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Modulation effects of quercetin against copper oxide
nanoparticles-induced liver toxicity in rats
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Background and objectives
Despite the several benefits of nanotechnology, studies indicated that certain
nanoparticles (NPs) may cause adverse effects because of their minute size
and unique properties. The aim of this study is to investigate the role of
quercetin (que) in attenuating toxicity by copper oxide (CuO) NPs in rat liver.
Materials and methods
The effect of CuO-NPs on the liver was induced by two injections of CuO-NPs
(size>20nm) at the dose 3mg/kg and 50mg/kg intraperitoneally in different groups
of female rats for 7 days. The effects of NPs were tested by evaluating liver function
enzymes: alanine aminotransferase, aspartate aminotransferase, and alkaline
phosphatase; antioxidant biomarkers: nitric oxide, catalase activity, reduced
glutathione, and total antioxidant capacity; DNA damage as shown by comet
assay; and histopathological examination of hepatic tissue. Flavonoids que was
administered orally to intoxicated rats at the dose of 200mg/kg for 30 consecutive
days.
Results and conclusion
The present results indicated significant depletion in serum hepatic enzyme
activities and improvement in the cellular antioxidant status of CuO-NPs-
intoxicated rats after administration of que. Histopathological examination of
hepatic tissue treated with que confirmed the previous biochemical results,
which showed normal architecture of hepatic tissues. However, treatment of
intoxicated rats with que led to a significant reduction in the DNA damage, tail
length, and tail moment. Oxidative stress could be considered to play a key role in
liver toxicity by CuO-NPs. This research also showed that que is an effective free-
radical quencher and could represent a potential valid therapeutic for
hepatotoxicity.
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Introduction
Owing to the unique properties of nanoparticles (NPs),
they have received increasing attention as a result of
their large specific surface areas and minute sizes. The
properties of materials at the nanoscale can be
completely different from those at a larger scale [1].
Therefore, they have wide-spread applications in all
aspects of industries and sciences, and this field is
opening new avenues in science and technology [2].
The increasing use of nanomaterials has challenged the
world in terms of their effect on biological
systems, giving rise to a demand for parallel risk
determination. NPs can invade the human body in
various ways such as inhalation, ingestion, and
injection and may lead to crucial toxicological
risks according to the difficulty of assessing the
probable toxic effects of such pollutions [3]. The
toxicological effects are a major concern as they are
highly reactive, cause oxidative stress, and generate free
radicals [4].
Wolters Kluwer - Medknow
Metal oxide NPs have been receiving considerable
attention for a large variety of applications such
as optoelectronics, nanodevices, nanoelectronics,
nanosensors, information storage, and catalysis [5].
However, these nanomaterials are potential toxicants
and few trials have been conducted to evaluate their
ecotoxicity in biological systems [6]. NPs of some
metal oxides can pass through physiological barriers
resulting in an increase in inflammatory responses, and
can cause severe damage in DNA and protein
structures, therefore causing mutations [7].

Copper oxide (CuO) NPs, because of their unique
physiochemical properties, are being used extensively
in catalysis, batteries, gas sensors, heat transfers fluids,
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and solar-energy [8], and are being marketed for many
applications, including plastic, ceramics, electronics,
and propellants [9]. They are also being used
in antimicrobial preparations [5], heat-transfer
fluent, semiconductors, and intrauterine contra-
ceptive devices [10]. Therefore, there should be a
focus on the study of their biological and toxicological
effects on human as well as animal organs. However,
CuO-NPs were found to be highly toxic compared with
other metal oxide NPs under in-vitro conditions [11].
Theymay cause toxicity once they pass the physiological
endurance limits in vivo [12].

In addition, CuO-NPs causes severe hepatotoxicity
and nephrotoxicity; toxicity is caused by oxidative
stress on the liver and kidney tissues [13].
Furthermore, exposures to NPs were found to
increase the activities of intracellular enzymes such
as transaminases and alkaline phosphatase (ALP),
indicating cellular leakage and loss of the functional
integrity of cell membranes in the liver [14]. Moreover,
CuO-NPs-induced histopathological abnormalities in
the liver tissue by triggering reactive oxygen species
(ROS) production and DNA damage [4]. Cells
exposed to CuO-NPs showed decreased catalase
activity (CAT) and glutathione (GSH) reduced
enzymes activity while increasing GSH peroxidase
activity, thereby implying that CuO-NPs not only
generate ROS but also block cellular antioxidant
defenses [15].

Nowadays, the treatment of liver injury with synthetic
antioxidants can promote tumor formation as well as
result in huge costs because of common hepatic
treatments. From this point of view, the application
and exploration of natural antioxidants have received
more attention [16]. This study represents the
improving effect of quercetin (que), which is one of
the most abundant flavonoids against CuO-NPs-
induced liver toxicity in rats.

Que (3,3′,4′,5,7-pentahydroxyflavone) is a plant
pigment that is present in large amounts in
vegetables and fruits. It has received considerable
attention because of its antioxidant activity against
the free radicals in the body, which damage cell
membranes, tamper with DNA, and induce cell
death [17,18]. Que exerts hepatoprotective effects
versus the toxicity induced by environmental
contaminations [19,20]. It can also stabilize the cells
that discharge histamine in the body and thereby have
an anti-inflammatory effect [21]. In addition, it acts as
a metal chelator [22–24]. Que shows therapeutic
potential against several diseases: ischemic heart
disorder, liver fibrosis [25], atherosclerosis, renal
injury [26], and chronic biliary obstruction and
cancer [27].

Accordingly, the aim of the current study is to
investigate the curative efficacy of que as an
antioxidant in attenuating toxicity induced by CuO-
NPs in rat liver as well as further investigate its effective
role as a free-radical quencher.
Materials and methods
Chemicals and reagents
Que hydrate, 95%, was obtained from New Jersey,
USA. Silymarin was obtained from Sigma-Aldrich
Co. (St Louis, Missouri, USA). Biochemical
parameters were determined using Biodiagnostic
Kits (Biodiagnostics Co., Upton-Upon-Severn,
Worcestershire, UK).
Synthesis of copper oxide nanoparticles
CuO-NPs (particle size <20 nm) were synthesized by
the precipitation technique using copper chloride and
sodium hydroxide [28]. In brief, each precursor was
dissolved in 100ml deionized water to form a 0.1mol/l
concentration. Then, sodium hydroxide solution was
slowly added under vigorous stirring. Black precipitates
were obtained at pH 14 and repeatedly washed by
deionized water and absolute ethanol several times.
The washed precipitates were dried at 80°C for 16 h to
obtain a dry powder of CuO-NPs. Finally, the
resulting product was calcined at 500°C for 1 h and
investigated by radiography diffractrometry. The
particle size and size distribution were tested by a
transmission electron microscope. CuO-NPs were
suspended in 1% Tween 80 and dispersed by
ultrasonic vibration for 15min.
Animals
Seventy adult female albino rats with an average weight
of 120±5 g were obtained from the animal house of the
National Research Centre laboratory, Egypt. Animals
were acclimated in a controlled environment (22±5°C,
12 h light/dark cycle) with free access to water and
pelleted standard rat chow diet during the study. The
present study was approved by the Ethical Committee
of National Research Centre, Egypt, provided that the
animals will not suffer at any stage of the experiment.
Experimental design
After 1 week of acclimatization, 70 rats were divided
randomly into a control group of 10 rats and two
principal equally tested groups. The initial principal
group was injected intraperitoneally with a low dose of
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CuO-NPs (3mg/kg) [29]. The other principal group
was administered a high dose of CuO-NPs (50mg/kg)
[29] for 7 consecutive days. At the end of the CuO-
NPs injection, 10 rats from each principal group were
left untreated (intoxicated groups). The remaining rats
from each principal group were subdivided equally into
two subgroups: the first subgroup from each principal
group was treated with standard silymarin drug at a
dose of 50mg/kg [30] and the other subgroup was
treated with que at a dose of 200mg/kg [31]. Both
standard silymarin and que were administered orally for
30 consecutive days.
Preparation of serum from blood and liver tissue
homogenate
After 24 h of the last dose administration, rats were
fasted overnight, anesthetized by diethyl ether, and
their blood collected by puncture of the sublingual vein
in the clean and a dry test tube. Serum was separated by
centrifugation at 3000 rpm at 4°C for 10min and
kept at −20°C for different biochemical analyses.
However, liver tissues were carefully separated,
washed in ice-cold saline, and blotted with a filter
paper. The homogenate was prepared in phosphate
buffer, pH 7.4, using a Potter Elvehjem homogenizer
(Report Fraud and Corruption, Jiangning, Nanjing,
Jiangsu Province, China) with a Teflon pestle (20%w/
v). The resulting homogenate was centrifuged at
5000 rpm at 4°C for 15min. The resulting
supernatant was used for the biochemical analysis.
Histopathological investigation of liver tissue
Samples of liver tissue of all experimental animal groups
were collected and kept in 10% neutral-buffered
formalin for 48 h, and then embedded within paraffin.
Solid sections of 4 μm thickness were prepared using a
rotary microtome. The sections were stained with
hematoxylin and eosin and then observed by light
microscopy for histopathological changes [32].
Detection of DNA damage by the comet assay
LiverDNAdamagewasmeasured using a single-cell gel
electrophoresis technique (comet assay) [33]; 0.5 g of
crushed samples were transferred to 1ml ice-cold PBS.
This suspension was stirred for 5min and filtered. The
cell suspension (100 μl) was mixed with 600 μl of low-
melting agarose (0.8% inPBS).Onehundredmicroliters
of this mixture was spread on precoated slides.
The coated slides were immersed in lyses buffer
[0.045mol/l Tris/Borate/EDTA (TBE), pH 8.4,
containing 2.5% Sodium dodecyl sulphate (SDS)] for
15min. The slides were placed in an electrophoresis
chamber containing the same TBE buffer, but without
SDS. The electrophoresis conditions were 2V/cm for 2
min and 100mA. Staining with ethidium bromide
20 μg/ml was performed at 4°C. While the samples
are still humid; the DNA fragment migration patterns
of 100 cells for each dose level were evaluated using
a fluorescence microscope [with excitation filter
420–490 nm (issue 510 nm)]. The comets, tails
lengths were measured from the middle of the nucleus
to the end of the tailwith a 40× increase for the count and
the size of the comet was measured. For visualization of
DNA damage, observations were made of ethidium
bromide-strained DNA using a ×40 objective on a
fluorescent microscope. Although any image analysis
system may be suitable for the quantification of SCGE
data,weusedComet5 imageanalysis softwaredeveloped
by Kinetic Imaging Ltd (Liverpool, UK) linked to a
CCD camera to assess the degree of quantitative and
qualitative DNA damage in the cells by measuring the
length of DNA migration and the percentage of
migrated DNA. Finally, the program calculated the
tail moment. Generally, 50–100 randomly selected
cells are analyzed per sample.
Biochemical analysis
Determination of liver function enzyme activities

Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities were determined
according to the method described by Reitman and
Frankel [34]. ALP was estimated colorimetrically
according to the method described by Belfield and
Goldberg [35].
Determination of antioxidant biomarkers
Nitric oxide (NO) was determined in the liver
homogenate according to the method described by
Tousson et al. [36]. Initially, nitrate was converted
into nitrite by the enzyme nitrate reductase, and
then the nitrite released was detected colorimetrically
by Griess? reagent. The resulting azo dye has a bright
reddish-purple color that can be measured at 540 nm.

Glutathione (GSH) levels depend on the reduction of
5,5′-dithiobis(2-nitrobenzoic acid) with GSH,
producing a yellow color whose absorbance is
measured at 405 nm according to Beutler et al. [37].

CAT reacts with a known quantity of hydrogen
peroxide (H2O2) and the reaction is stopped after
1min with the catalase inhibitors. In the presence of
peroxidase, the remaining H2O2 reacts with 3,5-
dichloro-2-hydroxybenzene sulfonic acid and 4-
aminophenazone to form a chromophore with a
color intensity inversely proportional to the amount
of catalase in the sample. The absorbance was
measured at 510 nm as described by Aebi [38].
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Total antioxidant capacity (TAC) was performed
by the reaction of antioxidant in the serum samples
with a defined amount of exogenously added
H2O2. The antioxidants in the samples eliminate a
certain amount of hydrogen peroxide added. The
residual H2O2 is determined colorimetrically by an
enzymatic reaction that involves the conversion of 3,5
dichloro-2- hydroxyl benzensulfonate into a colored
product. The absorbance was read at 505 nm as
described by Koracevic et al. [39].
Statistical analysis
The experimental data were analyzed using analysis of
variance (ANOVA) combined with the Co-state
computer program.
Results and discussion
NPs have the ability to penetrate, translocate, and
damage living organisms [40]. This capability results
mainly from their small size, which allows them to
enter the physiological barriers, and circulate within
the circulatory system [41]. However, to date, few
studies have directly or indirectly evaluated the toxic
effects of these nanomaterials and, presently, there is a
lack of clear guidelines to quantify these effects. It is
recorded in the scientific literature investigated that
liver is one of the target organs of suchlike NPs toxicity
after the path to the body through any of the probable
ways [42]. The liver is a primary site of detoxification
and plays a vital role in metabolism to maintain energy
levels and structural balance in the body [43]. It is also
Table 1 Therapeutic effects of quercetin and silymarin on aspartat
phosphatase enzyme activities in copper oxide nanoparticles-induc

Groups AST (U/ml)

Control 160.61±5.90a

LD CuO-NPs 186.55±10.87b

% Change 16.15

HD CuO-NPs 193.97±7.98c

% Change 20.77

LD CuO-NPs+que 165.82±8.75a

% Change 3.24

% Improvement 12.90

HD CuO-NPs+que 168.55±9.75a

% Change 5.26

% Improvement 15.83

LD CuO-NPs+silymarin 161.66±11.21a

% Change 0.65

% Improvement 15.50

HD CuO-NPs+silymarin 161.80±12.90a

% Change 0.74

% Improvement 20.03

Data were expressed as mean±SD (n=10). ALP, alkaline phosphatase;
CuO, copper oxide; HD, high dose; LD, low dose; NP, nanoparticle. Sha
letters between groups represent significantly different values at P≤0.05
an organ where biotransformation occurs and a toxic
substance is transformed into a less harmful form to
lower toxicity [44].

As shown inTable 1,CuO-NPs-intoxicated groups that
receiveda lowdose (3mg/kg)andahighdose (50mg/kg)
showed a significant increase in AST, ALT, and ALP
activities compared to the control group. Low-dose
toxicity recorded percentage increase reached up to
16.15, 30.03, and 35.60%, respectively, whereas the
high-dose recorded percentage increase reached up to
20.77, 61.42, and 55.05% for AST, ALT, and ALP
enzyme activities. The activity of these enzymes is
normally used to evaluate the liver function. ALT is
an enzyme that helps metabolize protein, whereas AST
is the mitochondrial enzyme that plays a role in the
metabolism of the amino acid alanine. Under normal
circumstances, ALT andAST reside within cells of liver
whereasALP is located in the cell membrane.When the
liver is injured, these enzymes enter into the blood
stream. The level is increased in cases of liver cell
death resulting from shock or drug toxicity [45]. The
relevant increase in enzymeactivities leads to leakage and
loss of functional integrity of cell membranes in the liver
[46]. Similar results were reported by Mohammadyari
et al. [14], who reported a significant increase in liver
enzymeactivitiesduringan in-vivo toxicity assessmentof
CuO-NPs in Wistar rats.

Treatment of intoxicated rats with que showed a
significant reduction in liver function enzyme activities
in comparison with CuO-NPs-induced rats. This
e aminotransferase, alanine aminotransferase, and alkaline
ed toxicity in rats

ALT (U/ml) ALP (U/l)

123.55±11.90a 212.40±12.98a

160.65±13.80b 288.02±13.87b

30.03 35.60

199.44±12.67c 329.32±14.86c

61.42 55.05

125.74±4.89a 223.21±9.08a

1.77 5.09

28.26 30.51

128.13±11.90a 224.64±16.81a

3.71 5.76

57.72 49.28

124.94±10.13a 214.63±10.76a

1.13 1.05

28.90 34.57

128.50±5.75a 216.80±11.80a

4.01 2.07

57.42 52.98

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
red letters between groups are not significantly different; unshared
. Shared means similar. Unshared means different.



82 Egyptian Pharmaceutical Journal, Vol. 16 No. 2, May-August 2017
reductionindicatedthatquehasantioxidantpropertiesand
is known to modulate the activities of various enzymes
because of its interactionwith different biomolecules. The
hepatoprotective potential of que has been reported
previously in cadmium-induced hepatotoxicity by
Renugadevi and MiltonPrabu [25]. In addition, the
preventive role of que against hepatic tissue injury has
been documented previously [47].

Table 2 shows that NO levels were significantly
elevated in both low and high doses CuO-NPs-
Table 2 Therapeutic effects of quercetin and silymarin on nitric ox
capacity copper oxide nanoparticles-induced toxicity in rats

Groups NO (μmol/l) GSH (m

Control 114.92±6.89a 12.2

LD CuO-NPs 120.84±5.87b 9.5

% Change 5.15 2

HD CuO-NPs 125.16±4.12c 7.6

% Change 8.91 3

LD CuO-NPs+que 105.59±10.10d 10.1

% Change 8.12 1

% Improvement 17.03

HD CuO-NPs+que 109.25±6.12d 10.4

% Change 4.93 1

% Improvement 13.84 2

LD CuO-NPs+silymarin 113.25±5.76a 10.3

% Change 1.45 1

% Improvement 6.60

HD CuO-NPs+silymarin 113.89±6.01a 10.2

% Change 0.89 1

% Improvement 9.81 2

Data were expressed as mean±SD (n=10). CAT, catalase activity; CuO
NO, nitric oxide; NP, nanoparticle; TAC, total antioxidant capacity. Shar
letters between groups represent the significantly different values at P≤

Table 3 Therapeutic effects of quercetin and silymarin on DNA deg

Groups Tailed (%) Untailed (%) Tai

Control 3.00±0.01a 97.00±0.02f 2

LD CuO-NPs 8.00±0.02b 92.00±0.01g 3

% Change 166.76 5.15

HD CuO-NPs 14.00±0.03c 86.00±0.02h 3

% Change 366.67 11.34

LD CuO-NPs+que 5.00±0.02d 95.00±0.05j 3

% Change 66.67 2.06

% Improvement 100 3.09

HD CuO-NPs+que 11.00±0.05e 89.00±0.03i 3

% Change 266.67 8.25

% Improvement 100 3.09

LD CuO-NPS+silymarin 5.00±0.02d 95.00±0.03j 3

% Change 66.67 2.06

% Improvement 100 3.09

HD CuO-NPS+silymarin 10.00±0.04e 90.00±0.02i 3

% Change 233.33 7.22

% Improvement 133.33 4.12

Data were expressed as means±SD (n=10). Tail moment (U)=tail lengt
nanoparticle. Shared letters between groups are not significantly differe
values at P≤0.05. Shared means similar. Unshared means different.
intoxicated rats compared with the control
group, with percentage changes reaching 5.15 and
8.91%, respectively. The elevation in NO in
CuO-NPs-intoxicated rats may have occurred
because of the following: NPs can induce oxidant
systems, possibly because of the production of ROS
[48]. Furthermore, NO can react with ROS or oxygen,
yielding reactive nitrogen species, which cause damage
of biological molecules such as enzymes, lipids, and
DNA by intrastation, oxidation, and nitration [18].
With respect to the percentage of improvement, it was
ide, glutathione, catalase activity, and total antioxidant

mol/g tissue) CAT (U/g tissue) TAC (mmol/l)

6±1.00a 119.83±5.76a 1.53±0.07a

9±0.98b 99.22±4.54b 1.04±0.09b

1.78 17.19 32.01

7±0.65c 80.68±4.21c 0.90±0.07c

7.44 32.67 41.18

6±1.10d 118.49±5.23a 1.54±0.04a

7.13 1.12 0.65

4.95 16.08 32.68

9±0.89d 118.66±3.90a 1.50±0.50a

4.44 0.98 1.96

3.00 31.69 39.22

5±0.87d 117.13±3.68a 1.50±0.05a

5.58 2.25 1.96

6.19 14.95 30.06

9±1.00d 118.21±4.78a 1.49±0.03a

6.07 1.35 2.96

1.37 31.32 38.56

, copper oxide; GSH, glutathione; HD, high dose; LD, low dose;
ed letters between groups are not significantly different; unshared
0.05. Shared means similar. Unshared means different.

radation indices in copper oxide nanoparticles-intoxicated rat

l length (μm) Tail intensity DNA (%) Tail moment (units)

.47±0.02e 1.82±0.01k 4.50±0.02p

.46±0.01a 3.05±0.01l 10.55±0.03q

40.08 67.58 134.44

.82±0.02a 4.78±0.03m 18.26±0.02r

54.66 162.64 305.78

.11±0.01c 2.91±0.010 9.05±0.01s

25.91 59.89 101.11

14.17 7.69 33.33

.31±0.07c 4.16±0.04n 13.77±0.06t

34.01 128.57 206

20.65 34.07 99.78

.15±0.01c 3.01±0.02l 9.48±0.05s

27.53 65.38 110.67

12.55 2.20 23.78

.51±0.01c 4.02±0.03n 14.11±0.04t

42.11 120.88 213.56

12.55 41.76 92.22

h×DNA (%). CuO, copper oxide; HD, high dose; LD, low dose; NP,
nt; unshared letters between groups represent significantly different



Figure 1

DNA degradation pattern in liver cells (comet technique): (a) control group, (b) low-dose (LD) copper oxide (CuO) nanoparticles (NPs) group, (c)
high-dose (HD) CuO-NPs group, (d) LD CuO-NPs+silymarin group, (e) HD CuO-NPs+silymarin, (f) LD CuO-NPs+quercetin (que), and (g) HD
CuO-NPs+que
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noteworthy that que exerted an ameliorative effect on
NO levels. Other studies have reported that que has a
potent inhibitory activity against the production of NO
and tumor necrosis factor in lipopolysaccharide-
stimulated Kupffer cells [49]. Que was also shown
to reduce the serum levels of NO in streptozotocin-
treated rats [50].

However, CuO-NPs-intoxicated rats showed a
significant decrease in GSH level, CAT activity, and
TAC compared with normal controls, with a decrease
in percentage of 21.78, 17.19, and 32.01% at a low
dose, whereas the percentage reached 37.44, 32.67, and
41.18% for GSH, CAT, and TAC at a high dose of
CuO-NPs (Table 2). Our results are in agreement with
the earlier findings of Sandhu et al. [51], who observed
a reduction in GSH and CAT, along with increased
concentrations of ROS, suggesting that oxidative stress
might be the earliest mechanism for toxicity of CuO-
NPs in rats following their exposure. Furthermore,
CuO-NPs lower the concentrations of CAT activity,
which may lead to the aggregation of O2

−, H2O2, or
their products of disintegration. Loss of CAT activity
results in oxygen intolerance and causes a number of
adverse reactions such as protein and DNA oxidation
and cell death [52]. These data strongly suggested that
CuO-NPs could induce the generation of free radicals
directly or indirectly through reduction of antioxidant
defense mechanisms depending on the dose that caused
lowering the activity of antioxidant systems [53].



Figure 2

Hematoxylin and eosin (H&E)-stained liver sections (×200, ×400). (a1, a2) Control groupwith a normal structure and architecture; (b1 and b2) low-
dose (LD) copper oxide nanoparticles (CuO-NPs)-intoxicated rats showing preserved lobular hepatic architecture, hepatocyte with ballooning
(black arrow), binucleated hepatocytes (yellow arrow), microsteatotic changes (red arrow), and central vein congestion (green arrow); (c1 and c2)
high-dose (HD) CuO-NPs-intoxicated rats showing preserved lobular hepatic architecture, hepatocyte with ballooning (black arrow), binucleated
hepatocytes (yellow arrow), sinusoidal dilatation (red arrow), and lymphocytes aggregates (green arrow); (d1 and d2) LD CuO-NPs+quercetin
(que) rats showing hepatic tissue with normal architecture, congestion, and dilatation of the sinusoids (black arrow); (e1 and e2) HD CuO-NPs
+que group showing hepatic tissue with mild hydropic degeneration (black arrow), intracytoplasmic vacuoles (green arrow), congestion, and
dilatation of the sinusoids (red arrow) and intralobular lymphocytic collection (yellow arrow); (f1 and f2) LD CuO-NPs+silymarin rats showing
hepatic tissue with moderate ballooning of the hepatocytes and intracytoplasmic vacuoles (black arrow), congestion, and dilatation of the central
vein (red arrow) and binucleated hepatocytes (yellow arrow); (g1 and g2) CuO-NPs+silymarin rats showing hepatic tissue with mild hydropic
degeneration (black arrow) and intralobular lymphocytic collection (yellow arrow)
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As shown in Table 2, animals treated with que
showed a significant improvement in the activity of
GSH, CAT, and TAC as antioxidant biomarkers
compared with CuO-NPs-intoxicated rats. The
current results were supported by Shayesteh et al.
[54], who found that the intake of que significantly
attenuated CuO-NPs-induced oxidative stress by an
increase in the TAC levels and return to control values.
The protective effect of que on oxidative damage was a
result of its free-radical scavenging action and
antioxidant nature [54].

With respect to tail length in Table 3 and Fig. 1, the
two toxicities rat groups, CuO-NPs revealed an
increase in DNA damage by 40.08 and 54.66% in
low and high doses, respectively. These data are
supported by Faddah et al. [18], who reported that
NPs might damage DNA directly or indirectly by
oxidative stress and/or inflammatory responses. A
previous study [55] showed that CuO-NPs
could induce ROS cytotoxicity and genotoxicity in
A549 cells. Upon treatment with que, it was
found that the percentage of DNA damage
decreased to 25.91 and 34.01%. Also, improvements
of 14.17 and 20.65% were observed at both low and
high doses, respectively. However, que is a flavonoid
known for its its ability to donate hydrogen ions to the
free radicals, causing their reduction, thus decreasing
the production of hydroxyl radical [56]. Other
studies using the comet assay have shown the
protective role of que as a scavenger of ROS by
decreasing DNA strand breaks and oxidized bases [57].
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Liver injury was also confirmed histopathologically by
the appearance of several abnormalities in the liver of
CuO-NPs-intoxicated groups compared with the
control rat group (Fig. 2). CuO-NPs groups showed
extensive liver injuries characterized by lobular
hepatic architecture, hepatocytes with ballooning and
binucleated cellular infiltration, microsteatotic changes,
sinusoidal dilatation, and central vein congestion. In the
que-treated group, only slight congestion and dilatation
of the sinusoids were found. This may be because of the
antioxidant activity of que. Our result supported the
earlier finding [58], showing that que significantly
reduced the histopathological changes in cadmium-
treated rats.
Conclusion
Oxidative stress has been shown to play an essential
role in the toxicity mechanisms of NPs. The
mechanisms have been attributed to their small size
and specific surface area, which are generally believed
to generate ROS. From the present study, it can be
concluded that que treatment leads to therapeutic
improvements against CuO-NPs-induced liver
toxicity because of its antioxidant, anti-inflammatory
activities, capable of inhibiting DNA damage, and is
considered a good metal chelator. Hence, que could
represent a potentially promising ameliorating agent
for liver injury, which may be used as candidate
nutraceuticals such as food supplements.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
References
1 Jahanbakhshi A, Hedayati A, Pirbeigi A. Determination of acute toxicity and

the effects of sub-acute concentrations of CuO nanoparticles on blood
parameters in Rutilus rutilus. Nanomed J 2015; 2:195–202.

2 Aitken RJ, Chaudhry MQ, Boxall ABA, Hull M. Manufacture and use of
nanomaterials: current status in the UK and global trends. Occup Med
2006; 56:300–306.

3 Dhawan A, Sharma V, Parmar D. Nanomaterials: a challenge for
toxicologists. Nanotoxicology 2009; 3:1–9.

4 Møller P, Jacobsen NR, Folkmann JK, Danielsen PH, Mikkelsen L,
Hemmingsen JG, et al. Role of oxidative damage in toxicity of
particulates. Free Radic Res 2010; 44:1–46.

5 Ahamed M, Hisham A, Alhadlaq MA, Majeed K, Karuppiah P, Naif A.
Synthesis, characterization, and antimicrobial activity of copper oxide
nanoparticles. J Nanomater 2014; 2014:637858.

6 Adam N, Vakurov A, Knapen D, Bluust R. The chronic toxicity of CuO
nanoparticles and copper salt to Daphnia magna. J Hazard Mater 2015;
283:416–422.

7 Rim KT, Song SW, Kim HY. Oxidative DNA damage from nanoparticle
exposure and its application to workers’ health: a literature review. Saf
Health Work 2013; 4:177–186.
8 Filipic G, Cvelbar U. Copper oxide nanowires: a review of growth.
Nanotechnology 2012; 23:194001.

9 Pan X, Redding JE, Wiley PA, Wen L, McConnell JS, Zhang B.
Mutagenicity evaluation of metal oxide nanoparticles by the bacterial
reverse mutation assay. Chemosphere 2010; 79:113–116.

10 Aruoja V, Dubourguier HC, Kasements K, Kahru A. Toxicity of
nanoparticles Cuo, Zno, Tio2 to microalgae Pseudokirchneriella
subcapitata. Sci Total Environ 2009; 407:1461–1468.

11 Peralta-Videa JR, Zhao L, Lopez-Moreno ML, De La Rosa G, Hong J,
Gardea-Torresdey JL. Nanomaterials and the environment: a review for the
biennium 2008-2010. J Hazard Mater 2011; 186:1–15.

12 Galhardi CM, Diniz YS, Faine LA, Rodrigues HG, Burneiko RCM, Ribas BO,
Novelli ELB. Toxicity of copper intake: lipid profile, oxidative stress and
susceptibility to renal dysfunction. Food Chem Toxicol 2004; 42:2053–2060.

13 Wang Z, Li N, Zhao J, White JC, Qu P, Xing B. CuO nanoparticle interaction
with human epithelial cells: cellular uptake, location, export, and
genotoxicity. Chem Res Toxicol 2010; 25:1512–1521.

14 Mohammadyari A, Razavipour ST, Mohammadbeigi M, Negahdary M,
Ajdary M. Explore in vivo toxicity assessment of copper oxide
nanoparticles in Wistar rats. J Biol Today? World 2014; 3:124–128.

15 Fahmy B, Cormier SA. Copper oxide nanoparticles induce oxidative stress
and cytotoxicity in airway epithelial cells. Toxicol in Vitro 2009;
23:1365–1371.

16 Ghulam RL, Dileepk KR. Targeting apoptosis with compound from
commonly used medicinal plants: a possible aid in the fight against
cancer. Med Hypothesis Res 2006; 3:10–21.

17 Ferraressi R, Troiano L, Roat E, Lugli E, Nemes E, Nasi M, et al. Essential
requirement of reduced glutathione (GSH) for the anti-oxidant effect of the
flavonoid quercetin. Free Radic Res 2005; 39:1249–1258.

18 Faddah LM, Abdel-Baky NA, Al-Rasheed NM, Al-Rasheed NM.
Biochemical responses of nanosize titanium dioxide in the heart of rats
following administration of idepenone and quercetin. Afr J Pharm Pharmcol
2013; 7:2639–2651.

19 Abo-Salem OM, Abd-Ellah MF, Ghonaim MM. Hepatoprotective activity of
quercetin against acrylonitrile-induced hepatotoxicity in rats. J BiochemMol
Toxicol 2011; 6:386–392.

20 Ciftci O, Vardi N, Ozdemir I. Effects of quercetin and chrysin on 2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin induced hepatotoxicity in rats. Environ Toxicol
2012; 28:146–154.

21 Choi SJ, Tai BH, Cuong NM, Kim YH, Jang HD. Antioxidative and
anti-inflammatory effect of quercetin and its glycosides isolated from
Mampat (Cratoxylum formosuml). Food Sci Biotechnol 2012; 21:587–595.

22 Middleton E Jr. Effect of plant flavonoids on immune and inflammatory cell
function. Adv Exp Med Biol 1998; 439:175–182.

23 Bhattk K, Flora SJS. Oral co-administration of α-lipoic acid, quercetin and
captopril prevents gallium arsenide toxicity in rats. Environ Toxicol
Pharmacol 2009; 28:140–146.

24 Zdyb A, Krawczyk S. Characterization of adsorption and electronic excited
states of quercetin on titanium dioxide nanoparticles. Spectrochim Acta A
Mol Biomol Spectrosc 2016; 157:197–203.

25 Renugadevi J, MiltonPrabu S. Ameliorative effect of quercetin against
cadmium induced toxicity in liver of Wister rats J Cell Tissue Res 2009;
9:1665–1672.

26 Anjaneyulu M, Chopra K. Quercetin, an antioxidant bioflavonoids
attenuates diabetic nephropathy in rats. Clin Exp Pharmacol Physiol
2004; 31:244–248.

27 Tieppo J, Vercelino R, Dias AS, Silva-Vaz MF, Silveira TR, Marroni CA, et
al. Evaluation of the protective effects of quercetin in the hepatopulmonary
syndrome. Food Chem Toxicol 2007; 45:1140–1146.

28 Phiwdang K, Suphankij S, Mekprasart W, Pecharapa W. Synthesis of CuO
nanoparticles by precipitation method using different precursors. Energy
Procedia 2013; 34:740–745.

29 Doudi M, Setorki M. Acute effect of nanocopper on liver tissue and function
in rat. Nanomed J 2014; 1:331–338.

30 Karimi G, Vahabzadeh M, Lari P, Rashedini M, Moshiri M. Silymarin: a
promising pharmacological agent for treatment of diseases. Iran J Basic
Med Sci 2011; 14:308–317.

31 Kambe D, Kotani M, Yoshimoto M, Kaku S, Chaki S, Honda K. Effects of
quercetin on the sleep-wake cycle in rats: involvement of gamma-
aminobutyric acid receptor type A in regulation of rapid eye movement
sleep. Brain Res 2010; 1330:83–88.

32 Bancroft JD, Stevens WF. Theory and practice of histological techniques.
4th ed. London: Churchill Livingstone; 1996. p. 163.



86 Egyptian Pharmaceutical Journal, Vol. 16 No. 2, May-August 2017
33 Singh NP, McCoy MT, Tice RR, Schneider EL. A simple technique for
quantitation of low levels of DNA damage in individual cells. Exp Cell Res
1988; 175:184–191.

34 Reitman A, Frankel S. A colorimetric method for the determination of serum
glutamate-oxaloacetate and glutamate pyruvate transaminase. Am J Clin
Pathol 1957; 28:56–61.

35 Belfield A, Goldberg DM. Determination of alkaline phosphatase activity
(ALP). Enzyme 1970; 12:561–566.

36 Tousson E, Hafez E, Masoud A, Hassan AA. Abrogation by curcumin on
testicular toxicity induced by cisplatin in rats. J Cancer Res Treat 2014;
2:64–68.

37 Beutler E, Duron O, Kelly MB. Improved method for the determination of
blood glutathione. J Lab Clin Med 1963; 61:882–888.

38 Aebi H. Catalase in vitro. Methods Enzymol 1984; 105:121–126.

39 Koracevic D, Koracevic G, Djordjervic V, Andrejevic S, Cosic V. Method for
the measurement of antioxidant activity in human fluids. J Clin Pathol 2001;
54:356–361.

40 Siddiqui MA, Alhadlaq HA, AL-Khedhairy AA, Musarrat J, Ahamed M.
Copper oxide nanoparticles induced mitochondria mediated apoptosis in
human hepatocarcinoma cells. Plos One 2013; 8:1–9.

41 Chang YN, Zhang M, Xie L, Zhang J, Xing G. The toxic effects of CuO and
ZnO nanoparticles. Materials 2012; 5:2850–2871.

42 Xie G, Sun J, Zhong G, Shi L, Zhang D. Biodistribution and toxicity of
intravenously administered silica nanoparticles in mice. Arch Toxicol 2010;
84:183–190.

43 Guyton AC, Hall JE. Text book of medical physiology. 9th ed. Bangalore,
India: Prism Book Pvt Ltd; 2002.

44 Hodgson E. A text book of modern toxicology. 3rd ed. New Jersey: John
Wiley and Sons Inc.; 2004. 203–211.

45 Sally A, Tice RP, Dean Parry RP. Medications that need hepaticmonitoring.
Hosp Pharm 2001; 36:456–464.

46 Liu HT, Ma LL, Zhao JF, Liu J, Yan JY, Ruan J, Hong FS. Toxicity of
nanoanatase TiO2 to mice: Liver injury, oxidative stress. Toxicol Environ
Chem 2010; 92:175–186.

47 Padma VV, Baskaran R, Roopesh RS, Poornima P. Quercetin attenuates
lindane induced oxidative stress in Wistar rats. Mol Biol Rep 2012;
39:6895–6905.
48 Siddiqui MA, Ahamed M, Ahamad J, Kham MAM, Musarrat J, et al. Nickel
oxide nanoparticles induce cytotoxicity, oxidative stress and apopotosis in
culture human cells that is abrogated by the dietary antioxidant curcumin.
Food Chem Toxicol 2012; 50:641–647.

49 Kawada N, Seki S, Inoue M, Kuroki T. Effect of antioxidants, resveratrol,
quercetin and N-acetylcysteine on the function of cultured rat
hepatic stellate cells and Kupffer cells. Hepatology 1998; 27:
1265–1274.

50 Coskun O, Kanter M, Korkmaz A, Oter S. Quercetin a flavonoid antioxidant
prevents and streptozotocin induced oxidative stress and beta cell damage
in rat pancreas. Pharmacol Res 2005; 51:117–123.

51 Sandhu NS, Chopra D, Kaur S. Amelioration of paracetamol induced
hepatotoxicity by a protein isolated from the leaves of the herb
Cajanusacutifoliuslinn. Int J Pharm Pharm Sci 2010; 2:75–80.

52 Bruck R, Aeed H, Shirin H, Matas Z, Zaidel L, Avni Y, Halphem Z. The
hydroxyl radical scavenger’s dimethylsulfoxide and dimethylthioures
protect rats against thioacetamide induced fulminant hepatic failure. J
Hepatol 1999; 31:27–38.

53 Anreddy RN, Yellu NR, Devarakonda KR. Oxidative biomarkers to assess
the nanoparticles induced oxidative stress. Methods Mol Biol 2013;
1028:205–219.

54 Shayesteh TH, Khajavi F, Ghasemi H, ZijoudMH, Ranjbar A. Effect of silver
nanoparticle (Ag NP) on oxidative stress, liver function in rat: hepatotoxic or
hepatoprotective? Biol Sci Pharm Res 2014; 2:40–44.

55 Ahamed M, Siddiqui MA, Akhtar MJ, Ahmad I, Pant AB, Alhadlag HA.
Genotoxic potential of copper oxide nanoparticles in human lung epithelial
cells. Biochem Biophys Res Commun 2010; 396:578–583.

56 Jovanovic SV, Steenken S, Simic MG, Hara Y. Antioxidant properties of
flavonoids: reduction potentials and electron transfer reaction of flavonoid
radical. In: Rice-Evans CA, Packer L, editors. Flavonoids in health and
disease. New York: Marcel-Dekker Inc.; 1998. 137–161.

57 Wilms LC, Hollman PC, Boots AW, Kleinjans JC. Protection by querectin
and quercetin rich fruit against induction of oxidant DNA damage and
formation of BPDE-DNA adducts in human lymphocytes. Mutat Res
2005; 582:155–162.

58 Renugadevi J, MiltonPrabu S. Quercetin protects against oxidative stress
related renal dysfunction by cadmium in rats. Exp Toxicol Pathol 2010;
62:471–481.


	Modulation effects of quercetin against copper oxide nanoparticles-induced liver toxicity in rats
	Introduction
	Materials and methods
	Chemicals and reagents
	Synthesis of copper oxide nanoparticles
	Animals
	Experimental design
	Preparation of serum from blood and liver tissue homogenate
	Histopathological investigation of liver tissue
	Detection of DNA damage by the comet assay
	Biochemical analysis
	Determination of liver function enzyme activities

	Determination of antioxidant biomarkers
	Statistical analysis

	Results and discussion
	Conclusion
	Financial support and sponsorship
	Conflicts of interest

	References


