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 Aflatoxin (AF) is considered a problematic issue in poultry farms. A novel bio-green 

synthesis nanoparticle technique is newly introduced in the poultry industry, thus this study 

aimed to investigate the harmful effects of aflatoxin on the histological structure of broilers' 

spleen as well as its toxicity on the immune system through the study of CD4+ and CD8+ 

expression and determination of the silver nitrate nanoparticles (AgNP) protective role 

against aflatoxin. Forty-five broiler chicks were divided into three groups. T1 control, T2 

birds were treated with AF 70 ppb, and T3 birds were treated with AF and silver 

nanoparticles 150 ppm for 21 days. The result of histological examination in T2 revealed 

progressive pathological alteration in the red and white pulp with regressive pathological 

lesions in the splenic trabeculae and central artery sclerosis and white pulp regeneration 

with edema and congestion in T3. The descriptive chart analysis was used for pathological 

lesions, showing that the percentages for the red pulp in the three groups were 76, 71, and 

73 and for the white pulp 24,29, and 27, respectively. Furthermore, there was a significant 

decrease of CD4+ and CD8+ expression in the splenic tissue of the broiler in T2 in contrast 

to T1 and T3. This study concluded that biosynthetic silver nanoparticles can reduce the 

histological effects and immunotoxicity of aflatoxin, and the descriptive and semi-quantity 

analysis of the histopathological lesions are essential modern methods in significantly 

evaluating the results of histological examination. 
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Introduction 

 

Aflatoxicosis is a carcinogenic and toxic condition that 

affects growth and poultry public health as a result of 

ingestion of feed that is contaminated with aflatoxins, which 

fungal agents produce as Aspergillus flavus and A. parasitics 

which are colonized in the grain and crop under high 

humidity and temperature (1,2). Aflatoxins B1(AFB1) are 

absorbed from contaminated feed through the duodenum of 

poultry and then transported via blood circulatory into the 

liver. In the liver, it transformed, under the influence of 

enzymes such as cytochrome P450, into 8,9-epoxide, which 

is a more electrophilic and highly effective metabolite and 

can bond with phospholipids, protein, and nucleic acids, 

leading to several genetic disorders in metabolic signaling, 

and cell architecture alterations (3). The lymphatic system 

(organs and vessels) has protective roles against infectious 

agents, and the spleen is the main secondary lymphoid tissue 

in all birds (4,5). The spleen plays a critical role in birds' 

immune system because avian lymphatic arteries and nodes 

are underdeveloped. The splenic T cell is an important cell 

that reflects the alignment of mature T cells in the tissue. This 

composition determines the biological activity of these 

mature T cells and ultimately affects the body's cellular 

immune function. Previous research has indicated that AFB1 

induces a harmful impact on the spleen tissue, such as 
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decreasing the number of CD4+ and CD8+T-cells and 

inducing mutation in the lymphocyte (6,7). Nanotechnology 

has attracted considerable attention for years because it has 

many vital applications in medicine, engineering, chemistry, 

physics, and biology (8). Nanoparticles have unique 

characteristics in contrast to large bulk particles, and these 

novelty features are related to the particles' variable-specific 

properties, such as morphology, size, and distribution. Silver 

nanoparticles (AgNPs) have been prepared in physical, 

chemical, and biological methods. Among the prepared 

methods, some advantages were chosen, such as the 

chemical reduction method due to synthetic nanoparticles 

without aggregation, high production, low synthesis cost, 

and easy and specific conditions. Silver nanoparticles have 

unique properties such as performance preference and 

dimensional structures, photoelectric, and catalytic 

properties, thus it has been implicated in wide applications 

in many fields (9), such as in medicine and industry such as 

antifungal (10), antibacterial (11), anti-parasite (12) and 

antiaflatoxine (13). 

Several methods have been used for inactivating, 

declining concentration, and destroying the mycotoxin, 

including chemical, physical, and recently biological ones, 

so this experiment aims to investigate the histological effects 

of aflatoxin in the spleen as well as evaluate its 

immunotoxicity on T cells (CD4+ and CD8+) through 

immunohistochemistry, furthermore study the antagonist 

activity of AgNPs on the aflatoxin in broiler as well as 

application the descriptive and semi-quantities mathematical 

methods in histological examination. 

 

Materials and methods  

 

Ethical approval 

The approval from the Scientific Ethical Committee on 

Animal Experimentation at the College of Veterinary 

Medicine, University of Mosul, UM.VET.2023.045 was 

dependent on the conduction of this study.  

 

Housing and animal management  

In this study, forty-five unsexed broiler Ross 308 chicks 

one day old were obtained from a local hatchery. They were 

then transported to a 1.5*2 m2 cage, their housing facility at 

the College of Veterinary Medicine- University of Mosul. 

The farm underwent a process of decontamination using 

formaldehyde gas, which was generated by mixing 

potassium permanganate powder with 40% formalin. The 

decontamination was carried out in a well-ventilated 

chamber, and each chamber partition was illuminated with 

200-watt electric bulbs to maintain a light and dark cycle of 

23 hours of light and 1 hour of darkness per day. A layer of 

pristine straw, measuring 4 centimeters in depth, was 

carefully spread over each cell to form a deep litter. 

Furthermore, each compartment was equipped with a 

suitable feeder and waterer supplier. The chicks were 

weighed upon their arrival at the farm. Birds were 

administered Newcastle disease and avian influenza 

vaccines via subcutaneous injection (Introvert), and they had 

free access to water and food throughout the 21-day 

experiment (14). 

 

Silver nanoparticles  

The silver nanoparticles that have been used in this study 

were obtained from the University of Mosul, College of 

Veterinary Medicine- Department of Pathology and Poultry 

Diseases; the size of AgNP was 40nm (15). 

 

The fungal strain (Aspergillus flavus)   

To obtain Aflatoxin (AFB1), the fungal strain Aspergillus 

flavus was taken from the University of Mosul, College of 

Science (16). The fungal strain was inoculated in the rice 

medium and kept in an incubator for at least two weeks at 

28°C. After that, the rice stream is heated to inhibit fungal 

growth, dried, ground, and mixed with the broiler ration (17). 

 

Experimental design  

The total number of boilers (Ros 308 = 45) was randomly 

divided into three groups (treatments), and each one of them 

was subclass into three cages, five birds /cages, as follows; 

The first group (T1): broilers were fed with basal ration for 

21 days. The second group (T2): broilers were fed with basal 

ration with aflatoxin at a dose of 70 ppb for 21 days. Third 

group (T4): broilers were fed with basal ration with aflatoxin 

at dose 70 ppb and silver nanoparticles 150 ppm for 21 days 

(18). 

 

Histopathological examination  

After a 21-day of exposure to AF, the broilers were 

anesthetized and sacrificed using the cervical displacement 

procedure; the spleen was collected from each treatment and 

fixed with formalin 10%, dehydration, clearance with 

xylene, and then embedded in wax paraffin. Tin sections of 

5 micrometers were fixed to the slide and stained with 

hematoxylin and eosin (H&E) (19). The lesions were 

categorized in table 1 (20), and the scoring assessed these 

lesions - grading system as no lesions =0, minimal =1, mild 

= 2, moderate = 3, and severe =4 (21). 

 

Descriptive chart analysis 

A point grid of (17x23) was systematically pragmatic to 

histological figures derived from five distinct slides, each 

captured at magnification 100X within every delineated 

group to assess the proportion of white and red pulps. The 

enumeration of points overlaying the areas corresponding to 

white and red pulp was executed, with a standardized total of 

391 points uniformly distributed across each evaluated 

region. Subsequently, the mean for each group was 

calculated, and the capsule and trabeculae were excluded 

(23). 
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Table 1: Immunotoxicity categories in the spleen of the 

broiler with aflatoxicosis (22) 

 

Reaction 
Descriptive 

splenic area 
Lesions criteria 

Progressive  

Peri arteriolar 

lymphoid 

sheath 

Decreases or increased 

(size, number of 

follicles and 

lymphocytes) 

Marginal zone 

Decreases or increased 

(size and number of 

lymphocytes) 

Red pulp 
Increased hematopoietic 

cell 

Regressive 

Follicles 

Decreases or increased 

(no of lymphocytes and 

germinal centers) 

Architecture 
Increase fibrosis and 

necrosis 

 

Immunohistochemical analysis  

Al-Ali and Al-Sabaawy (24) reported the 

immunohistochemical procedure involving thin sections of 

the spleen were affixed onto a layered polylysine glass slide, 

which was then stained with a monoclonal antibody specific 

for CD8+ (anti-rat) and CD4+ (anti-rat CD4+, Novocastra, 

RTU-CD4-1F6, Cat. Number PA0427). The product called 

the CD8+ antibody from Novocastra is ready to use and has 

the catalog number PA0183. The severity of 

immunohistochemical staining can be scored as usual or 

negative (-), mild (+), moderate (++), and severe (+++) (25). 

 

Statistical analysis 

Every experiment was run three times, and the mean and 

standard deviation of the findings were reported. The t-test 

was used to determine how the research factors affected the 

biofilm. The statistical analysis was conducted utilizing 

SPSS version 26. When P≤0.05, the differences were 

deemed significant (26). 

 

Results 

 

Histopathological examination 

The microscopic examination revealed normal splenic 

structure (Figure 1) and the histologic criteria in the spleen 

of broiler exposed to aflatoxin at 70 ppb for 21 days; these 

criteria ranged from circulatory disturbances, cell injury, 

proliferation, depilation with cell alteration. The 

pathological lesions involve mild edema with red pulp 

degeneration. There was a minimal foamy arteriolar wall 

with severe depletion of the periarteriolar sheath (Figure 2). 

Furthermore, there was congested red pulp and necrosis in 

the splenic trabeculae (Figure 3), and other mild histological 

alterations in the spleen were fibroblast proliferation which 

leads to thickening of trabeculae as well as minimal 

degeneration of tunica intima of the trabeculae arterioles 

(Figure 4). Furthermore, minimal vascular disturbances 

characterized by sclerosis of the central artery with moderate 

dilatation of venous sinuses (Figure 5). Histological 

examination of the spleen in the broiler with aflatoxin (70 

ppb) and silver nanoparticles (150 ppm) for 21 days reveal 

moderate white pulp regeneration, mild edema, and venous 

sinuses congestion (Figure 6). 

 

 
 

Figure 1: Histological examination of normal splenic 

structure in the broiler, white and red pulps (WP and RP), 

respectively, Central artery (Ca) and Periarterial lymphoid 

sheath (PAL), H&E, 100X 

 

 
 

Figure 2: Histological examination of the spleen of a broiler 

exposed to aflatoxin (70 ppb) for 21 days reveals red pulp 

degeneration (black dot arrow), foamy arterial wall (black 

arrow), depletion cells of the periarterial sheath (red dot 

arrow), and edema (red arrow), H&E, 100X.  
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Figure 3: Histological examination of the spleen in the 

broiler with aflatoxin (70 ppb) for 21 days reveals red pulp 

congested (blue row) with necrosis in the splenic trabeculae, 

H&E, 400X. 

 

 
 

Figure 4: Histological examination of the spleen in the 

broiler with aflatoxin (70 ppb) for 21 days revealed fibroblast 

proliferation (black row), edema (red star), and thickening of 

the splenic trabeculae (two head black row), H&E, 400X. 

 

Descriptive chart analysis 

The descriptive chart of histopathological lesions 

revealed that aflatoxin caused more destruction in the white 

pulp, and the percentage reached 29% while the red pulp was 

71%, in contrast to the control group 24 and 76% for white 

and red pulp, respectively, while the proportion descriptive 

means for red pulp in the spleen of broiler exposed to 

aflatoxin with silver nanoparticles revealed 27% while the 

percentage of white pulp was 73% (Figure 7).  

 

 
 

Figure 5: Histological examination of the spleen in the 

broiler with aflatoxin (70 ppb) for 21 days revealed central 

artery sclerosis (black row) with dilatation of venous sinuses 

(blue row), H&E, 400X. 

 

 
 

Figure 6: Histological examination of the spleen in the 

broiler with aflatoxin (70 ppb) and silver nanoparticles for 

21 days revealed white pulp regeneration (black circle) with 

slight edema (red row), and venous sinuses congestion (blue 

row), H&E, 100X. 

 

Immunohistopathology semi quantities analysis 

The spleen serves as the immune organ. The T-cell 

subsets, including CD4+ and CD8+ lymphocytes, are located 

within the parenchyma of the spleen. The exposure to AF at 

a dose of 70ppb impacts T cell expression of both (CD4+ and 

8+) at score (+) and grade- mild. This study demonstrated 

that supplementing broilers with 150 ppm of silver 

nanoparticles resulted in an improved expression of T 

lymphocytes (CD4+ and CD8+) at score (++/ moderate) as 

shown in figure 8.  
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Figure 7: Descriptive analysis. A: proportion of white and 

red pulps in the spleen of broiler in the control group (%); B: 

proportion of both two pulps in the spleen of broiler with 

aflatoxin (%); and C: proportion of splenic white and red 

pulps of broiler treated with aflatoxin and silver 

nanoparticles (%). 

 

 
 

Figure 8: Immunohistochemistry examination revealed 

negative staining of CD4+ and CD8+ (A and D), minimal 

expression of CD4+ (B) and CD8+ (E) in the spleen of 

broiler treated with aflatoxin, mild expression of CD4+(C) 

and CD8+(F) in in the spleen of broiler treated with 

Aflatoxin and silver nanoparticles, 400x.  

 

The semi-quantities analysis and descriptive chart is the 

modern mathematical method for detection the significance 

pathological alteration between variable groups, so the 

results of this investigation demonstrate a significant 

elevation in CD4+ and CD8+ cells in the spleen (P<0.05) of 

broiler in control group 9.20 and 2.40, respectively in 

compare to first and second treatments, with a significant 

elevation in the result of semi-quantities of immune 

expression of CD4+ and CD8+ cells in the spleen of broiler 

in the second treatment 6.20 and 5.20, respectively (Figure 

9). 

 

 
 

Figure 9: Descriptive chart of aflatoxin and silver 

nanoparticles in the immune expression of CD+4 and CD+8 

lymphocytes in the spleen of broilers. 

 

Discussion  

 

Aflatoxins are a specific category of mycotoxins, the 

second metabolites formed by fungi in food. Aflatoxin B1 

(AFB1), poultry, which is very susceptible to the harmful 

effects of AFB1 and can manifest as either acute or chronic 

conditions, leading to reduced meat and egg production, 

immunosuppression, and decline resistance to diseases 

(27,28). The main typical pathological alterations were 

investigated in the spleen of the broiler at 21 days of age with 

aflatoxicosis congested and degeneration of red pulp with 

depletion cells of the periarterial sheath, edema, and 

decreased number of lymphocytes in the follicle. These 

pathological lesions are similar to the results of a previous 

study (29,30), which demonstrated blocked proliferation of 

T and B cells in the spleen of Aflatoxin broilers. The 

descriptive chart is one of the best and most recent methods 

in histopathological diagnosis; descriptive planning is one of 

the best and most modern methods of pathological diagnosis, 

as it was observed through this study the percentage of red 

and white pulp in both groups (31). 

The spleen is a vital organ in the immunological system. 

T lymphocyte subset as CD4+ and CD8+ cells are the 

primary population cells in the spleen parenchyma. The 

immunohistochemistry analysis of this study shows that the 

lymphocyte cell expression both for the CD4+ and CD8+ 

was declined in the spleen of broiler with Aflatoxicosis at 

dose 70 ppb (21). The thymus and T cells migrate to the 

spleen, undergo cell division, insight the spleen, and are 

subsequently transported to the peripheral circulation and 
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lymphatic organs. The CD4+ lymphocytes are considered 

helper/inflammatory T cells, which respond to external 

antigens in conjunction with major histocompatibility 

complex (MHC) class II molecules. On the other hand, 

CD8+ T cells respond to internal antigens in conjunction 

with MHC class I molecules and typically act as cytotoxic T 

cells. Previous studies have shown that AFB1 causes a 

decrease in the development and growth of the thymus (32). 

The results of this study investigated whether there was a 

reduction in mature splenic T lymphocytes due to dietary 

AFB1, which agreed with the result of a previous study (33). 

Thus, the decrease in the population of the T cells in splenic 

tissue may be attributed to both inhibited thymus growth and 

reduced propagation of T cells in the spleen. Several studies 

have shown that AFB1cause mitochondria injury (34,35), 

damage and loss of the integrity of the lymphocyte cell 

membranes, also causes a reduction in the RNA and DNA 

synthesis, and this causes inhibition in both migration and 

growth of T cells (36,37) and triggering apoptosis in 

splenocytes. In addition, red pulp was congestion correlated 

with a reduction in the proportions of CD4+ CD8+ T cells. 

Reports indicated that a lack of oxygen, resulting from 

congestion, significantly reduced the growth of T cells (38-

41).  

Combination of Aflatoxin and AgNPs combined with 

improvement of immune expression, the results supported by 

previous research conducted by Jasim and Al-Taee (18), 

AgNO3 can absorb aflatoxins leading to reduce the exposure 

concentrations of mycotoxins in chicks (42), also it 

considered as an effective antifungal agent that inhibits the 

growth of fungi and inhibits the production of mycotoxins. 

The unique criteria of AgNO3 nanoparticles play a vital role 

in the adsorption of aflatoxin, or the attraction with different 

charges, in addition, it has been active substances from plant 

extracts that enter the synthetic processes of nanomaterials. 

With all of these features, AgNO3 nanoparticles are crucial 

in interacting with aflatoxins activity (43), and these reasons 

support the immune improvement results in this current 

study through the improvement of gene expression of CD4+ 

and CD8+ T cells.  

 

Conclusion  

 

It is concluded from this study that the toxic effect of 

aflatoxin on the spleen leads to insight alteration 

(progressive and regressive cellular reaction). It was 

inferred, through the use of the descriptive chart analysis, 

that these alterations are progressive as depletion cells of the 

periarterial sheath, splenic arterial sclerosis, and circulatory 

disturbances and don’t cause deleterious effects in the spleen 

architecture, also from the results of this study indicates that 

aflatoxin is an immunotoxin lead to depilation of T cells. 

That silver nitrate nanoparticle is essential in reducing the 

toxic effect of aflatoxin and protective splenic tissue. 
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لعنقود  بالإضافة إلى سميته على الجهاز المناعي من خلال التعبير الجيني

التمايز الرابع والثامن وتحديد الدور الوقائي لجسيمات نترات الفضة 

النانوية ضد الأفلاتوكسين. تم تقسيم خمسة وأربعين فرخ من الفروج 

السيطرة وفي المعاملة الثانية تم معاملة  اللاحم إلى ثلاث معاملات معاملة

الثالثة تم معاملة جزء في المليون وفي المعاملة  70الطيور بالافلاتوكسين 

جزء في المليون  150الطيور بالافلاتوكسين وجزيئات الفضة النانوية 

يوماً. أظهرت نتيجة الفحص النسجي في مجموعة المعاملة  21لمدة 

الثانية تغييرات مرضية تراجعية في اللب الأحمر والأبيض مع آفات 

ي مرضية متقدمة في الحويجزات الطحالية وتصلب الشريان المركز

وتجدد اللب الأبيض مع وذمة واحتقان في المعاملة الثالثة، تم استخدام 

التحليل الوصفي للآفات المرضية إذ تبين أن النسب المئوية للب الأحمر 

 24،29،27وللب الأبيض 73، 71، 76في المجموعات الثلاث كانت 

د على التوالي. بالإضافة الى الانخفاض المعنوي في التعبير الجيني لعنقو

التمايز الرابع والثامن في النسيج الطحالي للفروج اللاحم في مجموعة 

المعاملة الثانية بالمقارنة مع مجموعة السيطرة والمجموعة الثالثة. يستنتج 

من هذه الدراسة بان جزيئات الفضة النانوية المصنعة حيويا يمكن أن 

، وان نتوكسيالنسجي والسمي المناعي لسموم الافلا التأثيرتقلل من 

التحليل الوصفي وشبه الكمي طرق حديثة ومهمة في التقييم المعنوي 

 نتائج الفحص النسجي.

 


