer a controlled and slow
release of NGF and AuNPs such that to maintain a high level of NGF
and AuNPs during a long period of time. In this study, chitosan was
used as a carrier for NGF and AuNPs encapsulation. After assessing
the size, stability, and loading rate of encapsulated NGF and AuNPs,
their release rate was evaluated during 7 days. Finally, the cyto-
compatibility of NGF-CSNPs or/and AuNPs-CSNPs and their effects
on Schwann-like cells differentiation of h-ADSCs and myelinating
potential were evaluated in vitro.

2. Materials and methods

2.1. Materials

Low molecular weight chitosan (50e190 kDa) with a deacetyla-
tion degree more than 75%, tripolyphosphate (TPP), Coomassie blue
G250, phosphate buffered saline (PBS), collagenase IA, 3e4,5-
dimethyl thiazol-2-yl-2,5-diphenyltetrazolium bromide (MTT), Fetal
BovineSerum(FBS), anddimethyl sulfoxide (DMSO)were suppliedby
Sigma (USA). Phosphoric acid (85%), acetic acid, and absolute ethanol
were purchased from Merck (Germany). NGF and AuNPs were ob-
tained from R&D (USA) and US NANO (USA), respectively. Dulbecco s
modified eagles medium (DMEM)/F12, trypsin/EDTA, and penicillin/
streptomycin were purchased from Gibco (UK). B27, Human
epidermal growth factor (H-EGF), and basic fibroblast growth factor
(b-FGF) were purchased from Invitrogen. Anti-S100 and anti-myelin
basic protein (anti-MBP), rabbit anti-mouse FITC, and goat anti-
mouse Alexa flour were purchased from Abcam.

2.2. Preparation of NGF or AuNPs-loaded nanoparticles

Chitosan nanoparticles were synthesized according to the ion-
otropic gelation process [19]. Briefly, 4mg/ml NGF or 25 ppm
AuNPs was prepared in 0.1% chitosan solution under constant
stirring. TPP was dissolved in Milli-Q and then 0.03% TPP solution
was added to chitosan solution containing NGF or AuNPs slowly.
The turbidity of the solution was considered as an indicator of the
nanoparticles formation.

2.3. Characterization of NGF-CSNPs and AuNPs-CSNPs

The distribution of nanoparticles size and zeta potential were
evaluated using Malvern Zetasizer Nano S (UK). Samples were
diluted with water before measurement [20]. In order to determine
of encapsulation efficiency (EE), the nanoparticles-containing
̓

solution was centrifuged at 10,000 rpm for 20min and free NGF
rate was determined by Bradford assay. In this method, 200 ml of
supernatant was mixed with 800 ml of Bradford solution and was
kept in a dark place for 15min. Then, unbound NGF rate was
measured at the wavelength of 595 nm by a spectrophotometer. EE
was calculated as follows [21]:

EEð%Þ ¼ Actual amount of drug loaded in nanoparticles
Theory amout of drug loaded in nanoparticles

� 100

2.4. In vitro NGF release study of NGF-CSNPs

NGF loaded chitosan nanoparticles were added in PBS (pH 7.4)
at room temperature (20e25 �C) under stirring. The release rate of
NGFwasmeasured by spectrophotometrymethod every day until 7
days. After NGF encapsulation, 1ml of NGF-CSNPs was centrifuged
at 10,000 rpm for 20min. Then, 200 ml of supernatant was mixed
with 800 ml of Bradford solution. The concentration of free NGF was
analyzed by a spectrophotometer. Finally, the rate of NGF release
was calculated using the following formula [22]:

release rateð%Þ ¼ E
E0

� 100

Where E is the concentration of releasing NGF and E0 is the loading
concentration of NGF in the chitosan nanoparticles.

2.5. Isolation and morphology of human ADSCs

All procedures of this study are applied in accordance with
Ethics Committee of the Medical Faculty in Isfahan University of
Medical Sciences. Human adipose tissuewas obtained from elective
lipoaspirate samples of abdominal fat from female patients (age
range: 20e45 years old). After receiving informed consent, isola-
tion and culturing of cells were performed as previously described
[23]. In this study, h-ADSCs were used at passages 3e4.

2.6. In vitro cytocompatibility of NGF-CNPs and AuNPs-CNPs

Cytotoxicity effect of NGF-CSNPs and AuNPs-CSNPs on h-ADSCs
was evaluated by MTT assay on 1, 3, 5, and 7 days according to
previous study [24].

2.7. Differentiation of h-ADSCs into Schwann-like cells phenotype

The cell differentiation procedure was carried out according to a
previous study [24]. To determine the effect of NGF-CSNPs and
AuNPs-CSNPs on Schwann cells differentiation, the cells were
divided into 4 groups (i.e., 4 mg/ml of NGF-CSNPs in NGF group
[25], 25 ppm of AuNPs-CSNPs in AuNPs group [26], 4mg/ml of NGF-
CSNPs, and 25 ppm of AuNPs-CSNPs in NGF/AuNPs) and added to
differentiation medium. However, the control group had neither of
the nanoparticles.

2.8. Immunocytochemistry technique

After fixationwith 4% paraformaldehyde, the differentiated cells
were permeabilized with 0.1% Triton X-100 for 30min at room
temperature. Then, cells were incubated with primary antibody
(anti-S-100 b; 1:500; and anti-major basic protein (anti-MBP);
1:500) in the dark at room temperature for 2 h and then, were
placed in an incubator overnight. After washing with PBS, samples
were exposed with secondary antibodies including rabbit anti-



Table 1
The list of primer sequences for RT-PCR analysis.

Gene Primer sequences

GFAP 50-CCGACAGCAGGTCCATGTG-30

50-GTTGCTGGACGCCATTGC-30

S100 b 50-GGAGACGGCGAATGTGACTT-30

50-ACTCGTGGCAGGCAGTAGTAA-30

MBP 50-GGCCCCGTGGATGGA-30

50-GAGGCGCGAAAGGAGATG-30

GAPDH 50-GAAATCCCATCACCATCTTCCAGG-30

50-GAGCCCCAGCCTTCTCCATG-30
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mouse FITC (1:500) and goat anti-mouse Alexa Flour (1:1000).
Nuclear staining was performed with DAPI (1:1000). Finally, the
cells were observed using a fluorescence microscope (Olympus
BX51, Japan). Through a quantitative analysis, the number of posi-
tive cells was counted by Image J in captured photos.
2.9. Real-time reverse Transcription polymerase chain reaction

Real-time RT-PCR was used to evaluate the efficiency of NGF-
CSNPs and AuNPs-CSNPs on specific Schwann cell and myeliniza-
tion markers expression after h-ADSCs differentiation. Total RNA
was extracted using High Pure RNA isolation kit (Roche, Germany)
according to the manufacturer's protocol. Then, RNA was reverse
transcribed to cDNA. Real-time polymerase chain reaction (PCR)
was performed using steponeplus™ Real-time PCR detection sys-
tem (Applied Biosystems) with Maxima SYBR Green/ROX qPCR
Master Mix 2X (Thermo Scientific). The list of primers is depicted in
Table 1. Relative gene expression level was analyzed with the
comparative Ct method (2�DDCt). All samples were normalized to
levels of glyceraldehyde 3- phosphate dehydrogenase (GAPDH).
Fig. 2. Phase contrast image of h-ADSCs morphology of culturing (A), Neurospheres
formation after h-ADSCs induction (B), Schwann like cells transdifferentiation from h-
2.10. Statistical analysis

In this study, all the data are presented as mean± standard
deviation (SD). Statistically significant differences were evaluated
by one-way analysis of variance (one-way ANOVA) and the results
were considered as statistically significant at p< 0.05.
Fig. 1. Cumulative release profiles of NGF from NGF-CNPs in PBS, pH 7.4 at 37 �C (A). Compa
(NGF), AuNPs loaded chitosan nanoparticle (AuNPs) and NGF loaded chitosan nanoparticle an
7 days after seeding (mean± SD)(B).
3. Results

3.1. Encapsulation efficiency and release kinetics of NGF

Zetasizer analysis shows that the mean diameter of NGF-CSNPs
is 147.04 ± 8.09 nm and the surface charge of nanoparticles has
suitable stability (36.47± 1.88mV). The encapsulation efficiency of
NGF in chitosan nanoparticle is 83.93± 2.45%. Fig. 1A illustrates the
in vitro release pattern of NGF determined at given time intervals.
This encapsulation pattern in chitosan nanoparticle was provided a
slow release while NGF release of CNPs was observed in a contin-
uous and constant manner. As can be seen, there was not any burst
release for 7 days. Finally, 74.63± 2.07% of NGF was released of
NGF-CSNPs after 7 days.

3.2. Isolation and culture of h-ADSCs

Following h-ADSCs isolation, a spindle-like the shape of cells
appeared on day 6 after culturing (Fig. 2A). When cells plated in
rison of cell viability in tissue culture plate (control), NGF loaded chitosan nanoparticle
d AuNPs loaded chitosan nanoparticle (NGF/AuNPs) groups by MTT assay on 1, 3, 5 and

ADSCs (C,D). Scale bar is 200 mm in A & B, 150 mm in C and 100 mm in D.



Fig. 3. Immunocytochemical staining for Schwann cells marker S100b (Green) and myelinating ability (MBP) (Red), merge (orange) for differentiated cells in different groups: Tissue
culture plate (control), NGF loaded chitosan nanoparticle (NGF), AuNPs loaded chitosan nanoparticle (AuNPs), NGF loaded chitosan nanoparticle and AuNPs loaded chitosan
nanoparticle (NGF/AuNPs). All nuclei were stained with DAPI. Scale bar is 100 mm (A). Comparative analysis of the mean percentages of S100b and MBP markers (*p < 0.05, **p <
0.005, ***p < 0.001) (B). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article).
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DMEM/F12 mediumwere supplemented with EGF, b-FGF, and B27,
neurospheres appeared after 7 days (Fig. 2B). Then, neurospheres
were singled and exposed in differentiated medium and cells were
differentiated into Schwann-like cells with bipolar and tripolar
morphologies (Fig. 2C and D).
3.3. In vitro cytocompatibility of NGF-CNPs

The cytocompatibility effect of NGF-CNPs and AuNPs-CSNPs on
h-ADSCs was evaluated byMTT assay on days 1, 3, 5, and 7 (Fig. 1B).
Although it was noticed that NGF-CNPs and AuNPs-CSNPs have a
positive effect on cell viability, there was no significant difference
between treated and control groups on different days (p > 0.05).
3.4. Immunocytochemistry study

The Schwann-like cells differentiation efficiency was evaluated
by immunocytochemistry analysis (Fig. 3A). To evaluate cell dif-
ferentiation, the induced cells were stained with the markers
against S100b (Schwann cell), MBP (myelinating potential) and cell
nuclei were stained with DAPI. The mean percentage of S100b and
MBPmarkers were determined after 7 days (Fig. 3B) and found that
the mean percentage of positive cells for S100b was significantly
increased in the presence nanoparticles containing NGF and AuNPs
compared to control group (83± 3.26%) (p < 0.001) and the mean
percentage of S100b positive cells treated with both of nano-
particles group was significantly more than NGF-CSNPs group and
AuNPs-CSNPs group (p < 0.05). Also, the mean percentage of MBP
in the differentiated cells in the presence of both of nanoparticles



Fig. 4. Comparison of expression of S100b, MBP and GFAP markers in the differentiated cells by real time RT-PCR in groups treated with NGF, AuNPs and NGF/AuNPs groups versus
control group (mean ± SEM, a: p< 0.05 compared to control groups, aʹ: p< 0.01 compared to control group and b: p < 0.05 compared to AuNPs group).
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containing NGF and AuNPs was 71.66 ± 2.49% and there was a sig-
nificant difference compared to other groups (p < 0.05). This sig-
nificant difference in the mean percentage of S100b and MBP
demonstrated that release of both NGF and AuNPs could provide a
synergist effect on Schwann-like cells differentiation.
3.5. Real-time RT-PCR analysis

The effects of NGF-CSNPs and AuNPs-CSNPs were examined on
Schwann-like cell differentiation and myelinating ability by real-
time RT-PCR after 7 days (Fig. 4). The expression of S100b specific
marker of Schwann cells was significantly upregulated in treated
groups compared to control group (p < 0.05). Also, the level of MBP
and GFAP (glial cell marker) expression in differentiated cells was
significantly upregulated in the presence of nanoparticles
compared to the control group (p < 0.001). The level of GFAP pro-
tein expression in a combination of NGF-CSNPs and AuNPs-CSNPs
treated group was significantly downregulated compared to
AuNPs-CSNPs (p < 0.05). However, there was no significant differ-
ence between NGF-CSNPs with AuNPs-CSNPs treated group and
NGF-CSNPs group (p > 0.05).
4. Discussion

NGF is one of the prominent neurotrophic factors for central and
peripheral nerve tissues preservation and development [27].
Therefore, this factor can be considered as a therapeutic agent in
neurological disorders. In this regard, the short half-life of growth
factors has forced researchers to improve this limitation with fac-
tors loaded in nanoparticles [25]. In the present study, the NGF and
AuNPs loaded chitosan nanoparticles were prepared for the first
time. Then, we evaluated the effect of NGF and AuNPs release on h-
ADSCs differentiation into Schwann-like cells, as a source for
treating various diseases such as peripheral nerve regeneration
[28], multiple sclerosis (MS) [29], and diabetic neuropathy [30].
Despite some studies conducted on the effect of different neu-

rotrophic factors on Schwann cells [31,32], the controlled release of
neurotrophic factors on Schwann cells differentiation has not been
assessed.

Recently, AuNPs have attracted much attention because of their
physical and chemical properties in the biomedical field, especially
neuroscience, including modulation of electrical activity and nerve
regeneration in nerve injuries [33].

A study showed that the intraspinal administration of poly-
ethylene glycol (PEG) functionalized gold nanoparticles after sciatic
nerve injury in the mouse can promote neuron protection,
remyelination, and hind limbmotor recovery [34]. A previous study
demonstrated the effect of gold nanoparticles on neurite extension
of PC12 and determined that neurite outgrowth was enhanced
using electrical stimulation. Finally, they reported that gold nano-
particles with nerve induction can be used for nerve regeneration
[35]. In addition, gold nanocones as a supporting substrate influ-
ence the survival rate of rat cortical neurons and accelerated neu-
rite outgrowth [36].

The size and stability of nanoparticles are important parameters
in the nanoparticles preparation process. A study compared
different AuNPs concentrations on cell proliferation and showed
that 25 ppm AuNPs concentration has a better effect on cell pro-
liferation and 50 ppm is a better choice for in vivo environment
[26]. Therefore, in this study, 25 ppm AuNPs was chosen for AuNPs-
CSNPs encapsulation.

The positive charge of nanoparticles reflected better stability. In
addition, this positive charge was found to increase the interaction
with a negative charge on cell membrane [37].

In this study, the surface charge of NGF-CSNPs was positive. The
size of nanoparticles can affect cellular uptake and its easy pene-
tration to blood vessels [38]. In this regard, it has been reported that
spherical nanoparticles with a size smaller than 200 nm can
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penetrate cells through clathrin-mediated mechanism [39,40].
Also, the surface to volume ratio in smaller nanoparticles is larger
and may provide a higher drug loading capacity in encapsulation
[41].

In vitro NGF release of NGF-CSNPs indicated that there is a
controlled release of NGF during a period of 7 days without any
burst release. Also, a study showed that NGF has released chitosan
nanoparticles in a period of 12 days [25], which is consistent with
the present study.

The toxicological properties of nanoparticles play an important
role in the biology and medicine fields [42]. Owing to the
biocompatible property of chitosan, it has received much attention
as a delivery vehicle for growth factors and drugs encapsulation
[43]. In the present study, the nanoparticles did not show any
adverse effect on h-ADSCs viability. A study showed that 2 and
4mg/ml of NGF-CSNPs significantly increased cell proliferation
while the cell proliferationwas inhibited by 6mg/ml of NGF-CSNPs
on days 4 and 6 [25]. So, the present study was performed using
4mg/ml of NGF-CSNP.

By immunocytochemical and gene expression studies on
Schwann cell markers and myelinating ability, it was evidenced
that constant and controlled fashion of NGF and AuNPs release can
lead to inducing Schwann-like cells from h-ADSCs. Moreover, it was
revealed that expression levels of S100b and MBP in Schwann-like
cells significantly were upregulated in NGF-CSNPs and AuNPs-
CSNPs groups compared to control group.

The present study showed that NGF and AuNPs loaded chitosan
nanoparticles are suitable for drug delivery regarding their prac-
tical size and stability. The sustained release of NGF was demon-
strated during 7 days without any initial burst release. In addition,
the NGF-CSNPs and AuNPs-CSNPs had no cytotoxic effect on cell
viability and delivery of NGF and AuNPs through chitosan nano-
particles can increase the differentiation of h-ADSCs into Schwann-
like cells and myelinating capacity in vitro. Therefore, we propose
that NGF-CSNPs and AuNPs-CSNPs can be used in nerve tissue
engineering in vivo and this strategy can help for therapeutic as-
pects in nerve injuries and neurodegenerative diseases.
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and other diseases, Postępy Higieny Medycyny Do�swiadczalnej 61 (2007)
350e360.

[2] A. Bernkop-Schnürch, S. Dünnhaupt, Chitosan-based drug delivery systems,
Eur. J. Pharm. Biopharm. 81 (2012) 463e469.

[3] J.F. Piai, L.C. Lopes, A.R. Fajardo, A.F. Rubira, E.C. Muniz, Kinetic study of
chondroitin sulphate release from chondroitin sulphate/chitosan complex
hydrogel, J. Mol. Liq. 156 (2010) 28e32.

[4] M.R. Avadi, A. Sadeghi, N. Mohammadpour, S. Abedin, F. Atyabi, R. Dinarvand,
et al., Preparation and characterization of insulin nanoparticles using chitosan
and Arabic gum with ionic gelation method, Nanomed. Nanotechnol. Biol.
Med. 6 (2010) 58e63.

[5] Y.X. Xia, T. Ikeda, X.Y. Xia, T. Ikenoue, Differential neurotrophin levels in
cerebrospinal fluid and their changes during development in newborn rat,
Neurosci. Lett. 280 (2000) 220e222.

[6] B.A. Urschel, C.E. Hulsebosch, Schwann cell-neuronal interactions in the rat
involve nerve growth factor, J. Comp. Neurol. 296 (1990) 114e122.

[7] G.J. Siegel, N.B. Chauhan, Neurotrophic factors in Alzheimer's and Parkinson's
disease brain, Brain Res. Rev. 33 (2000) 199e227.

[8] J. Conner, M. Darracq, J. Roberts, M. Tuszynski, Nontropic actions of neuro-
trophins: subcortical nerve growth factor gene delivery reverses age-related
degeneration of primate cortical cholinergic innervation, Proc. Natl. Acad.
Sci. Unit. States Am. 98 (2001) 1941e1946.

[9] L.-Y. Li, J.T. Li, Q.Y. Wu, J. Li, Z.T. Feng, S. Liu, et al., Transplantation of NGF-
gene-modified bone marrow stromal cells into a rat model of Alzheimer’di-
sease, J. Mol. Neurosci. 34 (2008) 157e163.

[10] M.H. Flight, Neurotrophic factors: ride back to the nucleus, Nat. Rev. Neurosci.
12 (2011) 550.

[11] S.C. Apfel, Nerve growth factor for the treatment of diabetic neuropathy: what
went wrong, what went right, and what does the future hold? Int. Rev.
Neurobiol. 50 (2002) 393e413.

[12] G. Ajnai, A. Chiu, T. Kan, C.-C. Cheng, T.-H. Tsai, J. Chang, Trends of gold
nanoparticle-based drug delivery system in cancer therapy, J. Exp. Clin. Med. 6
(2014) 172e178.

[13] F. Zhou, M. Wang, L. Yuan, Z. Cheng, Z. Wu, H. Chen, Sensitive sandwich ELISA
based on a gold nanoparticle layer for cancer detection, Analyst 137 (2012)
1779e1784.

[14] Z. Lyu Z, H. Wang, Y. Wang, K. Ding, H. Liu, L. Yuan, et al., Maintaining the
pluripotency of mouse embryonic stem cells on gold nanoparticle layers with
nanoscale but not microscale surface roughness, Nanoscale 6 (2014)
6959e6969.

[15] D. Pissuwan, C.H. Cortie, S.M. Valenzuela, M.B. Cortie, Functionalised gold
nanoparticles for controlling pathogenic bacteria, Trends Biotechnol. 28
(2010) 207e213.

[16] G. Sonavane, K. Tomoda, K. Makino, Biodistribution of colloidal gold nano-
particles after intravenous administration: effect of particle size, Colloids
Surfaces B Biointerfaces 66 (2008) 274e280.

[17] N.J. Siddiqi, Abdelhalim, A. El-Ansary, A.S. Alhomida, W. Ong, Identification of
potential biomarkers of gold nanoparticle toxicity in rat brains,
J. Neuroinflammation 9 (2012) 123e128.

[18] S.H. Hsu, C.M. Tang, H.J. Tseng, Biocompatibility of poly (ether) urethane-gold
nanocomposites, J. Biomed. Mater. Res. A 79 (2006) 759e770.

[19] N. Mohammadpour Dounighi, R. Eskandari, M.R. Avadi, H. Zolfagharian, A. Mir
Mohammad Sadeghi, M. Rezayat, Preparation and in vitro characterization of
chitosan nanoparticles containing Mesobuthus eupeus scorpion venom as an
antigen delivery system, J. Venom. Anim. Toxins Incl. Trop. Dis. 18 (2012)
44e52.

[20] L. Yien, N.M. Zin, A. Sarwar, H. Katas, Antifungal activity of chitosan nano-
particles and correlation with their physical properties, International Journal
of Biomaterials (2012) 143e151, 2012.

[21] Z. Zhang, S. Feng, The drug encapsulation efficiency, in vitro drug release,
cellular uptake and cytotoxicity of paclitaxel-loaded poly (lactide)etocopheryl
polyethylene glycol succinate nanoparticles, Biomaterials 27 (2006)
4025e4033.
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