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ABSTRACT 

The natural co-occurrence of Fusarium toxins zearalenone (ZEA), fumonisin B1 (FB1) and 

deoxynivalenol (DON) in the same food was well known. Previous in vitro studies on their interactive 

effect had reported additive or synergistic effect but interestingly antagonistic effect.  In order to explore 
in vivo such characteristic interactive effect, Swiss female mice were orally administered with low doses 

of ZEA (50µg/kg bw/day), FB1 (110µg/kg bw/day) or DON (45µg/kg bw/day) alone and their mixtures 

(ZEA+FB1) and (ZEA+DON) for 7 days. As results, no death or abnormal symptoms were observed in all 
groups. The significant of loss of weight was observed in female mice group treated with FB1 or DON 

and their associations with ZEA. Serum chemistry examinations revealed disorders in lipid metabolism, 

renal filtration and a rhabdomyolysis. ZEA tested at dose of 50µg/kg bw/day was very slightly toxic or 
not but associated with FB1 or DON, enhanced their effect in particular in renal filtration failure, tissue 

necrosis and lipid metabolism troubles. These combined effect suggested an additive or unexpected 

synergistic effect in female mice. Moreover, ZEA+DON were more potent in tissue necrosis but in renal 

filtration and troubles in lipid metabolism, the binary ZEA+FB1 had been found alarming. These toxic 
effects could be regarded as precocious effects of ZEA, DON and FB1 since they had been tested at very 

low doses. Thus, the no-observed effect levels (NOAEL) of ZEA, DON and FB1 were low than 50µg/kg 

bw/day, 45µg/kg bw/day and 110µg/kg bw/day respectively above all when they were simultaneously 
administrated.   
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INTRODUCTION  

Fusarium species occur widely on plants. They are found in a variety of agricultural products mainly on 

corn, wheat and other cereal grains for human and animal consumption. Fusarium toxins namely 
deoxynivalenol (DON), zearalenone (ZEA) and fumonisin B1 (FB1) have been shown to cause diverse 

toxic effects in both experimental animals and livestock and occasionally suspected to cause adverse 

effects in humans (Gelderblom and Marasas, 2012; Creppy, 2002). These mycotoxins could be found in 
the same commodities as secondary metabolites of different Fusarium species (Desjardins et al., 2000; 

Dawlatana et al., 2002). Thus, several studies have been focused on their interactive effect in human or 

animal cells lines (Kubena et al., 1997; Boeira et al., 2000; Tajima et al., 2002; Creppy et al., 2004; 

Kouadio et al., 2007). In previous in vitro study focused on binary of ZEA and FB1 or binary ZEA and 
DON using several endpoints such as lipid peroxidation, protein and DNA synthesis, cell viability, DNA 

methylation and DNA fragmentation, we have reveled FB1 and ZEA display antagonism or additive 

effects in Lipid peroxidation, inhibition of protein synthesis, DNA methylation and fragmentation while 
on the association of ZEA and DON lead to globally to additive effects (Kouadio et al., 2007). These 

findings should be confirmed by in vivo studies. 

Concerning the individual toxic effects of these major Fusarium mycotoxins, several studies and 
epidemiological reports revealed that fumonisin B1 (FB1) causes equine leukoencephalomalacia, porcine 
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pulmonary oedema, nephrotoxicity, hepatotoxicity, and hepatocarcinogenicity in laboratory animals and 

of oesophageal carcinoma in humans (Gelderblom and Marasas, 2012; Voss et al., 1998; Riley et al., 

2001; Ribar et al., 2003). FB1 had been also found to cause hepatotoxicity and nephrotoxicity in rabbits 
and lambs by increasing the rate of apoptosis in liver and kidney (Edrington et al., 1995; Bucci et al., 

1998). For ZEA, it has estrogenic and anabolic activities in several species such as rodents, pigs and 

monkeys (Creppy, 2002), being able to cause alterations in the reproductive tract of laboratory animals 
(Abid-Essefi et al., 2004). ZEA is associated with outbreaks of precocious pubertal changes in children in 

Puerto Rico, and has been suggested to have a possible involvement in human cervical cancer (Zinedine 

et al., 2007). The main targets of ZEA were those tissues enriched in the estrogen receptors, liver, kidney 

and immune systems (Abbes et al., 2006). In addition to the estrogen function, it also could cause tissue 
oxidative stress (Hou et al., 2013). ZEA was found to have hepato-nephrotoxicity and could disturb the 

enzymatic and hematological parameters of mice within 48 h taken orally (Abbes et al., 2006). ZEA 

could cause DNA adducts formation in female mousse tissues (Pfohl-Leszkowicz et al., 1995) and was 
known as carcinogenic disorders (Creppy, 2002). The third Fusarium mycotoxin DON produced 

abundantly by Fusarium graminearum (Creppy, 2002) when ingested can induce a decrease in food 

intake or refusal to eat food, vomiting, and digestive disorders; with subsequent losses of weight gain in 
animals which ingest this mycotoxin (Flannery et al., 2011). The gastrointestinal system is the target 

organ of the toxin (Young et al., 1983). DON induced hematological effects, lesions in the nonglandular 

stomach, and caused thymic lymphoid depletion, increased incidences, and mean severity of spleenic 

hematopoiesis, and increased mean severity of sternal bone marrow adipocyte deposition in rats at the 
highest dose (Iverson et al., 1995).

 

Although the existing studies on experimental animals such as pig and chicken revealing that tissue 

oxidative stress could be induced by the individual DON, ZEA or FB1 treatment, but, most of works were 
based on the separated mycotoxin treatment. In contrast to the pure mycotoxin feeding experiments, 

consumption of naturally contaminated multiple mycotoxins in vivo could provide more actual 

information on the effects of mycotoxins on the tissue toxicity. In addition, a previous study on in vitro 

combined effect of ZEA and FB1 or ZEA and DON had revealed additive or antagonistic cytotoxic effect 
(Kouadio et al., 2007). Therefore, the aim of this study is to investigate on interactive effect of ZEA and 

FB1 or those of ZEA and DON using an in vivo model. This experiment may provide data interesting to 

compare toxic effects resulting from binary ZEA+FB1 or binary ZEA+DON. 
 

MATERIALS AND METHODS  

Chemicals  
DON, ZEA and FB1 were obtained from Sigma Chemical Company (St Louis, MO, USA) and were 

dissolved in ethanol/water (50:50). All other chemicals used were of analytical grade. For the study, the 

mix solvents (ethanol/water) was dried under an air stream at 50C and reconstituted in water which 
became the vehicle in the experimentation. 

Animals  
Female Swiss mice (7–8 week old), weighing between 20 and 25 g were obtained from Society of 

DEPRE (France). Mice were housed in environmentally protected transparent polypropylene cages with 

stainless steel wire tops for a period of 1 week before induction of different treatments. The mice had free 

access to water. Experimental diets were placed in special containers to minimize spillage. Environmental 

conditions included 23–25C, relative humidity of 45–55%, and a 12-h light: dark cycle. The protocol for 
this study was approved by the Committee of Bioethics of Nangui Abrogoua University, Abidjan, Côte 

d’Ivoire. 

Animal Treatment 

Thirty (30) female mice were divided into six groups (n = 5 per group): (a) Normal control group, mice 

received water; (b) DON dosed group, mice received 45 g/kg bw/day of DON; (c) FB1 dosed group, 

mice received 110 g/kg bw/day of FB1; (d) ZEA dosed group; mice received 50µg/kg bw/day of ZEA, 
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(e) ZEA  FB1 dosed group, mice receive 50 (ZEA)  110 (FB1) g/kg bw/day and (f) ZEA+DON dosed 
group; mice receive 50 (ZEA) + 45 (DON) µg/kg bw/day. Each group received the appropriate vehicle 

(water), ZEA, DON, FB1, ZEA  FB1 or ZEA + DON daily by oral administration for 7 days. Every day 
the weight of the mice was observed using a Sartorius balance (ED 224S Germany) with 0.0001 mg 

accuracy. Urine samples were collected refrigerating metabolic cages (Tecniplast, Buguggiate, Italy) and 

at the end of the experiment, the mice were sacrificed to collect serum and tissues. 

Assay for Serum and Urine Chemistry 

The serum biochemistry parameters including aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), total protein (TP), triglyceride (TG), total cholesterol (TC), creatinine, gamma glutamyl 
transpeptidase (γ-GT) and creatine kinase (CK) were evaluated spectrophotometrically, using 

commercially available diagnostic kits supplied by BioMerieux (France). Similarly, unary total protein 

and creatinine were evaluated spectrophotometrically using commercially available diagnostic kits 

supplied by BioMerieux (France). 

Renal DNA Methylation 

The DNA methylation examination was performed as previously described with okadaic acid (Matias and 

Creppy, 1998).
 
DNA was extracted using the Wizard genomic extraction kit (Promega, France) which is 

designed for isolation of DNA from white blood cells, tissue culture cells and animal tissue, plant tissue, 

yeast, and gram positive and gram negative bacteria. Then, DNA was quantified by ultraviolet (UV) 

spectrophotometry at 254 nm. Ten micrograms of purified DNA dissolved in 10 µl of water was 

incubated at 100C for 2 min and then treated with 1 µl of 250 mM potassium acetate buffer (pH 5.4), 1 

µl of 10 mM zinc sulfate, and 2 µl of nuclease P1 (6.25 U/µl; Sigma, France) overnight at 37C, and then 
treated with 2 ml 0.5 M Tris-HCl (pH 8.3), plus 2 ml of the buffer containing alkaline phosphatase (0.31 

U/µl). This mixture was incubated at 37Celsius (37°C) for 2 h.  
Analysis of DNA base composition was performed on an Instrumentation Consommable Service (ICS; 
Toulouse, France) chromatograph equipped with a UV Spectra Focus 3-D at room temperature using a 

C18-phenyl-nucleosyl column (250  3.4 mm). Elution was carried out with 6.5 mM H2PO4 (NH4), pH 
3.95, and 4% (v/v) methanol at a flow rate of 1 ml/min. Eluates were monitored at 254 nm. Standard 

bases (dC, dT, dG, dA) (100 µg/µl) and m5dC (10 µg/ml) were obtained from Sigma Chemical and used 

for quantification, after sequential injection into the high-performance liquid chromatography (HPLC) 
system. The surface under the curve adjusted to the known concentration of each base was used with 

computer aided software (Pic3, ICS, France) to quantify the bases. The results in micrograms were used 

to calculate the rate in percentage of m5dC as compared to m5dC  dC  100. These rates were presented 

as mean of the four independents experiments  standard error of mean (SEM), prior to statistical 
analysis. 

Statistical Analyses of Data 
Results are presented as mean ±SEM and analyzed using a nonparametric statistical test, Mann–Whitney 

test for significance of differences. Acceptable limit is set from p < 0.05* or p< 0.01** (Gad and Neil, 

1982).  

 

RESULTS AND DISCUSSION  
The doses used in the present study were low when compared to those reported in literature. For example, 

in a study on induction of food refusal by DON, it has been reported that the NOAEL for DON is 0.5 and 
1.0 mg/kg bw following ip. and oral exposure, respectively (Flannery et al., 2011). For FB1, the does 

reported in literature varied from 1 to 75 mg/kg bw (Bondy et al., 1998; Motelin et al., 1994) while those 

of ZEA were ranged from 50µg to 8mg/ kg bw (Collins et al., 2006; Gajecka and Przybylska-Gornowicz, 
2012). The doses of ZEA, DON and FB1 used in the previous both studies being higher than those used in 

the present study, the toxic effects induced by DON and FB1 or their mixture could be considered as 

precocious effects. Moreover, only female and young mice have been used in the study for their high 

sensibility to toxicants (Lipnick et al., 1995). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gajecka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23390761
http://www.ncbi.nlm.nih.gov/pubmed?term=Przybylska-Gornowicz%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23390761
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Evolution of the Weight of Mice  

During the study, no remarkable changes in general appearance were observed and all mice survived until 

scheduled necropsy. Likewise, we observed significant decrease in body weight of mice treated  with 
ZEA, DON, FB1 and the mixtures ZEA+DON and ZEA+FB1 at day 3 when compared to control as 

showed in Figure 1. However, only DON and the mixtures ZEA+DON and ZEA+FB1 decreased the body 

weight at day 7 in mice as observed in Figure 1.                           
The mixture ZEA+FB1 was more potent in the reduction of animal weight when compared to those 

induced by the mixture ZEA+DON. The decrease of animal weight may be explained by the reduction in 

food intake. But, high water depletion has been observed in animals treated by ZEA+FB1 that could be 

caused the weight loss. 

 
 

Figure 1: Evolution of body weight (g) after oral treatment female mice by zearalenone (ZEA; 

50g/kg bw/day), deoxynivalenol (DON; 45 g/kg bw/day), fumonisin B1 (FB1; 110 g/kg bw/day) 

and their mixtures (ZEA+FB1; ZEA+DON); P  0.05 (*) 

 

Serum and Urine Chemistry 
The results of biochemical examinations were summarized in Tables 1, 2 and 3. An elevation of 
triglycerides was observed in female mice treated by DON, FB1 and their association with ZEA but the 

mixture ZEA+DON was more potent. In addition, the total cholesterol was significantly increased in mice 

treated with mycotoxins DON, FB1 and their mixtures ZEA+FB1 and ZEA+DON but ZEA did not 
influence of DON or FB1 alone effect-induced.  

ZEA and the mixture ZEA+FB1 increased slightly serum ALT in mice but there was no difference 

between the mixture toxic effect and that of ZEA alone. While the individual mycotoxin ZEA or DON did 
not cause AST elevation but their association ZEA+DON leaded to elevation of AST and ALT in mice. 

For the serum CK, DON alone caused CK elevation and its association with ZEA leaded to more 

elevation of CK suggesting an additive effect. No modifications were observed with ZEA or FB1 alone 

but their mixture slightly increased serum CK concentrations.  
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Moreover, no changes were observed in γ-GT serum levels in contrast to serum creatinine concentrations. 

Indeed, FB1 or ZEA alone but not DON, provoked an increase of level of serum creatinine in mice and 

these elevations were more high with the mixtures ZEA+FB1 or ZEA+DON. In addition, the increase of 
level of serum creatinine was correlated by diminishing of unary creatinine level. The similar 

observations were found with levels of serum total proteins and unary total proteins. 

 

Table 1: Blood parameters for females mice after oral treatment by DON (45 g/kg bw/day), FB1 

(110 g/kg bw/day), ZEA (50 g/kg bw/day) and the mixtures ZEA+FB1 and ZEA+DON; P  

0.05(*) 

 Cholester

ol (mg/dl) 
Triglycerid

es (g/l) 
ALT 

(IU/l) 
AST 

(IU/l) 
γ-GT 

(IU/l) 
Creatin

e kinase 

(IU/l) 

Creatinin

e (mg/dl) 
Proteins 

(g/dl) 

 

Control 

172  4 0.89  0.05 19  3 42 5 2.50.
2 

32  5 0.32  
0.02 

5.08 0.02 

 

ZEA 

180  4a 0.74  0.07a 27*5
b 

55 

4a 
2.70.
4 

34  3a 0.450.04
a 

5.13 0.05a 

 

FB1 

192*  4b 1.04*  
0.07b 

25 

5a 

48 

4a 
2.60.
4 

32  3a 0.53*0.0
4b 

5.23* 
0.05a 

DON 
178  5a 0.98*  

0.09b 
23 

2a 

47 

3a 
2.50.
4 

41*  4b 0.41  
0.02a 

5.13 0.03a 

ZEA+ FB1 
190*  3b 1.04*  

0.05b 
252a 464a 3.20.

4 
38* 2b 0.79*0.0

6c 
5.26*0.02
b 

ZEA+ 

DON 
196*  3b 1.13*  

0.05c 
32*2
b 

65*4
b 

2.50.
4 

50*  2c 0.420.06
a 

5.29* 
0.02b 

Significantly different from the control group at the level of P  0.05. (a), (b), and (c) used to indicate the 
significant differences between values of animals treated. FB1 = Fumonisin B1, DON = deoxynivalenol, 

ALT = alanine aminotransferase, AST = aspartate aminotransferase, -GT = gamma glutamyl 
transpeptidase;  
FB1 = Fumonisin B1, DON = deoxynivalenol, ZEA= zearalenone 

 

Table 2: Unary creatinine and total proteins for female mice after oral treatment by ZEA (50 g/kg 

bw/day), DON (45 g/kg bw/day), FB1 (110 g/kg bw/day), and their mixtures ZEA+FB1 and 

ZEA+DON; P  0.05 (*) 

 Creatinine (mg/dl) Proteins (g/dl) 

Control 86  5 0.78  0.02 

ZEA 63* 6a 0.84  0.02 

FB1 39*  6b 0.82  0.01 

DON 86  3 0.81  0.015 

ZEA+FB1 25*  4 c 0.77  0.01 

ZEA+DON 32*  4 b 0.78  0.02 
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(a) (b) and (c) used to indicate the significant differences between values of animals treated. FB1 = 

Fumonisin B1, DON = deoxynivalenol, ZEA= zearalenone 

In blood biochemistry examinations, the significant elevation of total cholesterol and triglycerides 
induced by FB1 alone or its association with ZEA revealed a plausible lipids and lipoproteins (elevation of 

serum proteins) metabolism disorders. These observations traduced precocious liver toxic effect induced 

by FB1 but without tissue damage because no elevation of serum ALT had been found probably because 
of the low level of FB1 used and/or the short duration (one week) of mice treatment in the present study. 

Our finding was supported by previous studies (Abbes et al., 2006a; Kuiper et al., 1998). Moreover, used 

at 50µg/kg bw/day, ZEA did not influence FB1 toxic effect in lipids metabolism in contrast to the mixture 

ZEA+DON which leaded to an additive effect. Indeed, DON slightly caused an elevation of serum lipids 
which was more marked with its association with ZEA. In addition, the binary ZEA+DON had been 

found to cause an elevation of AST and ALT for females mice suggesting early liver cells lyses. But, the 

elevation of AST associated with rhabdomyolysis marker CK elevation as induced by DON and 
ZEA+DON could traduce a massive destruction of muscular tissue such as the kidney tissue (Lehmann et 

al., 2013; Hedenmalm et al., 2010). It is well established a close link renal tissue damage and increasing 

of serum CK concentration (Lehmann et al., 2013; Hedenmalm et al., 2010).  
In contrast to DON, ZEA or FB1 alone had been found to cause kidney filtration disorders as revealed by 

renal creatinine clearances which were twice or four times inferiors when compared to control as showed 

in Table 3.  

 

Table 3: Renal clearance by serum and unary creatinine, (Ccr (ml/min)  10
-4

) for female mice after 

oral treatment by DON (45 g/kg bw/day), FB1 (110 g/kg bw/day), and their mixture; P  0.05 (*) 

 Control ZEA FB1 DON ZEA+FB1 ZEA DON 
Renal clearance 22.5  

4.4 
11  2.2* a 8.43  2* a 19  

4.1 
5.16±2.3b 6±1.7*b 

(a) and (b) used to indicate the significant differences between values of animals treated. FB1 = 
Fumonisin B1, DON = deoxynivalenol, ZEA= zearalenone 

 

The mixture of FB1 and ZEA was more potent in renal filtration disturbs as compared to individual toxin 

effect leading to additive effect.  Similarly, our results have revealed evident disorders in renal filtration 
caused by both ZEA and DON. Taken together, all toxins and their mixtures exerted significant toxic 

effects in kidney by tissue damage or disorders in excretion or filtration functions. These results were 

supported by previous studies focused on FB1, FB2 and FB3 preformed in rats and mice (Voss et al., 1996, 
1998; Gelderblom and Marasas, 2012). But macroscopic examinations were not revealed a damage of 

kidney of mice treated by toxins and their mixture. However, we think that a prolongation of duration of 

our experiments in order to show an evident damage of kidney induced by these Fusarium toxins tested at 
very low doses should lead to marked histopathological effects.                  In the meantime, and in order 

to preliminarily explore mechanism of such kidney toxicity and regarding in vitro high DNA methylation 

induced by mycotoxins ZEA, DON and FB1 and their mixtures ZEA+DON and ZEA+FB1 (Kouadio et 

al., 2007), we projected to determine whether these toxins provoke DNA methylation in kidney cells in 
vivo.                      

Effects of Mycotoxins on DNA Methylation in Kidney Cells                                               
The methylation of deoxycytosine (percentage of m5dC) in the DNA of kidney cells was evaluated by 
HPLC-UV method in the presence of individual toxin (ZEA, DON and FB1) and their mixtures 

(ZEA+FB1 or ZEA+DON). All results were summarized in Figure 2.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Hedenmalm%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20014178
http://www.ncbi.nlm.nih.gov/pubmed?term=Hedenmalm%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20014178
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Figure 2: Deoxyribonucleic acid (DNA) methylation as measured by determination of the ratio 

m5dC on (dC  m5dC)  100 in the DNA of kidney cells after oral administration of ZEA (50g/kg 

bw/day), DON (45 g/kg bw/day), FB1 (110 g/kg bw/day), and their mixtures (ZEA+FB1; 

ZEA+DON); P  0.05 (*) 
 

ZEA or DON alone increased slightly the level of m
5
dC from 3.6% to 4.07% but not FB1. Interestingly, 

association of FB1 and ZEA or DON and ZEA increased level of m
5
dC until to 5.36% and 5.32% 

respectively. It is plausible both binaries ZEA+FB1 and ZEA+DON leaded to an additive effect on DNA 

methylation in kidney cells. These findings confirmed their interactive in vitro effect on DNA 

methylation previously reported in intestinal cells line Caco-2 (Kouadio et al., 2007). However, this DNA 

methylation in kidney cells was not linked to renal filtration because FB1 did not impact on DNA 
methylation but has been found to cause renal filtration disorder in contrast to DON. Previously, it had 

been reported that DNA methylation elevation could be linked to radical oxygen species (ROS) produced 

by stress oxidative (Mobio et al., 2000). In fact, the lipid, proteins or specially DNA oxidation induced by 
ROS could lead to elevation of DNA methylation (Mobio et al., 2000; Kouadio et al., 2007). In addition, 

the oxidation of cell membrane lipids leaded to loss of cell homeostasis maintain or to necrosis. Thus, by 

a high oxidative stress induced in the kidney cells, DON or ZEA and its association with FB1 induced an 

elevation of serum CK which is a consequence of the destruction of the kidney tissue by necrosis 
(Hedenmalm et al., 2010; El-Ashker, 2011).  

Conclusion 

The oral repetitive administration of low dose of DON and FB1 during only 7 days has revealed disorders 
in lipid metabolism, renal filtration disturb and renal cell DNA methylation and rhabdomyolysis. These 

effects could be considering as precocious effect of both mycotoxins DON and FB1 and their association 

with ZEA in female mice. On lipid metabolism and renal excretion and filtration functions, binary 
ZEA+FB1 was more potent while binary ZEA+DON was more potent in liver and kidney tissues damage 

namely rhabdomyolysis. Taken together, our results revealed that the mixture of Fusarium toxins leaded 

to additive or more than additive effect as previous reported (Sobrova et al., 2010). In addition, the no-

observed effect level (NOAEL) of ZEA, DON and FB1 were low than 50µg/kg bw/day, 45µg/kg bw/day 
and 110µg/kg bw/day respectively above all when they were simultaneously administrated.   
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