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Introduction
In the present decade, the application of gold nanoparticles 
(GNPs) in medicine is expanding as effective therapeutic 
and diagnostic compounds; they have applied in 
photothermal therapy, drug delivery, gene delivery, mass 
spectroscopy, cell labeling, electrochemical biosensors 
and colorimetric detection of biological macromolecules 
e.g. nucleic acids, proteins, and glycosaminoglycans.1-6 To 

synthesize GNPs, it is sufficient to use a factor that reduces 
the positive charged gold ions; various substances have 
been used to reduce gold ions and produce GNPs.7 Among 
them, green synthesis of GNPs using natural compounds 
instead of harmful and toxic chemicals is preferred.8,9 

Most recently, different polysaccharides with high 
biocompatibility, good bioactivity, and hydrophilic 
properties have been used for this purpose; they can 
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Abstract
Introduction: The application of gold 
nanoparticles (GNPs) in medicine is 
expanding as an effective therapeutic 
and diagnostic compound. Different 
polysaccharides with high biocompatibility 
and hydrophilic properties have been 
used for synthesis and capping of 
GNPs. Chondroitin sulfate (CHS) as a 
polysaccharide possesses a wide range 
of biological functions e.g. anti-oxidant, 
anti-inflammation, anti-coagulation, anti-
atherosclerosis, anti-thrombosis with 
insignificant immunogenicity and has not been used for the green synthesis of GNPs.
Methods: GNPs were synthesized using CHS, and their physicochemical properties were 
evaluated. The antibacterial activity of CHS-GNPs was estimated against both gram-positive and 
gram-negative bacteria. The cytotoxicity of CHS and CHS-GNPs was obtained by MTT (3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) test, and the electrocatalytic activity 
of CHS-GNPs was investigated. The blood compatibility was evaluated by the in vitro hemolysis 
assay. 
Results: The absorption band at 527 nm reveals the reduction of Au3+ into GNPs. The transmission 
electron microscopy (TEM) image displays the spherical shape of GNPs in the range of 5.8–31.4 
nm. The CHS and CHS-GNPs at 300 µg/mL revealed a maximum DPPH (1, 1-diphenyl-2-
picrylhydrazyl) scavenging activity of 73% and 65%, respectively. CHS-GNPs showed antibacterial 
activity against Bacillus subtilis, while CHS has no antibacterial activity. CHS-GNPs exhibited 
a cytotoxicity effect against MDA-MB-468 and βTC3 cancer cell lines, and the electrochemical 
study indicated a significant increase in electrocatalytic properties of CHS-GNPs coated electrode 
compared by the bare electrode. The hemolysis test proved the blood compatibility of CHS-GNPs. 
Conclusion: The results indicate the advantages of using CHS to produce blood-compatible GNPs 
with antioxidant, cytotoxic, and electrochemical properties. 
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enterica (ATCC 9270) were purchased from Pasteur 
Institute Cell Bank, Tehran, Iran. Human fibroblast as the 
normal cell was isolated and purified by the procedure 
described in our previous work.21 All the cell culture 
ingredients were supplied from Auto-cell Co., Poland.

Synthesis of chondroitin sulfate reduced gold 
nanoparticles (CHS-GNPs) 
CHS-GNPs were produced in a stirring aqueous solution 
at the room temperature without using a UV light, 
autoclave, microwave, or laser irradiation under the 
following conditions; at first, 20 mL of HAuCl4 (0.39 mg/
mL in deionized water) with 10 mL of CHS (5mg/mL in 
deionized water) were mixed (at the volume ratio of 2:1), 
while pH of the solution was adjusted to 7.5. The solution 
obtained from the previous step was stirred at 60°C for 
70 minutes when the ruby red color appeared. Then, the 
solution was centrifuged at 8000 rpm for 30 minutes, and 
prepared nanoparticles were washed properly three times. 
The synthesis procedure is illustrated in Scheme 1.

Characterization of CHS-GNPs 
UV-Vis spectroscopy
UV-Vis spectrophotometric analysis, an indirect 
technique to detect the formation of nano-scale metal 
particles, was carried out by Analytik Jena, Specord 210 
plus (Jena, Germany) at a resolution of 1 nm between 300-
700 nm. The formation of CHS-GNPs was observed via 
the wavelength ranges of 500-550 nm.

Fourier transform infrared spectroscopy
CHS and CHS-GNPs were characterized by FT-IR 
to identify the functional groups by IR Prestige-21 
Shimadzu Spectrometer, Kyoto, Japan. The FT-IR spectra 
were prepared in the spectral range of 400-4000 cm-1 at a 
resolution of 4 cm-1 and room temperature. Also, samples 
were pelleted using KBr powder.

XRD study
To confirm the crystalline nature of the synthesized 
CHS-GNPs, XRD was carried out on Xpertpro (Malvern 
Panalytical, Malvern, United Kingdom), which was 
operated at a voltage of 40 kV and a current of 30 mA with 
Cu K radiation. 

synthesize and cap GNPs in one step.10-13 In comparison 
with the green synthesis of GNPs by plant extracts, this 
method has the advantage of better control on the property 
of the nanoparticle shell. In herbal extract induced 
nanoparticles, the properties of the shell depend on the 
composition of the extract, which is by itself variable 
depending on the extraction method, used solvents, 
season, and area of plant harvesting. Among different 
polysaccharides, glycosaminoglycans (GAGs) have 
attracted huge attention because of their physiological 
function. While natural polysaccharides such as alginate 
and chitosan do not have any specific receptors, GAGs 
have unique receptors on human cells making them 
appropriate for the active targeting of nanoparticles. 
Because of their negative charge, they are appropriate 
for making a hydrogel using positively charged polymers 
and also for encapsulating of positively charged drugs by 
electrostatic interaction.14-16 

Chondroitin sulfate (CHS), the most abundant GAGs 
of the human body, consists of a repeating disaccharide 
unit of glucuronic acid and N-acetyl-galactosamine, 
which are sulfated in variable positions. Its anti-
angiogenic properties together with the over-expressing 
of its receptors in metastatic cancer cells make it an 
ideal candidate for cancer-targeted delivery system.16-18 
Furthermore, CHS possesses a wide range of biological 
functions e.g. anti-oxidant, anti-inflammation, anti-
coagulation, anti-atherosclerosis, anti-thrombosis with 
insignificant immunogenicity. It also plays an important 
role in the regulation of cell morphogenesis, signal 
transduction, and the development of the central nervous 
system.18,19 Although there is a report on using CHS coated 
GNPs as a theranostic compound for the diagnostic and 
treatment of cancer,20 there are no reports on the synthesis 
and biological effects of one-step green synthesized GNPs. 
In this study, biocompatible GNPs were synthesized using 
CHS as a reducing and capping material. CHS-GNPs were 
characterized by UV-Vis spectroscopy, Fourier transform 
infrared (FT-IR), X-ray diffraction (XRD), transmission 
electron microscopy (TEM), and DLS analyses. Also, the 
antibacterial activity, the cytotoxicity, the antioxidant, 
and the electrochemical properties of CHS-GNPs were 
investigated.

Materials and Methods
Materials 
Chloroauric acid (HAuCl4), CHS, methanol, DMSO, 
MTT, DPPH, Mueller-Hinton agar (MHA), and broth 
were purchased from Sigma-Aldrich, USA. All other 
chemicals were analytical reagent grade and used without 
any further purification, purchased from Merck, Germany. 
Pancreatic beta-cell line (βTC3), MDA-MB-468, and all 
microorganisms including Bacillus subtilis (ATCC 6633), 
Staphylococcus aureus (ATCC 25923), Staphylococcus 
epidermidis (ATCC 12228), Micrococcus luteus (PTCC 
9341), Escherichia coli (ATCC 25922) and Salmonella Scheme 1. The stepwise synthesized process of CHS-GNPs.
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TEM analysis
TEM has been used to identify the morphology and 
particle size of CHS-GNPs using an LEO 906 microscope 
(Carl Zeiss, Oberkochen, Germany), with an accelerating 
voltage of 100 kV. Before analysis, GNPs were deposited 
on carbon-copper grids.

Dynamic light scattering and zeta potential
The particle size and surface charge (zeta potential) of 
CHS-GNPs were determined by the Nano ZS Zetasizer 
(Malvern Instruments Ltd., Malvern, United Kingdom) at 
a wavelength of 632.8 nm using He-Ne laser beam and the 
scattering angle of 173°. All particle sizes were measured 
at 25°C. The laser Doppler electrophoresis technique was 
performed to determine the zeta potential of CHS-GNPs 
in water. 

DPPH free radical scavenging assay
The free radical scavenging ability of CHS and CHS-
GNPs was predicted by DPPH assay using Chahardoli 
et al protocol with little modification. 0.1 mM solution 
of DPPH was prepared in methanol. 0.5 mL of different 
concentrations (50,100,150, 200, 250 and 300 μg/mL) of 
CHS and CHS-GNPs was mixed with 0.5 mL of DPPH 
solution, while mixtures were shaken well and incubated 
in the dark environment for 30 minutes. Finally, the 
absorbance of each mixture was recorded at 540 nm using 
the UV-Vis spectrophotometer. The mixer of 0.5 mL 
methanol and 0.5 mL DPPH solutions was recorded as 
a control.22 By the following equation (1), the scavenging 
percentage of free radicals was determined: 

DPPH free radical scavenging (%) = [(OD control – OD 
sample)/ OD control] × 100                                                         (1)

Evaluation of cytotoxicity by MTT assay 
Cell culture conditions
The cells were grown in Dubblico modified Eagle’s 
medium (DMEM) supplemented with 10% (V/V) heat-
inactivated fetal bovine serum, penicillin G (100 U/
mL) and streptomycin (100 mg/mL) at 37°C in 5% CO2 
humified incubator. The medium was changed 2-3 days 
and sub-cultured after 70%–80% cell confluency. Cells 
were cultured at a seeding density of 1.0×104 cells/well 
onto 96-well cell culture plate for the cell viability test.
Cell viability assay
Serial dilutions (1500, 1000, 500, 250, and 125 µg/mL) 
of CHS-GNPs and free-CHS were prepared in deionized 
water. About 20 µL of each solution was added at least to 
four wells of cell culture plates containing three different 
cells including βTC3, MDA-MB-468, and human normal 
fibroblast at the final concentration of 10% for 48 hours. 
After this, the viability of cells was determined by the 
MTT assay. Briefly, 20  µL of MTT solution (5 mg/mL) 
was added to each well containing fresh medium and was 
incubated for 4 hours. Then, the medium was carefully 

substituted with 150 µL DMSO solution to solubilize the 
created purple formazan crystals in each well. Optical 
density was measured at 570 nm (reference wavelength 
of 630 nm) in a microplate reader (Synergy H1, BioTek, 
Winooski, USA). The absorbance of the untreated culture 
was set at 100% as control.

Antimicrobial activities by a disk-diffusion method
The disk-diffusion method was applied to define 
the antibacterial activity of CHS and CHS-GNPs on 
both gram-positive and gram-negative bacteria. The 
suspension of bacteria strains at final concentrations 
of 1.0 × 108 CFU/mL was swabbed on MHA plates by a 
sterile cotton swab. Then, sterile filter paper discs (about 
6 mm in diameter) impregnated by the test compound 
at 4 different concentrations of 150, 300, 600, and 1200 
μg/mL, were placed on the agar surface under aseptic 
condition. The plates were incubated for 24 hours at 37°C. 
As a positive control, 10 μg of gentamycin and 100 μg of 
piperacillin were used, while loaded on sterile filter paper 
discs. Finally, the inhibition zone of bacteria was measured 
using a Vernier caliper. 

Electrochemical measurement procedure
Electrochemical measurements were performed using an 
Autolab PGSTAT101 potentiostat/galvanostat (Metrohm, 
Herisau, Switzerland) controlled by NOVA Auto-
Lab software. An Ag/AgCl/KCl (3.0 M) as a reference 
electrode, a platinum wire as a counter electrode, and a 
glassy carbon electrode (GCE) or a modified GCE with 
CHS-GNPs as the working electrode in a conventional 
three-electrode cell were used, and all experiments were 
typically conducted at room temperature. The working 
electrode was prepared by a simple casting method. Before 
the modification of the electrode, the GCE was polished 
on a polishing cloth with alumina powder. A volume of 
10 µL of the synthesized CHS-GNPs was cast directly on 
a GCE surface and the solvent was let evaporate at room 
temperature. The electrocatalytic activity of CHS-GNPs 
for 1.0 mM ascorbic acid (AA) and 1.0 mM dopamine 
(DA) oxidation was characterized by cyclic voltammetry 
(CV) in 0.1 M PBS (pH 7.4).23

In vitro hemolysis assay
The hemolytic effect of various concentrations of CHS-
GNPs (62.5, 125, 250, 500, 1000 µg/mL) was evaluated 
and compared to the hemolytic effect of double distilled 
water and phosphate-buffered saline (PBS) as positive 
(100% hemolysis) and negative (0% hemolysis) controls, 
respectively. This test was performed using human fresh 
blood from female volunteers (25-30 years- old) according 
to the coming protocol: the blood was collected in tubes 
containing EDTA as anticoagulant and centrifuged at 800 
×g for 10 minutes to remove the plasma. The erythrocytes 
were washed three  times with normal saline and 10 % 
suspension was prepared by using normal saline. The red 
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blood cell suspension was treated with each concentration 
of CHS-GNPs, double distilled water, or PBS, for 1 hour at 
37°C temperature. Then, the samples were centrifuged at 
13 400 rpm for 5 minutes, and 100 µL of supernatants was 
added to a well of 96-well plate and absorbance (Optical 
Density) was measured at 540 nm using a microplate 
reader, Synergy H1, BioTek.24,25 Hemolytic percent was 
calculated as follows:

Hemolysis % = (OD samples – OD negative control) / (OD positive control 
– OD negative control) × 100                                                         (2)

Statistical analysis
Each experiment was completed at least three times. All 
the values were expressed as mean ± SEM. Statistical 
comparison among different groups was performed using 
one-way analysis of variance (ANOVA) and Tukey’s test 
to determine the significant differences between groups at 
the level of P < 0.05. Statistical analyses were performed by 
SPSS (16) software.

Results
Characterization of CHS-GNPs
UV–Vis absorption spectra of CHS-GNPs at different time 
intervals have been displayed in Fig. 1. The characteristic 
surface plasmon resonance peak at about 527 nm, which 
was obtained at various reaction times, was an affirmation 
of CHS-GNPs synthesis. The intensity of the absorbance 
band was increased at intervals of 10 to 70 minutes, 
indicating that the concentration of CHS-GNPs was 
increasing, while the ruby red color was appearing. 

The FT-IR spectra of CHS and CHS-GNPs were shown 
in Fig. 2. The FT-IR spectrum of CHS (Fig. 2A) indicated 
sharp bands at 3421, 2924, 1651, 1566, 1419, 1242, 1190, 
1064, 1033, 590 cm−1. The peak at 2924 cm−1 corresponded 
to CH2 and CH3 asymmetric stretching vibration aliphatic. 
The broad peak at 3650-2600 cm−1 was a feature of 
hydroxyl groups (OH) stretching vibration, and the peaks 
at 1190 and 1064 cm−1 were related to the C-O stretching 
vibration of OH. The peak at 1566 cm−1 corresponded to 
the bending vibration of the secondary amine of CHS, 
respectively. The peaks at 1242 cm−1 corresponded to N-C 
stretching vibration. The peak at 1651 cm−1 corresponded 
to -C=O (the carboxylic acid carbonyl stretching 
vibration). The FT-IR spectrum of CHS-GNPs (Fig. 2B) 
showed sharp bands at 3429, 2924, 2858, 1694, 1627, 1045, 
and 671 cm−1 approving that GNPs were coated by CHS.

Fig. 3 showed the XRD pattern of the synthesized CHS-
GNPs which are four fine definite characteristic peaks 
within the 2θ range (10–80°). (111°), (200°), (220°), and 
(311°) crystalline planes belonged to the diffraction peaks 
of CHS-GNPs at 37.8°, 44.6°, 64.6°, and 77.5°, respectively. 
According to the pattern, CHS-GNPs consisted of a 
crystalline structure with a center cubic structure. Because 
of the high purity of CHS-GNPs, no additional peak was 

found in the XRD pattern. 
The TEM result gave a perfect detection of the size and 

shape of CHS-GNPs. As can be observed from Fig. 4, CHS-
GNPs had mostly spherical shape morphology with the 
narrow particle size distribution in the range of 5.8–31.4 
nm (Fig. 4A). The results of the DLS analysis displayed 

Fig. 1. The UV–Vis spectra of CHS-GNPs.

Fig. 2. The FT-IR spectrum of CHS (A) and CHS-GNPs (B).

Fig. 3. The XRD spectrum of CHS-GNPs.
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that the average hydrodynamic diameter of CHS-GNPs 
was 50.09 ± 2.52 nm (Fig. 4B) with the polydispersity 
index of 0.4. 

The surface charge (stability) of CHS-GNPs was shown 
through the zeta potential. The zeta potential of CHS-
GNPs was found to be -15.5 ± 5.09 mV, which confirmed 
the reasonable stability of CHS-GNPs. 

Antioxidant properties
The free radical scavenging ability of CHS and CHS-
GNPs was evaluated by DPPH assay, which  showed the 
antioxidant properties of these compounds. As can be seen 
from Fig. 5, with increasing the concentrations (from 50 
to 300 μg/mL), the DPPH scavenging activity of the CHS 
and CHS-GNPs increased. CHS and CHS-GNPs exhibited 
a maximum DPPH scavenging activity of 73 % and 65 % at 
the highest concentration (300 μg/mL), respectively. 

Cytotoxicity
MDA-MB-468 and βTC3 cell lines together with human 
normal fibroblast cells were treated with both CHS-
GNPs and free-CHS for 48 hours at final concentrations 
of 25, 50, 100 and 150 µg/mL. After the aforementioned 
treatment, the cytotoxicity effect was evaluated by the 
MTT assay. As shown in Fig. 6A, free CHS did not cause 

any cytotoxicity effect on all cell types. On the other hand, 
CHS-GNPs showed an anti-proliferation effect on MDA-
MB-468 (IC50 > 100 µg/mL) and βTC3 (IC50 = 150 µg/
mL) cell lines, while they have no cytotoxicity effect on 
human normal fibroblast (Fig. 6B). 

Antimicrobial analysis
The disk diffusion assay was applied to determine the 
antibacterial activity of CHS and CHS-GNPs, where 
standard cultures of gram-positive and gram-negative 
bacteria were selected in this experiment. As shown in 
Table 1, CHS-GNPs exhibited antibacterial activity only 

Fig. 5. The DPPH scavenging activity of CHS and CHS-GNPs at various 
concentrations.

Fig. 6. In vitro cell viability of three various cell lines after treatment with 
different concentrations of (A) free-CHS and (B) CHS-GNPs. The cell 
viability is measured by MTT assay. The IC50 value was measured by 
plotting the percentage of proliferation values versus drug concentrations 
(µg/mL). About 40 µg of doxorubicin hydrochloride per well was used as a 
positive control. Data are expressed as the mean ± SEM of five separate 
experiments. 

Fig. 4. (A) The TEM image and (B) DLS spectrum of CHS-NPS.
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against B. subtilis (gram-positive bacteria), while CHS did 
not affect all bacteria at different concentrations. Effective 
concentrations of CHS-GNPs on B. subtilis were reported 
in Table 2 and also shown in Fig. 7. The inhibitory effect 
of CHS-GNPs started at 300 µg/mL with inhibition zones 
of 7.56 mm. As can be seen from Table 2, gentamycin 
and piperacillin as positive control were effective on all 
bacteria, which indicated the sensitivity of bacteria to 
treatment. Therefore, CHS-GNPs did not have efficient 
antibacterial properties, and even their activity against B. 
subtilis was weak compared to positive controls. 

Electrocatalytic properties of CHS-GNPs
The electrocatalytic activity of CHS-GNPs for AA and DA 
oxidation was studied using CV in 0.1 M PBS (pH 7.4) 
with a scan rate of 100 mV/s. Fig. 8 shows the CVs of bare 
GCE and CHS-GCE modified with GNPs (CHS-GNPs-
GCE) in the presence of 1.0 mM AA and 1.0 mM DA 
with the applied potential range from −0.1 to 1.0 V. The 

catalytic effect of GNPs can be observed by comparing 
CV curve of AA and DA at a surface of bare GCE and 
GCE modified with CHS-GNPs. Based on the obtained 
results, the peak potential for AA and DA oxidation at 
the bare electrode are about 605 and 645 mV, while the 
corresponding peak potentials at CHS-GNPs-GCE are 
390 and 500 mV, respectively. Also, the presence of GNPs 
at a surface of GCE improved the oxidation peak currents 
of AA and DA about 2 and 3.9 times, respectively. 

Hemolytic assay
In the present study, we evaluated the hemolytic potential 
of CHS-GNPs. The results of the in vitro hemolytic assay 
showed that different concentrations of CHS-GNPs (62.5, 
125, 250, 500, 1000 µg/mL) had not significant hemolytic 
activity at 37°C (Fig. 9). 

Discussion
As it is clear, UV-Vis spectroscopy is an important 
technique for approving the CHS-GNPs formation and 
provides information such as the crystal growth, size, 
and stability of nanoparticles. No significant increase and 
change in λMax were observed from 70 min to 24 hours 
(Fig. 1) demonstrating the colloidal stability of CHS-
GNPs during the time.

Also, the XRD analysis  is a powerful device for 
determining the purity and crystalline structure of the 

Table 1. Antimicrobial screening test of CHS and CHS-GNPs against bacterial strains

 Antimicrobial effects
Gram (+) bacteria Gram (-) bacteria

B. subtilis S. aureus S. epidermidis M. luteus E. coli S. enterica

Substance
CHS - - - - - -

CHS-GNPs + - - - - -
Standard drug 

(control antibiotic) 
Gentamycin + + + + + +
Piperacillin + + + + + +

Table 2. Inhibition zone of the CHS-GNPs and positive controls against B. 
subtilis strains

Concentration Inhibition zones (mm)

CHS-GNPs

1200 µg/mL 11.36
600 µg/mL 8.86
300 µg/mL 7.56
150 µg/mL -

Gentamycin 10 µg 31.55
Piperacillin 100 µg 20.88

Fig. 7. The growth inhibition of B. subtilis after treatment with CHS-GNPs 
(A, B) and CHS (C) at different concentrations.

Fig. 8. The cyclic voltammograms of bare GCE and CHS-GNPs-GCE in 
0.1M PBS (pH=7.4) containing 1.0 mM AA (A) and DA (B) at a scan rate 
of 100 mVs−1.
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synthesized nanoparticles. The average crystallite size of 
synthesized CHS-GNPs according to the Debye-Scherrer 
equation,26 which reveals a relationship between XRD 
peak broadening and crystallite, was assessed around 
14.94 nm. As shown in Fig. 4, the size of nanoparticles 
measured by the TEM method is different from that of 
DLS due to differences in their operating principles.27 The 
particle size measured in the DLS method is larger because 
GNPs are coated by CHS, and the CHS shell swells in 
aqueous environments. The zeta potential of CHS-GNPs 
confirmed the logical stability of the CHS-GNPs. Due to 
the negative charges of CHS, the accumulation of CHS-
GNPs was prevented by the repulsion of particles, which 
caused a stable colloidal solution. 

The DPPH assay is a quick and accurate method for the 
evaluation of antioxidant effects. The DPPH scavenging 
activity of CHS was more than that of CHS-GNPs, which 
may be due to the configuration of sulfate groups in the 
CHS-GNPs. Previous studies approved the critical role of 
sulfate groups in antioxidant properties of CHSs; probably 
less accessible sulfate groups in CHS shell of GNPs caused 
their lower antioxidant activity.28

According to the cytotoxicity results, CHS-GNPs 
showed an anti-proliferation effect on MDA-MB-468 
and βTC3 cell lines, while they have no cytotoxicity effect 
on human normal fibroblast. CHS-GNPs are selectively 
efficient on cancer cells and can potentially reduce the 
side effect of chemotherapy. The cellular uptake and 
translocation of GNPs across the cell membrane can be 
occurred by passive translocation and active endocytosis 
whereas GNPs smaller than 10 nm are probably taken up 
by the passive process, and the cellular uptake of larger 
nanoparticles can be occurred by receptor-mediated 
endocytosis.29 Considering the size of the synthesized 
nanoparticles, it can be anticipated that receptor-mediated 
endocytosis it dominant way for uptake of CHS-GNPs.

Previously, it had been established that the cytotoxicity 
effect of materials in normal cells and cancer cells not 
similar where the receptors and the receptor expression on 
cancer and normal cells are different, and anti-proliferative 
pathways are diverse.30 CHS as glycosaminoglycan, can 
bind to the cell-surface CD44 receptors and promote 
receptor-mediated endocytosis in cancer cells that 
specifically overexpress this receptor.31 The overexpression 
of this established marker (CD44) for cancer stem cells 

(∼4–5 folds) is responsible for metastasis and cancer 
progression.32 MDA-MB-468 is a CD44 positive cell line, 
and previous studies indicated that the breast cancer cells 
overexpress the CD44 receptor,33,4 and active targeting 
can be the reason for higher cytotoxicity of CHS-GNPs 
on MDA-MB-468. Besides, when CHS binds with CD44, 
it acts as a substrate for the P-selectins and leads to anti-
metastatic properties. The anti-metastatic properties of 
sulfated glycans on breast and pulmonary cancers have 
already demonstrated.32

While our results indicated that CHS-GNPs showed 
the IC50 value of 100 and 150 μg/mL against MDA-
MB-468 and βTC3 cell lines, Surapaneni et al showed 
that chemically synthesized citrate-capped GNPs (with 
a diameter of 25–30 nm and spherical shape) and 
cysteamine-capped GNPs (with a diameter of 35–40 nm 
and hexagonal shape) caused a significant decrease in 
the proliferation of MDA-MB-468 with an IC50 value of 
384.35 and 313 μg/mL, respectively. They attributed the 
cytotoxicity effects of GNPs to the generation of oxidative 
stress in a dose-dependent manner in cancer cell lines; 
cysteamine-capped GNPs showed more oxidative stress 
in comparison to citrate-capped GNPs, while no oxidative 
stress was generated by GNPs in normal cells.35

Furthermore, the cytotoxicity of citrate-capped GNPs 
(20 nm) on the MRC-5 human fetal lung fibroblast cell 
line at different concentrations of studied by Li et al, 
where, they did not observe a significant difference in 
the percentage of cell death between the treatment and 
control groups after 24, 48, and 72 hours incubation, 
which confirms our founding on selective cytotoxicity of 
GNPs in cancer cells.36 

Different mechanisms have been considered for GNPs’ 
cytotoxicity; GNPs can induce diverse types of cell death 
through reactive oxygen species (ROS) production and 
mitochondrial function disturbance.37 The generation 
of oxidative stress can be impairment in mitochondrial 
function as a consequence of elevated intracellular 
ROS. Further, GNPs cause cell cycle disruption, 
which is dependent on various factors including the 
physicochemical characteristics of the nanoparticle as well 
as the cell line.38 The cytotoxicity depends on different 
factors including shape, size, surface functionality, charge, 
concentration, aggregation status, porosity, cell type, and 
experimental system variables, for example, temperature, 

Fig. 9. The hemolysis test for red blood cells incubated with various concentration of CHS-GNPs (62.5, 125, 250, 500, and 1000 µg/ mL), double distilled 
water, and PBS for 1h. Double distilled water and PBS were used as positive (100% hemolysis) and negative (0% hemolysis) controls. Data are represented 
as the mean ± SE (n = 3).
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incubation period, and culture media. In addition to size 
and shape, surface chemistry may also play an important 
role in NP interaction with cells and subsequent 
cytotoxicity.39

Different parameters e.g. type of metal ions, size, and 
shape of nanoparticles can affect on antimicrobial activity 
of nanoparticles.40,41 In the present study, CHS-GNPs 
exhibited antibacterial activity against B. subtilis, while 
CHS did not affect all bacteria at different concentrations. 
Since B. subtilis -the gram-positive bacteria- have a thick 
layer of peptidoglycan, the inhibitory effect of CHS-GNPs 
is probably due to their interaction with the bacterial cell 
wall proteins; thiol groups of proteins can interact with 
GNPs and cause adsorption of GNPs on the surface of the 
cell wall and destroy of cell wall’s activities.42

The results of the electrochemical analysis indicated that 
the modification of electrode with CHS-GNPs had great 
improvement in the electrochemical response due to the 
excellent electrical property of CHS-GNPs.43,44 Therefore, 
GHS-GNs are still electrochemically active, and GHS cap 
did not diminish the catalytic effect of GNPs.

The hemolysis is an in vitro assay to evaluate the blood 
compatibility of nanoparticles. Changes of red blood cells 
membrane integrity can be impaired by nanoparticles that 
in turn may result in hemolysis and maybe a serious threat 
to organism survival.45 The hemocompatibility of CHS-
GNPs in this study can be due to its size and negative zeta 
potential. According to Purohit et al results, the hemolysis 
percentage was increased by increasing the size (15-70 
nm) and concentration (5-200 µg /mL) of synthesized 
GNPs with trisodium citrate; they reported 60% hemolysis 
in exposure to GNPs with 70 nm size at concentration 200 
µg/mL.46 Furthermore, GNPs biosynthesized by Curcuma 
manga indicated 10% of hemolysis at concentration 50 
µg/mL.47 Therefore, the blood compatibility of green 
synthesized CHS-GNPs can be an excellent and important 
property of them in biomedical applications.

Conclusion
The present results indicate that GNPs were synthesized 
with CHS as both reducing and stabilizing agent, whereas 
the procedure was simple and obtained by stirring 
and heating the mixture of HAuCl4 and CHS aqueous 
solutions. The characterization of GNP by UV-Vis, FT-IR, 
XRD, TEM, and DLS analyses approved their synthesis. 
CHS-GNPs showed the antioxidant effect, but their 
effect was lower than that of CHS. CHS-GNPs revealed 
the cytotoxicity effects against MDA-MB-468 and βTC3 
cancer cell lines without any significant effect on normal 
fibroblast cells. The antimicrobial property of CHS-GNPs 
was not significant, and the particles were just effective 
against B. subtilis. The electrochemical activity of AA 
and DA at CHS-GNPs-GCE indicated the electrocatalytic 
effect of the synthesized nanoparticles. Excellent blood 
compatibility of CHS-GNPs demonstrated by the 

What is the current knowledge?
√ Different chemical and biological methods have been 
applied for the synthesis of gold nanoparticles. 
√ The biological approach using plant extract and natural 
polysaccharides provide us versatile gold nanoparticle with 
different properties and biological activities. 
√ Some gold nanoparticles showed hemolysis effect and 
blood incompatibility.

What is new here?
√ Synthesized CHS-GNPs using chondroitin sulfate as a 
reducing and capping agent showed antibacterial activity 
against Bacillus subtilis, selective cytotoxicity on MDA-
MB-468 cell lines and valuable electrochemical properties.
√ Hemolysis test approved the blood-compatibility of CHS-
GNPs.

Research Highlights

hemolysis test. Altogether, our finding indicates CHS as 
a valuable reducing and capping agent for the synthesis 
of stable colloidal GNPs with antioxidant effect, blood 
compatibility, selective cytotoxicity on cancer cells, and 
efficient electrocatalytic effects.
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