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Abstract
Copper oxide nanoparticles (CuO-NPs) are consciously used to control the growth of bacteria, fungi, and algae. Several studies
documented the beneficial and hazardous effects of CuO-NPs on human cells and different experimental animals but there are not
many studies that report the effect of CuO-NPs in poultry. Therefore, the present study was performed to investigate the dose-
dependent effects of copper oxide nanoparticles on the growth performance, immune status, oxidant/antioxidant capacity, DNA
status, and histological structures of most edible parts of broiler chickens (muscle, heart, liver, spleen, and kidneys). The
experiment was carried out on 90 1-day-old broiler chicks (Cobb 500) which were divided into three experimental groups (n
= 30) in three replicates (n = 10). Group 1 was kept as a control group and did not receive copper oxide nanoparticles. Groups 2
and 3 received CuO-NPs by oral gavage at dose 5 mg/kg and 15mg/kg bwt respectively at 1, 7, 14, 21, 28, and 35 days of the life
of the chickens. An increase in the amount of feed intake and weight was recorded every week, and finally, the food conversion
ratio (FCR) was calculated. Our results showed dose-dependent increases in malondialdehyde levels, copper contents, DNA
fragmentation percent, and microscopic scoring in different examined organs of CuO-NPs-receiving groups associated with a
remarkable reduction in weight gain, food conversion ratio, catalase activity, and antibody titer of both New Castle and Avian
Influenza viruses. Histopathological alterations were observed in both groups receiving CuO-NPs with some variations in its
severity. Our study concluded that CuO-NPs are considered cytotoxic and we recommend not adding them to poultry feed.
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Introduction

It is well known that humans, animals, and poultry needed
copper for several biological functions including lipid,
carbohydrate, and protein metabolism, and hemostasis
[1]. Copper is supplemented to the chicken feed as a
growth promoter, immune stimulant, and anti-bacterial

agents [2, 3]. There are several forms of copper used in
poultry breeding as Cu chloride, Cu oxide, Cu citrate, Cu
sulfate, but the most popular one is copper sulfate because
of its lower cost and easy access. Even though copper has
an essential role in the vital functioning of the living or-
ganism, its excessive admission can bring about several
hazardous effects that cause cell and DNA damage [4].

Nanotechnology is considered an area of science with tre-
mendous application in several fields mainly in medicine.
Nanoparticles display a wide scope of properties, including
electrical, optical, catalytic, magnetic, and biological activity
that differ from their bulk materials [5, 6]. Nanomaterials have
additionally been utilized for different considerable and prac-
tical purposes like drug and gene delivery, cell imaging, dis-
ease and cancer therapy [7–9]. Several studies documented
that metallic and metal oxide nanoparticles as gold, silver,
copper oxide, and zinc oxide show strong bactericidal impact
against various types of gram-positive and gram-negative
microorganisms.

Just now, several metallic and metal oxide nanoparticles
have been synthesized on a large scale to perform several
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industrial and medical purposes [10]. Copper-based NPs are
broadly utilized in modern and commercial products as sen-
sors, catalysts, surfactants, antimicrobials, and other purposes
such as antifouling paints [11]. Ordinarily utilized copper-
based NPs are made out of metallic copper or copper oxide
(Cu and CuO NPs); notwithstanding, their toxicity can vary
significantly. Garner et al. summed up and thought about the
toxicity of Cu and CuO NP using the species sensitivity dis-
tributions (SSDs) for freshwater organisms, and results indi-
cated that the toxicity threshold was much higher for CuONPs
relative to Cu NPs, suggesting a higher toxicological concern
for Cu NPs [12]. This difference is related to the physico-
chemical properties as dissolution and aggregation, ROS gen-
eration, and their ability to release Cu ions [13].

Recently, researchers have progressively sought to
utilize Cu-based NPs in poultry diets. Subsequently, uti-
lizing Cu-NPs as a supplement in the chicken diet could
improve body weights, FCR, and chicken health through
damaging the pathogens, increasing the synthesis of vi-
tamins and other growth factors, and improving the ab-
sorption of nutrients [14]. Several in vitro studies con-
firmed the bactericidal effect of CuO-NPs against prom-
inent gram-positive and gram-negative pathogens isolat-
ing from chickens [15], but little is known about their
toxicity in poultry.

Moreover, CuO-NP is an effective antibacterial, anti-
fungal, and antiviral agent but, their size might affect
their toxicity by helping the cellular uptake and translo-
cation of the particles in the animal’s body [16].
Toxicity-screening studies have principally centered
around researching the impacts of various exposure
routes, doses, and sizes of NPs on the living organism
[17]. Wang et al. proved the pivotal role of oxidative
stress in the mechanism of CuO-NPs toxicity through
ROS generation which causes cell and DNA damage
[18]. CuO-NPs induce its toxic effect not only through
the generation of reactive oxygen species (ROS) but
also via blockage of cellular antioxidant defenses [19].

Most of the in vivo investigations have called atten-
tion to the beneficial impacts of Cu-based NPs on per-
formance, intestinal absorption, and immunity of poultry
and livestock [20]. Despite everything, the bioavailabil-
ity of CuO-NPs in livestock requires further verification.
Furthermore, much work has been done regarding the
in vivo toxicity, histopathology, and biodistribution of
CuO-NPs in chickens. Thus, the present study is de-
signed to investigate the in vivo toxicity of CuO-NPs
on different organs of broiler chickens. In this study, we
investigated the hazardous effects of high and low doses
of CuO-NPs on performance, immune status, oxidant/
antioxidant capacity, DNA pictures, and organs’ histo-
logical structures as well as the possibility of using
CuO-NPs as a feed supplement in poultry.

Materials and Methods

Preparation and Characterization of Copper Oxide
Nanoparticles

Copper oxide nanoparticles (CuO-NPs) were synthesized via
chemical precipitation method according to the method de-
scribed by Hassanen et al. [21]. Firstly, we prepared a solution
of copper (II) chloride dihydrate (0.5 M) in ethanol (a solution
I) and a solution of sodium hydroxide (1 M) in ethanol (solu-
tion II). Then 100 mL of solution (II) was added dropwise to
the solution (I) with continuous stirring at room temperature.
The separated CuO-NPs were centrifuged, and the resulting
precipitates were dried under vacuum at 50 °C and annealed at
400 °C for 4 h.

The crystalline and phase structure of the synthesized nano-
particles was studied by an X-ray diffractometer (XRD,
X’Pert Pro, PanAlytical, Netherlands). The size (Z-average
mean) and zeta potential of the nanoparticles were analyzed
by photon correlation spectroscopy and laser doppler ane-
mometry, respectively, in triplicate using a Zetasizer
3000HS (Malvern Instruments, UK). The morphology and
size were determined by transmission electron microscopy
(TEM, Tecnai G20, FEI, Netherland).

Birds and Experimental Design

All the procedures of the experiment were conducted follow-
ing the guidelines of the laboratory animal care and use (8th
edition 2011) and approved by the Institutional Animal Care
and Use Committee at Cairo University (IACUC), approval
number: (CU-II-F-8-18), Cairo, Egypt.

We got 90 broilers (Cobb 500) chicks at 1-day-old from El-
Hawamdya. Egypt. The birds were reared in standard hygiene
conditions among pens with straw litter and regulated temper-
ature and humidity. The birds received ad libitum complete
water and feed appropriate for the rearing period. All birds
were fed with a commercial broiler diet (starter and grower),
obtained from a national company, Egypt (Table 1S,
supplementary materials).

All chicks were randomly divided into three groups in three
replicates of 10 birds in each group. Group 1 was kept as the
control group and received only sterile normal saline. Groups
2 and 3 received CuO-NPs at doses 5 and 15 mg/kg bwt
respectively. The treated materials were taken via oral crop
gavage by using a catheter-tipped syringe (syringe with an
extended tip) at 0, 7, 14, 21, 28, and 35 days of the life of
the chicks. We preferred to introduce the materials once every
week to reduce the risk of stress to chickens. Both high and
low doses of NPs were selected according to the previous
study [22]. Despite the multiple doses of Cu-NPs or CuO-
NPs used in researches, the most used doses are 15 (high)
and 5 (low) mg/kg bwt.
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Blood samples were collected via cardiac puncture from 3
chicks per pen at 0, 8, 15, 22, and 36 days and centrifuged at
3500 rcf for 5 min to obtain clear serum sample preserved at –
20 °C till used for biochemical assessments. The birds were
euthanized by exsanguination at the end of the experiment to
collect tissue specimens from muscle and most edible organs
like the liver, heart, spleen, and kidneys. Some tissue speci-
mens were fixed in 10% neutral buffered formalin to perform
the histopathological examination while others preserved at −
80 °C till used for DNA fragmentation assay and Cu contents
estimation.

Growth Performance and Feed Conversion Ratio

Chicken performance variables were determined by measur-
ing body weight (BW), body weight gain (BWG), feed intake
(FI), and feed conversion rate (FCR) (g feed/g live body wt.)
according to Timmerman et al. [23]. All birds were weighed
individually on the 1st day and weekly during the entire period
of the trial (5 weeks). FI was measured on the same days of
birds weighting and calculated for each pen.

Immunological Study (HI)

Serum samples were thawed at room temperature and diluted
500-fold (1:500) in the diluent. Diluted serum was added (100
μL) to 96-well plates coated with Newcastle and influenza
disease viruses. Plates were covered and allowed to incubate
at room temperature for 30 min. After incubation, plates were
aspirated and washed with 350 μL of sterile distilled water. A
multichannel pipette was used to dispense 100 μL of the con-
jugate, and plates were allowed to incubate at room tempera-
ture for 30 min. The substrate was then dispensed (100 μL) in
the wells to facilitate a color reaction as plates were allowed to
incubate at room temperature for an additional 15 min. A stop
solution 3 was then added to end the enzymatic process. Plates
were read on a microplate reader at 650 nm for determination
of Newcastle and influenza antibody titers [24].

Oxidative Stress Evaluation

Serum samples collected at the end of the experiments were
assessed to measure lipid peroxidation, expressed by
malondialdehyde (MDA) formation, according to Ohkawa
et al. [25], and catalase (CAT) activity in accordance with
the technique described by Aebi [26], utilizing commercial
kits (Biodiagnostics, Cairo, Egypt).

Histopathology

Formalin-fixed tissue specimens from muscle (breast and
thigh), the liver, kidneys, heart and spleen were processed
by the conventional method using the ascending grade of

alcohol and Xylene and then embedded in paraffin wax.
Paraffin sections were cut at 4.5 μm and stained by
hematoxylin-eosin (H&E) staining for histopathological ex-
aminations [27].

Classical lesion scoring was performed in at least 7
sections/organ representing 7 birds/group to document the
level of severity of the observed histopathological alterations
in all examined areas according to the method reported by
Hassanen et al. [28]. The criteria used for scoring were cellular
degenerations and necrosis, congestion, interstitial edema,
hemorrhage, and inflammatory cell infiltrations. The follow-
ing pathological parameters surveyed and scored as mild,
moderate, severe, and extensively severe as to pursue (0) nor-
mal histology; (1) mild < 25%; (2) moderate 25–50%; (3)
severe 50–75%; (4) extensively severe >75% of the tissues
affected.

DNA Laddering Assay

The DNA laddering assay was performed according to the
method described by Hassanen et al. [29, 30]. Briefly, tissues
were homogenized using a lysis buffer (10 mM Tris-HCl, pH
7.4, 10 mM EDTA, 0.5% Triton × 100) then centrifuged at
13800×g for 15 min. The supernatants (S) containing smaller
DNA fragments while the pellets (P) containing total intact
DNA. Both S and P fractions were treated with 0.5 ml of 10%
trichloroacetic acid (TCA) and left overnight at 4 °C. An 80μl
of 5% TCA was added and incubated at 90 °C for 15 min.
Freshly prepared 1 ml diphenylamine reagent (1.5 g of diphe-
nylamine dissolved in 100 ml acetic acid, 1.5 ml of sulfuric
acid, and 0.50 ml of acetaldehyde (16 mg/ml)) was added in
each sample; tubes were allowed to stand overnight at room
temperature and OD was recorded at 600 nm. DNA laddering
percentage was calculated as: % DNA laddering [S/(S + P)] ×
100

Copper Contents in Muscle and Different Organs

The level of copper load in muscle and most edible organs
including the liver, heart, kidneys, and spleen obtained from
birds in different groups were measured via utilizing a flame
atomic absorption spectroscopy (AAS). Briefly, 0.5-g tissue
samples were placed in microwave digestion vessels contain-
ing concentrated HNO3 and 30%H2O2 overnight, then heated
in a microwave digestion system (ETHOS One; Milestone,
Sorisole, Italy) till the solution becomes clear. Afterward, the
samples were dried and allowed to cool. After complete di-
gestion of samples, we calculated the weight and density of
the digestate to calculate the digestate volume by dividing the
digestate weight by the density. The final volume of the
digestate is brought to 10 mL. Afterward, we calculated the
amount of deionized water (mL) to add by subtracting the
digestate volume from 10 mL. The weight of water has been
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calculated by multiplying the calculated mL by 0.997 g/mL.
Tare the analytical balance and add the calculated weight of
deionized water to the nearest ±0.02 g then the amount of
copper in diluted solutions was determined by AAS and cal-
culated as:

PPM = (sample reading × dilution)/sample weight

Statistical Analysis

Statistical analysis was performed with SPSS version 16.0
software (SPSS Inc., Chicago, IL, USA). Data were expressed
as means ± SEM. Comparison of means was performed by
one-way analysis of variance (ANOVA). Differences between
means were assessed using LSD post hoc test for multiple
comparisons. A value of p ≤ 0.05 was considered statistically
significant.

Results

Characterization of the Prepared CuO-NPs

HR-TEM electrograph of CuO-NPs showed spherical-shaped
CuO-NPs with average particle size ranges from 28.9 to
45.6 nm (Fig. 1a). The particle size distribution curve obtained
from dynamic light scattering (DLS), as well as surface charge
of CuO-NPs, obtained from zeta potential, were 36.3 nm and
28.2 mV, respectively (Fig. 1b, c). The XRD pattern of the
prepared CuO-NPs which showed peaks at 2θ = 32.48°,
35.54°, 38.64°, 48.85°, 61.52°, 65.66°, 66.34°, and 68.02°
were assigned to (110), (− 111), (111), (− 202), (− 113),
(022), (− 311), and (220) of CuO-NPs (Fig. 1d), indicating
that the crystalline structure of synthesized CuO nanoparticles
presented a hexagonal wurtzite structure (Zincite, JCPDS 04-
005-4712).

The Effect of CuO-NPs on Growth Performance

Oral intake of CuO-NPs had a hazardous effect on the growth
performance of broiler chickens even taken at low doses.
There was a significant decrease in average body weight
(ABW) associated with a remarkable reduction in feed con-
version ratio (FCR) in the group receiving 15-mg/kg-bwt
CuO-NPs compared with the control group. There was no
significant difference in ABW and FCR between-group re-
ceiving 5-mg CuO-NPs and the control group (Fig. 2a, b).

The Effect of CuO-NPs on Immunological Parameters

The lowest antibody titer against both ND and AI viruses
noticed in the group received 15-mg/kg-bwt CuO-NPs com-
pared with other groups. There was no significant difference

in antibody titer between 5-mg/kg-bwt CuO-NPs-receiving
group and control group (Fig. 2c, d).

The Effect of CuO-NPs on Oxidative Stress Parameters

CuO-NPs showed the dose-dependent hazardous effect on
oxidant/antioxidant capacity manifested by a marked increase
in MDA serum levels in the group receiving either 5- or 15-
mg/kg-bwt CuO-NPs compared with the control group.
Regarding catalase activity, there was no significant differ-
ence between the group receiving 5-mg CuO-NPs and the
control group (Fig. 2e, f).

The Effect of CuO-NPs on Histopathological Pictures

All the examined sections of muscles and different organs
(heart, kidneys, liver, and spleen) obtained from the control
group showed normal histological pictures (Fig. 3). On the
other hand, birds that received either 5- or 15-mg CuO-NPs
exhibited various degrees of tissue damage.

Heart tissue sections obtained from birds that received 5-
mg CuO-NPs showed mild pericarditis characterized by con-
gestion, edema, and minimum inflammatory cell infiltrations
within the pericardium and extended to the myocardium (Fig.
4a). Cardiac muscle fibers showed a mild to moderate degree
of cytoplasmic vacuolization (Fig. 4b). Heart sections obtain-
ed from birds receiving 15-mg CuO-NPs showed moderate
degeneration and necrosis of cardiac muscles associated with
extensive congestion and inflammatory edematous exudates
in between muscle bundles (Fig. 4c). Myofibers showed loss
of cross striations and fragmentation. There was a loss of
muscle fibers with intercellular edema and hemorrhage (Fig.
4d).

Muscle tissue sections obtained from birds receiving 5-mg
CuO-NPs showed normal histological structures (Fig. 4e) to
mild pathological alterations. There was moderate interstitial
edema making a dispersion of muscle fibers associated with a
mild degree of degeneration and necrosis of muscle cells (Fig.
4f). Muscle sections of the 15-mg CuO-NPs-receiving group
showed moderate to severe pathological alterations. Muscular
atrophy was the most prominent lesion observed and charac-
terized by reducing the size of muscle fibers and bundles. Loss
of muscle fibers associated with extensive lipidosis was an-
other pathological finding which manifested by replacement
of necrotic muscle fibers by fat (Fig. 4g). Toxic myopathywas
also observed in most sections and characterized by swelling
and fragmentation of multiple muscle fibers with minimum
inflammatory reactions (Fig. 4h). Necrotic cells become en-
larged, more eosinophilic, and mostly surrounded by hallo
zone.

Liver tissue sections of birds receiving 5-mg CuO-NPs
showed minimum granular and vacuolar degeneration with
individual cell necrosis (Fig. 5a). Liver sections obtained from
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birds receiving 15-mg CuO-NPs noticed focal areas of hepa-
tocellular necrosis with mononuclear inflammatory cells infil-
trations throughout the hepatic parenchyma (Fig. 5b). The
necrotic cells become swollen and appearedmore eosinophilic
with pyknotic or lytic nuclei. There was diffuse hepato-
cellular cytoplasmic vacuolization associated with indi-
vidual hepatocellular necrosis in most sections (Fig. 5c).
Large multifocal to convalescent areas of hemorrhage
were observed in the hepatic parenchyma (Fig. 5d).

Portal tried showed hyperplasia of epithelial lining bile
ducts with moderate to severe portal lymphocytic infil-
trations (Fig. 5e). Some sections showed fibrinous
perihepatitis manifested by thickening of the hepatic
capsule by mononuclear inflammatory cells with
fibroplasia (Fig. 5f).

Spleen tissue sections obtained from birds receiving 5-mg
CuO-NPs showed normal histological structures (Fig. 6a)
while those receiving 15-mg CuO-NPs noticed mild to

Fig 1 Characterization of the prepared nanoparticles. a High-resolution
transmission electron microscope (HR-TEM) image of CuO-NPs show-
ing spherical-shaped particles with size range of about 28.8–45.6 nm. b, c

Dynamic light scattering (DLS) analysis of CuO-NPs showed: b particle
size with 36 nm and c Zeta potential 28.2 mV. dX-ray powder diffraction
(XRD) pattern analysis of the prepared nanoparticles
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moderate pathological alterations. There were moderate lym-
phoid cell depletion and lymphocytolysis in some lymphoid
follicles (Fig. 6b). Red pulp and splenic sinuses were
congested and filled with fibrin and hemosiderin pigments.

Kidney tissue sections obtained from the 5-mg CuO-NPs-
receiving group showed normal histological structures (Fig.
6c). Only a few sections showed focal interstitial inflammato-
ry cell infiltrations associated with mild to moderate granular

and vacuolar degenerations in the epithelial lining renal tu-
bules (Fig. 6d). Kidney sections obtained from birds receiving
15-mg CuO-NPs showed moderate to severe degeneration
and necrosis of renal tubular epithelial cells with severe inter-
stitial hemorrhage and inflammatory cell infiltrations (Fig.
6e, f).

Microscopic lesion scoring of different organs in different
groups is summarized in Fig. (7a–e). The highest lesion score

Fig. 2 The effect of CuO-NPs on mean body weights, FCR, antibody
titers against ND and AI viruses. Bar charts representing a mean body
weights, b food conversion ratio (FCR), c anti-ND vaccine antibody
titers, d anti-AI vaccine antibody titers, e serumMDA levels, and f serum
CAT activity of birds in different experimental groups. Values were

presented as mean ± SEM. (n = 5 birds/group). Values with different
letters within the same column considered significantly different at p ≤
0.05. ND, Newcastle disease; AI, Avian influenza virus; MDA,
malondialdehyde; CAT, catalase
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observed in all the examined organs in the group received 15-
ppm CuO-NPs compared with the control group.

The Effect of CuO-NPs on DNA Fragmentation Assay

Significant increases in DNA fragmentation percentage were
recorded in the group receiving 15-mg CuO-NPs compared
with the control group. There was no significant difference in
DNA fragmentation in the 5-mg CuO-NPs-receiving group
compared with the control group (Fig. 7f).

The Effect of CuO-NPs on Copper Contents in
Different Organs

The significant increase in Cu contents of muscle, the heart,
and liver were recorded in the group receiving 15-mg CuO-
NPs, not observed in the 5-0mg CuO-NPs-receiving group,
compared with the control group. There was no significant
difference in Cu contents of the spleen in CuO-NPs-
receiving groups either at 5 mg or 15 mg compared with the
control group (Fig. 7g).

Fig. 3 Histopathological examination of different tissue sections stained with H&E in control group showing normal histological structures. a Cardiac
muscle. b Muscular tissue. c Liver. d Spleen. e Kidney tissues
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Discussions

Copper and copper oxide nanoparticles are considered potent
antimicrobial and growth-promoting materials that can be
used as an alternative antibiotic and additives in animal and
poultry feed [31]. However, by increasing the use of either
Cu-NPs or CuO-NPs for medical purposes, the risk of their
hazardous effects increased extensively [32]. A more recent
study reported the antibacterial effect of CuO-NPs against
chickens-gram-positive and gram-negative microbes includ-
ing E. coli, Pseudomonas aeruginosa, Bacillus subtilis, and
Staphylococcus strains [33]. However, data regarding the cy-
totoxicity and genotoxicity of CuO-NPs in poultry is still un-
clear due to a lack of knowledge and researches covering this
point. Therefore, our study performed to investigate the effect
of CuO-NPs either at low or high doses on the oxidative stress,
antibody titers, DNA, histological structures of skeletal mus-
cle, and some edible organs. The cytotoxicity induced by
CuO-NPs may be due to increasing Cu ions level in different
tissues and organs, highly reactive, porosity, and high affinity
for various biological substances [34, 35]. Because of their
small size, NPs able to penetrate cell and organelle mem-
branes, block ion channels, hinder enzyme proteins, and inter-
act with DNA resulting in DNA fragmentation which stops
the vital functions of cells. These procedures can prompt cell
and tissue damage and generate oxidative stress with the en-
tirety of its results [36, 37]. In addition to Cu levels in organs
may go about as toxic reservoirs, our findings demonstrated
that the main organs influenced by the CuO-NPs in chickens
were breast muscle, the heart, liver, and kidneys which
showed extensive pathological lesions and were well correlat-
ed with the increasing of Cu levels. Several recent studies
confirmed that CuO-NPs are dissolved in acidic conditions
such as in the gastric phase but cannot dissolve in the small

intestine (pH 7) [38]. CuO-NPs could aggregate within the
small intestine causing the toxic effect of enterocytes, and it
can cross the intestinal wall and distribute into the blood,
brain, heart, kidney, spleen, liver, and intestine causing several
cytotoxicities [39].

In the present study, weekly oral administration of 15-mg
CuO-NPs harmed the growth performance of broiler chickens.
It has been reported that high doses of Cu-NPs caused signif-
icant digestive function disorder and induced significant
growth inhibition [40]. This point supports our finding of the
reduction of BWT and FCR in the group receiving 15-mg CuO
NPs. Moreover, the weekly oral intake of 15-mg/kg-bwt CuO-
NPs in broilers had a deleterious effect on the oxidant/
antioxidant capacity of broiler chickens. There was a signifi-
cant increase in MDA levels. Moreover, our results were in
agreement with previous findings that suggested that the toxic-
ity of CuO-NPs mediated through ROS generation and oxida-
tive stress [41]. It was documented that CuO-NPs induced
dose-dependent oxidative stress not only by the generation of
ROS but also by lowering antioxidants like SOD and catalase
levels. Several studies reported that high levels of copper ions
in the blood and different organs could increase ROS genera-
tion prompting oxidative DNA and RNA damage [42]. ROS
overproduction has been appeared to cause lipid and protein
peroxidation, decline cytochrome C oxidase activity, and mito-
chondrial dysfunction, followed by organ and tissue damage
[43]. It has been reported that CuO-NPs are profoundly poison-
ous in contrast with bulk Cu and other metal oxide nanoparti-
cles [44]. Several previous in vitro studies demonstrating that
CuO-NPs cause oxidative damage in various cell lines such as
mouse BALB 3T3 embryonic cells [45], human HaCaT
keratinocytes [46], human A549 lung epithelial cells [47, 48],
human HEp-2 airway epithelial cells, and HepG2 cells [49].
Whenever ROS generation overpowers the cells’ antioxidant
ability to kill free radical formation, oxidative stress happens as
a result of oxidants accumulation in the cell [50]. Consequent to
the ascent of oxidative stress in cells, several toxicological out-
comes happen including peroxidation of cell membrane lipids,
depletion of antioxidants, and DNA damage [51].

The cytotoxic effects of CuO-NPs in different tissues and
organs were investigated via histopathological examinations
and revealed dose-dependent pathological alterations in breast
and thigh muscles and all the examined organs (heart, liver,
kidneys, and spleen) in groups receiving CuO-NPs either at
15 mg or 5 mg. The most prominent lesions observed were
cellular cytoplasmic vacuolization, swelling, necrosis, hemor-
rhage, and mild to moderate degree of inflammation. The
observable pathological lesions in different tissues and organs
may be related to oxidative stress induced by NPs and related
to increasing Cu levels which are considered toxic to cells and
tissues. The tendency of NPs to create free radicals is the most
essential one involved in the mechanism of NPs toxicity [52,
53]. It might bring about oxidative stress, inflammation, and

�Fig. 4 Histopathological examination of cardiac and muscular tissue
sections stained with H&E in different treated groups. a–d
Photomicrograph of heart tissue sections representing a, b 5-mg CuO-
NPs-receiving group showing a mild pericarditis characterized by con-
gestion (arrow), edema, and few inflammatory cells (star) infiltration with
moderate vacuolar degeneration (triangle) of cardiac muscle cells. b
Higher magnification showing cytoplasmic vacuolization (arrow) in the
cardiac muscle with individual cell necrosis (triangle). c–d 15-mg CuO-
NPs-receiving group showing c severe toxic myocarditis characterized by
extensive degeneration and necrosis of cardiac muscle (arrow) with mild
to moderate inflammatory cells and exudates mainly fibrin (stars) in be-
tween muscle fibers. d Extensive interstitial hemorrhage (arrow) with
sparse cell necrosis of cardiac muscle (triangle). e–h Photomicrograph
of muscle tissue sections representing e–f 5-mg CuO-NPs-receiving
group showing e apparently normal muscle fiber with sporadic cell ne-
crosis (arrows). fModerate interstitial edema (star) causing dispersion of
muscle fibers (arrow). g–h 15-mg CuO-NPs-receiving group showing, g
extensive interstitial lipidosis (stars) with severe widening of the gap
between muscle fibers (arrows). h Moderate to severe degeneration and
coagulative necrosis (arrows) of myocytes and the cells become swollen,
more eosinophilic, and surrounded with halo zone (triangle)
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subsequent damage to proteins, cell and cytoplasmic organ-
elles membranes, and DNA structures [48, 54]. Indeed, the
hepatic lesions in the group receiving 15-mg CuO-NPs were
extensively severe and possibly alter their functions. CuO-
NPs get accumulated in the liver, site of detoxification, and
Cu metabolism and alter the normal homeostasis of minerals
resulting in vacuolar degeneration, necrosis, and rupturing of

hepatocytes followed by hemorrhage [55]. The noticed
tubulointerstitial nephropathy is related to the accumulation
of toxic substances due to failure in the filtration of it through
glomeruli [56]. Our histopathological results agreed with sev-
eral previous studies that confirmed the cytotoxic effect of Cu-
NPs and their oxidizing form on histological structures of
different organs mainly the liver and kidneys in different

Fig. 5 The effect of CuO-NPs on the pathological pictures of liver tis-
sues. Photomicrograph of liver tissue sections stained with H&E
representing a birds from group receiving 5-mg CuO-NPs which showed
mild hepatocellular cytoplasmic vacuolization (triangle) with sporadic
cell necrosis (arrows). b–f Group receiving15-mg CuO-NPs showing b
focal to coalescent interstitial mononuclear cells infiltrations (stars). c

Severe diffuse hepatocellular cytoplasmic vacuolization. d Large focal
to convalescent area of hepatic hemorrhage (star) with lymphocytic cells
infiltration (arrows). e Portal tried showingmoderate congestion, lympho-
cytic cells infiltration (star) and hyperplasia of epithelial lining bile duct
(arrow). f Hepatic capsule showing severe fibrinous perihepatitis (star)
with atrophy of the surrounding hepatocytes

Morsy et al.



models of experimental animals [57]. Our pathological studies
were supported byDNA laddering assay and revealed increas-
ing in DNA fragmentation percent in the 15-mg CuO-NPs-
receiving group followed by 5-mg CuO-NPs-receiving group
compared with the control group.

Our results revealed a significant reduction in antibody
titers of both ND and AIF in the group receiving 15-mg/kg-
bwt CuO-NPs compared with other groups indicating an im-
munosuppressive effect of the high dose of CuO-NPs on
chickens. NPs can react with several biological

Fig. 6 Histopathological examination of splenic and renal tissue sections
stained with H&E in different treated groups. a, b Photomicrograph of
spleen tissue sections representing a 5-mg CuO-NPs-receiving group
showing normal histological structures. b 15-mg CuO-NPs-receiving
group showing mild to moderate lymphocytolysis with numerous num-
bers of tangible macrophages (arrows) within the lymphoid follicles of
the white pulps. c–f Photomicrograph of renal tissue sections representing
c, d 5-mg CuO-NPs-receiving group showing c normal histological

structures. d Focal interstitial inflammatory cells infiltrations (star) with
moderate cytoplasmic vacuolization of renal tubular epithelium (arrows).
e, f 15-mg CuO-NPs-receiving group showing e moderate interstitial
hemorrhage (arrows) and inflammatory cells infiltration (triangles). f
Higher magnification showing interstitial hemorrhage (stars) with cyto-
plasmic vacuolization (arrows) and necrosis (triangles) in some of the
epithelial lining renal tubules
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components of the immune system, enhancing cell signal-
ing cascades, and subsequently resulted in altered immune
responses (activation or suppression) and even harmful
outcomes. The spleen assumes a significant role in regu-
lating the innate and adaptive immune response through
the elimination of pathogenic microorganisms, immune
response to vaccines, and immune surveillance [58]. Our
pathological examinations showed moderate to severe
lymphocytolysis and lymphoid depletion in most of the
splenic follicles in the group receiving 15-mg CuO-NPs
indicating immunosuppression status. Various experimen-
tal studies confirmed the role of the immune system is
reacting to metallic NPs [59, 60]. NPs can initiate ROS
overproduction through interaction with cellular compo-
nents and activation of pro-inflammatory cytokines lead-
ing to immune system imbalance [61, 62]. A recent study
has indicated that Cu-NPs and CuO-NPs were noticed to
decline the numbers of T-helper and T-cytotoxic cells
suggesting the imbalance of cellular immunity [63].
Nano-Cu at different forms additionally affected the quan-
tities of B and NK cells which significantly diminished as
well as the expression level of antibodies for IgA, IgG,
and IgM were also significantly decreased.

Conclusions

Weekly oral intake of CuO-NPs to broiler chickens causes
severe pathological alterations of muscle and different edible
organs which correlated with increasing Cu levels as well as
DNA fragmentation due to oxidative stress. Oxidative stress
plays an important role in the mechanism of CuO-NPs cyto-
toxicity and genotoxicity in broilers. Furthermore, the weekly
intake of CuO-NPs to broilers either at low or high doses
neither improves growth performance nor immune status.
Otherwise, high doses of CuO-NPs seriously interfered with
cellular and humoral immune functions in broilers manifested
by reducing in the antibody titers against ND and AIV togeth-
er with remarkable lymphoid depletion of the splenic white
pulps, which will also lead to decreased disease resistance in
broiler chickens. Therefore, we didn’t recommend the use of
CuO-NPs as feed additives to broiler chickens even at low
doses.
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