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Abstract: This study is an attempt to prevent or minimize the negative probabilities due to ingesting 
aflatoxin(s) contaminated food. A previous research studies for about 30 years leads to suggest this studied 
formula. Data revealed that the proposed formula had positive effects when added to aflatoxin(s) – 
contaminated diets at concentrations of 0.1 and 0.2% (w/w). An exposure study extended for 3 different 
stages was conducted using both sexes of white albino rats. The 1st stage (pre-treatment) was suggested to 
compare the performance of animal groupings under the normal conditions before receiving any treatment, 
either level of contamination(s) or dosage(s) of additive, such stage extended for 2 weeks. The 2nd stage 
(treatment), the animals received different levels of aflatoxin(s) and the studied formula, such stage extended 
for 4 weeks. The 3rd stage (post-treatment) was suggested to transfer treated animal groupings to receive 
sound diets free from any level of contamination. The averages of body weight and body weight gain were 
dramatically affected during the exposure stage to aflatoxins. The studied formula prevents the deterioration 
of such performance which obviously observed in animal grouping received high level of contamination. 
Both males and females were responding to contaminated diets and to the additive as well. The activities of 
GOT and GPT enzymes, which are reflecting liver function, were obviously- affected during exposure to 
aflatoxins, but such levels came back to normal during post-treatment stage. Histochemical studies and the 
semi-quantitative data exhibited that both NADH-diaphorase and mitochondrial ATPase were severely 
affected when the treated animals ingested aflatoxins and such severe effects came back to moderate when 
receiving the proposed additive. Also, the histopathological changes of congestion, necrosis, degeneration 
and mono-nuclear cell infiltration were obviously observed in livers of both sexes of treated animals. Such 
histopathological changes were not observed in livers of rats received the studied additive simultaneously 
with the aflatoxin(s) -contaminated diets. It's worthy to mention that the studied formula was registered as a 
patent in the Egyptian Academy of Science and Technology under the name of "mycodote" and application 
number 20370/6. 

INTRODUCTION 
Both human and animal health has been dramatically affected in outbreaks of acute 
mycotoxicosis, but these tragic events may be only a part of the cost to society in terms of 
impaired health and productivity from the ingestion of sub-clinical levels of mycotoxins 
(WHO, 1981; Saad, 1993; Moos, 2002). Aflatoxins B1, B2, G1 and G2 were occurred on 
different foodstuffs when exposed to certain strains of Aspergillus flavus and Aspergillus 
parasiticus (Wogan, 1977; Casado et al., 2001). Many reports stated the harmful effects of 
aflatoxins on wide variety of animals and human; depression of growth and production 
(Saad, 1993), immunosuppression (Yeong – Hsiang et al., 2001), liver disorders (Guerre et 
al., 1996; Anong and Suparat, 2006), abnormalities of enzyme picture (Patrick et al., 2002; 
Tulayakul et al., 2005). However, such harmful effects seem to be difficult to overcome 
since aflatoxicosis gave no reaction response for any available treatment of drugs and/or 
antibiotics (Abdelhamid, 1990; Saad, 1993). The metabolism of aflatoxins are due mainly 
to sex and specie differences besides the mitochondrial enzymatic reaction (Tulayakul et 
al., 2005; Anong and Suparat, 2006). The rate of metabolism, the repeativeness of 
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exposure, the dosage and type of mycotoxin(s) were reported as limiting factors affect the 
type of toxic action of mycotoxicosis (Saad, 1994; Jia-Sheng and John, 1999; Hussein and 
Jeffrey, 2001). This work is an attempt to offer an appropriate formula to avoid or to 
minimize the harmful effects due to ingesting aflatoxin(s) contaminated food and to 
evaluate the efficacy of the studied formula when ingested simultaneously with the 
contaminated food by experimental animals, considering the animal(s) performance and 
biochemical, histochemical and histopathological changes. 

 

MATERIALS AND METHODS 
 
The suggested additive (formulation and application) 

The ingredients and their quantities included in this appropriate formula were 
suggested considering the available knowledge as reported by Hsieh (1983); Raina et al. 
(1991) and Saad (1993). The ingredients (Table 1) were obtained from the Egyptian 
Company for Chemicals and Pharmaceuticals, then mixed well and packaged in 4g 
sachettes under sanitary conditions.  
 
Table 1. The composition of the studied formula.   

No.  Component(s)  Concentration (g/kg)  The percentage  
1 Active silica  50 gm  5 % 
2 Reduced glutathione  15 gm 1.5 % 
3 Zinc sulphate  15 gm  1.5 %  
4 Carbo-diimide  0.1 gm  0.001 %  
5 Ascorbic acid  12 gm 1.2 %  
6 Choline chloride  100 gm 10 % 
7 Lactose  Up to kg 80.8 %  

Preparation of aflatoxin(s) contaminated ration 
A balanced ration of growing rats with 14% crude protein and 3100 kg calorie were 

purchased and artificially infected (in vitro) with a certain strain of Aspergillus flavus 
(NRRL-2999) which identified as an aflatoxin(s) producing strain. The inoculated 
substrate were incubated at 28°C for 18 days. The contaminated substrate were analyzed 
for the presence of aflatoxins using HPLC as recommended by (AOAC, 1990). The 
obtained data exhibited that each kg of the contaminated ration was proved to include 2.4, 
0.36, 9.5 and 0.1 ppm of aflatoxins B1, B2, G1and G2, respectively.  
Experimental animals (grouping and management) 

Sixty white albino rats of equal number of both sexes were obtained after weaning 
from the unit of animal house of National Research Centre. The experimental animals were 
randomly divided into 6 groups, each involved 5 males and 5 females weighted 64.3 – 68.8 
g, each. All groups were exposed to the main 3 stages of the experiment period as follows: 
the first 2 weeks were the pre-treatment period, followed by 4 weeks of treatment, then 6 
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weeks as post treatment period. Both the 1st and 2nd groups were fed on sound rations, free 
from aflatoxins, but the 1st one had no additive to act as “negative control”, while the 2nd 
group fed on the same sound ration plus the studied additive at concentration equivalent to 
0.1 % (w/w). The other 4 group's ingested aflatoxin(s) contaminated diets. Both the 3rd and 
4th group fed on high level of aflatoxins contaminated rations containing 2.4, 0.4, 9.5 and 
0.1 ppm of aflatoxins B1, B2, G1and G2, respectively, plus the proposed additive at 0.1 and 
0.2 % w/w. The 5th and 6th groups received two levels of contaminated food, the 5th group 
exposed to the lower level which is equivalent to 0.5 the level administered to the 6th group 
by mixing equal ratios (1:1 w/w0 from contaminated to sound diet. Both the 5th and 6th 
groups exposed to contaminated diets only without any addition. 
Variables and parameters of the study 

Body weight, body weight gain and feed intake were calculated and reported weekly. 
Sampling of excreta (faeces + urine) were randomly withdrawn from the pooled collection 
of each group and analyzed for aflatoxin(s) residues according to Saad (1994). Blood 
samples were collected biweekly to determine the activity of both glutamate oxaloacetate 
(GOT) and glutamate purovate transaminases (GPT) as described by Reitman and Frankel 
(1957). After the end of post-treatment stage, the animals were slaughtered and livers of 
both sexes of the different groups were investigated histopathologically and 
histochemically for the abnormal changes and the activity of mitochondrial ATPase and 
NADH diaphorase enzymes as reported by Pearse (1979) and Sheehan and Hcapchak 
(1980). Sampling and methods of analyses were adopted as recommended by (AOAC, 
1990). Statistical analysis of the obtained data had been conducted as complete random 
block design, (Snedecor and Cochran, 1980). 
 

RESULTS AND DISCUSSION 

Effects of ingesting aflatoxins and the additive on the performance of treated animals 
The average of body weight and body weight gain of both sexes of the 6 treatments 

show almostly similar values and ranges during the pre-treatment stages (Table 2). During 
treatment stage both males and females of the negative control group showed almostly the 
same values obtained from groups 3 and 4 which fed on high level of contamination 
simultaneously with the additive at concentrations of 1 and 2%. The average body weight 
of groups 5 and 6, which ingested low and high levels of aflatoxin(s) contamination 
exhibited severe effects and retardation leading to gain 8, 6 and 2.7g for males and females 
of low level of contamination after 4 weeks comparing with 41.2 and 32.4 gms gained by 
control group. Moreover, the females of group 6 which ingested high level of 
contamination loosed some of their weight showing negative balance of body gain 
equivalent to (-6.3) g after 4 weeks of exposure. Many authors stated that ingesting 
aflatoxin(s) contaminated food leads to negative effects on both animal and human 
performance (WHO, 1981; Park, 1983; Saad, 1993). It's worthy to mention that both sexes 
of group 2 which ingested the studied additive and sound diets showed non significant 
(P≤0.5) effects compared with the negative control and the groups 3 and 4 which ingested 
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the high level of contamination and the additive at 0.1 and 0.2%. During the post-treatment 
stage when all groups received only sound diets, the effected animals of groups 5 and 6 
showed obvious performance improvement and reflecting almostly normal gain after 6 
weeks from stopping exposure to aflatoxin(s) either at high or low levels of contamination. 
These findings are in agreement with those reported by Saad (1993) working on broilers, 
Casado et al., (2001) on mice and Biing-Hui et al. (2002) working on swine. The 
improving of performance after the post-treatment stage might reflect the physiological 
and biochemical reversible reactions (WHO, 1981; Oguz et al., 2000; Casado et al., 2001). 
It's worthy to report that data obtained from the analysed samples of excreta (faces + urine) 
of the different studied groups showed no traces of aflatoxin(s). This finding might be due 
to the biotransformation of the ingested contaminants, aflatoxin B1, B2, G1 and G2 to other 
metabolites and /or the uncompetitiveness of the applied method of analysis (Guerre et al., 
1996; Patrick et al., 2002). 
 
Table 2. The average of body weight and body weight gain (g) during the three stages  

Average body weight (g) and body weight gain Week(s) T.I T.II T.III T.IV T.V T.VI 
Pre-treatment stage 

♂ 66.5 64.3 67.1 65.9 64.8 65.6 1st wk ♀ 70.1 69.9 68.9 69.5 70.0 68.5 
♂ 81.0 82.3 83.0 83.2 80.6 84.0 2nd ♀ 87.3 86.4 88.1 85.9 87.6 86.9 
♂ 14.5 18.0 15.9 17.3 15.8 18.4 Gain ♀ 17.2 16.5 19.2 16.4 17.6 18.4 

During-treatment stage 
♂ 97.4 98.9 96.6 100.3 91.4 90.6 3rd ♀ 103.5 106.6 105.8 103.7 98.6 97.7 
♂ 109.4 112.4 114.6 118.9 96.7 93.6 4th ♀ 110.8 115.7 115.9 117.8 100.1 95.3 
♂ 120.3 122.6 123.4 126.7 102.2 90.5 5th ♀ 121.7 121.9 122.8 125.3 101.2 92.3 
♂ 138.6 140.8 136.1 142.4 100.0 92.0 6th ♀ 135.9 133.4 134.3 130.9 101.3 91.4 
♂ 41.2 41.9 39.5 42.1 8.6** 1.4** gain ♀ 32.4 27.1 28.5 27.2 2.7** (-6.3) 

Post-treatment stage 
♂ 151.3 155.8 148.9 156.6 120.6 116.6 8th ♀ 149.5 153.7 147.8 150.9 116.5 114.9 
♂ 170.5 176.7 169.9 173.3 136.6 127.3 10th ♀ 168.6 168.6 170.0 171.2 135.3 122.6 
♂ 203.2 196.7 194.6 189.9 147.9 140.6 12th ♀ 198.6 200.0 197.8 191.7 150.3 143.0 
♂ 51.9 40.9 45.7 33.3 27.3 24.0 Gain ♀ 49.1 46.3 50.0 40.8 33.8 28.1 

** P≤0.01 
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The biochemical changes in different studied groups 
The average(s) of the transaminases (GOT and GPT) level showed the normal picture 

during the pre-treatment stage with no differences between sexes and groups (Table 3). 
During the treatment stage, the groups from 1 to 4 showed constant level of both GOT and 
GPT, while groups 5 and 6 which ingested low and high levels of aflatoxin(s) 
contamination showed extremely higher values of GOT enzyme level reached 407.5% and 
363% for the males of the 6th and 5th group, respectively compared with the same animal 
grouping before exposure to aflatoxin(s). Similar values were observed when GPT was 
measured during treatment stage in both the positive groups 5 and 6 which ingested low 
and high levels of contamination. The level(s) of both GOT and GPT were not affected 
during treatment in the 3rd and the 4th groups, leading to suggest the positive effect of 
studied additive on the liver function when the animals exposed to high level of 
aflatoxin(s) contamination. Tracing the level(s) of transaminase GOT and GPT in both 
males and females of the 2nd group which received the additive only without any level of 
contamination, it could be easily noted that no changes were obtained during the 3 
successive stages of the study. The obtained data were in accordance with those reported 
by Yeong-Hsiang et al. (2001), working on ducklings,  Biing-Hui et al. (2002) on swine 
and Anong and Suparat (2006) on broilers. However the post-treatment stage showed 
gradual  decrease back to normal to reach almostly the same  values of control group after 
6 weeks from stopping  exposure to  aflatoxin(s).  such response  was reported by Casado 
et al. (2001) when exposed mice to contaminated diet containing aflatoxin B1 and 
fumonsins. 
The histopathological changes in different studied groups 

The histopathological examination to livers of both males and females of the first 
four groups showed no abnormalities. Only the stained sections of liver of both sexes of 
group 5 and 6 showed different degrees of changes ranged between severe to moderate 
congestion of blood vessels, local necrotic areas and degenerative changes of hypatocytes 
with local mononuclear cell infiltration and/or aggregations. Both the reversible and 
irreversible reactions obtained from the histopathological exam were previously reported 
by many researchers (Tae et al., 1999) working on rats, Hussein and Jeffrey (2001) 
working on humans and animals previously ingested contaminated food and Gowda et al. 
(2006) working on sheep. The severe changes were observed in liver of male rat from 
group 6, which ingested the high level of aflatoxin(s) for 4 successive weeks (Fig 1). 



Saad, M. M. M. and Abdel-Fattah, Sh. M. 

J. Saudi Soc. For Food and Nutrition, Vol. 3, N0.1:2008 

36

Table 3: The average(s) of transaminases enzyme activity (IU) during the different 
stages of the exposure study. 

 
The average level ± SD of (GOT) Weeks T.I T.II T.III T.IV T.V T.VI 

Pre-treatment stage 
♂ 10.0±0.6 8.9±0.6 9.7±0.7 8.9±0.8 10.0±0.5 9.4±0.6 2nd ♀ 9.8±0.7 8.8±0.4 7.9±0.8 10.0±0.6 9.9±0.7 8.8±0.9 

During-treatment 
♂ 10.0±0.4 10.3±0.6 9.7±0.7 10.2±0.7 22.0±0.5 28.7±0.5 4th ♀ 9.6±0.5 9.8±0.5 8.9±0.6 9.7±0.6 19.3±0.6 26.1±0.9 
♂ 9.8±0.7 9.8±0.4 8.7±0.5 9.5±0.5 36.3±0.5 38.3±0.7 6th ♀ 9.9±0.6 8.9±0.6 8.8±0.7 9.8±0.6 28.7±0.8 29.1±0.7 

Post-treatment stage 
♂ 10.4±0.7 10.1±0.7 8.4±0.9 10.6±0.6 23.0±0.4 26.0±0.7 8th ♀ 9.9±0.6 11.2±0.6 9.2±0.3 11.1±0.8 18.0±0.7 24.3±0.8 
♂ 8.9±0.4 9.3±0.7 8.3±0.4 9.4±0.5 16.0±0.3 12.7±0.3 12th ♀ 7.9±0.8 9.2±0.1 8.6±0.3 9.1±0.4 14.7±0.4 13.5±0.5 

The average level ± SD of GTP activity 
Pre-treatment stage 

♂ 14.3±0.6 15.7±0.7 17.8±0.6 14.5±0.5 17.6±0.8 15.9±0.5 2nd ♀ 16.6±0.7 16.9±0.8 16.9±0.9 13.9±0.6 16.9±0.8 14.3±0.7 
During-treatment 

♂ 15.5±0.6 16.4±0.6 18.1±0.7 15.3±0.7 28.6±0.6 33.6±0.3 4th ♀ 16.5±0.7 14.3±0.7 16.8±0.6 13.5±0.6 22.4±0.4 31.7±0.4 
♂ 14.7±0.6 13.8±0.8 15.8±0.7 16.8±0.6 33.1±0.9 38.4±0.6 6th ♀ 15.7±0.8 16.8±0.6 14.7±0.8 17.1±0.9 29.1±0.8 42.3±0.7 

Post-treatment stage 
♂ 17.7±0.8 16.6±0.6 16.6±0.7 14.3±0.9 19.3±0.3 18.4±0.9±8th ♀ 14.3±0.7 15.9±0.7 15.5±0.6 13.9±0.8 16.2±0.8 16.4±0.8 
♂ 16.6±0.5 16.5±0.5 14.9±0.6 17.7±0.8 18.0±0.9 15.3±0.7 12th 
♀ 15.5±0.7 15.9±0.6 15.5±0.6 16.9±0.6 13.4±0.8 14.7±0.6 
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Figure 1. Section in liver of male rat ingested high level of aflatoxin(s) for 4 successive 
weeks showing local areas of degenerative changes of hypatocytes with local 

areas of mononuclear cell infiltration (X400). 
 
The histochemical changes in different studied groups 

The semi-quantitative determination of both mitochondrial ATPase and NADH 
diaphorase classified the obtained results into six degrees with certain symbols of enzyme 
activity (Table 4). The 1st degree (±) refer to traces of enzyme activity, the 2nd (+) refer to 
weak activity, the 3rd (+±) is sub-moderate activity, the 4th (++) is moderate, the 5th (+++) 
is very active and the 6th (++++) is extremely enzymatic activity. Such classification based 
on the degree of stained color reaction of diformazan pigment in the hypatocytes (NADH-
diaphorase) and the lead sulphide precipitate (mitochondrial ATPase). 
 

Table 4. The semi-quantitative determination of the oxidative enzyme NADH 
diaphorase and the phosphorylated enzyme mitochondrial ATPase. 

 
Animal grouping(s) 

Enzyme activity Group 
I

Group 
II 

Group 
III 

Group 
IV 

Group 
V

Group 
VI 

NADH-diaphorase ++ ++ +± ++ ++++ ++++ 
Mitochondria 
ATPase ++ ++ ++ +± +++ +++ 

(+) weak activity, (++) moderate, (+++) very active, (++++) extremely active. 
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Figure 2. Cryostat frozen section in liver of male rat ingested high level of aflatoxin(s) 
contamination for 4 successive weeks showed extremely active reaction of NADH-
diphorase as indicated by the dark violet diformazan pigment in the liver tissue (X300)

Figure 3. Cryostat frozen section in liver of male rat ingested high level of aflatoxin(s) 
contamination for 4 successive weeks showed very active reaction of mitochondrial 
ATPase as indicated by the dense and dark lead sulphide precipitate (X300)

Many reports stated that aflatoxins affect most of the enzyme systems especially 
those controlling the oxidative and phosphorlyated functions and processes [Saad (1993) 
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on LHD, Paola et al. (1999) on phosphodiesterase, Patrick et al. (2002) on cytochromes 
P450, and Tulayakul et al. (2005) on glutathione-s-transferase and dialdhyde reductase]. 
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