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ARTICLE INFO ABSTRACT 

Keywords   Escherichia coli causes a significant threat to poultry, particularly with the rise of antibiotic 

resistance. This study investigated the protective and therapeutic efficacy of silver 
nanoparticles (Ag NPs) and zinc oxide quantum dots (ZnO QDs) in mitigating E. coli-

induced hepatorenal lesions in broiler chicks. Eighty specific pathogen-free broiler chicks 
were divided into eight groups, including negative and positive controls, and preventive and 

therapeutic nanoparticle protocols. On Day 14, chicks were challenged with 1 × 108 CFU/ml 

of E. coli O78, and either Ag NPs (0.5 mg/kg) and ZnO QDs (80 mg/kg) was administered 
orally before (prevented groups, from day 8 to day 22) or after (treated groups, from day 16 

to day 22) induction of infection. Histopathological scoring, morphometric analysis of 

inflammatory areas, and biochemical assays were used to assess tissue damage and organ 
function. Histopathological examination revealed severe hepatorenal lesions in the E. coli-

infected group, including multifocal necrosis, hydropic degeneration, and inflammatory 

infiltration. Tubular epithelial degeneration and nephritis were prominent in the kidneys. 
Histopathological scoring declared that chicks treated with Ag NPs and ZnO QDs showed 

significantly reduced lesion severity. Inflammatory areas in the liver and kidneys were 

markedly diminished in the treated groups compared to the infected control. Biochemical 
analyses supported these findings, showing improved liver enzymes, creatinine, and uric acid 

levels, indicating liver and kidney functions restoration, and suggesting potent protective or 

therapeutic effects. In conclusion, Ag NPs and ZnO QDs significantly mitigated E. coli-
induced hepatorenal damage and offered a promising alternative to traditional antibiotics in 

poultry. 
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1. INTRODUCTION 

 
Escherichia coli infections in poultry, particularly in chicks, 

present a significant challenge in both veterinary and 

human public health sectors. Escherichia coli, a common 

gut inhabitant, can cause severe extraintestinal diseases, 

leading to high mortality rates and substantial economic 

losses in the poultry industry (Joseph et al., 2023). Avian 

pathogenic E. coli is manifested in localized infections such 

as yolk sac infection, peritonitis, salpingitis, and cellulitis, 

or systemic infections such as coli-septicemia, pericarditis, 

air-sacculitis, coli-granuloma, and arthritis (Panth, 2019). 

Among the various health complications, hepatorenal 

lesions are of particular concern due to their critical role in 

detoxification and metabolic processes in birds (Joshua et 

al., 2022). These lesions often result in reduced growth 

rates, poor feed conversion, and increased susceptibility to 

other diseases (Nolan et al., 2020). The pathogenesis of 

these lesions involves bacterial invasion and the subsequent 

inflammatory response, often leading to tissue damage and 

organ failure (Hu et al., 2022). Current treatment strategies 

largely rely on antibiotics; however, their overuse has led 

to the emergence of antibiotic-resistant E. coli strains, 

rendering this approach increasingly ineffective and calling 

for novel therapeutic strategies (Wibisono et al., 2022; 

Islam et al., 2023).  

In the face of growing antibiotic resistance, there is an 

urgent need for alternative treatment strategies (Koutsianos 

et al., 2021). Nanotechnology offers promising solutions, 

especially in the development of nanomaterials with 

antimicrobial properties (Hetta et al., 2023). Among these, 

nano-silver has gained significant attention. Its mechanism 

of action involves the release of silver ions, which interact 

with bacterial cell membranes and intracellular structures, 

leading to cell death (Yin et al., 2020). Furthermore, nano-

silver has been shown to disrupt bacterial DNA replication 

and promote oxidative stress within bacterial cells, making 

it a potent antibacterial agent (Ahmad et al., 2020).  

Zinc oxide quantum dots (ZnO QDs) have also emerged as 

a novel antimicrobial agent. Their unique size-dependent 

properties, such as a high surface-to-volume ratio and 

quantum confinement effects, enable effective interactions 

with microbial cells (Li et al., 2021). Zinc oxide has been 

reported to exert antibacterial activity through the 

generation of reactive oxygen species (ROS), which induce 

oxidative stress and lead to bacterial cell damage (Khan et 

al., 2024). Additionally, ZnO QDs can disrupt bacterial cell 

membrane integrity and interfere with nutrient uptake, 
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further enhancing their antimicrobial efficacy (Gangadoo et 

al., 2021; Gudkov et al., 2021). 

The integration of nano-silver and zinc oxide quantum dots 

into veterinary medicine, specifically for the treatment and 

control of bacterial diseases in chicks, represents a cutting-

edge approach. However, In vivo studies on these 

nanoparticles for E. coli prevention and treatment are 

limited. Therefore, this research focuses on exploring the 

protective and therapeutic potential of nano-silver and zinc 

oxide quantum dots against E. coli-induced hepatorenal 

lesions in chicks.  

  

2. MATERIAL AND METHODS 

 
2.1. Preparation of Silver nanoparticles (Ag NPs) 

Silver nanoparticles were synthesized by reducing silver 

nitrate with chitosan. In a typical preparation, a solution of 

chitosan (6.92 mg/mL) was mixed with silver nitrate (52.0 

mM) and stirred until homogenous. This mixture was then 

incubated for 12 hours at 95 °C, resulting in a color change 

from colorless to yellowish-brown, indicating the formation 

of silver nanoparticles. The resultant solution was directly 

used for antibacterial activity assessments. This method 

highlights the utilization of chitosan not only as a stabilizer 

but also as a reducing agent, facilitating the eco-friendly 

synthesis of silver nanoparticles with potent antibacterial 

properties (Wei et al., 2009). 

 
2.2. Preparation of Zinc oxide quantum dots (ZnO QDs) 

Zinc oxide quantum dots were synthesized using a sol-gel 

method. Initially, 0.03 mol of zinc acetate was dissolved in 

0.15 liters of absolute ethanol and stirred for 30 minutes at 

78 °C to create the precursor solution. Following this, 0.05 

mol of KOH was dissolved in 0.03 liters of absolute 

ethanol and then added to the precursor solution, with the 

resultant mixture being stirred for 5 minutes. Next, 720 μl 

of APTES (3-Aminopropyltriethoxysilane) was diluted to 

3.6 ml with ultrapure water and added dropwise to the 

mixture as a surface modifier. This mixture was then stirred 

for an additional ten minutes. Subsequently, it was 

centrifuged at 3500 rpm for 5 minutes and washed three 

times with absolute ethanol. Finally, the prepared sols were 

dried in an oven for 12 hours at 60 °C to yield the ZnO 

quantum dots (Li et al., 2021).  

 

2.3. Characterization of the synthesized nanoparticles 

The characterization of the synthesized nanoparticles 

includes the assessment of their optical properties and the 

determination of their size and shape. The UV-Vis 

absorption spectra of the nanoparticles were obtained using 

a V-730 UV-Vis spectrophotometer from Jasco. This 

instrumental analysis was crucial for determining the 

optical properties of the nanoparticles, which is an 

important aspect of their potential applications. 

Additionally, an XRD (X-ray diffraction) pattern was 

obtained using an XPERT-PRO Powder Diffractometer 

system, with a 2 Theta (20ᴼ - 80ᴼ), a minimum step size of 

0.001, and a wavelength (Kα) = 1.54614ᴼ. This analysis 

was crucial for understanding the crystalline structure of 

the quantum dots. The size and shape of the synthesized 

nanoparticles were characterized using Transmission 

Electron Microscopy (TEM). The TEM images were 

acquired using a JEOL JEM-2100 high-resolution 

transmission electron microscope (Shamhari et al., 2018).  

 

2.4. Bacterial strain isolation, identification, and counting 

Avian pathogenic E. coli isolate was obtained from the 

Bank of Bacterial strains, Animal Health Research Institute 

(AHRI), Cairo, Egypt. The strain was previously isolated 

from cases of coli-septicemia with high mortalities in 

broiler chicks, identified, and serotyped E. coli O78 

(Ibrahim et al., 2024). E. coli O78 serotype was grown 

aerobically in nutrient broth at 37◦C for 24 h before using 

as a target organism. The dose was calculated to match 1 × 

108 CFU/ml of bacterial isolate. 

 

2.5. Ethical approval  

The research was approved by the Scientific Research 

Ethical Committee, the Faculty of Veterinary Medicine, 

Benha University, under ethical approval number 

BUFVTM 08-01-24. 

 

2.6. Experimental design  

A total of 80- one-day-old specific pathogen-free (SPF) 

broiler chicks were purchased from Nile S.P.F Company, 

Faiyum, Egypt. The birds were reared in a building under 

controlled environmental conditions. The birds received ad 

libitum drinking water and feed mixtures according to the 

nutrient requirements of broilers. After an acclimatization 

period of one week, chicks were randomly divided into 8 

groups (n=10/group). The control group was kept as a 

control non-infected group. Ag NPs group (silver 

nanoparticles group) received oral administration of Ag 

NPs only at a dose of 0.5 mg/kg body weight (bw) daily 

from 8th to 22nd day of age, as described by Hassanen et al. 

(2021). ZnO QDs group (zinc oxide quantum dots group) 

received oral administration of ZnO QDs only at a dose of 

80 mg/kg body weight (bw) daily from 8th to 22nd day of 

age, as described by Li et al. (2021). E. coli group was 

challenged on 14th day of age by crop gavage with 1 × 

108 CFU/ml/bird of E. coli O78 in PBS according to the 

method described by (Abd El-Tawab et al., 2015). Ag NPs 

prevented group received 0.5 mg/kg bw Ag NPs daily from 

8th – 22nd day of age and challenged at 14th day of age. ZnO 

QDs prevented group received 80 mg/kg bw ZnO QDs 

daily from 8th – 22nd day of age and challenged at 14th day 

of age. Ag NPs treated group was challenged at 14th day of 

age and treated by 0.5 mg/kg bw Ag NPs daily from 16th – 

22nd day of age (Hassanen et al., 2021; Zaoui et al., 2024). 

ZnO QDs treated group was challenged at 14th day of age 

and treated by 80 mg/kg bw ZnO QDs daily from 16th – 

22nd day of age (Hussien et al., 2021; Shi et al., 2024). All 

birds were monitored for clinical signs and mortality all 

over the experimental period. 

 

2.7. Sampling, and necropsy findings 

Blood samples were collected aseptically from the wing 

vein at the end of the experiment. Necropsy was conducted 

on each group at 19th (n=5) and 22nd (n=5) day of age to 

observe the gross lesions of the liver and kidneys. Tissue 

Specimens were collected from the liver and kidneys of 

sacrificed chicks for bacterial re-isolation and 

histopathological examination.  

2.8. Serum biochemical assays 

Serum was subsequently obtained through blood 

centrifugation for 10 minutes at 2000 g. The collected 

serum samples were then stored at -20°C until further 

analysis. To evaluate liver and kidney function, serum 

levels of aspartate aminotransferase (AST), alanine 

transaminase (ALT) were measured as described by 

(Reitman and Frankel, 1957; Szasz, 1969), and also uric 

acid and creatinine levels were evaluated according to 

(Caraway, 1963; Di Giorgio, 1974). All measurements 

were conducted using the Clinical Chemistry Analyzer 

SBA 733 Plus (Sunostik Medical Technology Co., Ltd, 

China). 

https://www.frontiersin.org/people/u/1066002


BVMJ 47 (2) : 40-47  Abdeldayem et al. (2024) 
 

42 
 

2.9. Bacterial re-isolation 

The blood and organ (liver and kidney) tissue homogenates 

were incubated aerobically in nutrient broth at 37◦C for 24 

h before plotting on EMB agar. The isolated colonies were 

identified and serotyped according to the method described 

by Ibrahim et al. (2024).  

 
2.10. Histopathological examinations  

Tissue specimens from the liver and kidney were preserved 

in 10% neutral buffered formalin, dehydrated in ascending 

order of ethanol, cleared in xylene, paraffin-embedded, 

sliced with a microtome (5 μm), and stained with 

hematoxylin and eosin (H&E) for detection of 

histopathological alterations (Bancroft and Layton, 2019). 

Lesions in the hepatic and renal tissues were assessed using 

nominal and ordinal scoring methods. The nominal scoring 

system categorized lesions as either present or absent 

(Gibson-Corley et al., 2013), while the ordinal scoring 

system used a scale from 0 to 3, with 0 indicating no 

lesions, 1 representing mild lesions, 2 indicating moderate 

lesions, and 3 indicating severe lesions (Landmann et al., 

2021). The ImageJ software version 1.48 was used to 

quantify the extent of inflammation in digital image 

analysis. This involved enhancing the blue color channel 

and adjusting thresholds to minimize background noise, 

allowing the software to isolate the nuclei of inflammatory 

cells in the histological images. The inflammatory area was 

then measured as a percentage of the total tissue area in 

each image, with five representative images analyzed per 

bird in each experimental group. The average inflammatory 

area was calculated by determining the mean percentage 

across all five images. The Lesion Detection Frequency 

(%) was calculated using the formula: (Number of Samples 

with Lesion / Total Number of Samples) × 100. The 

Average Score was calculated using the formula: ((N0 × 0) 

+ (N1 × 1) + (N2 × 2) + (N3 × 3) / T, where N0 is the 

number of samples with no lesions (score 0), N1 is the 

number of samples with mild lesions (score 1), N2 is the 

number of samples with moderate lesions (score 2), N3 is 

the number of samples with severe lesions (score 3), and T 

is the total number of samples. The Average Inflammatory 

Area (%) was calculated by summing the percentages of 

the inflammatory areas and dividing by the number of 

images. 

 

2.11. Statistical analysis 

Data of serum biochemical liver and kidney functions were 

analyzed using one-way ANOVA followed by Tukey's 

multiple comparison test as post hoc test, with p< 0.05 

considered statistically significant. Results are expressed as 

mean ± SD. 

 

4. RESULTS  

 
3.1 Synthesis and Characterization of Silver Nanoparticles  

The typical UV–vis absorption spectra of the resulting 

solution display the characteristic surface plasmon 

resonance (SPR) band of silver nanoparticles centered at 

about 405 nm (Fig. 1A). The TEM images show the size 

and shape of the nanoparticles. The particles appear to be 

uniformly distributed with a spherical shape, which is 

consistent with the reported average size of 12 ±2 nm (Fig. 

1B). The Selected Area Electron Diffraction (SAED) image 

(Fig. 1C) reveals the crystalline nature of the nanoparticles. 

The distinct spots in the SAED pattern indicate that the 

silver nanoparticles have a well-defined crystalline 

structure, which is important for their stability and 

functional properties. 

 

 
Fig. 1 Characterization of Silver nanoparticles. (A) UV-visible spectra of silver 

nanoparticles showing the maximum absorbance (λmax) at around 405 nm, the surface 

plasmon resonance of silver nanoparticles (B) TEM image of the silver nanoparticles. (C) 

SAED pattern of silver nanoparticles have a well-defined crystalline structure. 

 

3.2 Characterization of Zinc oxide quantum dots 

The X-ray diffraction (XRD) analysis revealed a clear 

diffraction pattern with sharp peaks, indicating that the 

prepared zinc oxide had a well-ordered crystalline structure 

(Fig. 2A), it also suggested that the sample is pure and did 

not contain crystalline impurities from other materials. The 

TEM images show the size and shape of the nanoparticles. 

The nanoparticles appear to have an approximately 

spherical shape with an average size of 10±2 nm, indicating 

that they are very small and within the nanometer range. 

(Fig. 2B). The SAED image (Fig. 2C) displayed the 

concentric ring pattern, suggesting that the material had a 

polycrystalline structure, meaning the nanoparticles consist 

of many small crystals. 

 
Fig 2 Characterization of Zinc oxide quantum dots. (A) XRD pattern with sharp peaks 

and a well-ordered crystalline structure. (B) TEM image of the ZnO QDs. (C) SAED 

pattern of ZnO QDs have a well-defined crystalline structure. 

 

3.3 Clinical signs and gross lesions 

Clinical features of E. coli group include lethargy, 

anorexia, ruffled feathers, gasping, and brown diarrhea. On 

necropsy, hepatomegaly, liver and kidney congestion with 

mild fibrinous layer, and hemorrhages were occasionally 

evident on the liver surface. Interestingly, these symptoms 

and lesions were mild in other treated groups and not 

detected in the control group.  

3.4 Serum biochemistry 

The E. coli group showed significant (p< 0.0001) increases 

in the liver (ALT and AST) and kidney function (uric acid 

and creatinine) values compared to the control group 

meanwhile, Ag NPs prevented or treated groups showed a 
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significant reduction (p< 0.0001) in the liver and (p<0.001) 

in kidney function biomarkers compared to E. coli group. 

Similarly, ZnO QDs prevented or treated groups showed a 

significant decrease in the liver (p<0.0001) and kidney 

function tests, uric acid (p<0.01), and creatinine (p<0.05) 

(Fig.3). 

 
Fig. 3 Effects of E. coli, Ag NPs, and ZnO QDs on liver and kidney functions in each 

experimental group. Data was analyzed by one-way ANOVA followed by Tukey's 

multiple comparison test and p < 0.05 was statistically significant. In the liver, * P< 

0.0001 compared with control; # P< 0.0001 compared with E. coli group. In kidney, # P< 

0.0001 compared to control; ***P< 0.001; ** P<0.01; * P<.05 compared to E. coli group. 

3.5 Microscopic Examination 
3.5.1 Histopathological Examination 

 Histopathological analysis of liver and kidney tissues 

across various experimental groups demonstrated apparent 

differences in microscopic lesions. In the following groups: 

Control, Ag NPs, and ZnO QDs, at 19 days (Fig. 4 A-C) 

and 22 days (Fig. 4 G-I) sacrifices, the liver tissues 

exhibited minimal pathological alterations and preserved 

structural integrity. Hepatic lobules, central veins, and 

hepatocytes were well-organized, with hepatocytes 

presenting clear cytoplasm and distinct nuclei and no 

significant inflammatory response. Mild congestion and 

sinusoidal dilation were occasionally noted in the Ag NPs 

group (Fig. 4 B and H), while the ZnO QDs group 

displayed minor sinusoidal dilation, particularly at the 

second sacrifice (Fig. 4I); however, these changes did not 

compromise the overall liver architecture. In contrast, the 

E. coli group showed substantial liver damage at both 2 

points (Fig. 4 D-F and J-L). This group exhibited extensive 

necrosis, pronounced hydropic degeneration, and 

substantial inflammatory cell infiltration. Hepatocytes 

adjacent to necrotic zones displayed severe swelling and 

vacuolation, with these areas densely infiltrated by 

inflammatory cells forming large nodular aggregates, most 

prominent at the second sacrifice. Additionally, bile ducts 

in the E. coli group showed mild proliferation and 

periductal fibrosis.    

Among the hepatic lesions, lymphocytic cell aggregation 

was notably severe in the E. coli group, whereas the silver 

and zinc oxide nanoparticle-treated groups exhibited 

significantly less severe pathology (Fig. 5 A-H). The Ag 

NPs prevented, and Ag NPs treated groups demonstrated 

improvements (Fig. 5 A-D), showing reduced hydropic 

degeneration and vacuolation, with liver architecture 

largely preserved and less severe lymphocytic cell 

aggregation compared to the E. coli group. Similarly, the 

ZnO QDs prevented and ZnO QDs treated groups 

maintained a well-preserved liver structure with only mild 

vacuolation and minimal inflammation (Fig. 5 E-H). 

At both sacrifice points, the kidney tissues of the Control, 

Ag NPs, and ZnO QDs groups maintained normal 

histological architecture. At the first sacrifice (Fig. 6 A-C) 

and the second sacrifice (Fig. 6 G-I), glomeruli were intact 

with well-defined Bowman's capsules, and there was no 

significant expansion of the mesangial matrix. Renal 

tubules were structurally sound, with clear cuboidal 

epithelial cells and no notable luminal debris. Mild 

degeneration was occasionally observed in the Ag NPs 

group (Fig. 6 B and H), and slight tubular epithelial 

swelling was noted in the ZnO QDs group at both sacrifices 

(Fig. 6 C and I), though these changes did not affect the 

overall renal architecture. 

In contrast, the E. coli group exhibited severe kidney 

damage at both sacrifices. Glomeruli displayed significant 

injury and inflammatory cell infiltration. Renal tubules 

showed widespread degeneration, with swollen, vacuolated 

epithelial cells filled with eosinophilic debris, along with 

extensive tubular necrosis, particularly pronounced at the 

second sacrifice. Additionally, the renal interstitium was 

markedly expanded due to edema and infiltrated by 

lymphocytes. 

The Ag NPs prevented, and Ag NPs treated groups showed 

notable improvements in renal health with reduced 

pathological changes. Compared to the E. coli group, there 

were fewer instances of tubular degeneration and 

vacuolation, and the kidney structure was better preserved 

(Fig. 7 A-D). Similarly, the ZnO QDs prevented and ZnO 

QDs treated groups exhibited well-preserved renal 

architecture with minimal vacuolation and inflammatory 

infiltration (Fig. 7 E-H). 3.5.2  

 

Histopathological Evaluation  

The histopathological scoring and morphometric analysis 

showed different tissue damage and recovery patterns 

among the groups. The E. coli group had the most severe 

damage, while the control group had minimal changes. The 

silver and zinc oxide preventive and therapeutic groups 

showed varying degrees of improvement. Table (1) details 

the comparison of lesion detection frequency, severity 

scores, and inflammatory areas in liver and kidney tissues 

across all groups on the 19th and 22nd days. 

 

 
Fig. 4 Photomicrographs of liver tissue sections stained with H&E (x200) illustrating 

histopathological changes across various experimental groups at 19 days (A-F) and 22 

days (G-L). The control, Ag NPs, and ZnO QDs groups demonstrated normal histological 

architecture at both time points (A-C and G-I). However, the Ag NPs group exhibiting 

mild congestion and sinusoidal dilation (B and H), while the ZnO QDs group displaying 

minimal sinusoidal dilation, particularly at the second sacrifice (I). The E. coli group, in 

contrast, showing severe pathological changes at both sacrifices, including significant 

congestion and vacuolation of hepatocytes (arrowheads) in (D and J), focal lymphocytic 

cell aggregation (arrows) in (E and K), and fibroblast activation with perivascular and 

periductal fibrosis (Asterisk) accompanied by inflammatory cell infiltration (F and L). 

 
Fig. 5 Photomicrographs of liver sections stained with H&E (x200) from the Ag NPs 

prevented, Ag NPs treated groups at 19 days (A and B) and 22 days (C and D), and ZnO 

QDs prevented, and ZnO QDs treated groups at 19 days (E and F) and 22 days (G and 

H). The Ag NPs prevented, and Ag NPs treated groups improved liver pathology, 

especially lymphocytic cell aggregation (arrows) compared to the E. coli group, with 

reduced hydropic degeneration and preserved hepatic architecture (A-D). Similarly, the 

ZnO QDs prevented and ZnO QDs treated groups showed well-preserved liver structures 

with minimal vacuolation and inflammation (E-H), indicating effective prevention and 

treatment outcomes. 
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Fig. 6 Photomicrographs of H&E-stained kidney sections (x200) illustrate the 

histological findings for the Control, Ag NPs, ZnO QDs and E. coli groups at 19 days (A-

F) and 22 days (G-L). The control group displayed a normal histological structure with 

well-preserved renal architecture (A and G). The Ag NPs group exhibited mild 

degeneration (B and H), while the ZnO QDs group showed slight degeneration (C and I); 

however, the overall renal structure remained intact in these groups. In contrast, the E. 

coli group demonstrated severe renal lesions at both sacrifices, including extensive 

inflammatory cell infiltration (arrows) between renal tubules (D and J), glomerular 

shrinkage (arrowheads) and degenerative changes in renal tubules (arrows) (E and K), 

and necrotic alterations such as eosinophilic cytoplasm and pyknotic nuclei (arrowheads) 

(F and L). 

 
Fig. 7 Photomicrographs of kidney sections stained with H&E (x200) from the Ag NPs 

prevented, Ag NPs treated groups at 19 days (A and B), and ZnO QDs prevented, and 

ZnO QDs treated groups at 19 days (E and F) and 22 days (G and H). The Ag NPs 

prevented, and Ag NPs treated groups displayed reduced pathological changes, with 

fewer instances of tubular vacuolation (arrowheads), mild congestion, inflammatory cell 

infiltration (arrow) and preserved renal architecture (A-D). Similarly, the ZnO QDs 

prevented and ZnO QDs treated groups exhibited minimal vacuolation (arrowheads) and 

inflammation (arrow), indicating effective preventive and therapeutic effects on kidney 

tissue (E-H). 

 

 

Table 1 Comparative histopathological evaluation of lesion detection frequency, severity and inflammation areas in liver and kidney tissues across experimental groups and sacrifice periods 

Group Sacrifice 

day 

Lesion Detection 

Frequency in Liver 

Average Score 

in Liver 

Liver Inflammation Area 

Average (%) 

Lesion Detection 

Frequency in Kidney 

Average Score 

in Kidney 

Kidney Inflammation 

Area Average (%) 

Control 19th 10% 0.1 1.47 20% 0.2 0.712  
22nd 15% 0.15 1.84 20% 0.2 0.704 

Indication Minimal lesion detection frequency and very low average lesion scores with low inflammation area percentages. This indicates healthy tissue architecture and serves as a 

baseline for comparison. 

E. coli 19th 80% 2.3 7.96 90% 2.0 4.622  
22nd 85% 2.5 9.54 95% 2.3 4.16 

Indication The highest lesion detection frequency and greatest average lesion scores, with significantly elevated inflammation areas. This represents the maximum pathological state 

with severe tissue damage and inflammation. 

Ag NPs 19th 15% 0.15 1.59 30% 0.35 1.07  
22nd 25% 0.25 1.72 35% 0.4 1.08 

Indication Minimal pathological changes for assessing the effectiveness of silver nanoparticle treatment. 

Ag NPs 

prevented 

19th 55% 0.9 2.55 60% 0.95 1.788 

 
22nd 45% 0.7 2.66 50% 0.75 1.8 

Indication Moderate lesion detection frequency and mild average lesion scores, with moderate inflammation areas. This indicates a preventive effect with a significant reduction in 

pathology compared to E. coli group. 

Ag NPs 

treated 

19th 45% 0.8 2.47 40% 0.75 1.97 

 
22nd 35% 0.65 2.54 45% 0.85 1.84 

Indication Reduced lesion detection frequency and average lesion scores, with decreased inflammation areas. These results suggest effective treatment, showing better outcomes 

than prevention at the first sacrifice. 

ZnO QDs 19th 5% 0.05 1.13 10% 0.1 0.926  
22nd 5% 0.05 1.47 15% 0.15 0.984 

Indication Minimal pathological changes, even lower than control group, suggesting a potential protective effect. 

ZnO QDs 

prevented 

19th 35% 0.5 2.66 45% 0.65 1.854 

 
22nd 40% 0.55 2.79 30% 0.35 1.886 

Indication Decreased lesion detection frequency and average lesion scores, with moderate inflammation areas. This suggests a preventive effect more effective than Ag NPs 

prevented group at the first sacrifice. 

ZnO QDs 

treated 

19th 25% 0.25 2.58 30% 0.35 1.836 

 
22nd 30% 0.35 2.62 30% 0.4 1.79 

Indication Exhibited reduced lesion detection frequency and average lesion scores, with lower inflammation areas. These results indicate pronounced treatment effectiveness, 

surpassing the preventive effect. 

 

4. DISCUSSION 
 

The growing resistance of bacterial strains to traditional 

antibiotics has driven the search for alternative 

antimicrobial solutions. In this regard, nanotechnology has 

emerged as a promising field, with different nanoparticles 

demonstrating potent broad-spectrum antimicrobial effects 

(Patra, 2019). The application of nanotechnology in poultry 

and animal nutrition offers considerable potential due to its 

distinct advantages. Notably, nanoparticles are more 

efficiently absorbed through the digestive tract compared to 

larger particles, enhancing their effectiveness (Swain et 

al.,2 021).  Additionally, nano-additives can be easily 

incorporated into natural feed components, such as protein 

capsules, micelles, and other matrices, to augment their 

nutritional and therapeutic qualities (Gelaye, 2024). 

Escherichia coli infections represent a major issue in 

poultry due to their high morbidity and mortality, which 

result in significant economic losses (Kathayat et al,2 021). 

The pathogenesis of E. coli-induced hepatorenal lesions 

involves bacterial invasion followed by inflammatory 

responses, ultimately leading to tissue damage and organ 

dysfunction (Samudra et al., 2020). Therefore, this study 

aimed to assess the protective and therapeutic effects of 

silver nanoparticles (Ag NPs) and zinc oxide quantum dots 

(ZnO QDs) against E. coli-induced hepatorenal lesions in 

broiler chicks. 

In the present study, the serum biochemical analysis of the 

E. coli group showed a significant increase in liver 

enzymes (ALT and AST), creatinine, and uric acid levels 

compared to the control group as previously recorded by 

(Sharma et al., 2015). Additionally, the rise in creatinine 

and uric acid levels may result from degenerative changes 

in the renal tubules, impairing the excretion of both uric 

acid and creatinine, and subsequently leading to their 

accumulation in the bloodstream (Kaneko, 1980). These 

findings were confirmed by the histopathological 

degenerative changes observed in both the liver and kidney. 

The administration of Ag NPs and ZnO QDs significantly 

enhanced liver and kidney function tests in treated broiler 

chicks. The serum levels of liver enzymes AST and ALT 

were markedly reduced in Ag NPs prevented, Ag NPs 

treated, ZnO QDs prevented, and ZnO QDs treated groups 

compared to the E. coli group, indicating reduced liver 

damage and improved hepatic function. These biochemical 
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findings were consistent with the histological observations, 

suggesting that the nanomaterials effectively alleviated 

liver injury and restored normal hepatic function (Hassanen 

and Ragab, 2021; Li et al., 2021). Similarly, kidney 

function tests demonstrated an improvement in creatinine 

and uric acid levels in all prevented and treated groups 

compared to the E. coli group. However, in contrast to the 

histological examination results, the ZnO QDs prevented 

and ZnO QDs treated groups exhibited less reduction in 

both creatinine and uric acid levels than the Ag NPs 

prevented, and Ag NPs treated groups. This inconsistency 

between histological and biochemical findings aligns with 

the results reported by (Hassan et al., 2021). 

In the current study, E. coli group exhibited severe 

pathological changes in the liver and kidneys, including 

extensive multifocal areas of inflammation and necrosis, 

hydropic degeneration, vacuolation of hepatocytes, Kupffer 

cell hyperplasia, vascular congestion, and inflammatory 

nodule formation. These findings are in alignment with the 

results reported by Shah et al. (2019) and Sonwane et al. 

(2019). Additionally, the renal tissue displayed severe 

injury such as tubular epithelial degeneration and extensive 

interstitial inflammation. These findings are consistent with 

the observations of Hashem et al. (2022). These 

pathological changes could be attributed to the ability of 

hepatic and renal tissues to detoxify and eliminate 

enterotoxins produced by E. coli (Sonwane et al., 2019). 

Furthermore, E. coli infection triggers an inflammatory 

response, leading to the migration of leukocytes from the 

bloodstream to the site of infection. This leukocyte 

recruitment can be considered a hallmark of bacterial 

inflammation and represents a key aspect of the immune 

system’s defense against E. coli invasion (Romero et al., 

2015). 

Both Ag NPs and ZnO QDs, administered in preventive 

and therapeutic regimens, mitigated the E. coli-induced 

hepatorenal lesions to varying degrees. Ag NPs prevented, 

and Ag NPs treated groups exhibited moderate to marked 

reductions in lesion detection frequency, lesion scores, and 

inflammation areas compared to the E. coli group, 

suggesting that Ag NPs have the potential to protect against 

and treat E. coli-induced tissue damage. The precise 

mechanisms of action of silver nanoparticles are not fully 

understood, but Bruna et al. (2021) identify and summarize 

the three most supported mechanisms of AgNPs’ 

antibacterial action according to the literature, including 

membrane damage, intracellular disruption, and the release 

of silver ions. The third mechanism suggested to occur 

concurrently with the other two, involves silver ions whose 

size and electrical charge may induce bacterial cellular 

damage and dysfunction. Furthermore, the authors 

emphasize how the nanoparticles' properties—such as their 

chemical composition, size, charge, and surface 

characteristics-affect their antibacterial efficacy. 

ZnO QDs prevented and ZnO QDs treated groups also 

demonstrated promising results, with the ZnO QDs treated 

group which showed the most pronounced therapeutic 

effect. The lesion detection frequency, lesion scores, and 

inflammation areas in the ZnO QDs treated group were 

significantly lower than those observed in the E. coli group 

and the Ag NPs prevented and Ag NPs treated groups. This 

superior performance of ZnO QDs can be attributed to their 

unique size-dependent properties, such as a high surface-to-

volume ratio and quantum confinement effects, which 

enhance their antimicrobial activity. ZnO QDs exert their 

antibacterial effects through the generation of reactive 

oxygen species, disruption of cell membrane integrity, and 

interference with nutrient uptake (Li et al., 2021). 

5. CONCLUSIONS 

 
In conclusion, both Ag NPs and ZnO QDs demonstrated 

protective and therapeutic effects against E. coli-induced 

hepatorenal lesions in broiler chicks. ZnO QDs, particularly 

in therapeutic applications, exhibited superior efficacy. 

These findings suggest that nanoparticles could serve as a 

promising alternative to traditional antibiotics in poultry. 

However, further research is needed to better understand 

their mechanisms of action and determine the optimal 

concentrations and dosages of these nanoparticles for 

effective use in veterinary medicine. 
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