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Nanoparticles (NPs) have novel properties, and thus, can offer great possibilities for
the environment and human diseases. Toxicological studies indicate that small-sized
gold NPs (GNPs) have harmful effects on the health of humans and living species in
the environment.1–4 It has been reported that exposure to smaller sized GNPs produced
more inflammatory and cytotoxic reactions when compared with exposure to larger
sized GNPs of same mass concentration due to their highly reactive role, surface area,
and number of NPs within the biological tissues.1–4
The exposure to small-sized GNPs induces inflammatory response, venous intimal
disturbance, fatty change, and Kupffer–Browicz cells’ hypergenesis. The histological
alterations induced in hepatocytes were mainly hydropic degeneration, cytoplasmic
vacuolation, and necrosis.1–3 Moreover, cardiac tissue damage, pneumonia, fibrosis,
and chronic inflammation depend on the size and duration of exposure.5,6
The toxicity induced by GNPs was due to the changes in the physicochemical
properties such as length, form, chemical make-up, combination, high specific surface
area, and solubility.7–9 The pathogenic mechanisms initiated by GNPs are dominated
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Background: The aim of the study was to confirm the hepatotoxicity induced by small-sized
gold nanoparticles (GNPs) and evaluate the role of quercetin (Qur) and arginine (Arg) against
hepatotoxicity caused by GNPs.
Methods: Twenty-five healthy male Wistar-Kyoto rats were used. GNPs were administered
intraperitoneally to these rats at the dose of 50 µL for seven consecutive days. The role of Qur
and Arg antioxidants against toxicity induced by GNPs was detected through the measurement
of serum liver function and oxidative stress biomarkers in the liver tissues.
Results: Coadministration of Qur and Arg along with GNPs significantly induced dramatic
alterations in the biochemical parameters. Levels of malondialdehyde, gamma-glutamyl transferase, alanine aminotransferase, alkaline phosphatase, and total protein increased significantly
in the GNPs injected group than in the control group, while reduced glutathione was greatly
reduced in the GNPs group than in the control group. It also significantly decreased liver
enzymes and the oxidative stress, therefore improving the liver damage and hepatotoxicity
induced by GNPs.
Conclusion: This study demonstrated that Qur and Arg antioxidants effectively improved the
hepatic oxidative damage induced by GNPs. It also substantiates the application of Qur and
Arg as protecting stand-in against GNPs’ hepatotoxicity.
Keywords: antioxidants, oxidative stress, gold nanoparticles, hepatotoxicity, quercetin,
arginine, rats
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by inflammation in liver, kidney, heart, and lung tissues,
oxidative stress, and DNA damage.
Quercetin (Qur) is a known antioxidant and antiinflammatory/antiallergy agent, which inhibits the release
of histamine and other inflammatory mediators in the
body.10 In contrast, arginine (Arg) has various metabolic and
immunologic effects,11,12 Arg can also act as a substance for
polyamine production, which is reported to be taking part in
protein production enrichment.13
It has been reported that treatment with either Qur or Arg
as a protective agent may be effective against DNA, liver,
and kidney damage caused by zinc oxide NPs.14 However,
studies dealing with preventing the toxicity by inducing
small-sized GNPs have not been recorded and acknowledged.
Thus, the objective of this study is to confirm the hepatotoxicity induced by GNPs and to evaluate the function of
Qur and Arg as defensive proxies against the hepatotoxicity
in rats.

with 200 mg/kg/day of Qur for seven consecutive days;
and group 4 (G4), GNPs intoxicated rats were treated with
200 mg/kg/day of Arg for seven consecutive days.

Methods
Animals

Serum liver function markers

Twenty-five 12-week-old male Wistar-Kyoto rats weighing
220–240 g were obtained from the animal house (College
of Pharmacy, KSU, Riyadh, Saudi Arabia). These rats
were housed in cages under normal conditions (22°C±5°C
temperature, 55%±5% humidity, 12-h light/dark cycle) with
free access to water and chow diet. All procedures related
to animal care and treatments strictly adhered to the ethical
procedures and policies approved by King Saud University
Local Animal Care and Use Committee.

After 24 h of the final dose injection, all rats were denied food
for 12–14 h and thereafter euthanized, and blood samples
from each rat were collected into sterilized tubes for serum
separation. Centrifugation was carried out at 3,000 rpm for
10 min to separate the serum, and the serum was conserved
at a temperature of −80°C for various biochemical assessments. The midline incision technique was used to harvest
and collect liver tissues; they were rinsed with freezing
isosmotic saline, blended, and frozen at a temperature
of −80°C for biochemical tissue analyses (such as the estimations of reduced glutathione [GSH] and malondialdehyde
[MDA] contents).

A biochemical auto analyzer (model 7170; Hitachi Ltd.,
Tokyo, Japan) was used to determine alkaline phosphatase
(ALP; Figure 1), alanine aminotransferase (ALT; Figure 2),
gamma-glutamyl transferase (GGT; Figure 3), and total
protein levels (Figure 4) in serum.



D



A dose of 50 μL (0.25 mL/kg/day) of 10 nm GNPs (MKN-Au010; M K Impex Corp, MKnano, Mississauga, ON, Canada)
of spherical morphology shape determined by the scanning
electron microscope (SEM) was administered intraperitoneally
to the rats. Each dose of Qur and Arg was 200 mg/kg/day; the
doses were determined according to the previous studies.14,15

Rats were allowed to acclimatize for a period of 1 week;
before the commencement of dose administration, rats were
fasted for 24 h and divided into four groups: group 1 (G1),
normal healthy rats (n=10); group 2 (G2), GNPs intoxicated
rats were left untreated (n=5), 50 µL of GNPs were administered intraperitoneally to the rats for seven consecutive
days; group 3 (G3), GNPs intoxicated rats were treated

2822

submit your manuscript | www.dovepress.com

Dovepress

0HDQ6(
$/3 8/
&RQWUROJURXS Q 
*13VJURXS Q 
*13V4XU JURXS Q 
*13V$UJ JURXS Q 



GNPs and dosing

Experimental design

Powered by TCPDF (www.tcpdf.org)

Blood sampling and tissue preparation



E

E



$/3 8/

International Journal of Nanomedicine downloaded from https://www.dovepress.com/ by 54.172.234.236 on 20-Jul-2019
For personal use only.

Abdelhalim et al










&RQWURO

*13V

*13V4XU

*13V$UJ

Figure 1 Effect of GNPs on ALP level in rats.
Notes: Image indicates a disturbance in the activity of liver ALP and a significant
(P,0.05) elevation by 538.17±34.71 U/L in the GNPs group as compared with
370.67±11.17 U/L in the normal control group, while the coadministration of Qur (G3)
and Arg (G4) with GNPs significantly reduced the ALP activity to 405.33±22.69
and 420±188.53 U/L, respectively. The data of groups G3 and G4 were statistically
significant compared with the data of group G2. aCompared with control group;
b
compared with GNPs group. *P,0.05; **P,0.01.
Abbreviations: ALP, alkaline phosphatase; Arg, arginine; GNPs, gold nanoparticles;
Qur, quercetin.
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Figure 2 Effect of GNPs on ALT level in rats.
Notes: Image shows a disturbance in liver ALT and a significant (P,0.05) elevation
by 114±3.71 U/L in the GNPs group as compared with 93.70±5.88 U/L in the normal
control group, while the coadministration of Qur (G3) and Arg (G4) with GNPs
significantly reduced the ALT activity to 85.57±2.20 and 91.5±4.91 U/L, respectively.
The data of groups G3 and G4 were statistically significant compared with the
data of group G2. aCompared with control group; bcompared with GNPs group.
*P,0.05; **P,0.01.
Abbreviations: ALT, alanine aminotransferase; Arg, arginine; GNPs, gold
nanoparticles; Qur, quercetin.

Figure 4 Effect of GNPs on total protein level in rats.
Notes: Image shows alterations in liver total protein, where a significant (P,0.05)
elevation by 7.33±0.33 g/dL in the GNPs group as compared with 6.0±0.25 g/dL
in the control group was observed, while the coadministration of Qur (G3) and
Arg (G4) with GNPs significantly reduced the total protein activity to 6.15±0.27
and 6.17±4.91 g/dL, respectively. The data of groups G3 and G4 were statistically
significant compared with the data of group G2. aCompared with control group;
b
compared with GNPs group. *P,0.05.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; Qur, quercetin.

Oxidative stress biomarkers

Determination of MDA

Determination of GSH level

The measurement of GSH level (μg/mL; Figure 5) in liver
tissues is carried out enzymatically according to the modified
procedure of the previous study.16
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The index of fatty acid peroxidation and the level of MDA
(μmol/mL; Figure 6) in hepatocytes of rats were determined using a spectrophotometer as defined in the previous
study.17
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Figure 3 Effect of GNPs on GGT level in rats.
Notes: Image shows a disturbance in liver GGT and a significant (P,0.05) elevation
by 2.83±0.18 U/L in the GNPs group as compared with 1.15±0.30 U/L in the normal
control group, while the coadministration of Qur (G3) and Arg (G4) with GNPs
significantly reduced the GGT activity to 0.92±0.27 and 86.5±4.91 U/L, respectively.
The data of groups G3 and G4 were statistically significant compared with the data of
group G2. aCompared with control group; bcompared with GNPs group. **P,0.01.
Abbreviations: Arg, arginine; GGT, gamma-glutamyl transferase; GNPs, gold
nanoparticles; Qur, quercetin.
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Figure 5 Effect of GNPs on liver GSH level in rats.
Notes: Image shows oxidative stress alterations in GSH liver homogenate level,
where a significant (P,0.05) reduction by 20±0.01 μg/mL in the GNPs group as
compared with 65±0.01 μg/mL in the normal control group was observed, while
the coadministration of Qur (G3) and Arg (G4) with GNPs significantly elevated the
GSH to 68.12±0.27 and 60.17±4.91 μg/mL, respectively. The data of groups G3 and
G4 were statistically significant compared with the data of group G2. aCompared
with control group; bcompared with GNPs group. *P,0.05; **P,0.01.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; GSH, reduced glutathione;
Qur, quercetin.
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Figure 6 Effect of GNPs on liver MDA level in rats.
Notes: Image shows the level of MDA in rat liver. MDA level increased
significantly (P,0.05) by 0.33±0.03 μmol/mL in the GNPs group as compared with
0.16±0.01 μmol/mL in the control group, while the coadministration of Qur (G3)
and Arg (G4) with GNPs significantly reduced the lipid peroxidation MDA activity
to 0.15±0.03 and 0.18±0.02 μmol/mL, respectively. The data of groups G3 and G4
were statistically significant compared with the data of group G2. aCompared with
control group; bcompared with GNPs group. *P,0.05; **P,0.01.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; MDA, malondialdehyde;
Qur, quercetin.

Statistical analysis

Results were expressed as mean ± standard error. Statistical
analysis was carried out by means of one-way analysis of
variance (ANOVA): 1) compared with control group and
2) compared with GNPs group (*P,0.05 and **P,0.01).

Results and discussion
The present study confirmed that GNPs trigger liver tissue
destruction as demonstrated by the marked rise of serum liver
markers in GNPs intoxicated rats as compared with normal rats.
These findings indicate that liver is the target organ for GNPs’
toxicity and destruction of useful cohesion of hepatocyte membranes. Our finding was supported by the group of researchers18–23
as they stated that liver destruction could be caused by the overdose of zinc oxide NPs administration. Coadministration of Qur
and Arg to GNPs rats significantly reduced all the serum liver
markers (P,0.01) as compared with the GNPs intoxicated rats.
This may indicate that the Qur and Arg antioxidants act as
protective agents against the liver dysfunction caused by hepatotoxicity of GNPs.
It has been reported that pathogenic mechanisms initiated
by in vivo administration of GNPs are dominated by oxidative
stress, apoptosis, and DNA damage.24,25 Thus, the protective
mechanism reduces the generation of inflammatory mediators,
ameliorates liver destruction, and improves organ failure. In
our study, the injection of Qur or Arg immediately along with
GNPs was beneficial in preventing the GNP-induced inflammatory liver injury. Our results were also consistent with those
reported previously, in which Qur reduces the inflammation
2824
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by inhibiting oxidative stress and cytokine production, indicating that Qur possesses anti-inflammatory effects in vivo.26,27
Moreover, Qur metabolites may act as antioxidants.27 In contrast, in other studies, it was found that Arg supplementation
protects oxidative damage.18,19 The defense by Qur in contrast
to the creation of oxidative DNA destruction caused by H2O2
was observed in vitro.20 Arg mitigates oxidative stress in the
hepatocytes and brain tissues and has antioxidant activities,
as well as reactive oxygen species (ROS)-scavenging properties.21 Coadministration with Arg was able to inhibit DNA
fragmentation and increased wound DNA synthesis.22,23
It has been reported that 1.4 nm NPs react with DNA and
caused strong toxicity near human tumors, since it is commonly reported that DNA double-strand disruptions may
lead to cancer.1–3 NPs induced oxidative stress, and one of
the likely means, which induce DNA destruction, may be
fatty acid peroxidation and oxidative stress.26
ROS reacts with DNA particle leading to the destruction of
purine and pyrimidine bases as well as DNA support.26 MDA
is one of the main products of fatty acid peroxidation. It is
a mutagenic and also a carcinogenic substance. It combines
with DNA-forming compounds such as deoxyguanosine,
deoxyadenosine, and deoxycytidine.27,28 DNA damage may
trigger signal transduction pathways, giving rise to apoptosis
or causing cell death.29 Coadministration of Qur and Arg
to GNPs intoxicated rats effectively protected liver from
lipid peroxidation and inflammatory damage. Our data were
also consistent with the previously published study.29 Qur
possesses anti-inflammatory, antioxidant, hepatoprotective,
and anticarcinogenic activities.30

Conclusion
This study highlights the hepatotoxic effects induced by intraperitoneal administration of GNPs, which was confirmed by
a significant increase in liver function markers, such as ALP,
ALT, GGT, and total protein. In addition there was a significant
elevation in the tissue lipid peroxidation biomarker MDA and
a significant reduction in the oxidative stress biomarker GSH
level. The treatment with either Qur or Arg successively alleviated ALP, ALT, GGT, total protein and MDA. While GSH
increased, this in turn effectively ameliorated the lipid peroxidation and inflammatory liver damage induced in GNPs intoxicated
rats. Our data demonstrated that Qur and Arg are highly potent
antioxidants that have the ability to protect hepatocytes from
damage, which is produced by oxidative stress and the associated vascular problems caused by the generation of GNPs, from
the production of ROS. More research is required to assess the
synergistic combination of Qur and Arg, which might be useful
to completely inhibit the hepatotoxicity induced by GNPs.
International Journal of Nanomedicine 2018:13
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