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Abstract 

Background: Aflatoxin B1(AFB1) had high toxicity and carcinogenecity effects on human and animals 

tissues and capable of affecting both the cellular and humoral immune responses resulting in 

impairments in cellular immunity hence decreasing the host resistance to infections. Objectives: The 

current study aimed to evaluate the effects of purified aflatoxine B1 on the expression of TGF β in liver, 

spleen and kidney of experimental mice and estimate it's concentration by using immunohistochemistry 

IHC technique. Methodology: Mature Swiss albino mice (male) were used in this study, animal were 

provided from the National Centre for Drug Control and Research /Baghdad. To study the expression of 

Transforming growth factor beta (TGF-β) in mice, sixteen mice (divided into four groups) were orally 

admenestred with (9mg/k.g.b.w., 6mg/k.g.b.w. and 3mg/k.g.b.w.) of purified aflatoxin B1 (isolated and 

extracted from Aspergillus flavus ) with control group (without any treatments) and the mice of each 

group were sacrificed after two weeks. The blood samples of the mice were collected and samples from 

liver, kidney and spleen were dissected out from each mouse. The expression of TGF β in these organs 

was estimated using immunohistochemical technique.  Results: Immunohistochemistry technique 

revealed that an increase in the expression of TGF β in mice liver, kidney and spleen in comparison with 

control group. The concentration of TGF β increased with the increase in the concentrations of purified 

AFB1 that had been given to the treated mice. The highest expression and concentrations of TGF β were 

investigated in liver, spleen and kidney respectively after treated the mice with 9m.g. /b.w. (90%) 

concentration of purified AFB1 which represented the affected toxic dose of this toxin. AFB1 at 

concentrations 6m.g/b.w. (60%) and 3m.g/b.w. (30%) also increased the expression of TGF β but lesser 

than (90%).Conclusion This study can be concluded that purified aflatoxin B1 (9mg/k.g, 6mg/k.g and 

3mg/k.g) which represented (90%, 60% and 30%) concentrations respectively were elevated the expression 

of TGF-β of mice tissues that treated with these concentrations after comparison with the control. The 

expression of TGF-β in mice organs increased with the increased in the concentrations of purified 

aflatoxin B1 using immunohistochemistry technique. AFB1 90% concentrations represented the affected 

toxic dose and had the highest effectiveness onto the expression of TGF-β in mice organs (liver, spleen 

and kidney) after treated with this aflatoxin and the highest expression of TGF-β was noticed in liver, 

spleen and kidney respectively.  Further investigations are required to evaluate the acute and /or chronic 

effect of aflatoxin B1 on other cytokines expression with determining the histopathological studies of 

acute and /or chronic effect of aflatoxin on other organs such as lung,muscles, heart, brain, spleen and 

intestine are required. 
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Introduction 

Aflatoxins are the most important widespread 

classes of mycotoxins which represent potent 

carcinogens in association with hepatitis B 

virus and responsible for many thousands of 

deaths of human mostly in non-industrialised 

tropical countries. Aspergillus flavus and 

Aspergillus parasiticus metabolite these 

mycotoxins and exist in nature world widely. 

The common aflatoxins are B1, B2, G1 and 

G2. The aflatoxin B1 is the most toxicity 

among mycotoxins followed by G1; the 

toxicities of B2 and G2 are relatively week. 

http://www.jgpt.co.in/
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Because of the high toxicity and 

carcinogenicity to human and animals, many 

countries and regulatory agencies impose 

strict limits on aflatoxins [1, 2]. TGF-β was 

originally named because of its ability to 

stimulate fibroblast growth in soft agar; but it 

can also serve as a potent inhibitor of 

epithelial cell proliferation and macrophage 

[3]. This cytokine is virtually secreted by all 

type of cells and has overlapping receptor 

usage [4]. The elevation in production and 

activation of latent TGF-β have been linked to 

immune defects associated with malignancy 

and autoimmune disorders, to susceptibility 

to opportunistic infection, and to the fibrotic 

complications associated with chronic 

inflammatory conditions.  

TGF-β1 is produced by every leukocyte 

lineage, including lymphocytes, macrophages, 

and dendritic cells, and its expression serves 

in both autocrine and paracrine modes to 

control the differentiation, proliferation, and 

state of activation of these immune cells 

.TGF-β3 was isolated from a cDNA library of 

human rhabdomyosarcoma cell line; It's 

mRNA is present in lung adenocarcinoma and 

kidney carcinoma cell lines; interestingly, 

umbilical cord expresses very high level of 

TGF-β3 [5, 6].  

The essential function of TGF-β3 in normal 

palate and lung morphogenesis and 

implicated in epithelial-mesenchymal 

interaction. TGF-β3 signaling controls a 

diverse set of functions mainly those related 

to cell proliferation, development, 

differentiation, adult hemostasis and disease 

TGF-β3 also plays an essential role in 

controlling the development of lungs in 

mammals, by regulating cell adhesion and 

Extracellular matrix  (ECM) formation; Lung 

tissue is one of the tissues that express TGF-

β3 in significant levels [7, 8]. Therefore, this 

study aimed to evaluate the effects of purified 

aflatoxine B1 on the expression of TGF β in 

liver, spleen and kidney of experimental mice 

and estimate it's concentration by using 

immunohistochemistry IHC technique.  

Material and Methods  

Aflatoxin B1 Production and Extraction  

Fungal Isolate and Preparation of Spore 

Suspension of Aspergillus  flavus Isolates  

Pure culture of a single isolate of Aspergillus 

flavus which isolated from patients with 

aspergillosis and maintained in SDA medium 

(slants and Petri dishes) sealed with parafilm.  

It placed in refrigerator at a temperature 

from 4 to 8 °C as stock culture, and every two 

months the fungi was transferred to other 

plate [9]. After the isolate was cultured on 

SDA at 28 °C for 7 days, fungal colonies were 

removed by adding 7 ml of distilled water and 

a drop of tween 80 per slant. Then the 

suspensions were prepared by gently 

agitation of the surface with a loop. The slant 

was shaken to give a uniform suspension of 

spores. The spore suspension was filtered 

through sterile gauze, and then the filtrate 

was transferred to a sterile test tube. 

Inoculums quantification was made by 

counting the spores using haemocytometer by 

added one drop of the suspension to 

haemocytometer by Pasteur pipette, spores 

were calculated under high power 40X of light 

microscope using the following equation: 

Concentration of spores / ml = X * 4 * 106 / N 

Where: 

X = total number of spore count 

N = total number of small square of 

hemocytometer 

4=number of large square of hemocytometer 

106= dilution factor 

The tubes of suspension were used to 

inoculate each 25g of substrate [10]. 

Aflatoxins Production (in Rice Medium) 

The production of aflatoxin from A. flavus was 

done according to the method described by 

[11, 12]. 

Extraction of Aflatoxins 

After incubation time, the moldy rice was 

soaked overnight with 75 ml of chloroform 

99.45% in dark place. Then, the soaked 

medium was homogenized with electric 

homogenizer for 15 min. The extracted 

solution was filtered through gauze then, 

through a Whatman No.1 filter paper. The 

residue of moldy rice was washed with 50 ml 

of chloroform, and filtered. Fractions of 

chloroform were pooled and dryness by 

evaporation was made at 50°C. The extract 

(sticky paste) stored at 4°C until use [13]. 
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Preparation of Aflatoxin Standards B1 

It was prepared by diluting in absolute 

methanol, 10mg/ml for B1. Then 100 μl 

aliquot of aflatoxin solution was mixed well in 

a 2ml vial. The mixture was diluted in series 

to 100,000 folds in water: methanol (7:3v/v) 

then stored at -70 ºC in deep freeze until 

using [14]. 

High Performance Liquid 

Chromatography (HPLC) Analysis 

This experiment was conducted as 

recommended by Horwitz [15]. It was done at 

the Ministry of Science and Technology / 

Environment and Water Research and 

Technology Directorate (EWRTD). The 

conditions for the HPLC analysis were as 

follow: 

 Instrument: Sykam- Germany 

 Analytical column: C18 (30 cm x4.6 mm) 

 Injection volume : 20 μl 

 Detection- EX :365 EM : 455 

 The mobile phase: ACN: H2O (40:60) 

 Flow rate: 1 ml/min. 

 Temperature: 30ºC. 

As mentioned in (2.1.d) the standard of 

aflatoxins B1 was dissolved in methanol and 

injected for the HPLC analysis to determine 

retention time RT and relative peak area. The 

concentrations of aflatoxins in crude extract 

were calculated according to the following 

equation: Cs.Ast= CstAs. 

CSt. = concentration of standard aflatoxin 

(ppm) 

ASt = peak area of standard aflatoxin (count) 

CS. = concentration of aflatoxin sample (ppm) 

AS. = peak area of aflatoxin sample (count) 

Determination of the Toxic Effects of 

Aflatoxins 

According to [16] and depending on the 

results of a preliminary experiment, the 9mg 

/kg b. w of aflatoxins B1 purified extract was 

determined as a toxic effect dose which 

represented 90% concentration of aflatoxin. 

From this concentration, 60% and 30% 

concentrations were also used which 

represented 6mg/kg. b.w and 3mg/kg.b.w 

respectively of purified aflatoxin B1. 

Experimental Animals 

Sixteen of Swiss albino mice (male) were 

purchased from the National Centre for Drug 

Control and Research /Baghdad were used, 

their ages were ranged (10-12) weeks. The 

mice were acclimatized for two weeks before 

treatment. They housed in plastic cages 

containing hard wood chips for bedding, in 

controlled animal house at 25± 2Cº, 4/10 

hour's light / dark cycle. The animals were 

given water and fed with suitable quantity of 

complete diet. They were housed at the 

animal house in Biotechnology Research 

Center/ Al- Nahrain University. 

Experimental Design 

The sixteen mice were orally administrated, 

divided into four groups as shown below: 

Group 1: Control in which animals without 

any treatments. 

Group 2: Animals were gavaged with purified 

extract of aflatoxins B1 (9 mg / kg b.w.) which 

(represented 90% of concentration) two times 

in a week (for two weeks). 

Group 3: Animals were gavaged with purified 

extract of aflatoxins B1 (6mg / kg b.w.) which 

(represented 60% of concentration) single dose 

daily (for ten days). 

Group 4: Animals were gavaged with purified 

extract of aflatoxins B1 (3mg / kg b.w.) which 

(represented 30% of concentration) single dose 

daily (for ten days). 

Preparation Tissues for 

Immunohistochemical Technique 

Tissue Processing and Sectioning 

Tissue processing, sectioning were carried out 

according to [17] At the end of each 

experiment, and after taking blood samples 

the mice were dissected. Samples from liver, 

kidney and spleen were dissected out, and 

washed in saline solution for removal blood.  

Then the organs were fixed in plastic 

containers containing 10ml of formalin 10 % 

for 24 hours. After that the organs samples 

were dehydrated for one to two hours in each 

ascending concentration of alcohol (70%, 90% 

and 100% v/v). The dehydrated tissues were 

cleared in xylene for one to two hours.  
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Then the samples were submerged in melting 

paraffin wax for one to two hours, left to cool 

and embedded in paraffin wax and cut by a 

microtome into section of 4-5 μm thickness. 

The sections were floated out in a warm water 

bath to lay on slides and dried on oven 50-55 º 

C. 

Estimation of TGF-β using 

immunohistochemical Technique 

Evaluation of TGF in the affected liver, 

kidney and spleen for immunohistochemical 

(IHC), the sections were deparaffinized in the 

hot air incubator at 80ºC for 70 min using 

adhesion microscope positively charged slides 

and then rehydrated in graded alcohols. At 

room temperature backed slides were 

immersed sequentially for the indicated times 

in the following solutions: Xylene for 30 

minutes, Fresh xylene for 30 minutes, 

absolute ethanol for 5 minutes, 90% ethanol 

for 5 minutes, 70% ethanol for 5 minutes, 50% 

ethanol for 5 minutes and distilled water for 5 

minutes.  

By using polyclonal anti-TGF-β antibody 

these sections were subjected to IHC 

evaluations. Cooling of slides were made for 

20 minutes at room temperature, then 

marked the edges surrounding the sections by 

a pap pen liquid blocker to avoid the 

distribution of the materials out of the 

sections during the run of the IHC staining. 

To avoid the drying of the samples the slides 

were transferred quickly to the strainer racks.  

Hydrogen Peroxide were added (enough 

drops) and blocked then incubated for 10 

minutes and washed two times in buffer then 

Protein block 20µL was applied and incubated 

for 10 minutes at room temperature in order 

to block the nonspecific background staining 

then washed one time in buffer. Primary 

antibody (anti-TGF-β) about 40μl was applied 

onto the tissue section and incubated for 30 

minutes at 37˚C in a humid chamber.  

The slides were drained and blotted gently 

and then transferred to refrigerator for 24 

hrs. After 24 hrs, the slides were placed in 

washing buffer bath for 5 min, drained and 

blotted gently, and 20μl of the secondary 

antibody (the complement) was applied onto 

the sections, and the slides were placed in a 

humid chamber and incubated at 37ºC for 10 

min, rinsed and placed in washing buffer bath 

as before, excess buffer drained and blotted 

gently. After that, 20μl of HRP conjugate was 

placed onto each section of tissue and 

incubated for 15min at 37˚C in a humid 

chamber; the slides were placed in washing 

buffer bath for 5min, drained and blotted 

gently.  

DAB Chromogen was added to DAB Substrate 

(one drop to 50 drops) then mixed by swirling, 

and then applied to tissue and incubated for 

1-10 min, then rinsed 4 times in buffer. The 

slides were immersed in a bath of Mayer's 

Hematoxylin for 1 min and washed three 

times in distilled water, 1 min each; then 

drained and blotted gently and dehydrated by 

placing the prepared slides in the following 

solutions: 50% ethanol for 5 min, 70% ethanol 

for 5 min, 90% ethanol for 5 min, absolute 

ethanol for 5 min, xylene for 5 min and fresh 

Xylene for 5 min. Finally, a drop of DPX was 

applied to the xylene wet sections and covered 

with cover slips gently to remove excess and 

air bubbles then left to dry overnight [18]. 

Evaluation of immunostaining For TGF-

β Expression 

The expression of TGF-β protein was 

measured by counting the number of positive 

cells with brown (DAB) cytoplasmic staining 

under light microscopy 40X. For the 

evaluation of TGF-β expression, 

immunostaining was assessed semi 

quantitatively using a scoring system for both 

intensity and extent of staining as shown in 

Table-1 [19].  

 

Table -1: Quantitative scoring system for TGF-β Immunostaining 

TGF-β Score Intensity Stained cells (%) 

Negative 0 No staining <10 

Positive 

 

1 Weak 10-30 

2 Moderate 31-50 

3 Strong >50 

 

Results and Discussion 

Identification of Aspergillus flavus 

The cultural characters of A. flavus on SDA 

medium after incubation at 28°C for seven 

days showed that the fungus colonies were 

green or yellowish velvety smooth or powder, 
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radial or vertical disjointed vary in 

specifications of isolation to another.  

The microscopic features of A. flavus after 

staining with lactophenol cotton blue showed 

typically radiate conidial head, later splitting 

to form loose columns, biseriate but having 

some heads with phialides borne directly on 

the vesicle (uniseriate). Conidiophore stipes 

are hyaline and coarsely roughened, often 

more noticeable near the vesicle. Conidia are 

globose to subglobose, pale green and 

conspicuously echinulate as in Figure (3-3). 

These features were identical to those which 

mentioned in the key by [20, 21]. 

Detection of the Types of Aflatoxins in 

Rice Culture Extract by High 

Performance Liquid Chromatography 

(HPLC) 

The HPLC analysis for aflatoxins in rice 

culture extract revealed that, the solvent 

system composed of ACN: H2O at ratio 

(40:60v/v) was very satisfactory, because it 

gives one peak at retention time 6.2 minutes 

for AF B2 whereas 8.5 minutes for AFB1 in 

comparison with standard aflatoxins, and the 

concentration of each was 0.06264 ppm and 

2.50503 ppm respectively as shown in figure 

(1). HPLC technique considered the method of 

choice for the analysis of a wide variety of 

compounds. Separation of a mixture into its 

components depends on different degrees of 

retention of each component in the column. 

 

Figure 1: HPLC analysis detection of standard aflatoxin B1, (B1=1.625ppm) 

Analytical column: C18 (30 cm x4.6 mm) 

Injection volume: 20 μl 

Detection- EX: 365 EM: 455 

The mobile phase: ACN: H2O (40:60) 

Flow rate: 1 ml/min. 

Temperature: 30ºC. 

 

Estimation of TGF-β using 

Immunohistochemical Technique 

Histological examination of the liver section 

from control mice showed the normal 

architecture of hepatocytes (Figure-2a) and 

the expression of TGF β from the control mice 

was shown in table (2) and recorded to be 

(75.00 ± 1.52*) while, after treatment with 

(30%, 60% and 90%) concentrations of 

aflatoxin B1 and examination of liver from 

mice treated with AFB1, results shown in 

figure (2 b,c and d) and table (2), The number 

of hepatocytes increases with the 

concentrations of aflatoxin B1 and the 

expression of TGF β increases also with the 

increase in the concentrations of the aflatoxin 

B1. The highest expression of TGF β (151.33 ± 

0.88*) was determined after treatment with 

the affected toxic dose of aflatoxin B1 (90% 

concentration) 9 mg/kg b.w.  The lowest 

concentration of TGF β (89.67 ± 1.45*) was 

estimated with (30% concentration) of 

aflatoxin B1.  
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                   A                                                                          B                                                              C    

 
  D 

Figure (2): Liver sections of albino mice (a) without any treatment (control), (b)  Mouse treated with 30% AFB1  single 

dose daily (for ten days) (H&E stain40X).  (C) Mouse treated with 60% AFB1 single dose daily (for ten days). (d) Mouse 

treated with the effected toxic dose 90% AFB1 two times in a week (for two weeks) 

 

Histological examination of the kidney section 

from control mice showed the normal 

architecture of kidney cells (figure-3a) and the 

expression of TGF β from the control mice was 

shown in table (2) and recorded to be (28.00 ± 

1.52*) while, after treatment with (30%, 60% 

and 90%) concentrations of aflatoxin B1 and 

examination of kidney from mouse treated 

with AFB1, results shown in Figure (3 b, c 

and d) and table (2), the number of cells 

increased with the concentration of aflatoxin 

B1 and the expression  of TGF β increases 

also with the increase in the concentration of 

the aflatoxin B1. The highest expression or 

concentration of TGF β (83.56 ± 0.38) was 

determined after treatment with the affected 

toxic dose of aflatoxin B1 (90% concentration) 

9 mg/kg b.w.  The lowest concentration of 

TGF B (29.03 ± 0.54) was estimated with 

(30% concentration) of aflatoxin B1.  

 

Table 2: Semi quantitative scoring system for TGF-β expression IHC in Liver, Kidney and spleen after 

mouse treated with 30%, 60% and 90% AFB1. 

Stained cells (%) 

(Mean± S.E.) 

organs Control 30% 60% 90% 

Liver 75.00 ± 1.52* 89.67 ± 1.45* 98.23 ± 0.39* 151.33  ± 0.88* 

kidney 28.00 ± 1.52* 29.03  ± 0.54* 74.33 ± 1.76* 83.56 ± 0.38 

Spleen 51.00 ± 1.52* 54.00 ± 2.08* 83.33 ± 2.40* 122.46 ± 1.30* 

 

 

       
                           A                                         B                                                C 
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Figure 3: Kidney sections of albino mice (a) without any treatment (control), (b)  Mouse treated with 30% AFB1  single 

dose daily (for ten days) (H&E stain40X).  (C) Mouse treated with 60% AFB1 single dose daily (for ten days). (d) Mouse 

treated with the effected toxic dose 90% AFB1 two times in a week (for two weeks) 

 

Histological examination of the spleen section 

from control mice showed the normal 

architecture of spleen cells (figure-4a) and the 

expression of TGF β from the control mice was 

shown in Table (2) and recorded to be (51.00 ± 

1.52*).  

While, after treatment with (30%, 60% and 

90%) concentrations of aflatoxin B1 and 

examination of spleen from mouse treated 

with AFB1, results shown in figure (4 b, c and 

d) and Table (2), The number of cells 

increased with the concentration of aflatoxin 

B1 and the expression of TGF β increases also 

with the increase in the concentrations of the 

aflatoxin B1. The highest expression or 

concentration of TGF B (122.46 ± 1.30*) was  

determined after treatment with the effected 

toxic dose of aflatoxin B1 (90% concentration) 

9 mg/kg b.w.  The lowest concentration of 

TGF β (54.00 ± 2.08*) was estimated with 

(30% concentration) of aflatoxin B1.  By 

noticing the levels or expressions of TGF β in 

the three organs of mouse as shown in table 

(2), the highest concentrations or levels of 

TGF β (151.33 ± 0.88*, 122.46 ± 1.30* and 

83.56 ± 0.38*) were determined in (liver, 

spleen and kidney) respectively, after treating 

the mouse with (90% concentration) of AFB1, 

and these results confirmed that 90% 

concentration of AFB1 represented the 

affected toxic dose of this toxin. Results also 

clarified that liver is the strongest affected 

organ with AFB1 followed by spleen and 

kidney.  
 

        
A                b                                               c 

 
d 

Figure 4: Spleen sections of albino mice (a) without any treatment (control), (b)  Mouse treated with 30% AFB1  single 

dose daily (for ten days) (H&E stain40X).  (C) Mouse treated with 60% AFB1 single dose daily (for ten days). (d) Mouse 

treated with the effected toxic dose 90% AFB1 two times in a week (for two weeks) 

 

The results of this study showed that there 

was a high expressions of TGFβ in mouse 

liver, spleen and kidney treated with 

aflatoxin b1 only due to that aflatoxin B1 has 

a range of biological activities, including a 

cute toxicity, teratogenicity, mutagenicity and 
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carcinogenicity [22], and all these may 

interfere with normal process of protein 

synthesis as well as inhibition of several 

metabolic systems thus causing damages to 

various organs especially the liver, kidney 

and heart [23, 24]. The World Health 

Organization (WHO) classifies AFB1 as a 

class 1 carcinogen [25, 26]. The extent of 

toxicity depends on the organ affected 

especially the liver.  

The lethal toxicity of aflatoxin B1 varies in 

different animals from extremely susceptible 

(Sheep, Rat, Dog) to resistant species 

(Monkey, Chicken, Mouse). However, there is 

no toxicity in humans though epidemiological 

data from studies in Africa, South Africa, 

South East Asia and India implicate 

aflatoxins in the incidence of liver cancer 

especially the hepatobiliary carcinoma and 

death of children due to malnutrition, 

kwashiorkor and marasmus [27; 28].  

Aflatoxins have been associated with various 

diseases like aflatoxicosis and other health 

problems in humans, livestock and domestic 

animals globally. All species of animals are 

susceptible to aflatoxicosis and the 

susceptibility of individual animals to 

aflatoxicosis varies considerably depending on 

dose, duration of exposure, species, age, sex 

and nutrition. AFB1, AFB2 and AFM have 

been detected in liver, gall bladder, spleen, 

heart, muscle and kidney of growing swine 

when protein and protein-free portions of the 

diet were separately fed [29].  

Aflatoxin’s cancer causing potential is due to 

its ability to produce altered forms of DNA 

adducts. The primary disease associated with 

aflatoxin intake is hepatocellular carcinoma 

(HCC, or liver cancer). Liver cancer has an 

increasing incidence that parallels the rise in 

chronic hepatitis B (HBV) and hepatitis C 

(HCV) infection [30, 31].  

Chronic infection with hepatitis B virus 

(HBV) or hepatitis C virus (HCV) can 

progress to advanced liver disease, including 

cirrhosis. Aflatoxin B1 is a potent liver 

carcinogen in a variety of experimental 

animals. It causes liver tumours in mice, rats, 

fish, marmosets, tree shrews and monkeys 

following administration by various routes. 

Types of cancers described in research 

animals include hepatocellular carcinoma 

(rats) colon and kidney (rats), 

cholangiocellular cancer (hamsters), lung 

adenomas (mice), and osteogenic sarcoma, 

adenocarcinoma of the gall bladder and 

carcinoma of the pancreas (monkeys) 

[32,34].Chronic consumption of aflatoxin-

contaminated foods has been reported to 

cause immunosuppression in both humans 

and animals worldwide [35;  36].  

In human, aflatoxins affect both the cellular 

and humoral immune responses where they 

alter immunological parameters in 

participants with high AFB1 levels resulting 

in impairments in cellular immunity hence 

decreasing the host resistance to infections. 

The exposure to aflatoxin has been shown to 

cause suppression in the immune system, 

especially in cell-mediated responses [37,38].  

Chronic exposures of individual to aflatoxins 

decrease the delayed hypersensitivity 

reactions and the phagocytic efficiency of the 

phagocytes in birds. Aflatoxins also reduce 

the cell populations of the thymus; decrease 

the bone marrow and the red and white blood 

cells count, numbers of macrophage and the 

phagocytic activity of the cells [39]. It also 

depresses the T-cell functions dependent of 

splenic lymphocytes in mice.  

Aflatoxin decreases the concentrations of 

immunoglobulins IgM, IgG and IgA in birds 

as well as decrease complement activity in 

chickens [40 and 41]. The AFB1 in low dose is 

capable to slightly decrease both mRNA and 

protein levels of lymphocytic IL-2, IFNγ and it 

preferentially affects the function of 

macrophage as well as IL-1α, IL-6 and TNF 

production by these cells [42,43]. Aflatoxin 

made suppression to the immune system 

therefore subjects the individual to high risk 

of susceptible to infectious diseases like 

parasitic, bacterial and viral infections 

[44].The transforming growth factor β (TGF-β) 

family of proteins are a set of pleiotropic 

secreted signaling molecules with unique and 

potent immunoregulatory properties.  

This cytokine can modulate expression of 

adhesion molecules, provide a chemotactic 

gradient for leukocytes and other cells 

participating in an inflammatory response, 

and inhibit them once they have become 

activated. Increased production and 

activation of latent TGF-β have been linked to 

immune defects associated with malignancy 

and autoimmune disorders, to susceptibility 

to opportunistic infection, and to the fibrotic 

complications associated with chronic 

inflammatory conditions. TGF-β1 is produced 

by all lineage of leukocyte, including 
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lymphocytes, dendritic cells and 

macrophages, and its expression serves in 

both autocrine and paracrine modes to control 

the proliferation, differentiation, and state of 

activation of these immune cells.  

Collectively, TGF-β inhibits the development 

of immunopathology to self or non-harmful 

antigens without compromising immune 

responses to pathogens [45, 46]. Transforming 

growth factor β (TGF-β) plays a vital role in 

the initiation and progression of tumor, 

functioning as both a suppressor and a 

promoter. TGF-β exerts systemic immune 

suppression and inhibits host 

immunosurveillance.  

Neutralizing TGF-β enhances CD8+ T-cell- 

and NK-cell-mediated anti-tumor immune 

responses. It also increases neutrophil-

attracting chemokine's resulting in 

recruitment and activation of neutrophils 

with an antitumor phenotype. In addition to 

its systemic effects, TGF-β regulates 

infiltration of inflammatory/immune cells and 

cancer-associated fibroblasts in the tumor 

microenvironment causing direct changes in 

tumor cells. [Yang et al., 2010]. 

Many immune and non-immune cells can 

produce TGF-β, but it is always produced as 

an inactive complex that must be activated to 

exert functional effects. Thus, activation of 

latent TGF-β provides a crucial layer of 

regulation that controls TGF-β function. [47]. 

For these reasons the expression of TGF-β in 

this study elevated after affected of mice 

organs with purified aflatoxin B1. [48], 

studied the effect of Immunization against 

Aflatoxin B1 on the Expression of COX-2 in 

Liver, Kidney and spleen of Rabbits treated 

with aflatoxin and concluded that the 

expression of COX-2 was high in liver, kidney 

and spleen of animals treated with aflatoxin 

(0.7 mg/kg) only, and the immunization of 

animals treated with aflatoxin B1 by aflatoxin 

B1 BSA conjugate (100 μg and 200 μg ) make 

the expression of COX-2 reduce or remove, on 

the other hand using 200 μg of vaccine was 

more effective in reduction or removal the 

expression of COX-2 than 100 μg.[2].  

Described the histopathological changes and 

expression of Transforming growth factor beta 

(TGF-β3) in mice liver, lung and kidney 

exposed to Gliotoxin. They found that in both 

sample and standard 

Gliotoxin groups,   the high concentrations of 

the mycotoxin resulted in over expression of 

TGF-β3 in liver. In lung, the expression of 

TGF-β3 decreased at 250µgmL-1 then 

increased with the higher GT concentration. 

While in kidney highest expression of TGF-β3 

was at 250µgmL-1. In addition, mice included 

in this study were suffering from 

histopathological symptoms caused by GT. 

References 

1. Abcam (2013) ab80436-EXPOSE Mouse 

and Rabbit Specific HRP/DAB Detection 

IHC Kit Version: 2 last updated, 22. 

2.  Aflatoxins NLM (2002) National Library of 

Medicine. Hazardous Substance Data Base. 

Toxnet (National Data Network). 

3.  Agag BI (2004) Mycotoxins in foods and 

feeds: Aflatoxins. Association of Universal 

Bulletin of Environmental Research, 7(1): 

173-191. 

4. Babu GR, Prasad MG, Prasad TNVKV 

(2011) Isolation and quantification of 

Aflatoxin from Aspergillus flavus infected 

rice. Int. J. Pure Appl. Sci. Technol., 

5(1):16-24. 

5. Bandyopadhyay B Fan, J Guan, S Li, Y 

Chen, M Woodley DT Li W (2006) "A 

"traffic control" role for TGFbeta3: 

orchestrating dermal and epidermal cell 

motility during wound healing". J. Cell. 

Biol., 172 (7):1093-105. 

6. Coulombe RA, Jr (1994) Nonhepatic 

disposition and effects of aflatoxin B1. The 

Toxicology of Aflatoxins: Human Health, 

Veterinary and Agricultural significance., 

http://toxicology.usu.edu/endnote/Nonhepat

ic-disposition.pdf., 89-101. 

7. Davis S, Alexiou H, Bartle R (2007) 

Descriptions of medical fungi, 55. 

8. Dugyala RR, Sharma RP (1996) The effect 

of aflatoxin B1 on cytokine mrna and 

corresponding protein levels in peritoneal 

macrophages and splenic lymphocytes. 

International Journal of 

Immunopharmacology, 18(10): 599-608. 

9. Farag MK (1990) Regulation of mycotoxin 

formation in Zea maze. Ph.D. Thesis, 

Department of bioscience and 



Nada H. A. L. Al-Mudallal et. al. | Journal of Global Pharma Technology | 2019| Vol. 11| Issue 07 (Suppl.) |470-480 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                           479 

biotechnology. Universitiy of Strathelyde, 

Glascow, U.K. 

10.  Fernández A, et al (2000) Effect of 

aflatoxin on performance, hematology, and 

clinical immunology in lambs. Canadian 

Journal of Veterinary Research, 64(1): 53-

58. 

11. Giambrone JJ et al (1978) Effect of 

aflatoxin on the humoral and cell-mediated 

immune systems of the chicken. American 

Journal of Veterinary Research, 39(2): 305-

308. 

12. Guimarães LC, Fernandes AP, Chalfoun 

SM, Batista LR (2014) Methods to preserve 

potentially toxigenic fungi. Brazilian 

journal of microbiology, 45(1): 43-47. 

13. Gupta VK, Tuohy MG, Ayyachamy M, 

Turner KM, O’Donovan A (Eds.). (2012) 

Laboratory protocols in fungal biology: 

current methods in fungal biology. 

Springer science and business media, 86. 

14. Harriet AM (2003) Is indoor mold 

contamination a threat to health? Journal 

of Environmental 

Health,http://130.88.242.202/medicine/Aspe

rgillus/articlesoverflow/12971049.pdf, 

62(2), 0022-0892. 

15. Hassan FF, Khashman BM (2015) Effect of 

immunization against Aflatoxin B1 on the 

expression of Cox-2 in liver, kidney and 

spleen of rabbits treated with aflatoxin B1. 

Journal of Biology, agriculture and 

Healthcare, 5(14):9-18. 

16. Henry SH, Bosch XF, Bower JC (2002) 

Mycotoxins and food safety. Advances in 

Experimental Medicine and Biology, 

504(4): 229-233. 

17.  Horwitz W (2002) AOAC guidelines for 

single laboratory validation of chemical 

methods for dietary supplements and 

botanicals. AOAC International: 

Gaithersburg, MD, USA, 12-19. 

18. Huffman J, Gerber R, Du L (2010) Recent 

advancement in the biosynthetic 

mechanism for polyketide-derived 

mycotoxins. Biopolymers, 93(9): 764-776. 

19. Hussain HT (2010) Isolation of 

Blastomyces dermatitidis histopathological 

and immunologically in Baghdad .A Thesis 

Submitted to College of Medicine-Al-

Nahrain University.  

20. Hussain AF (2015) Histopathological 

changes and expression of transforming 

growth factor beta (TGF-β3) in mice 

exposed to Gliotoxin. Ph.D thesis. College 

of Science, University of Baghdad. 

21. IARC (1972) Monographs on the evaluation 

of the carcinogenic risk of chemicals to 

man. Geneva: World Health Organization, 

International Agency for Research on 

Cancer,Present Multivolume work, S7. 

22. INCHEM (1993) Principles of evaluating 

chemical effects on the aged population: 

International Programmed on chemical 

Safety- Environmental Health Criteria 144 

World Health   

organization,Geneva,(1993).http://www.inc

hem.org/documents/ehc/ehc/ehc144.htm 

(Accessed on 19th June 2012). 

23.  Jiang Y, et al (2005) Aflatoxin B1 albumin 

adduct levels and cellular immune status. 

Ghanaians International Immunology, 

17(6): 807-814. 

24. Kosalec I, Pepeljnjak S,  Jandrlic M (2005) 

Influence of media and temperature on 

gliotoxin production in Aspergillus 

fumigatus strains. Arhivza Higijenu Rada I 

toksikologiju/archives of industrial hygiene 

and toxicology, 56(3): 269-273. 

25. Kubiczkova L, Sedlarikova L, Hajek R,  

Sevcikova S (2012) TGF-β – an excellent 

servant but a bad master. Journal of 

Translational Medicine, 10:183. 

26. Letterio J,  Roberts AB (1998) Regulation 

of Immune responses by TGF β. Annual 

Review of Immunology, 16: 137-161. 

27.  Li MO, Wan YY et al (2006) Transforming 

growth factor B regulation of Immune 

response. Annual Review of Immunology, 

24: 99-146. 

28.  Liu Y, et al (2012) Population attributable 

risk of aflatoxin-related liver cancer: 

Systematic review and meta-analysis. 

European Journal of Cancer. 

29. Luna LG (1968) Manual of histologic 

staining methods of the Armed Forces 

Institute of Pathology. Veterinary 

Bacteriology and Virology 7th edn. The 

lowa University Press, Ames lowa, U. S. A., 

286-306. 

30. Massague J (1998) TGF-beta signal 

transduction. Annu. Rev. Biochem., 67: 

753-791. 

31. McLean M, Dutton MF (1995) Cellular 

interactions and metabolism of aflatoxin: 

an update. Pharmacol. Ther., 5: 163-192. 



Nada H. A. L. Al-Mudallal et. al. | Journal of Global Pharma Technology | 2019| Vol. 11| Issue 07 (Suppl.) |470-480 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                           480 

32. Mohammed AM, Metwally NS (2009) 

Antiaflatoxicogenic activities of some 

aqeous plant extracts against AFB1 

induced Renal and Cardiac damage. 

Journal of Pharmacology and Toxicology, 

4(1):1-16. 

33. Murthy TRK, et al (1975) Aflatoxin B1, B2 

and M were detected in liver, gallbladder, 

spleen, heart, muscle and kidney of 

growing swine when protein and protein-

free portions of the diet were separately 

fed. Journal of Animal Science, 41(5): 1339-

1347. 

34. Peraica M, et al Toxic effects of mycotoxins 

in humans (1999) Bulletin of the World 

Health Organization., 

http://whqlibdoc.who.int/bulletin/1999/9 

bulletin_1999_77%289%29_754-766.pdf, 

754-766. 

35.  Regulation EC (2006) Setting maximum 

levels for certain contaminants in 

foodstuffs. Off. J. Eur. Union, L364. 

36. Saini SS, Kaur A (2012) Aflatoxin B1: 

Toxicity, characteristics and analysis: Mini 

review. Global advanced research journal 

of chemistry and material science, 1(4): 

063-70. 

37. Shotwell OL, Hesseltine CW, Stubblefield 

RD, Sorenson WG (1966) Production of 

aflatoxin on rice. Applied Microbiology, 

14(3): 425-428. 

38. Sahoo PK, Chattopadhyay SK, Sikdar A 

(1996) Immunosuppressive effects of 

induced aflatoxicosis in rabbits. Journal of 

Applied Animal Research, 9: 17-26. 

39. Thomas AE, et al (2005) Toxicity of 

aflatoxins from selected consumables in 

Lagos (Nigeria). Electronic Journal of 

Environmental, Agricultural and Food 

Chemistry, 4(6):1111-1116. 

40. Thrasher JD, Crawley SL (2009) The 

Biontaminants and Complexity of Damp 

Indoor Spacs: More than Meets the Eyes. 

Toxicology and Industrial Health, 

http://drthrasher.org/page63.html, 

(Accessed on 10th June 2012), 25: 583-616 .

  

41. Thrasher JD (2012) Aflatoxicosis in 

animals. Aflatoxins and Health, 

www.alphaboostjuice. com/ 

AFLATOXICOSIS_IN_ANIMALS.pdf. 

42. Travis MA, Shappard D (2014) TGF-β 

activation and function in immunity. 

Annual Review Immunology, 32: 51-82. 

43. USAID (2012) Aflatoxin: A Synthesis of the 

Research in Health, Agriculture and Trade. 

Feed the Future: The Office of Regional 

Economic Integration USAID East Africa 

RegionalMission Nairobi, Kenya, 

www.eastafrica.usaid.gov/…esearch_in_He

alth_Agriculture_and_Trade/pdf, 10-15. 

44. Wangikar PB, et al (2005) Teratogenic 

effects in rabbits of simultaneous exposure 

to ochratoxin A and aflatoxin B1 with 

special reference to microscopic effects. 

Toxicology, 215:37-47. 

45.  Watanabe A (2002) Pictorial atlas of soil 

and seed fungi, morphologies of cultured 

fungi and key to species, second edition, 

CRC Press LLC. 

46.  WHO (2000) Hazardous Chemicals in 

Humans and Environmental Health: 

International Programme on Chemical 

safety, Geneva, Switzerland. World Health 

Organisation, 

http://whqlibdoc.who.int/hq/2000/WHO_PC

S_00.1.pdf, 7-9. 

47. Xavier MB, Libonati RMF, Unger D, 

Oliveira C, Corbett CEP, De Brito AC, 

Quaresma JAS (2008) Macrophage and 

TGF-β Immunohistochemical expression in 

Jorge Lobo’s disease Human Pathology, 39: 

269-274. 

48. Yang L, Pang Y, Moses H L (2010) TGF-β 

and immune cells: an important regulatory 

exis in the tumor microenvironment and 

progression. Trends in Immunology, 31(6): 

220-227. 

 

 

      

 

 

 


