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Objective: The objective of this study was to verify and confirm the oxidative-mediated 

hepatotoxicity, inflammatory liver damage, and oxidative stress induced by intraperitoneal 

administration of gold nanoparticles (GNPs) in vivo; characterize the effect of different natural 

antioxidants on these hazardous changes; and finally choose the most powerful antioxidant 

among these different natural antioxidants.

Methods: Ten-nanometer GNPs were dissolved in aqueous solution of 0.01% concentration. 

A dose of 50 µL of 10 nm GNPs was administered intraperitoneally for 7 days to the rats, 

whereas the antioxidants were orally administered for the same time period. The antioxidants 

used in the study were vitamin E (Vit E), α-lipoic acid (ALA), quercetin (Qur), arginine (Arg), 

and melanin. Forty Wistar-Kyoto male rats were used. Rats were arbitrarily divided into seven 

groups after acclimatization for 1 week. For serum separation, blood samples were obtained 

from each animal. Serum liver function markers and tissue oxidative stress and lipid proxida-

tion biomarkers were assessed.

Results: The increase in the levels of gamma-glutamyl transferase, alkaline phosphatase, total 

protein, alanine aminotransferase, and total bilirubin in the serum of rats and the increase of 

malondialdehyde in the hepatic tissue and decrease in reduced glutathione when compared with 

the control in this study confirmed the ability of GNPs to cause hazardous effects.

Conclusion: Treatment of rats with Vit E, ALA, Qur, Arg, and melanin along with GNPs sig-

nificantly inhibited the inflammatory liver damage, lipid peroxidation, and the oxidative stress 

induced by GNPs in vivo, but with different responses due to their evaluated normalization 

values, and it has been confirmed that melanin is the most powerful antioxidant among these 

different natural antioxidants, ie, it has the most effective potential role against the hepatic 

inflammatory damage, oxidative stress, and lipid peroxidation.

Keywords: antioxidants, oxidative stress, gold nanoparticles, hepatotoxicity, vitamin E, α-lipoic 

acid, quercetin, arginine, melanin, rats

Introduction
Toxicological studies show that small-sized gold nanoparticles (GNPs) had adverse 

impacts on human health and other environmental biological species. Numerous other 

studies have reported that contact to small-sized GNPs causes larger inflammatory 

and cytotoxic reactions when compared with large-sized GNPs of same weight and 

concentration.1,4

The exposure to GNPs induced inflammatory, vein intima disruption, lipid change, 

enlargement of stellate macrophages, increase in absorption of water by hepatocytes, 
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cytoplasmic vacuolization, and death of most or all of 

the cells.1,3 Moreover, cardiac tissue damage, pneumonia, 

fibrosis, chronic inflammatory damage all are subject to the 

volume and length of exposure.5,6

The induced toxicity by GNPs was attributed to altera-

tions in the physical and chemical characteristics of the 

nanoparticles, mass, form, substance composition, assem-

blage, great precise surface area, and their ability to dissolve 

in solvent.7–9 The diseased effects triggered by GNPs lead to 

swelling of liver, kidney, heart, and lung tissues, including 

oxidative stress and DNA damage.1,7

Vitamin E (Vit E) may reduce the progression of the 

hepatic inflammatory damage, which is notably accelerated 

by oxidative stress, in addition to reducing the cardiac disease 

linked to chronic kidney failure and urine in the blood. 

Because of the oxygen-foraging ability of Vit E, it inhibits 

fatty acid peroxidation and the unsaturated membrane fats.10 

It can also inhibit the increase in ROS production and fur-

ther movement to the nucleus and harm to the DNA. Earlier 

studies have stated that oxidative destruction caused by 

various pathological situations caused by the formation of 

ROS can be inhibited by Vit E supplementation.11,12

α-Lipoic acid (ALA) has been reported to moderately 

inhibit kidney cysteine reduction and elevate liver cysteine 

and glutathione (GSH) levels. The production of GSH can be 

boasted by ALA, which is the major antioxidant inside our 

cells.13 Post ALA treatment shows reduction in the level of 

TNF-α when compared to animals injected with zinc oxide 

nanoparticles (ZnO-NPs). Strong anti-inflammatory actions 

in vitro and in vivo are demonstrated by ALA by the reduction 

of inflammatory intermediaries; pro-inflammatory cytokine 

formation and C-reactive protein (CRP).14

Quercetin (Qur) is an antioxidant, and anti-inflammatory/

anti-allergy, which stops the discharge of histamine and 

other inflammatory proxies in the body.10 Arginine (Arg) has 

several biological processes and defensive influences and is 

believed to be temporarily important mostly in inflammatory 

and oxidative stress conditions.15 Arg can also act as an under-

lying substance for polyamine production, which has been 

recognized to be strongly participating in protein production 

enrichment.13 It has been reported that treatment with either 

Qur or Arg as protective agents may be useful against DNA, 

liver, and kidney damage caused by ZnO-NPs.16

Melanin is present in different organs, tissues, and 

blood of living organisms. Many diseases are accompanied 

by an increase or decrease in melanin production. It plays 

essential role in shielding the cell’s nuclei DNA against the 

harm caused by the ultraviolet radiation. Melanin shows 

non-oxidative stress and scavenging activities for the free 

radicals.17–19 In the skin, both pigments function as foragers 

for free radicals and other oxygen-containing species.13–16 

Early studies have shown that melanin combines with 

chemical species such as oxygen,17,18 hydroxyl radical,20 

and hyperoxide.19,20 The ability of melanin to prevent 

fatty acid peroxidation has established its function as an 

antioxidant.21

Some researchers have reported that disease-causing 

mechanisms triggered by in vivo administration of GNPs 

are dominated by oxidative stress, programmed cell death, 

and DNA destruction.23,24 Thus, a defensive approach to 

reduce the generation of inflammatory intermediaries could 

ameliorate both liver injury and dysfunction.

For the use of GNPs in drug delivery and cancer therapy, 

knowledge about inhibiting induced toxicity is necessary. 

The prevention of toxicity triggered by treatment with 

small-sized GNPs is yet to be known and identified. Thus, 

this study aimed to confirm and prove the toxicity induced 

by the administration of GNPs intraperitoneally in vivo, to 

investigate the protective role of different natural antioxidants 

such as Vit E, ALA, Qur, Arg, and melanin in the liver inflam-

matory damage, oxidative stress, and lipid peroxidation, 

and finally to choose the most powerful antioxidant among 

these different natural antioxidants.

Materials and methods
GNPs and dosing
Ten-nanometer GNPs (products MKN-Au-010; M K 

IMPEX Corp; Divn MK Nano, Mississauga, ON, Canada) 

of spherical shape, determined by the scanning electron 

microscope, were used in this study; the estimated mean size 

for GNPs was 9.45±1.33 nm, and GNPs were distributed 

homogenously in the solution.1–3 The rats were administered 

GNPs intraperitoneally at a dose of 50 µL for 7 consecutive 

days, whereas the doses of the different natural antioxidants 

that were orally administered separately for the same time 

period were as follows: Vit E, 100 mg/kg body weight 

(BW)/day; ALA, 200 mg/kg BW/day; Qur, 200 mg/kg/day; 

Arg, 200 mg/kg/day, and melanin, 100 mg/kg BW/day.

animals
Forty Wistar-Kyoto male rats weighing 220–240 g (12 weeks 

old) were obtained from College of Pharmacy Animal house, 

King Saud University (KSU). Rats were kept in cages under 

homogenous conditions (temperature 22°C±5°C, humidity 

55%±5%, and 12-hour light/dark cycle). The rats had unre-

stricted right to use of water and fed with usual rat diet. 
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The KSU Animal Use Committee approved the animal 

experiments, and all experiments were conducted in accor-

dance with the committee’s guidelines approved by KSU 

Local Animal Care.

Experimental design
All natural antioxidants used in this study were purchased 

from Sigma-Aldrich Co. (St Louis, MO, USA). Quantifica-

tion of the purity and content of the prepared melanin was 

according to the study by ElObeid et al.25 After acclimatiza-

tion for a period of 1 week, the rats were denied access to food 

for 24 hours before treatment and randomly separated into 

seven groups. The biochemical parameters were investigated 

in the liver of these groups of rats: control group (G1: n=10), 

GNP group (G2: GNP-intoxicated rats were left untreated; 

n=6), GNPs + Vit E group (G3: n=6), GNPs + ALA group 

(G4: n=6), GNPs + Qur group (G5: n=6), GNPs + Arg group 

(G6: n=6), and GNPs + melanin group (G7: n=6). The rats 

were administered 50 µL of GNPs intraperitoneally for 7 

consecutive days.

Blood sampling and tissue preparation
After final dose administration, the rats were denied of food 

for 12–14 hours and were euthanized. The blood sample 

from each animal was obtained using disinfected collec-

tion tubes. Serum was separated using a centrifuge at the 

speed of 3,000 rpm for 10 minutes. Serum was placed in the 

disinfected tubes and preserved at a temperature of -80°C 

for several biochemical estimations. The midline incision 

method was use to collect liver tissues, and then the liver 

tissues were washed in icy normal saline, blended, ice-

covered in liquid nitrogen, and conserved at a temperature 

of -80°C for biochemical tissue analysis for estimating the 

reduced GSH and the malondialdehyde (MDA) content.

Serum liver function markers
To evaluate the liver function markers, the levels of gamma-

glutamyl transferase (GGT), total bilirubin (TBIL), ALP, 

aspartate amino transferase (AST), alanine aminotrans-

ferase (ALT), and total protein in serum were determined 

by a biochemical auto analyzer (Type 7170; Hitachi Ltd., 

Tokyo, Japan).

Oxidative stress biomarkers
Determination of reduced gsh level (µg/mL)
The determination of GSH in hepatocytes was carried 

out enzymatically according to the modified procedure 

of Griffith.22

Determination of MDa
MDA level and fatty acid peroxidation index in several 

organs of rats were analyzed spectrophotometrically as 

described earlier.23

Statistical analysis
Data are shown as mean normalization (percentage change) 

for all the samples. To determine the differences between 

the mean values of the different groups, one-way ANOVA 

was done. P#0.05 was used as the limit of statistical 

significance.

Results
alT level
Figure 1 demonstrates the activity of liver ALT. ALT was 

significantly increased to 122% in the G2 rats compared with 

the control rats (100%). G3, G4, G5, G6, and G7 rats show 

significant decrease compared with G2, and non-significant 

change compared to G1. The evaluated normalization values 

in G3, G4, G5, G6, and G7 rats were 108.4%, 112.8%, 

91%, 97.7%, and 102%, respectively. It became evident 

Figure 1 The effect of gNPs and different antioxidant treatments on alT level 
in rats.
Abbreviations: ALT, alanine aminotransferase; Arg, arginine; GNPs, gold 
nanoparticles; Qur, quercetin; Mela, melanin; Vit E, vitamin E.
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from Figure 1 that melanin is the most powerful antioxidant 

among the other different antioxidants used such as Vit E, 

ALP, Qur, and Arg.

alP level
Figure 2 shows the activity of liver ALP. ALP significantly 

increased to normalized value 145.2% in G2 rats com-

pared with the control rats (100%). G3, G4, G5, G6, and 

G7 rats show significant decrease compared with G2, and 

non-significant change compared to G1. The evaluated 

normalization values in G3, G4, G5, G6, and G7 rats were 

130.4%, 124.6%, 122.4%, 124%, and 103%, respectively. 

Also, melanin is proved to be the most powerful antioxidant 

among the other different natural antioxidants.

ggT level
As shown in Figure 3, the liver enzyme GGT significantly 

elevated G2 to evaluated normalized value 246.12% com-

pared with G1 (100%). G3, G4, G5, G6, and G7 rats show 

significant decrease compared with G2, and non-significant 

change compared to G1. The evaluated normalization values 

in G3, G4, G5, G6, and G7 rats were 136.5%, 63.5%, 82.64%, 

132.2%, and 163.5%, respectively. The ALP or Qur with 

GNPs significantly lowered the marked increase in the level 

of GGT even below the control value. Moreover, the treat-

ment of GNPs rats with the abovementioned antioxidants 

directly reveal their protective effect over the disturbance 

in the GGT level induced by GNPs.

Total protein level
Data presented in Figure 4 show a notable increase in the 

total protein level in the serum of G2 rats evaluated to have a 

normalized value of 122.2% compared with G1 rats (100%). 

G3, G4, G5, G6, and G7 rats showed significant decrease 

compared with G2, and non-significant change compared 

to G1. The estimated normalization values in G3, G4, G5, 

G6, and G7 rats were 103%, 108.3%, 106%, 114%, and 

100%, respectively. Also, melanin proved to be the most 

powerful antioxidant.

Figure 2 The effect of gNPs and different antioxidant treatments on alP level 
in rats.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; Qur, quercetin; mela, 
melanin; Vit E, vitamin E.
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Figure 3 The effect of gNPs and different antioxidants treatment on ggT level 
in rats.
Abbreviations: Arg, arginine; GGT, gamma-glutamyl transferase; GNPs, gold 
nanoparticles; Qur, quercetin; Mela, melanin; Vit E, vitamin E.
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TBIl level
Figure 5 shows a major rise in the total protein level in the 

serum of G2 rats evaluated to have a normalized value of 

158% compared with the control rats (100%). G3, G4, G5, 

G6, and G7 rats showed significant decrease compared with 

G2, and non-significant change compared to G1. The esti-

mated normalization values in G3, G4, G5, G6, and G7 rats 

were 86.7%, 144%, 79.7%, 48%, and 90.1%, respectively, 

compared to the control rats. Also, melanin proved to be the 

most powerful antioxidant.

GSH level in rat liver homogenate
Figure 6 shows the GSH levels in liver homogenate of 

control, GNPs, and antioxidant treatment groups. GSH was 

significantly reduced in G2 rats evaluated to have a normal-

ized value of 30.8% compared with the control rats (100%). 

G3, G4, G5, G6, and G7 rats showed significant increase 

compared with G2, and non-significant change compared 

with G1. The estimated normalization values in G3, G4, G5, 

G6, and G7 rats were 105.1%, 68.2%, 107.7%, 58.9%, and 

100%, respectively. Also, melanin proved to be the most 

powerful antioxidant.

lipid peroxidation process in rat liver 
homogenate
Figure 7 shows an obvious significant elevation in MDA 

activity in G2 rats evaluated to have a normalized value of 

206.3% compared with G1 rats (100%). G3, G4, G5, G6, 

and G7 rats showed significant decrease compared with G2, 

and non-significant change compared with G1. The estimated 

normalization values in G3, G4, G5, G6, and G7 rats were 

106.3%, 150%, 93.8%, 125%, and 93.8%, respectively. Also, 

melanin proved to be the most powerful antioxidant.

Discussion
The different natural antioxidants used in this study were 

Vit E, ALA, Qur, Arg, and melanin. All these antioxidants 

have proved their beneficial protective role against the hepatic 

inflammatory damage, lipid peroxidation, and oxidative 

stress induced by intraperitoneal administration of GNPs 

in vivo.

Figure 4 The effect of gNPs and different antioxidants treatment on total protein 
level in rats.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; Qur, quercetin; Mela, 
melanin; Vit E, vitamin E.

Figure 5 The effect of gNPs and different antioxidants treatment on TBIl level 
in rats.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; Qur, quercetin; Mela, 
melanin; TBIL, total bilirubin; Vit E, vitamin E.
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It has been reported that Vit E prevents the progres-

sion of liver diseases accelerated by the oxidative stress, 

protects against the lipid peroxidation, inhibits most of the 

metal-induced injuries in vitro and in vivo,24 neutralizes 

the unsaturated membrane lipids and the lipid peroxidation 

due to its oxygen foraging ability, and intercepts the produc-

tion of ROS that can damage the DNA of the nucleus. Vit E 

supplementation shields against oxidative harm triggered 

by several disease conditions by blocking the generation 

of ROS.11,12

ALA regenerates vitamin C from its oxidized state, 

dehydroascorbic acid, and regenerates other antioxidants. 

It enhances GSH synthesis, the leading antioxidant inside 

living cells.13 ALA administration decreases the TNF-α 

level when compared with ZnO-NP-treated animals. ALA 

exhibits robust anti-inflammatory actions in vitro and in vivo 

by decreasing inflammatory intermediaries such as pro-

inflammatory cytokine formation and CRP.14

In this study, the hepatic tissue GSH levels were signifi-

cantly reduced, whereas the MDA levels were significantly 

increased after administration of GNPs. Our data were in 

consistent with those reported by ElObeid et al.25 GSH effec-

tively wipes up all kinds of poisons and free radicals. Earlier 

results have elucidated the regulatory influence in the GSH 

level in animals injected with either Vit E or ALA or post 

ZnO-NPs administration. MDA the main product of fatty 

acid peroxidation has been confirmed to function as mutagen 

and carcinogen and causes DNA damage by the production 

of deoxyguanosine, deoxyadenosine, and deoxycytidine by 

triggering the signal transduction pathways leading to cell 

death or apoptosis.26

The used agent Vit E or ALA plays effective hepatopro-

tective role against liver dysfunction caused by nanoparticle 

toxicity. Co-administration of ALA and Vit E to rats injected 

with ZnO-NPs successfully secures their livers from DNA 

destruction.27

Findings from this study show that GNPs induce hepatic 

liver damage as evidenced by the significant increase in the 

serum liver markers in injected rats compared with rats not 
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Figure 6 effect of gNPs and different antioxidants treatments on liver gsh level 
in rats.
Abbreviations: Arg, arginine; GNPs, gold nanoparticles; GSH, glutathione; Qur, 
quercetin; Mela, melanin; Vit E, vitamin E. Figure 7 effect of gNPs and different antioxidants on liver MDa level in rats.

Abbreviations: Arg, arginine; GNPs, gold nanoparticles; Qur, quercetin; MDA, 
malondialdehyde; Mela, melanin; Vit E, vitamin E.
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injected. These findings indicate that liver is a target organ 

for small-sized GNP toxicity. Our findings were similar to 

those of the previous studies.28–30

Our results were in consistent with those reported pre-

viously, in which Qur reduces inflammatory damage by 

inhibiting oxidative stress and cytokine production; it pos-

sesses anti-inflammatory effects in vivo,16,31 protects against 

oxidative damage,17,18 ameliorates oxidative stress in the 

liver and brain tissues, has antioxidant activity and ROS 

scavenging properties,20 and inhibits DNA fragmentation 

and increases DNA wound synthesis.28,29 It has been reported 

that small-sized NPs intermingle with the DNA in such a 

manner that may likely be the cause of high harmfulness 

of these minute particles toward human tumor, since it has 

been established that breaks in DNA double-strand might 

give rise to cancer.1–3

In our experiments, the expected pathway involved in the 

hepatotoxicity induced by GNPs might arise from liver vacu-

olar degeneration and necrosis arising from the production of 

ROS, in addition to, an increase in the indicator enzymes such 

as ALT, ALP, GGT, and also total protein in the serum.

To completely confirm and ensure the hepatoxicity 

induced by GNPs, additional experiments related to DNA 

damage, endogenous antioxidants, ROS, and gene cholestasis 

should be performed. This study also suggests that to 

understand the mechanism of action of GNPs, any generic 

oxidative stress-related assay could be carried out with and 

without NPs, in addition to, the oxidation of protein corona 

after the incubation of the NPs.

Conclusion
This study highlights hepatic inflammatory damage, lipid 

peroxidation, and oxidative stress induced by intraperitoneal 

administration of GNPs in vivo, which were confirmed by the 

significant increase in serum liver function markers such as 

ALT, ALP, GGT, and total protein, in addition to significant 

increase in the hepatic tissue lipid peroxidation biomarker 

MDA levels in combination with the significant reduction 

in antioxidant biomarker GSH levels. The treatment with 

different natural antioxidants successively alleviated the 

elevation in the serum liver function markers and the tissue 

oxidative stress biomarker MDA, while it elevated the tissue 

GSH level. Moreover, the antioxidants Vit E, ALA, Qur, Arg, 

and melanin markedly reduced the inflammatory response 

levels, lipid peroxidation, and oxidative stress, but with dif-

ferent normalization values, which might be attributed to 

the different responses induced by the serum liver markers 

and the liver tissue biomarkers. It has also confirmed that 

melanin is the most powerful antioxidant by its evaluated 

normalization value among these different natural antioxi-

dants, ie, melanin has the most effective potential role against 

the hepatic inflammatory damage, oxidative stress, and lipid 

peroxidation.
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