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Histological Effect of Zinc Oxide Nanoparticles on Kidney 
of Japanese Quail Coturnix coturnixn

Abstract
During the last two decades, researchers interest of nanotechnology has increased, It is the main technology in the twenty-first century, as it has 
brought about many applications to diagnose and treat diseases, improve crop production, and revolutionize the poultry industry by using new tools 
in the partial treatment of diseases and improving the response of the productive performance of poultry, and this technology has entered all fields of 
different sciences, including biology, and search for the possibility of this technology to explain and treat different situations . The current study showed 
the effect of oxide zinc nanoparticles on the kidneys of quail birds. The acute treatment, by using 20 and 40 ppm concentration were dosed orally for 
three days, while the chronic treatment used 5 and 10 ppm concentration were given orally for thirty days. The results showed that the acute treatment 
cause necrosis of the renal epithelial cells, hemorrhage between the renal tubules and within the glomerulus, while the chronic treatment showed 
swelling, degeneration and necrosis of the epithelial cells lining renal tubules, with infiltration of inflammatory cells upon examination of sections 
appeared after a month of treatment. 
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Introduction

Nanotechnology is the understanding and control of matter at the 
dimensions 1 and 100 nanometers [1]. Nanotechnologies are based on 
the manipulation, control and integration of atoms and molecules to form 
materials, structures, components, devices and systems at the nanoscale, 
Nanotechnology may be able to advance environmental protection [2]. One 
of the most important applications of nanomaterial in medicine is the delivery 
of drugs, and many studies are conducted on these applications, where 
the nanoparticles work to deliver the drugs that they carry to the diseases 
[3]. Supplementation of diets with nanoparticles has been accompanied 
by pathological changes in animal tissues, primarily in the organs [4,5]. 
Among other metal nanoparticles, zinc oxide nanoparticles are important 
due to their utilization in gas sensors, biosensors, cosmetics, drug-delivery 
systems, and so forth [6].

Japanese quail, the smallest farmed avian species, is becoming 
popular in commercial poultry sector for meat and egg production. Distinct 
include rapid growth, early sexual maturity resulting in short generation 
interval, high rate of egg laying [7]. Japanese quail have been reported 
to be more resistant to common poultry diseases [8]. Quail farming may 
be an alternative to chicken and ducks due to its immense potentiality for 
meat and egg production, and used as laboratory animals similar to mice 
and rats [9,10].

Materials and Methods
Animals

The source of quail birds and their breeding method: Fifty quail 
birds were obtained from the Faculty of Agriculture, Department of Animal 
Production at the University of Mosul, where the birds were raised in cages 
suitable for quail birds, and the animals replaced three weeks for adaptation. 
The birds were divided randomly into five groups distributed into five cages; 
ten birds were placed in each cage [11].

Experimental design: Oxide zinc nanoparticles, was purchased from 
(Oma International Trading Authorized Partner of Sigma Germany) at size 
5 nm. The birds were treated with two treatments, the acute treatment (20 
and 40 ppm) concentrations for three days, while Chronic treatment (5 ppm 
and10 ppm) concentrations of zinc oxide nanoparticles for thirty days [12]. 
In addition to the control group that was dosed daily with distilled water and 
the groups were divided as follows:

 The first and second group is considered the acute treatment group, 
which treated with the concentration of 20 and 40 ppm at the dose 
respectively, by oral administration dosed for three days.

The third and fourth group is considered as chronic treatment group, 
with the concentration of 5 and 10 ppm was orally dosed for a period of 
thirty days.

The fifth group considered as the control group, oral treated with 
distilled water for thirty days.

 The laboratory animals were dosed orally with 0.5 ml daily in the 
morning, and the water was raised at night. The animals were sacrificed 
after three days of dosing and thirty days after dosing. The birds were 
dissected, the kidney organ was taken with caution, and the organ was 
fixed with neutralized buffer formalin 10%. The histological sections were 
made, and by using routine method for preparing the microscopic slides, 
and examined by light microscope [13].

Histopathological Results

The control group showed the normal tissue of kidney which contains 
the glomeruli and renal tubules lined by the simple cuboidal epithelial tissue 
(Figure 1a). The vast majority of epithelial cells lining the renal tubules had 
significant degeneration and swelling which lead to stenosis lumen (Figure 
1b). As for The histological lesions in renal glomeruli characterized by 
expansion of the Bowman’s space which appear as a result of shrinking 
ofmesengial cells of the glomerulus (Figure 1c), these histological 
changes also showed a difference in size of glomeruli (Figures 1d and 
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1e). Hemorrhage was observed. The histopathological examinations clarify 
differences pathological changes between acute and chronic treatment, 
which characterized by vascular changes include blood vessels congestion, 
sever interstitial hemorrhage, reduced renal damage revealed by less 
degenerative and necrotic lesion in tubular epithelium compared with 
control group (Figures 2a and 2b). While the 40 ppm showed more severe 

pathological effects, like necrosis with pyknosis nuclei of renal epithelial 
cells, narrowing of Bowman’s space was noticed (Figure 2c), and increased 
hemorrhage and stealth of red blood cell between the urinary tubules and 
glomerulus and the basement membrane is damage. While the chronic 
treatment the emergence of slight infiltration of inflammatory cells between 
the renal tubule (Figures 2d and 2e).

Figure 1. Photomicrograph (1): After three days, showing histological structures through kidney of Coturnix Coturnix to different concentrations of zinc oxide nanoparticles 
(a) showed control group, Glomerula (G) and renal Tubules (T); (b) showing Cloudy Swelling (CS) hemorrhage (); (c) Sloughing of epithelial cells (S) (40x); (d) and (e) 
hematoxyylin and eosin stain (10x).

Figure 2. Photomicrograph (2) after 30 days, showing histological structures through kidney of Coturnix Coturnix to different concentrations of zinc oxide nanoparticles (a) 
showed control group, Glomerula (G) and renal Tubules(T); (b) showing hemorrhage (); (c) and (d) infilteration (); (e)  hematoxyylin and eosin stain (40x).
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Discussion 

effectiveness in different of organism and studies has shown the effect 
of different nanomaterials to determine the negative and positive effects 
and develop their horizons. The current results showed the histopathology 
changes of zinc oxide NPs on the kidneys of birds that dosed for three 
days at 20 and 40 ppm, and the emergence of severity of damage and 
hemorrhage between renal tubules, while the cells lining urinary tubules 
swelling and necrosis when treated with 5 ppm and 10 ppm during the month. 
This may result from cell damage to increased oxygen stress which shares 
their strong ability to stimulate increased production of Reactive Oxygen 
Species (ROS), and the release of Zinc ions, inducing apoptosis [14]. As 
a study showed that treatment with ZoNP at 20, 40 and 60 mg/Kg showed 
damage but without toxicity of feeding nanoparticles in laying hens during 
55-67 weeks of age [15]. So the nanomaterial was possible application 
of animal nutrition, the addition of nanoparticles to animal diets has been 
associated by pathological changes in animal organs. Nanoparticles have 
also been found to cause inflammatory excitation, and cell death at the 
cellular level. The growing understanding of nanoparticles potential toxicity 
to animal organ and necessitates more precise research in the field [5]. 
Zinc Oxide NP among other metallic nanoparticles, are extremely valuable 
due to their applications in variety fields [6]. Dietary supplements containing 
nano composites have been associated with pathological changes in animal 
tissues. At the cellular level, nanoparticles have been found that induce 
toxicity, inflammatory excitation, and cell death that correspond with results 
finding [5]. Nanomaterials show interaction at the molecular level with living 
cells and tissues, the intake of nutritional supplements containing zinc 
oxide nanoparticles in quail birds has a harmful effect on the reproduction 
of male Japanese quail and reduces hatchability [16]. Pinho mentioned that 
zinc oxide nanoparticles have the ability to induce the production of active 
oxygen species in addition to that Zno NPs harm DNA and programmed 
cell death [17], as ZnoNps are characterized by excitation of toxicity with 
ease of entry and accumulation in the organism. Zinc oxide nanoparticles 
have raised toxicity with their ease of entry and accumulation in the 
organism some concerns and toxicity depends on the concentration and 
time of exposure, but the effects of any NP also depend on the physical 
and chemical properties  [18]. Chen that nanomaterials accumulate easily, 
and their rate of accumulation varies according to tissue type, and that 
the liver, kidneys, lung, brain, and spleen are the organs that have high 
levels of ZnO NPs [19]. Siddiqi that zinc oxide nanoparticles disintegrate 
in the cell membrane and build up in the cytoplasm where they interact 
with biomolecules, causing apoptosis, leading to cell death. And through 
the results of the researcher [16]. On the effect of nanoparticle oxide on 
quail birds. Its toxicity was evaluated in offspring of Japanese quail, fed 
by breeders with ZnONs. Zinc Nanoparticles for month days cause blood 
vessels congestion in most kidney tissues, especially in the blood vessels 
between the renal tubules, the accumulation of inflammatory cells between 
the renal corpuscles and the tubules, the necrosis of the epithelial cells 
lining the tubules, the complete loss of some renal glomeruli, the separation 
of the epithelial cells from the basement membrane and the expansion 
loosening of Bowman's capsule and enlargement of the nuclei of some 
epithelial cells lining the renal tubules. The current results are in agreement 
with the [20]. Al-Zerjawe injected 0.1 ml of nanostructured zinc oxide at a 
concentration of 150 mg/kg into the peritoneal cavity in white mice for the 
periods of 7 and 14 days [21]. The researcher stated nanoparticles under 
acute or chronic exposure can transfer and accumulate in different organs 
and tissues, leading to adverse effects or systemic toxicity, the kidneys are 
one of the main organs that are exposed they will be targeted by refractory 
nanomaterials through various methods. During exposure to engineered 
nanomaterials, the kidney may become impaired for toxicity. Studies 
have indicated that exposure of nanoparticles to the kidneys can cause 
glomerular swelling. Membrane thickening, renal tubular cell degeneration 
and necrosis. These harmful effects of nanoparticles on the kidneys may 
be related to oxidative stress, inflammation, autophagy and DNA damage. 

According to what emerged from the results, the concentration and the 
duration of exposure have a different effect on laboratory animal, and 
this is what the results agree that Zinc is an important component of the 
overall performance of the animal's body as a significant improvement in the 
growth performance of birds fed with zinc oxide-rich forage nanoparticles 
was observed from the diet [22,23]. Where 200 one-week-old Japanese 
quail was taken and distributed randomly into five treatment groups, and 
the groups were fed nano-zinc oxide at doses of 0.1, 0.2, 0.3 and 0.4 g/kg 
of diet respectively [24].

Conclusion

The kidneys are one of the main organs in the body of living things, 
and one of the most important functions of the kidneys is to drain metabolic 
wastes and external materials from the blood circulation of the whole 
body. One of the most important applications of nanomaterial in medicine 
is the delivery of drugs, and many studies are conducted on these 
applications, where the nanoparticles work to deliver the drugs that they 
carry to the diseases Supplementation of diets with nanoparticles has been 
accompanied by pathological changes in animal tissues, primarily in the 
organs.

 In this study, quail birds were dosed with zinc oxide nanoparticles 
orally to assess its potential pathological effect on birds, and based on the 
results of tissue changes it was concluded that zinc oxide nanoparticles 
are pathological chemical at determined concentration if exposed to a high 
concentration in a short period of time or at low concentrations for a period. 
This poses a danger to living organisms, therefore it is recommended to 
be careful of nanomaterials in general and zinc oxide nanoparticles in 
particular and not to be exposed to them for long periods. 
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