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Abstract 

The role of ochratoxigenic moulds in causing several invasive diseases has been documented but 

little is known about the effects of these ochratoxigenic moulds contaminated feeds in a laboratory 

control experiment. This study therefore, examined the pathological effects of ochratoxigenic 

moulds contaminated feed in order to understand their reverberations on different organs. Thirty 

two albino rats were randomly assigned to four experimental treatments (T) with eight rats per 

treatment (T1, T2, T3 and T4). T1 and T2 were female and male control rats, respectively that 

were fed normal feed, while T3 and T4 were male and female experimental rats that were fed with 

ochratoxigenic moulds contaminated feed for a period of two weeks. Serum alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphate (ALP), acid 

phosphate (ACP), total protein, albumin and histopathological analysis of different organs, namely 

liver, heart, kidney, stomach, small intestine, lungs, brains and spleens were carried out following 

standard protocols.  Results obtained depicted varying levels of serum concentrations of total 

protein, albumins, AST, ACP, ALT and ALP between treatments and control groups (p < 0.05). 

Photomicrograph examinations of the different organs examined reveal degenerative changes in 

the ultra-structural integrity of all the organs as compared to the control groups except for the 

spleen where there was no difference between the control and the treatment group. 
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Introduction  
The elevated trends (approximately 

between 8-18%) of cereal commodities, seeds, 

fruits and vegetables lost during post-harvest 

handling, processing and storage especially in 

the developing continents of the world 

including Asia and Africa have been 

documented (FAO 2011). These losses are due 

to the unusual growth of fungi and production 

of their secondary metabolites (mycotoxins) in 

those commodities (Atef et al. 2018). These 

secondary metabolites (mycotoxins) are often 

found as natural contaminants in raw 

ingredients of poultry feeds (Khan et al. 2011) 

among other food products including cassava 

flakes (Thomas et al. 2012) and their 

production in these food products is contingent 

upon  the availability of some favourable 

physicochemical parameters including water 

activity, pH and temperature  (Thomas et al. 

2014). 

The ochratoxins producing fungal 

contaminants belong predominantly to two 

main genera, namely Penicillium and 

mailto:dorcasatmoment@gmail.com%20(Popoola)
mailto:tajudeen.ahmed5236@gmail.com%20(Tajudeen)


Thomas at al. - Pathological scanning of ochratoxigenic moulds impaired feed in vivo … 

626 

Aspergillus spp (Akande et al. 2006),   hence 

they are referred to as ochratoxigenic moulds 

because of their ability to produce ochratoxins 

including ochratoxin-A, ochratoxin-B and 

ochratoxin-C. Of these ochratoxins, 

ochratoxin-A (OTA) has become the most 

crucial due to their recognized toxicity and 

cosmopolitan presence in different feeds 

(Pozzo et al. 2013). This toxin also represents 

the greatest health risks in tropical Africa and 

the rest of the world due to the high toxicity 

(Manjula et al. 2009, Alborch et al. 2012).  

In Nigeria, contaminations of animal based-

foods with mycotoxins occur mainly through 

direct means or indirectly via contaminated 

feeds with the latter being the main problem. 

These mycotoxins when ingested put the 

consumers at risk of developing mycotoxicosis 

with potential toxicity on different organs of 

the body (Jayeola and Oluwadun 2010), while 

vulnerability of the consumers to these toxins 

may also be dependent on physiological, 

genetic and environmental factors. The ability 

of ochratoxin A to deteriorate different 

membranes by interfering with the synthesis of 

various macromolecules and functions has been 

documented (Iheshiulor et al. 2011). They 

further emphasize that some of these toxins are 

neurotoxic and cause different diseases to body 

organs thereby activating endocrine 

mechanisms including stress-induced release of 

corticosteroids that inhibit immune functions. 

This study was therefore, aimed at providing 

histopathological scanning of ochratoxigenic 

moulds impaired feeds in an animal model in 

order to understand their reverberations on 

different organs since little is known about the 

effects of this toxin and the food they 

contaminate in controlled laboratory 

experiments.  

 

Materials and Methods  

Ethical approval  

This study was performed in strict accordance 

with recommendations in the guide for the care 

and use of laboratory animals of the National 

Institute of Health. The protocol was approved 

by the Ethics in Research Committee of the 

Olabisi Onabanjo University, Ago Iwoye, 

Ogun State, Nigeria.  

 

Sources of Aspergillus ochraceus   

The ochratoxigenic Aspergillus ochraceus used 

in this study was isolated from processed 

Manihot esculenta (garri) in our previous study 

(Thomas et al. 2017) and was screened for 

ochratoxin-A production using molecular and 

ELISA techniques as explained below.  

 

DNA isolation, amplification and sequencing  

Prior to extracting the genomic DNA of the 

ochratoxin producing Aspergillus ochraceus, 

the organism was inoculated into 200 mL 

sterile saline, pre-incubated at 99 °C for 20 min  

and extracted using a QIAamp DNA mini kit 

(Qiagen) (Hilden, Germany) as described by 

the manufacturer. The amplification of the 

extracted DNA was done by using degenerate 

primer pairs KAF1/KAR2 (KAF1: 

5’GARKSICAYGGIACIGGIAC-3’,KAR25’-

CCAYTGIGCICCYTGICCIGTRAA-3’) 

(Amnuaykanjanasin et al. 2005). PCR was 

performed in 0.2 mL reaction tubes in a final 

volume of 50 µL containing 10 ng of DNA, 1.5 

µL Platinum Taq DNA polymerase 

(Invitrogen) (Waltman, USA), 200 mM each of 

dATP, dGTP and dCTP, 400 mM dUTP 

(instead of dTTP), 20 mM Tris HCl (pH 8.4), 

50 mM MgCl2, 0.4 mM each primer and 1 µL 

uracil-N-glycosylase. The amplification 

conditions were as follows: first and second 

hold at 50 °C and 95 °C for 5 min each to allow 

uracil-N-glycosylase activity and Taq 

activation, respectively. These were followed 

by 35 cycles at 95 °C, 62 °C and 72 °C for 30 

s, 1 min and 2 min, respectively with a final 

extension step at 72 °C for 5 min. The 

visualization of amplified product was carried 

out on agarose gels prior to purification and 

sequencing on a 310 auto Genetic Analyzer 

(PerkinElmer, Applied Biosystems Div., 

Waltham, USA) with the same primers.  The 

human β-globin gene primer was used as an 

extraction/amplification internal control. The 

sequenced data was subsequently analyzed by 

using the BLAST database. 



Tanz. J. Sci. Vol. 47(2), 2021 

627 

Sample preparation, extraction and 

quantitation  

The studied ochratoxigenic mould was sub 

cultured in sabouraud dextrose broth. Then 25 

mL of 50% methanol was added. The content 

was shaken vigorously for 3 min on the 

horizontal shaker. A 5 mL aliquot of the 

resulting solution was filtered using the 

Neogen filter (45 µm) syringe, into the Neogen 

collecting tube. The amounts of OTA in the 

organism were determined using a competitive 

direct enzyme-linked immunosorbent assay 

(CD-ELISA). Screening method for the 

analysis was done using Neogen Veratox® 

(Thermo Lab system, Thermo, Finland) testing 

kits with limits of detection of 1 µg/kg (ppb) 

for OTA. Free OTA in the samples and 

controls were allowed to compete with 

enzyme-labelled OTA (conjugates) for the 

antibody binding sites. After a wash step, 

substrate was added, which reacts with the 

bound conjugate to produce blue colour. Bluer 

colour means less OTA, while more pink 

means more OTA. The test was read in a 

microtitre reader (Thermo Lab system, 

Thermo, Finland) to yield optical density.  The 

exact concentration of OTA in the organism 

was extrapolated after plotting the organism 

optical density against the standard curve 

which was derived from the optical density of 

the control form. 

 

Experimental animals 
Thirty-two (32) apparently healthy albino 

Wistar rats (16 each of male and female) were 

procured from the Faculty of Pharmacy, 

Olabisi Onabanjo University (OOU), Sagamu 

campus, Ogun State, Nigeria. These Wistar rats 

were 6 months old at the time of procurement 

and weighed between 180 and 200 g. Prior to 

the commencement of the experiment, the rats 

were acclimatized under laboratory conditions 

of 27 ± 2 °C and 65 ± 2% relative humidity in 

the experimental animal house for one week. 

The rats were randomized into four 

experimental treatments (T) with eight rats per 

treatment. These rats were kept in a well-

ventilated animal house in wooden cages (65 

cm × 35 cm × 50 cm) and given free access to 

clean drinking water and food.  

 

Preparation of ochratoxigenic moulds 

contaminated food 

Already confirmed ochratoxigenic mould 

isolated from processed cassava flakes and 

appropriately screened for OTA production 

using both ELISA and molecular techniques by 

Dr. B.T. Thomas of the Department of 

Microbiology, Olabisi Onabanjo University, 

Ago Iwoye, Ogun State, Nigeria was used. This 

isolate, specifically Aspergillus ochraceus, was 

inoculated on sabouraud dextrose broth and 

incubated in Erlenmayer flask for 21 days at 27 

°C. The superficial mycelium from the flask 

was suspended in culture broth and 

homogenized with a laboratory mixer. Then, 

the cell suspension was extracted in saline 

(0.85% NaCl) in the proportion 1:2 for 48 hrs 

at 4 °C, with intermittent disruption of cells by 

10-fold freezing and thawing. The supernatant 

was separated by centrifugation, dialyzed 

against tap water for 48 hrs and then against 

distilled water for 24 hrs and finally 

lyophilized. The lyophilized organism was 

mixed with grower’s mash at precise 

concentration of 10 g of the moulds to 100 g of 

the mash and was subsequently stirred for even 

distribution of the organism in the feed. 

 

Feeding of the experimental animals  

The experimental animals were grouped into 

four treatment groups as follows: the first and 

second groups contained eight male and female 

Wistar rats, respectively that served as control 

and were fed with the standard diet that is free 

of any contaminants. The third group contained 

eight male rats that were exposed to the 

ochratoxigenic mould contaminated feed for a 

period of two weeks. The last treatment group 

(group four) had eight female Wistar rats that 

were exposed to the same feed as group three. 

All the experimental protocol was conducted in 

accordance with the regulations of the local 

ethics committee in animal care unit of Olabisi 

Onabanjo University, Ago Iwoye, Ogun State, 

Nigeria. The ethical guidelines of animal 
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experimentation (Regulation CEE 86/ 609) 

were followed in all experiments. The care of 

the animals was done in accordance with the 

U.S. public health service guidelines (NRC 

2011).  

  

Sacrificing of animals and harvesting of 

organs 

At the end of the treatment period of two 

weeks, all thirty-two rats were subjected to 

overnight fast and sacrificed by dissecting 

them. Prior to dissection, each rat was 

introduced into a desiccator and was 

anaesthetized using chloroform soaked cotton 

wool for an upward of sixty (60) seconds. As 

the animal attained unconscious state, it was 

quickly brought unto the dissection table where 

it was carefully opened up and the blood 

collected by heart puncture using syringe and 

needles, was transferred into a sterile 

anticoagulated sample bottles to prevent 

clotting of the blood and for effective 

biochemical analysis, while eight organs were 

harvested in all which included the liver, 

spleen, kidney, small intestine, lungs, heart, 

stomach and the brain with the aid of forceps 

and surgical scissors. The organs were kept to 

fixative containing the prepared 10% normal 

formaldehyde for histopathological analysis.  

 

Biochemical parameters  

Serum samples were analyzed for serum 

alanine aminotransferases (ALT) and aspartate 

aminotransferases (AST) using the standard 

colorimetric method of Reitman and Frankel 

(1957). Alkaline phosphate (ALP) activity was 

estimated using Randox commercial enzyme 

kit as described by German Society for Clinical 

Chemistry (1972), while both the serum total 

protein and albumin were measured as 

described by Gradwohl et al. (1980) and 

Webster (1977), respectively. 

 

Histopathological analysis of the harvested 

organs  
The processing  and sectioning of the harvested 

organs which include kidney, liver, spleen, 

lungs, brain, heart, spleen and small intestine 

were done at 4-5 µm thick and stained using 

Haematoxylin-Eosin (H&E) dye before 

mounting in neutral DPX medium for  

examination  under the light microscope at 

100X and 400X magnifications. 

Photomicrographs were obtained using a scope 

exe camera attached to a computer.   

 

Results   

Table 1 shows the levels of total proteins, 

albumin, AST, ACP, ALT and ALP in the 

blood of the experimental rats exposed to 

ochratoxigenic mould contaminated food for 

two weeks. Serum concentrations of total 

proteins, albumin, AST, ACP, ALT and ALP 

in the experimental rats were significantly 

different (p ˂ 0.05). T2 recorded the lowest 

concentration of total protein compared to T1, 

T3 and T4. The T4 rats had significant higher 

(p ˂ 0.05) level of total protein than the other 

treatments. Albumin concentration was lowest 

in T1 and highest in T4. AST level was 

significantly higher in T3 when compared with 

T1, T2 and T4 but was lowest in T1. The levels 

of ALT and ACP were also significantly higher 

(p ˂ 0.05) in T4 and T3, respectively compared 

to other treatments. The ALP concentration 

was highest in T3 and lowest in T2.   
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Table 1: Biochemical parameters of rats exposed to ochratoxigenic moulds impaired feed 
Biochemical 

parameters  

Treatment groups 

n T1 T2 T3 T4 F-value P-value 

Total protein (g/L) 8 19.23 ± 1.13 19.11 ± 1.38 21.68 ± 0.84 21.76 ± 1.62 10.61 ˂ 0.05 

Albumin (g/L) 8 2.01 ± 0.08 2.04 ± 0.06 2.84 ± 0.32 3.06 ± 0.20 59. 32 ˂0.05 

Aspartate 

Aminotransferase 

(AST) (µg/L) 

8 20.94 ± 1.28 21.86 ± 1.54 24.24 ± 2.49 23.85 ± 2.52 4.82 ˂0.05 

Alanine 

Aminotransferase 

(ALT) (µg/L) 

8 17.20 ± 1.73 17.09 ± 1.91 19.63 ± 0.92 20.23 ± 1.96 7.43 ˂0.05 

Acid phosphatase 

ACP (µg/L) 
8 16.78 ± 1.01 17.34 ± 1.34 21.26 ± 1.53 21.08 ± 1.34 26.16 ˂0.05 

Alkaline 

Phosphatase (ALP) 

(µg/L)  

8 16.51 ± 0.70 16.12 ± 0.69 20.24 ± 1.11 20.19 ± 1.21 44.26 ˂0.05 

Key: T1 = Control female rats, T2 = Control male rats, T3 = Treated female rats, T4 = Treated male rats. 

 

The histopathological examination of the 

harvested organs of both the control and 

experimental rats are shown in Plates 1-8. The 

liver sections of T1 and T2 shows  hepatic 

tissue with normal liver cell architecture while 

that of  T3 and T4 reveals increasing levels of 

distorted histoarchitecture, necrosis, blood 

retention and large central veins. The heart of 

the T3 and T4 rats present with abnormalities 

of tender and dead tissues when compared with 

those in T1 and T2 rats. As for the kidney, T3 

and T4 rats revealed poor kidney architecture 

and fluid retention when compared with T1 and 

T2. The stomach of T3 and T4 rats also 

connoted significant ulceration. The small 

intestine, the lungs and the brains showed 

alterations of mucosal linings, tender necrotic 

lungs, multiple apoptotic cells in situ at the 

hypocampus and in the cortex region of the 

brain, respectively. The spleens however, were 

not damaged by the action of the ingested 

ochratoxigenic moulds.  

 

 

  
Plate 1 (a & b): Photomicrograph of liver (T1 and T2). H & E X100: showing normal 

histoarchitecture of the liver. 

 

a b 
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Plate 1 (c & d): Photomicrograph of liver (T3 and T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: Showing slightly distorted histoarchitecture, necrosis 

and blood retention when compared with the T1 and T2 rats. 

 

  
Plate 2 (a & b): Photomicrograph of T1 and T2 heart, H & E X100: showing normal 

histoarchitecture of the heart. 

 

  
Plate 2 (c & d): Photomicrograph of heart (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: showing tender and dead tissues when compared 

with T1 and T2. 

 

  
Plate 3 (a & b): Photomicrograph of T1 and T2 kidney, H & E X100: showing normal 

histoarchitecture of the kidney. 

 

a b 

c d 

a b 

d c 
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Plate 3 (c & d): Photomicrograph of kidney (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: showing poor kidney architecture and fluid retention 

when compared with T1 and T2. 

 

    
Plate 4 (a & b): Photomicrograph of T1 and T2 stomach, H & E X100: showing normal 

histoarchitecture of the stomach.  

 

          
Plate 4 (c & d): Photomicrograph of stomach (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H&E X100: showing ulceration compared with T1 and T2. 

 

      
Plate 5 (a & b): Photomicrograph of T1 and T2 small intestine, H & E X100: showing normal 

architecture of the small intestine.  

 

d c 

a b 

d c 

b a 
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Plate 5 (c & d): Photomicrograph of small intestine (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: showing alterations of mucosal linings compared 

with T1 and T2. 

  

     
Plate 6 (a & b): Photomicrograph of T1 and T2 lungs, H & E X100: showing normal 

histoarchitecture of the lungs.  

 

     
Plate 6 (c & d): Photomicrograph of lungs (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: showing necrosis compared with T1 and T2. 

 

     
Plate 7 (a & b): Photomicrograph of T1 and T2 brain. H & E X100: showing normal 

histoarchitecture of the brain. 

 

d c 

a b 

c d 

b a 
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Plate 7 (c & d): Photomicrograph of brain (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: showing multiple apoptotic cells at the hypocampus 

compared with T1 and T2. 

 

     
Plate 8 (a & b): Photomicrograph of T1 and T2 spleen. H & E X100: showing normal 

histoarchitecture of the spleen.  

 

     
Plate 8 (c & d): Photomicrograph of spleen (T3 & T4) exposed to ochratoxigenic mould 

contaminated feed. H & E X100: showing no damages compared with T1 and T2. 

 

Discussion 

The role of ochratoxigenic moulds in the 

production of secondary metabolites during 

their growth in tissues and their subsequent 

implication in the cause inflammation and/or 

infections has been noted (McCarthy et al. 

2014) among other pathological problems 

(WHO 2009). The elevated rise in serum levels 

of total protein, albumin, AST, ALT, ACP and 

ALP of ochratoxigenic mould contaminated 

feed exposed rats observed in this study may 

not be unconnected to the damage caused to the 

hepatocytes, since it has been long asserted that 

increase levels of these enzymes occurs after 

great cellular damage (Lin et al. 2000). These 

cellular destructions to the liver cell as 

represented by the elevated levels of serum 

enzymes significantly connoted abnormal 

presence of oedema, necrosis and blood 

retention. In another vein, Dreisbach and 

Lertora (2008) also opined that the more severe 

the liver damage, the higher the release of the 

liver enzymes.  These observations are not 

unexpected as ochratoxin-A which is the major 

d c 

b a 

c d 
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secondary metabolite of Aspergillus ochraceus 

tested in this study has been delineated as a 

group 2B carcinogen with hepatotoxic ability 

(Gayathri et al. 2015). According to  Gayathri 

et al. (2015), this toxin  exert their action on the 

liver by epigenetic mechanism through 

modification of the specialized group of cell- 

to-cell junction (hepatocyte gap junction) 

apparatus and so influencing the expression of 

specific markers such as alpha-fetoprotein 

(AFP). 

The fact that the biochemical parameters 

and histopathological examination of both male 

and female wistar rats tested were significantly 

affected may be an indication that the activities 

of this ochratoxin A producing Aspergillus 

ochraceus is not gender specific and this 

observation. In this research, there were 

significant changes in the protein levels of the 

treated rats as compared with the control rats to 

delineate significant functional changes in the 

normal physiology of individuals as well as 

blood diseases such as multiple myeloma or 

autoimmune diseases such as lupus, kidney 

disease or liver disease (Pachathundikandi and 

Varghese 2006). The structural integrity and 

architecture of the harvested organs except the 

spleen were impaired by the ochratoxigenic 

mould contaminated feeds to connote the 

significant negative impact of this laboratory 

prepared feed on the structural integrity of the 

organs (Iheshiulor et al. 2011). This 

observation corroborate the earlier observations 

quoted by other researchers in different 

literatures reporting significant consequences 

of such contaminated feeds on kidney (Sauvant 

et al. 2005), liver (Gayathri et al. 2015), brain 

(Monnet-Tschudi et al. 1997), small intestine 

(Alassane-Kpembi et al. 2019), heart (Okutan 

et al. 2004), stomach (Hope and Hope 2012) 

and lungs (Zain 2011). However, our findings 

were found to be paralleled to that of Xue et al. 

(2010) where they reported pathological 

disorders on the spleen of treated rats as against 

no pathological problem found in our own 

study. The histopathological changes observed 

in this study was further buttressed by the 

increased levels of AST, ALP, ACP and ALT 

to connote possible heart problems, pancreatitis 

and liver injuries among other organ injuries 

(University of Rochester Medical Center 

2017).  

 

Conclusion 

The results obtained indicated that there were 

increased levels of AST, ALP, ACP and ALT 

to connote possible heart problems, pancreatitis 

and liver injuries among other organs. The 

results of this work however, suggest that 

exposures to ochratoxigenic mould 

contaminated feed have different 

reverberations on the harvested organs.  
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