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oxidative and nitrosative stress in Hep-G2 cells exposed to 
tert-butyl hydroperoxide?
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ABSTRACT
AIM: Oxidative and nitrosative stress triggers an extensive damage to the tissues. Many herbal and chemical 
medicines have claimed to possess antioxidant properties. Arbutin exists in some plants such as Pyrus Biossi-
erana Bushe. In this study, an inhibitory effect of arbutin against tert-butyl hydroperoxide induced cytotoxicity 
was studied using SYTOX TM Green assay for cell viability. The antioxidant effects of arbutin on the genera-
tion of malondialdehyde, nitric oxide, activity of oxidative enzyme (Superoxide dismutase and catalyze) and the 
amount of total thiol in Hep-G2 cells exposed to tert-butyl hydroperoxide were evaluated. 
METHODS: Hep-G2 cells were cultured in 24-well plates. After 24 hours, the cells were pretreated with the ar-
butin at different concentrations (0, 100 and 150 μM). 24 hours later, tert-butyl hydroperoxide at different con-
centrations (0, 150, 200 and 250 μM) was added into the culture media. 
RESULTS: Arbutin was able to decrease malondialdehyde and nitric oxide concentrations in arbutin treated 
group in comparison with the control group (p < 0.00001). The catalase and superoxide dismutase enzymes 
in these cells were signifi cantly decreased in a dose depend manner in the presence of arbutin in comparison 
with the control group (p < 0.00001). In addition, arbutin was capable of increasing the tert-butyl hydroperoxide 
mediated reduction in the total thiol amount in comparison with the control group (p < 0.00001.) 
CONCLUSION: Our investigation demonstrated that tert-butyl hydroperoxide evoked a reactive oxygen and 
nitrogen species overproduction in Hep-G2 cells. The cells treated with arbutin showed a dose-dependent re-
duction of tert-butyl hydroperoxide induced reactive oxygen and nitrogen species generation (Fig. 6, Ref. 34). 
Text in PDF www.elis.sk.
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Introduction

Aerobic organisms are frequently exposed to oxidants. Reac-
tive oxygen species (ROS) and reactive nitrogen species (RNS) 
are two major classes of oxidants. They play a critical role in the 
biological processes, but overproduction of these radicals may 
lead to a damage of tissues and organs, and that is associated with 
different diseases. Many oxidants are neutralized by the antioxi-

dant systems in the healthy biosystems, but an imbalance between 
them results in oxidative or nitrosative stress (1–3). Having high 
rates of free radical production or reduction of antioxidant de-
fense system yields to the oxidation and thus might cause some 
serious damages to different biomolecules such as nucleic acids, 
proteins, carbohydrates and lipids (4–6). Coronary heart disease, 
cancer, neurodegenerative disorders, liver damage, aging, diabetes 
and metabolic syndrome seem to be associated with the increase 
in the levels of ROS and RNS (7–10). All tissues and organs are 
vulnerable to oxidative and nitrosative stress, but the liver, which 
is involved in detoxifi cation, is more susceptible to these varia-
tions. Subsequently, most of the toxic substances aim to infl uence 
liver (6, 9). Hep-G2 cell line, derived from human hepatoma cells, 
is one of the most proper models to investigate in vitro xenobiotic 
metabolism, protective functions of antioxidants against oxidants 
and neutralizing the oxidative condition (9).

In order to neutralize damaging effects of oxidants, the or-
ganisms’ antioxidant system and external antioxidants play a 
crucial role, arbutin is an effective external antioxidant, which 
can be extracted from many plants and fruits such as wheat, broc-
coli and pear. It also exists in the leaves of various plant species 
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including bearberry (Arctostaphylos uva-ursi) and Telka (Pyrus 
Biossierana Bushe). Bearberry is with 20 % arbutin, and uva ursi 
leaf standard with 10 % arbutin (11, 12). It has been shown that 
arbutin is effective in the repulsion of kidney stones and possess 
antibacterial properties; it can be used as a cure for the urinary 
tract infections (13). In addition, some studies have reported that 
the arbutin does not have cytotoxic effects on the Hep-G2 cell 
line (11). However, arbutin suffers from q low bioavailability du 
eto its poor cell membrane penetration. Recently, many studies 
indicated that acylation modifi cation of arbutin could increase 
its bioavailability(14). Tert-Butyl Hydroperoxide (t-BHP) is an 
organic hydroperoxide with serious toxicity property. It could 
be metabolized to free radical intermediates. The subsequent re-
sult is the oxidative stress in the cells and tissues, which is not 
desired (6, 7, 15). The major indicator of the oxidative stress is 
lipid peroxidation and free radicals, which, generated by the me-
tabolization of t-BHP, may trigger the lipid peroxidation. The 
critical step in the degradation of the cell membranes is the raid 
of ROS and RNS on the double bonds of polyunsaturated fatty 
acids (PUFAs) to generate lipid hydroperoxides. The breakdown 
of hydroperoxides produces a great variety of aldehydes such as 
malondialdehyde (MDA), found to be increased in the various 
diseases. The extent of lipid peroxidation is estimated through 
the levels of MDA (8, 16, 17). 

Another marker of nitrosative and oxidative stress is nitric 
oxide (NO). This important physiological messenger has crucial 
functions in mammalian cells. This signaling molecule is biologi-
cally produced from arginine, O2, and NADPH by nitric oxide syn-
theses in the cytochrome P450. Different physiological functions 
of nitric oxide are obtained by employing various types of NOS 
enzyme (neuronal, endothelial, inducible and mitochondria NOS). 
The excessive and unbalanced generation of NO also damage pro-
teins, DNA and causes a cellular injury or death and thus results in 
nitrosative stress. An excessive nitric oxide is also associated with 
some well-known human diseases such as cardiovascular diseases 
(18). Nitrite is stable, nonvolatile and is determined as an index 
of NO level in nitrosative stress conditions.

Variety of antioxidants in human body provides a balance to 
the effect of oxidants. These substances can be categorized into 
two groups: enzymatic and non-enzymatic. The most important 
enzymatic antioxidants of human body are Superoxide dismutase 
(SOD) and catalase (19, 20). In addition to the antioxidant en-
zymes, there are also non-enzymatic antioxidants. Total thiol 
particularly thiol (-SH) groups excite on protein are measured as 
the main plasma antioxidants in vivo (19). In this study, we aim 
to evaluate the antioxidant properties of arbutin with a measure-
ment of production of MDA and NO, changes in the activity of 
enzymatic and non-enzymatic antioxidants (SOD, Catalyse, Total 
thiol) in Hep-G2 cells exposed to t-BHP.

Materials and methods

The effects of arbutin on the oxidative and nitrosative stress 
in Hep-G2 cells exposed to tert-butyl hydroperoxide were ex-
amined.

Cell line pretreatment and exposure
The Hep-G2 cell line (National Cell Bank of Iran) at passage 

4 cultured in RPMI-1640 (PAA, Austria) complemented with 10 
% fetal bovine serum (FBS) and 1 % penicillin-streptomycin (100 
IU/ml penicillin, 100 μg/ml streptomycin) was procured from 
Gibco, Germany. Arbutin and t-BHP were provided by the Sigma 
Chemical, St. Louis, USA. All other chemicals were of analyti-
cal grade. Hep-G2 cells were cultured in 24-well plates (2.5×105 

cells/well) and incubated at the standard culture conditions (at 37 
°C + 5 % CO2 in a humidifi ed incubator. After 24 hour incuba-
tion, when the cells obtained a standard confl uency, the superna-
tant medium was replaced with different concentrations of arbutin 
in a complete medium (0, 100 and 150 μM). Afterward, several 
concentrations of t-BHP (0, 150, 200, and 250 μM) were added 
into the wells in the complete medium (t = 48 hrs). Control wells 
had only medium without arbutin and t-BHP. Finally, after 24 hour 
exposure to t-BPH (t = 72 hours), the supernatant mediium was 
collected for investigating the oxidative stress by measuring NO 
and MDA levels (6).

SYTOX TM Green Assay for Cell Viability
SYTOX TM Green dye was used to assess the dead cells. 

Briefl y, we had spun cells from an exponentially growing culture; 
2000 rpm for 5 mins and pour off supernatant. After we took 0.3 
ml cells, and added to 4.5 ml 10 mM EDTA pH 8.0 in a 5ml Fal-
con tube, we mixed and spun them 2000-rpm for5 mins. In next 
step, we discarded supernatant and resuspended pellet in 0.5 ml 10 
mM EDTA pH 8.0 containing 0.1 mg/ml RNase A and left in 5 ml 
Falcon tube and put in 37 °C room for 2 h. Then we added 0.5 ml 
10 mM EDTA pH 8.0 containing 2 μM (5mM stock) Sytox Green. 

Measurement of MDA concentration (TBARS assay)
Concentration of MDA as a marker of lipid peroxidation was 

determined via thiobarbituric acid reactive substances (TBARS) 
assay in the supernatant medium of Hep-G2 cells. It is a reliable 
colorimetric test for determining the lipid peroxidation levels. This 
method is based on the reaction of two molecules of thiobarbi-
turic acid (TBA) with one molecule of MDA. The fi nal soluble 
contains the substances, which are responsible for the pink color 
(21). Absorption of the samples was red at 532 nm using a UV-
Vis spectrophotometer (Jenway 6505, UK). The MDA concentra-
tion of samples was calculated using the extinction coeffi cient of 
1.56×105 M−1 cm−1.

Measurement of Nitrite concentration (Griess Reaction Assay)
Nitrites levels were assessed as the index of nitric oxide (NO) 

production by the Griess reaction after alteration of nitrate to nitrite 
by vanadium chloride (VCL3). The Griess reaction test is based 
on the chemical reaction, which uses the sulfanilamide (SA), and 
N-1-napthylethylenediamine dihydrochloride (NED) under acidic 
(phosphoric acid) conditions. In this study, the reduction of nitrate 
to nitrite was done by treating the samples with vanadium chloride. 
Nitrites levels were measured in the Hep-G2 cell medium by using 
the Griess reaction (22). The intense purple color of the product 
allowed the nitrite assay with a high sensitivity. The absorbance 
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of these samples at 540 nm is directly proportional to the nitrite 
levels in media (18).

Measurement of antioxidant enzymes

Superoxide dismutase (SOD) assay
SOD activity was evaluated in the cell lysate by the method 

based on the capability of the enzyme to inhibit the autoxidation 
of pyrogallol. In brief, 1 ml of 45 mM Tris-Hcl buffer containing 
EDTA was added to 25 μl of cell lysate supernatan and then 50 μl 
of pyrogallol 0.2mM was mixed with above solution and the ab-
sorbance of samples was calculated at 420 nm every 15 seconds 
quickly, the measurement was continued for two minutes. The 
activity of SOD is proportional to the inhibition of the pyrogal-

lol oxidation in the sample. SOD enzyme unit is considered as an 
enzyme inhibitory capability (23).

Catalase activity (CAT) assay
The activity of catalase was measured by its capacity to de-

compose H2O2. For this aim, one unit of catalase was required for 
one μM in 1 minute. We added 1.0 mL of 20 mM freshly prepared 
H2O2. Breakdown level of H2O2 was measured by spectrophotom-
eter at 240 nm for 2 minutes. U/mg of protein was the unit for 
enzyme activity (24). 

Measurement of total thiol 
One of the markers of free radical damage is serum thiol 

groups. This sensitive marker is reduced in oxidative damage. The 

Fig. 1. Inhibitory effect of arbutin against t-BHP-induced cytotoxicity. Hep-G2 cells were incubated with arbutin (150 μM concentrations) for 
24 hours and then incubated with t-BHP (200 μM concentrations) for another 24 hours and after that SYTOX TM Green assay for cell viabil-
ity was done. Values are the mean ± SEM. All experiments were done in triplicate.
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appropriate assay for detecting the total thiol is HU colorimetric 
assay. According to this method, yellow complex of 2, 2 Dithiod-
ibenzoic acid (DTNB indicator) with thiol groups is measured by 
spectrophotometry at 412 wave length (25).

Statistical analysis
The normality of data was tested via Kolmogorov–Smirnov 

(K–S) test. Data were reported as the mean ± SEM. One-way 
ANOVA with Tukey as a post-hoc test was used to compare the 
differences of measured concentrations in the studied groups and 
p < 0.05 was considered as statistically signifi cant.

Results

In vitro dead cell staining with the high-affi nity nucleic acid 
stain sytox showed that adding arbutin into the Hep-G2 cells’ 
media (150 μM for 24hr) reduced cell death due to t-BPH (p < 
0.00001) (Fig. 1). Adding arbutin into the Hep-G2 cells’ media 
fully improved the total antioxidative capacity and decreased the 
t-BPH oxidative effects. The cytotoxicity of t-BPH was signifi -
cantly reduced by the arbutin pretreatment at some concentrations 
(100 and 150 μM) (p < 0.01). The production of MDA and nitrites 
in the media were linearly associated to the t-BPH cytotoxicity 
and arbutin was able to decrease the lipid peroxidation level and 
nitrite concentrations in the Hep-G2 cells media (Figs 2 and 3 , 
respectively) (p < 0.00001).

Our study showed that pretreatment of Hep-G2 cells with 100 
and 150 μM of arbutin for 24 hours protected cells from the oxi-
dative stress induced by t-BHP. We report a signifi cant increase in 
the MDA and nitrite levels of the Hep-G2 cells without including 
any arbutin in the cell culture medium. Unavoidable cell damage 
is a direct result of increased level of MDA and nitrite. In fact, 

doses of 200 and 250 μM of t-BHP used in this study are strongly 
aggressive and lethal to the Hep-G2 cells (p < 0.00001).

The effect of arbutin on t-BHP treated cells on antioxidant 
enzymes was evaluated and the results given in catalase and SOD 
activities were increased in comparison with the control group 
in HepG2 cells when exposed to t-BHP. Arbutin was capable to 
decrease the t-BHP mediated increase of catalase and SOD en-
zymes in these cells signifi cantly in a dose dependent manner (p 
< 0.00001) (Figs 4 and 5). 

To confi rm the antioxidant properties more, the total thiol was 
measured. The results showed that treatment with t-BHP reduced 
the amount of total thiol compared to the control group. Arbutin 

Fig. 2. Inhibitory effect of arbutin on MDA concentration against t-
BHP-induced toxicity. Hep-G2 cells were incubated with arbutin (0, 
100 and 150 μM concentrations) for 24 hours and then incubated with 
t-BHP (0, 150, 200 and 250 μM concentrations) for another 24 hours. 
Nitrosative stress marker (Nitric Oxide metabolite) was measured by 
Griess reaction. Values are the mean ± SEM. (A = arbutin, T = t-BHP 
and CTL = control group), **** p < 0.00001. All experiments were 
done in triplicate.

Fig. 3. Inhibitory effect of arbutin on nitrite concentration against t-
BHP-induced toxicity. Hep-G2 cells were incubated with arbutin (0, 
100 and 150 μM concentrations) for 24 hours and then incubated with 
t-BHP (0, 150, 200 and 250 μM concentrations) for another 24 hours. 
Lipid peroxidation marker (MDA) was measured by TBARS assay. 
Values are the mean ± SEM. (A = arbutin, T = t-BHP and CTL = con-
trol group). **** p < 0.00001. All experiments were done in triplicate.

Fig. 4. The effect of arbutin on t-BHP treated cells on antioxidant 
enzyme (SOD) activity. Hep-G2 cells were incubated with arbutin (0, 
100 and 150 μM concentrations) for 24 hours and then incubated with 
t-BHP (0, 150, 200 and 250 μM concentrations) for another 24 hours. 
Arbutin was capable to decrease the t-BHP mediated increase SOD 
enzymes signifi cantly (SOD = superoxide dismutase A = arbutin, T = 
t-BHP) (**** p < 0.00001). All experiments were done in triplicate
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was capable to increase the t-BHP mediated reduction in the total 
thiol amount. This increase was statistically signifi cant and oc-
curred in a dose-dependent manner (p < 0.00001) (Fig. 6).

Discussion

Oxidative and nitrosative stress damages cellular macromol-
ecules and may cause the development of chronic diseases (26). 
As we mentioned, all organs are vulnerable to the oxidative and 
nitrosative stress, but liver is the main target of toxicants, which 
are constituted by hepatocytes, so it is more susceptible to the oxi-
dative stress (9, 27). Consequently, we chose Hep-G2 cell line for 
this study. The choice of t-BHP is based on the previous research 

from our and other laboratories (9, 27, 28). Tert- Butylhydroper-
oxide (t-BHP) could be metabolized to free radical mediators, 
which create oxidative stress condition (15, 28). The t-BHP can 
be metabolized in the Hep-G2 cells by glutathione peroxidase 
enzyme, producing oxidized glutathione (GSSG) (29). Likewise, 
t-BHP can be broken down into peroxyl and alkoxyl free radicals 
by cytochrome P450 pathway and by free iron-dependent reac-
tions. Therefore, the production of radicals might damage the 
two-layer lipid membranes and the polyunsaturated lipids. As the 
result, it produces the MDA and other biomarkers of nitrosative 
stress, such as NO• and nitrites.

The fundamental hypothesis of our study is consistent with 
the theory that arbutin is an antioxidant and can discount the oxi-
dative stress conditions. Our previous study showed that arbutin 
had antioxidant properties and could increase ferric reducing an-
tioxidant power (measured by FRAP test) and cell viability (mea-
sured by MTT assay and Trypan Blue test) in Hep-G2 cell line 
(27). Also Dadgar M et al showed that arbutin attenuated the be-
havioral impairment and oxidative stress in the PD animal model 
(30). This study is in accordance with our previous investigation 
and Dadgar M et al study. The results demonstrated that arbu-
tin had protective effects against the t-BHP-induced toxicity in 
Hep-G2 cells and that the presence of arbutin in the media could 
signifi cantly decrease the level of biomarkers of nitrosative and 
oxidative stress (i.e. NO• and MDA levels) (Figs 2 and 3). Our 
results also showed that arbutin could reduce the amount of an-
tioxidant enzyme activity that had been increased with treatment 
of t-BHP (Figs 4 and 5). Also, arbutin has an inhibitory effect on 
t-BHP-induced thiol oxidation.

The production of the large amounts of NO• (as a cytotoxic 
agent) to destroy tumor cells or microbes has genotoxic and cy-
totoxic effects and this process may damage DNA and proteins. 
Nitric oxide and O2

- can also produce peroxynitrite (ONOO-) 
and they may damage the cellular constituent with the process-
es similar to the processes, in which the chemical oxidants act. 
From both reactions the end result would be an intensifi cation of 
the oxidative and nitrosative stress conditions (31). We showed a 
signifi cant reduction in nitrites levels in the Hep-G2 cells when 
we added arbutin in the medium. That is crucial for the cells to 
maintain the levels of NO• and nitrites production lower than the 
threshold value, which could cause serious damage to the cells. 
On the other hand, the NO• and nitrites production increases due 
to t-BHP metabolism. Therefore, pretreating by arbutin can con-
trol the NO• production and avoid the cellular damage caused by 
t-BHP (Fig. 3).

It was reported that arbutin has antioxidative effects on the 
bilayer lipids of cell membranes (32). Phenolic compounds that 
commonly exist in plants have been recognized to play a critical 
role as dietary antioxidants for the prevention of oxidative stress 
in biological systems (6). The cells that were exposed to arbutin 
(phenolic compound) demonstrated a dose-dependent reduction of 
t-BHP-induced ROS and RNS in the Hep-G2 medium.

A number of studies have demonstrated correlations between 
antioxidative property and the hepatoprotective effects of fl avo-
noids and phenolic compounds. The antioxidant characteristic of 

Fig. 5. The effect of arbutin on t-BHP treated cells on antioxidant en-
zyme (Catalyse) activity. Hep-G2 cells were incubated with arbutin 
(0, 100 and 150 μM concentrations) for 24 hours and then incubated 
with t-BHP (0, 150, 200 and 250 μM concentrations) for another 24 
hrs. Arbutin was capable of decreasing the t-BHP mediated increase 
of Catalyse signifi cantly (A = arbutin, T = t-BHP)
 (**** p < 0.00001). All experiments were done in triplicate.

Fig. 6. Inhibitory effect of arbutin on t-BHP-induced thiol oxidation. 
Hep-G2 cells were incubated with arbutin (0, 100 and 150 μM con-
centrations) for 24 hours and then incubated with t-BHP (0, 150, 200 
and 250 μM concentrations) for another 24 hrs. Values are the mean 
± SEM (A = arbutin, T = t-BHP) (**** p < 0.00001). All experiments 
were done in triplicate.
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fl avonoids relates to their structure. So, probably the hepatopro-
tective effects of the fl avonoids and phenolic compounds were 
made through free radical scavenging activity (33, 34). The effect 
of arbutin on hepatocellular carcinoma and nitric oxide levels in 
oxidative and nitrosative stress situation has not been extensively 
studied until now. In this study, analyzing MDA and nitrites levels 
clearly showed that the pretreatment of Hep-G2 cells with arbutin 
strongly protected the cells against oxidative and nitrosative stress. 
The presence of arbutin in the range of physiological doses may 
prepare the antioxidant defense system of the cell to be exposed 
the stressors. Perhaps the hydroxyl groups and double bonds in 
the arbutin structure may be involved as an obvious free radicals 
target site; thus, it may be an explanation of radical scavenging 
activity of arbutin.

In this study, we only discussed the enzymatic and non-enzy-
matic antioxidant and it was a limitation of our study. It is advis-
able to study the pathways involved in antioxidant properties of 
arbutin also at the molecular level in order to study the mecha-
nisms properly. It is also better to use anti-oxidant arbutin at the 
level of animal models as well as clinical trials to confi rm the 
fi ndings of this study.

Conclusion

Our investigation demonstrated that t-BHP evoked a reac-
tive oxygen and nitrogen species overproduction in the Hep-G2 
cells. The data further displayed that the cells treated with arbutin 
showed a dose-dependent reduction of t-BHP-induced ROS and 
RNS generation. Thus, arbutin may be used as an effective anti-
oxidant complement against liver damage, where oxidative and 
nitrosative stress has a critical role.
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