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Abstract
The aim of this work was designed to investigate the effects of Multivitamin complex (MVC) on

Received: August 28" 2014 Copper oxide nano particles (nanoCuO)induced hepatotoxicity and nephrotoxicity in rats and its
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Available online: Jan 18 2015 possible mechanism of action. The present study was performed on a forty male albino rats which

were divided into four groups. Control group, MV C treated group, received Vitamins — E, C, and
Keywo rds A in a dose of 130 mg/kg daily by intraperitoneal injection for 2 weeks. Nano CuQ induced toxic
group, this group received CuO nanoparticles (40-56nm)in a dose of 10 mg/kg daily by

O LARHRHEmID Sema s intraperitoneal injection for 2 weeks.MVC treated toxic group, this group received MVC in a

s Vitamins-E, €, and A dose of 130 mg/kg daily by intraperitoneal injection one hour before nanoCuO injection for 2

*  Nanoparticles toxicity weeks. Multivitamin Complex caused significant decrease in serum levels of ALT, AST, blood

* Antioxidants urea and serum creatinine compared to nanoCuO-induced toxic group. MVC caused significant
increase in serum levels of albumin compared to nanoCuO-induced toxic group. Multivitamin
Complex caused significant decrease of malondialdehyde and nitric oxide levels and significant
increase in superoxide dismutase and reduced glutathione levels compared to nanoCuO toxic
group.MVC improved hepatic and renal structures by histopathological examination as it caused
significant decrease in fatty changes in hepatocytes, congestion, and damage of renal tubules. The
results suggest that Multivitamin Complex has potential protective role against CuO nanoparticles

induced hepatotoxicity and nephrotoxicity by an antioxidant mechanism.
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INTRODUCTION

The growing field of nanotechnology has
transformed many sectors of the industrial field
with their breakthrough applications in the areas of
biotechnology, electronics, material science,
aerospace engineering, biosensors, cosmetics and
medicinal ~ drug  delivery.  Their  novel
physicochemical, thermal and electrical properties
facilitate their application in clothing, medicine,
and cosmetics thereby increasing the probability
for human and environmental contact with these
nano-materials [1].Metal oxides like; titanium
dioxide (TiOy), cupric oxide (CuO), and zinc oxide
have gained attention owing to their commercial
usage. Metal oxide particles can undergo surface
modification for better stability and binding to
other substrates. Such widespread applications are
attributable to their electrochemical and physical
properties reflecting their small sizes and reactive
surfaces [2].

Most researches to date have suggested that
generation of reactive oxygen species (ROS) with
consequent  oxidative stress are frequently
observed with NP toxicity [3]. Exposures to metal
oxide nanoparticles were reported to induce tissue
damage and abnormal cellular stress response via

lipid peroxidation [4, 5].

The physicochemical characterization of NP
including particle size, surface charge, and
chemical composition is a key indicator for the
resulting ROS response and NP-induced injury.
NP-mediated ROS responses have been reported to
orchestrate a series of pathological events such as
genotoxicity, inflammation, fibrosis and

carcinogenesis. For instance, Cho et al.[6]

suggested that nanoCuO induced oxidative stress
triggers cell signaling pathways resulting in
increased  expression  of  pro-inflammatory
cytokines. Manna et al. [7] reported that exposure
to nano copper oxide in particular; elicit ROS-
mediated cell death via mitochondrial dysfunction.
Cytotoxicity = and  apoptosis  caused by
nanoparticles have been implicated as a major
mechanism of cell death caused by NP-induced
oxidative stress [8]. Among the different apoptotic
pathways, the intrinsic mitochondrial apoptotic
pathway plays a major role in metal oxide NP-
induced cell death since mitochondria are one of
the major target organelles for NP-induced
oxidative stress [9]. High levels of ROS in the
mitochondria can result in damage to membrane
phospholipids inducing mitochondrial membrane
depolarization [10].The oxidative stress is
achieved via a small proportion of electrons that
escapes the mitochondrial chain and interacts with
molecular oxygen to form O, — which later gives
rise to H,O, or partially reduces to the damaging
OH-. NP can catalyze the O,— generation either by
blocking the electron transport chain or
accelerating electron transfer to molecular oxygen
[11].

Glutathione, (GSH) a potent free-radical
scavenger, is responsible for maintaining the
cellular redox state and protecting cells from
oxidative damage [12]. NP-triggered free radicals
consume the reduced glutathione (GSH) changing
it into oxidized form glutathione disulfide (GSSG),
thereby contributing to oxidative stress, apoptosis,
and sensitization to oxidizing stimuli [13, 14]. A
part from GSH, NP-induced ROS modulate the
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antioxidant  activities of ROS-metabolizing
enzymes including NADPH-dependent flavor
enzyme, catalase, glutathione peroxidase, and

superoxide dismutase [15].

Exogenous antioxidants like vitamin C, vitamin E,
and beta carotene or vitamin A are among the most
widely studied dietary antioxidants [16]. Vitamin
C is considered the most important water-soluble
antioxidant in extracellular fluids. Vitamin E, a
major lipid-soluble antioxidant is the most
effective chain-breaking antioxidant within the cell
membrane and is believed to be the primary free
radical scavenger where it protects membrane fatty
acids from lipid peroxidation [17, 18].

Therefore, the present study was carried out to
investigate the alteration in hepatic and renal
biochemical parameters and histopathological
alterations induced by CuO nanoparticles in male
rats and a trial to introduce a protection against
their harmful effects by using Multivitamin
Complex (vitamins E, C and A) which are well
established as antioxidants to alter the oxidative
damage, hepatotoxic and nephrotoxic effects of

CuOnano particles.

MATERIALS AND METHODS
2.1. Material:

Copper oxide nanoparticles were obtained from
Nano-Technology Centre, Faculty of Science,
Kafrelsheikh University, Egypt. The size of
nanoCuO was 40-56 nm. Nano copper oxide was
dissolved in distilled water to get the desired
concentration which is 10 mg/kg and was

administered by intraperitoneal injection daily for

two weeks. This dose was determined based on
the biological action of modified nanoparticles are
2 times more biologically active than the
unmodified copper nanoparticles as the
pharmacotoxic action of unmodified copper
nanoparticles begins from dosage 25 mg/kg, while
LDsq is 45 mg/kg and LD4q is 60 mg/kg. While
toxicity of copper nanoparticles modified by
oxygen (CuQ), which we used in our research,
begins from dosage 10 mg/kg, LDs, is 15 mg/kg,
LDjqo is 30 mg/kg.

Multivitamin  complex is composed of a
combination of vitamin A which is B-carotene 20
%10 mg/kg (equivalent to 1500 IU vitamin A), (it
was obtained from Sigma Company for
Interpharma UK),Vitamin C90 mg/kg, (Kahira
Pharm. Chem. Co. Egypt).Vitamin E or a-
tocopherol succinate 30 mg/kg (equivalent to 35
IU vitamin E)(Sigma).(Fat soluble vitamins-E, and
A) were dissolved in sesame oil [19], while
vitamin C was dissolved in distilled water and
each was delivered to rats via intraperitoneal
injection daily for two weeks.

2.2. Animal

Forty adult male albino rats, weighing 175 £ 25 g
were used in the experiments. They were
acclimated in the controlled environment
(temperature: 24 £ 1 °C; humidity: 65 = 10) with
free access to water and a food. All animal
experiments were performed in compliance with
the local ethics committee at animal house of
Zoology Department, Faculty of Science, Tanta
University, Tanta, Egypt. The rats were
acclimatized to housing conditions for one week

before starting the experiment. Animals were
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randomly divided into four groups each group
contains of 10 rats.

Group 1: (control group) received daily normal
saline only by intraperitoneal injection.

Group 2:(Multivitamin complex treated group)
received only Vitamins—E, C, and A in a dose of
130 mg/kg daily for two weeks by intraperitoneal
injection.

Group 3:(Nano CuO induced toxic group), this
group received CuO nanoparticles (nanoCuO) in a
dose of 10 mg/kg daily for two weeks by
intraperitoneal injection[20].

Group 4:(MVC pretreated toxic group), this
group received pretreatment with MVC in a dose
of 130 mg/kg daily for two weeks by
intraperitoneal  injection, one hour before
intraperitoneal nanoCuO injection.

Methodology:

Biochemical analyses

Sample preparation

After 2 weeks of feeding and drug administration,
rats were fasted overnight, and anesthetized with
sodium pentobarbital (40 mg/kg i.p.). A 2-mi
blood sample was collected by cardiac puncture.
Serum was separated by centrifugation at 10,000 g
(4°C) for 15 min and serum was frozen at — 70 °C
in aliquots until biochemical analysis were
performed.

Evaluation of biochemical parameters

Serum levels of albumin, ALT, AST, blood urea,
serum creatinine and serum nitric oxide (NO) were
measured. In addition, malondialdenyde MDA or
(TBARS), superoxide dismutase (SOD), and
reduced glutathione (GSH) levels in liver and
kidney tissues and red blood cells were

determined.

Liver and kidney tissues were removed and
washed with phosphate buffered saline (PBS), pH
7.4, containing 0.16 mg/ml of heparin to remove
any red blood cells and clots [21].Liver and kidney
tissues were homogenized with an ultrasonic
homogenizer. The homogenates were centrifuged
at 10,000 g for 10 minutes at 4°C and the
supernatant was obtained for measurement
estimation of different antioxidants and lipid-
peroxides. The total protein levels for
homogenates were estimated by the Biuret method
[22].The homogenates were put in cold phosphate
buffer, pH 7.0 with ethylenediamine-tetra-acetic
acid (EDTA), for TBARS measurement and cold
20 mM N-(2-hydroxyethyl) piperazine-N'-2-
ethanesulfonic acid (HEPES) buffer, pH 7.2,
containingg 1 mM ethyleneglycol-bis  (2-
aminoethoxy)-tetra-acetic acid (EGTA), 210 mM
mannitol, and 70 mM sucrose for SOD
measurement [23]. The supernatant was put in
separate tubes and stored at -70 °C. Two
milliliters of blood was separated into plasma and
erythrocytes by centrifugation at 10,000 x g for 10
min at 4 °C. The erythrocyte samples were washed
three times with cold physiological saline (PS) and
then hemolyzed by adding a fourfold volume of
ice cold high-performance liquid chromatography
(HPLC)-grade water. Hemolyzed erythrocyte
samples were centrifuged at 10,000 x g for 10 min
at 4 °C, and the supernatant was collected and
stored at —70 °C for measurement of enzymatic
activity. It is known that antioxidant enzymatic
activity is stable in hemolysates stored under such
conditions [24].
Thiobarbituric acid reactive substances (TBARS)
Lipid peroxidation levels were measured by the

thiobarbituric acid (TBA) reaction using the
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method of Ohkawa et al. [25]. TBARS levels
were expressed as nmol/mg protein in liver and
kidney and as nmol/g hemoglobin in erythrocyte
hemolysates.
Superoxide dismutase (SOD) Activity
Determination

SOD activity in the tissue supernatants or the
blood was measured according to Sun et al. [26].
The calculated SOD activity was expressed as
U/mg protein in liver, kidney, and as U/g

hemoglobin in erythrocyte hemolysates.

Reduced glutathione (GSH) determination

GSH levels were estimated according to the
method of Jollow et al. [27]. The results were
expressed as micromoles of GSH per milligram of

protein.

Nitric oxide (NO) determination
The production of NO was determined indirectly
by measuring the nitrite levels based on the Griess

reaction according to Cortas and Wakid, [28].

Liver function tests determination

ALT and AST were measured by colorimetric
method according to Schmidt, [29], serum albumin
was measured by colorimetric determination
according to Drupt, (30), serum creatinine was
measured according to Henry, [31] and Blood urea

was measured according to Patton and Crouch,(32).

Histopathological examination:

Liver and kidney tissues were prepared for histo-
pathological examination in all groups as tissues
were fixed in 10 % formalin and embedded in

paraffin blocks. Tissue sections were stained with

hematoxylin—eosin (H & E). The light microscope
histological examination was done using 200 and
400 magnification power.

Statistical analysis

Statistical analyses were accomplished using the
Statistical Product and Service Solutions (SPSS)
computer program (version 13.0). All results were
reported as means + SD. The comparison of the
results from the various experimental groups and
their corresponding controls was carried out using
a one-way analysis of variance (ANOVA)
followed by multiple comparison procedures (LSD
test). The Differences were considered statistically

significant at probability level p < 0.05.

RESULTS

In group 2 (MVC treated group), Multivitamin
Complex (MVC)caused insignificant changes in
serum levels of albumin, ALT, AST, blood
urea, and serum creatinine(P >0.05)compared to
control group (Table 1).

In group 3 (nanoCuO induced toxic group),
CuO nanoparticles caused significant increase
in serum levels of ALT, AST, blood urea, and
serum creatinine(P < 0.001) compared to
control group. CuOnano particles caused
significant decrease in serum levels of albumin
(P < 0.001)compared to control group (Table 1).
In  group 4 (MVC  treated  toxic
group),application of Multivitamin Complex
caused significant reduction in serum levels of
ALT, AST, blood urea, and serum creatinine(P
< 0.001) and significant increase in serum levels
of albumin (P < 0.001)compared to nanoCuO
induced toxic group (Table 1).
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Table (1): Effects of treatment with Multivitamin complex on nanoCuO induced toxicity on the serum levels of albumin,
alanine aminotransferase (ALT) , aspartate aminotransferase (AST) , Blood urea and serum creatinine, in groups 1, 2,

3and 4

Parameter Group 1 Group 2 Group 3 Group 4 F P value
Mean + SD Mean + SD Mean + SD | Mean + SD

Albumin (gm/dl) | 3.97+0.27 | 3.86 +0.25 271+036° | 3.34+032° 35195 | 0.001

ALT (U/L) 27.7+36 29.8+54 68.3+84% |514+11° 58.336 | 0.001

AST (U/L) 32.0+38 31.3+4.7 778+89% |563+59° 127471 | 0.001

Blood urea (mg/dl) | 275+ 4.2 30.9 + 4.6 81.7+95 |551+88° 121.655 | 0.001

Creatinine (mg/dl) | 998 +0.15 | 1.06+0.13 3.01+0.39° | 1.87+0.21° 150.149 | 0.001

Values are mean + SD, n = 10, ANOVA: analysis of variance; p < 0.05. (a) indicates significant results of group 3
(nanoCuOtoxic group) vs control group (group 1) and (b) indicates significant results of group 4 (MVC treated toxic
group) vs (nanoCuO toxic group) (group 3).
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Fig. (1): Effect of MVC, CuO induced toxicity and MVC pretreatment inCuO induced toxicity on TBARS or
malondialdehyde (MDA) levels in RBCs (1A), liver (1B) and kidney tissues(1C) in the studied groups. “a” shows
significant difference with thecontrol group in the same series. “b” shows significant difference with the CuO induced
toxic group (allat p < 0.05).
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Fig. (2): Effect of MVC, CuO induced toxicity and MVC pretreatment in CuO induced toxicity on superoxide
dismutase (SOD) levels in RBCs (2A), liver (2B) and kidney tissues (2C) in the studied groups. “a” shows
significant difference with the control group in the same series. “b” shows significant difference with the CuO

induced toxic group (all at p < 0.05).

As regard markers of oxidative stress and
antioxidant enzymes; oxide dismutase
(SOD), reduced glutathione (GSH) and lipid
peroxidation products (TBARS or MDA) in

experimental rats were measured in blood, hepatic

super

and renal tissues in figure 1 (A, B and C), figure 2
(A, B and C) and figure 3 (A, B and C).

CuO nanoparticles administration alone (in
group 3) promoted significant increase (P <
0.001)in TBARS and significant decrease (P <
0.01) in the level of GSH and SOD enzyme
activity in RBCs, liver and kidney tissues when
compared to control rats. Pretreatment with
MVC in CuO induced toxic rats (group 4)

significantly increased the activities of tissues
SOD and GSH
decreased the blood and tissues
TBARS (P<0.01) when compared to nano-CuO
toxic rats. Administration of MVC alone in

levels and significantly

levels of

group 2 (in normal rats) showed insignificant
changes (P >0.05).

Concerning serum, hepatic and renal tissue
nitric oxide (NO) levels (Fig.4A, B and C
respectively), the nitrite levels in serum, hepatic
CuO
significantly

and renal tissues in nanoparticles

administration increased

(P<0.001)which was significantly decreased in
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Fig. (3) Effect of MVC, CuO induced toxicity and MVC pretreatment in CuO induced toxicity on reduced glutathione
(GSH) levels in RBCs (3A), liver (3B) and kidney tissues (3C) in the studied groups. “a” shows significant difference
with the control group in the same series. “b” shows significant difference with the CuO induced toxic group (all at p <

0.05).
Table (2): Comparison between the studied experimental groups as regards the histopathological features of liver
specimens.
Parameters Control group MVC treated group | Nano-CuO induced MVC treated toxic
toxic group group
Venous congestion - - +3 +2
Inflammation - - +3 +1
Fatty changes - - +3 +1
Necrosis of cells - - +3 +1

(-) absent, (+1) mild presence, (+2) moderate presence and (+3) strong presence

MVC pretreated rats (P<0.001). However in
group 2, insignificant changes were observed
compared to control group (P >0.05).

3.3 Histopathological examination
(Group 1) Control groups, as regard liver biopsy,
showed normal lobular architecture (hepatic cells

and portal tracts)(Fig. 5A). The renal tissues
showed also, normal size and shape of glomeruli
and normal renal tubules (Fig. 6A).

(Group 2) MVC treated group showed normal
lobular architecture, normal hepatocytes, normal
blood vessels within portal tracts and blood
sinusoids (Fig. 5B). As regard kidney tissue also,
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showed normal renal glomeruli as regard shape
and size (Fig. 6B).

(Group 3) CuO nanoparticles toxic group, as
regard liver sections showed severely congested
blood vessels within portal tracts, fatty changes in

hepatocytes, inflammatory cellular infiltrations at

the portal areas, and dot necrosis(Fig. 5C and 5D).
Kidney biopsies showed marked congestion of
blood

degeneration) of some renal tubules and moderate

vessels, vacuolization (hydropic

atrophy of some glomeruli (Fig. 6C and 6D).
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Fig. (4) Effect of MVC, CuO induced toxicity and MVC pretreatment in CuO induced toxicity on nitric oxide (GSH)
levels in serum (4A), liver (4B) and kidney tissues (4C) in the studied groups. “a” shows significant difference with the
control group in the same series. “b” shows significant difference with the CuO induced toxic group (all at p < 0.05).

Table (3): Comparison between the studied experimental groups as regards the histopathological features of renal

specimens.

Parameters Control group MVC treated group | Nano-CuO induced MVC treated toxic
toxic group group

Renal v_ascular - +3 42
congestion
Renal tubular damage - +3 +1
_Interstltlal_ - +3 41
inflammation
Fatty degeneration - +3 +1
Glomerular atrophy +3 -

(-) absent, (+1) mild presence, (+2) moderate presence and (+3) strong presence
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(Group 4) MVC treated toxic group, showed
marked improvement in liver and kidney tissues as
mild damage in hepatocytes, mild fatty
degeneration, and mild congestion of blood vessels
within portal tracts were observed (Fig. 5E and
5F). Also, renal tissues and tubules showed normal
size and shape of glomeruli and mild congestion of
blood vessels in the kidney (Fig. 6E and 6F).

Discussion

In the present study, we investigated the
biochemical variation in the serum and liver to
determine the hepatic injury induced by CuO NPs
on some liver function tests. Our results revealed
that an elevation in the serum levels of ALT and
AST as well as the reduction in serum albumin
level which suggested the presence of marked liver
damage (hepatotoxicity), that further confirmed by
hepatic degeneration and dot necrosis appeared in
histopathological ~ examination.  Multivitamin
complex (MVC) pretreatment in toxic rats
revealed significant reduction in the serum levels
ALT and AST while serum albumin level was
significantly increased compared to nanoCuO
induced toxic group. This was confirmed by
marked improvement of hepatic cells and decrease
congestion of blood vessels which appeared in

histopathological examination.

In addition, the present study showed that nano-
CuO administration caused significant increase in
the levels of blood urea and serum creatinine and
their elevations suggested a renal dysfunction
(nephrotoxicity). These findings were confirmed
by renal tubular degeneration and atrophy of some
glomeruli which were observed by

histopathological ~ examination.  Multivitamin

complex (MVC) pretreatment revealed significant
reduction in the serum levels of urea and creatinine
when it was daily administered for 2 weeks just
before nanoCuO injection. This was confirmed by
marked improvement of renal tissues and decrease
congestion of blood vessels which observed by
histopathological examination.

Results of the present study are in accordance
with Chen et al.(33)who observed that nano-Cu
induce impairment in the kidney and liver in mice.
Also, Meng et al.(12) revealed that when mice
were exposed to nano-Cu, it would lead to
metabolic changes and copper accumulation in the
kidney. Lei et al.(13) also observed that nano-Cu
could induce hepatotoxicity and nephrotoxicity,
which manifested overt scattered hepatocellular
necrosis and renal proximal tubule epithelial
cellular necrosis in rats.

The mechanism by which CuO nanoparticles
generated cytotoxicity to liver and kidney were
due to their water soluble ions as Cu ions can be
released from the surface of CuO nanoparticles. It
has been proposed that CuO nanoparticles
decrease cell viability by binding to DNA resulting
in DNA damage and cell death(34, 35, 36).In
addition, liver and kidney damage caused by CuO
nanoparticles may be due to oxidative stress and
lipid peroxidation as excessive nano copper
accumulation in hepatocytes or nephrocytes would
inevitably result in mitochondrial failure and cell
death (37).Cho et al., 2012(6)suggested that the
mechanism by which CuO NP caused cytotoxicity
is increased pro-inflammatory cytokines, secretion
of tumor necrosis factor alpha (TNF-a), marked
increase in the level of interleukin 18  and

interleukin 8.
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In our study concerning malondialdehyde
(MDA) or TBARS which indicate oxidative
stress and lipid peroxidation, in red blood cells,
hepatic and renal tissues, in group 2

(Multivitamin complex treated group) rats

iz
y
[ S
<A 7

Fig. (5): Showing live

received only vitamins- E, C, and A,
insignificant changes were observed compared
to control group. In group 3 (nanoCuo induced

toxic group) CuO nanoparticles administration

AR R ST A,
group (fig 5B), nanoCuO toxic group (fig

5C,D) and MVC treated toxic group (fig 5E, F) stained with with Haematoxiline & Eosine (magnification is 200 in all

slides except 5D x 400 magnification).

promoted significant increase in TBARS
compared to control group. In group 4 MVC

pretreatment caused significant decreases in
TBARS levels compared to nanoCuO induced
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toxic group. As regard endogenous antioxidants
as superoxide dismutase (SOD),and reduced
glutathione (GSH)in red blood cell, hepatic and
renal tissues, in group 2 insignificant changes
were observed compared to control group. In
group 3,CuO nanoparticles administration
promoted significant increase in SOD and GSH
levels compared to control group. In group 4,
MVC  pretreatment  promoted  significant
decreases in SOD and GSH levels compared to
nanoCuO induced toxic group.

Also, several studies report alterations of renal
function and pathological changes were observed
in Kidney tissues after exposure to copper
nanoparticles [38]. The role of oxidative stress as a
possible triggering mechanism for CuO NP
inducing kidney damage was demonstrated by
increased ROS generation, and enhanced lipid
peroxidation [38], as well as reduction of
antioxidant activities [39]. When reactive oxygen
species (ROS, such as hydroxyl radical,
superoxide, and so on) production overwhelms the
antioxidant defense capacity of cell, it would lead
to oxidative stress (40). ROS, as an important
factor in the apoptotic process, can cause the
disruption of the cell membrane and damage to
protein, lipids, and DNA in a cell (41). Superoxide
dismutase (SOD), one of the enzymatic scavengers
of ROS, is reported to defense the oxidative stress
(42).

Fahmy and Cormier,(37) observed that cells
exposed to copper nanoparticles, level of catalase
and glutathione reductase activity decreased and
activity of glutathione peroxidase increased.

Increased activity of glutathione suggests that

copper nanoparticles not only produce free radical,

but also they stop the cell antioxidant defense.

In the present study, vitamin E administration
together with vitamin C and A showed an anti-
peroxidative and antioxidant effects in the rat liver
and kidney tissues by significantly decreasing the
nanoCuO-induced rise of hepatic and renal MDA
levels and significant increase in superoxide
dismutase and reduced glutathione in red blood
cells, liver and kidney . This effect of vitamin E
and other antioxidant vitamins may be explained
by their direct free radical scavenging property,
and preserving cellular integrity, they can protect
against oxidative stress and lipid peroxidation
which induce organ damage [18].

Nitric oxide (NO) has been reported to down
regulate cytochrome P450 and to suppress liver
protein and DNA synthesis, and these activities
may contribute to hepatotoxicity caused by
nanoparticles(41, 43).In the current study, CuO
nanoparticles promoted significant increase in
hepatic and renal NO production which was
confirmed by histopathological examination which
revealed marked congestion in blood vessels of
liver and kidney tissues beside some inflammatory
cellular infiltrates within portal tracts. While MVC
pretreatment promoted significant decrease in the
NO levels. Oxidative stress has been suggested to
play an important role in the mechanisms of
toxicity for a number of nanoparticles including
copper oxide. In addition to the direct oxidative
stress in hepatocytes induced by accumulation of
CuO NPs, the activated Kupfer cells and recruited
inflammatory cells mediated oxidative damage.
So, a link between inflammation and oxidative

stress where recruited inflammatory cells can
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generate oxidative stress by activating oxidative
stress responsive transcription factors (7, 41).

In conclusion, our data suggest that CuOnano
particles mediate hepatotoxicity and
nephrotoxicity and that the preliminary mechanism
might occur through the release of reactive oxygen
species (ROS), and nitric oxide (NO) production.

Multivitamin complex which is a combination of

exogenous antioxidants including vitamins- E, C
and A protect both liver and kidney from toxicity
induced by CuONPs. The results suggest that
Multivitamin Complex have potential protective
role against CuO nanoparticles induced

hepatotoxicity and nephrotoxicity via an

antioxidant mechanism.

Fig. (6): Showing kidney tissues from control group (fig 6A), MVC treated group (fig 6B), nanoCuO toxic group (fig
6C,D) and MVC treated toxic group (fig 6E, F) stained with with Haematoxiline & Eosine (magnification is 200 in all

slides except 6D x 400 magnification).
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