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SUMMARY

The paper is a synthesis on the nature, origin, contamination with 

ochratoxin and the effects of these toxins on animal organism: acute and chronic 

toxicity, carcinogenesis, genotoxicity and Teratogenesis. The effect of 

ochratoxin in pigs are presented extensively, this species being of great 

economic interest and very sensitive to these mycotoxins.
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1. NATURE AND STRUCTURE

The family of ochratoxins includes several known molecules, but 

ochratoxin A is its most important representative. Ochratoxin A or OTA (Fig. 1) 

is produced by species of Aspergillus (A. ochraceus) and Penicillium (P. 

verrucosum, P. viridicatum) genera, which makes it a contaminant which can be 

synthesized in quite variable conditions. Actually, the optimal temperature for 

OTA synthesis by Aspergillus ochraceus is 28 °C, this synthesis being very low 

at 15°C or at 37°C. On the contrary, Penicillium viridicatum develops and can 

produce OTA at a range of temperatures between 4 and 30°C. In colder regions, 

OTA is produced mainly by Penicillium, while in the warmer regions it is 

mainly synthesized by strains of Aspergillus genus (Pohland et al., 1992 ; Varga 

et al., 1996). 

Figure 1. Ochratoxin A

2. CONTAMINATION

Ochratoxin A is found mainly in cereal grains (wheat, corn, rye, barley) but 

it can also be found in rice, soybeans, coffee, cacao, beans, peas, peanuts and 

dry fruits (figs, raisins). It is also present in cereal derivates such as flour, bread, 

Gross formulation: C2OH18ClNO6.

Molecular mass  403,8 g/mol
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pasta (Majerus, 1993), beer (El-Dessouki, 1992), vine and grape juice (Zimerli 

et Dick, 1996).

Unlike aflatoxins, which are found mainly in cereal grains from warmer 

regions, ochratoxin A is found in cereal grains from all regions because it can 

be produced by Aspergillus ochraceus in warmer regions and by Penicillium in 

the temperate climates (Table 1).

Table 1. Presence of ochratoxin A in cereal grains

Country Sample Contamination(µg/kg) References

Korea rice 3.9 Park, 2005

Ivory Coast corn

rice

9-92

0.6-64

Sangare-Tigori, 2006

Croatia wheat 1.47 Domijan, 2005

Ethiopia wheat, barley, 

sorghum

54.1 Ayalew, 2006

United States wheat

barley

60

85

Ngundi, 2006

corn 2 Scudamore, 1998a

rice 3-12 Scudamore, 1998b

corn 1.5 Scudamore, 2000

Great Britain

wheat, barley 5.2-231 MacDonald, 2004

Hungary wheat

corn

barley

0.3-62.8

1.9-8.3

0.14-212

Fazekas, 2002

India corn 0-20 Janardhana, 1999

Italy wheat 0-4.07 Castoria, 2005

wheat 1.77-3.19Lithuania

barley 0.37-0.92

Baliukoniene, 2003

Morocco barley 0.02-32.4 Zinedine, 2007

Poland wheat 0.5 Krysinska-Traczyk, 2001

Portugal rice 0.09-3.52 Pena, 2005

Russia wheat, rye, 

barley, 

200-33300 Aksenov, 2006

Turkey wheat,

corn

rice

soybeans

rye

barley

0.36-2.23

0.47

0.27

0.57

3.69

3.45

Baydar, 2005

Ochratoxin A is also found in the compound feeds because of the use of 

contaminated raw ingredients or because of the improper storage conditions. It 

has been found in concentrations of up to 30 µg/kg in compound feeds for pigs

(Dalcero, 2002) and up to 25 µg/kg in compound feeds for pigs, poultry and 

rabbits manufactured in Argentina (Magnoli, 1998).
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The foods produced from cereals contain sometimes ochratoxin A but 

generally in low levels (Ngundi, 2006). Aspergillus and Penicillium proliferate 

most often at cereal surface and a large amount of mycotoxin is released during 

the technological processes.

The figs and raisins (Zinedine, 2007b; Tjamos, 2006), peanuts (Zinedine, 

2007b), coffee (Fujii, 2006; Fazekas, 2002; Robledo, 2001) are often 

contaminated with ochratoxin A. Small amounts of this mycotoxin have aso 

been found on potatoes and lentil (Baydar, 2005). Table 2 shows these 

contamination data.

Table 2. Presence of ochratoxin A in vegetal products

Country Sample Contamination(µg/kg) References

Brasilia coffee 0.84-7.3 Fujii, 2006

Greece grapes 16-25 Tjamos, 2006

Hungary coffee 0.17-1.3 Fazekas, 2002

Morocco figs

grapes

peanuts

0.01-1.42

0.05-4.95

0.1-2.36

Zinedine, 2007b

Mexico green coffee 30.1 Robledo, 2001

Portugal coffee 0.2-7.3 Martins, 2003

Tunisia grapes 0.59-2.57 Lasram, 2007

potatoesTurkey

lentil

0.32

0.83

Baydar, 2005

Ochratoxin A was also detected in the meat of animals which consumed 

contaminated feeds (Jorgensen, 1998). It has also been detected in the blood and 

renal and hepatic tissues of farm animals (Terplan et Wenzel, 1993 ; Mac 

Donald et al., 1993 ; Gareis, 1996).

3. METABOLISM

3.1 Absorption

OTA is absorbed initially at the stomach level because of its acid 

properties. The hydroxyl and carboxyl groups plan an important role insofar as 

for an acid pH, the non-ionised form favours OTA absorption. OTA is absorbed 

in the small intestine at the proximal jejunum. It is hydrolysed in non-toxic OT

by carboxipeptidase A and chemotrypsin, as well as by the microorganisms 

form the digestive tract (rumen of the poligastric animals and large intestine of 

all species). This detoxification, before absorption, reduces the risk of OTA 

contamination of the products resulting from ruminant animals and of the milk 

particularly. In the liver, OTA is transformed in minor metabolites such as 4R-

and 4S- hydroxyochratoxin - ochratoxin A (4- OH-OTA) and 10-

hydroxyochratoxin A. The isomer forms 4-OH-OTA are regarded as 

metabolites of partial detoxification (AFSSA, 2006).
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3.2 Distribution and excretion

The distribution in the tissues of the different animal species (rat, pig, 

chicken, goat) follows the subsequent pattern kidney > liver > muscle > adipose 

tissue. In humans, OTA crosses the placental barrier. The strong affinity bond 

between OTA and plasma proteins delays its elimination increasing thus the 

half life period. OTA as di-anion has two binding sites of serum albumin, one of 

them having very high affinity. There is a great difference between OTA half 

life period in plasma according to the species. After oral administration, the half 

life period is 35.5 days in humans; 21-25 days in Rhesus; 3-5 days in pigs; 3.2 

days in calves, 2-5 days in rats; 1-1.6 days in mouse; 8.2 h in rabbit; 6.7 in 

quail; 4.1 h in chicken and 0.8 h in carp (AFSSA, 2006). 

The bile excretion and the glomerular filtration play an important role in 

plasma elimination of OTA. This toxin is eliminated very slowly from the 

organism in certain animal species, while its metabolites are eliminated much 

faster. In general, OTA and  are excreted in the urine of rats, while -OH-

OTA are excreted in the bile. 

OTA reabsorption in the renal tubules through the anionic carriers favour 

its return in the plasma and building up in the kidney tissue (AFSSA, 2006).

3.3 Action mechanisms

OTA inhibits protein synthesis in many experimental systems in vitro or in 

vivo (Dirheimer and Creppy, 1991). The accountable mechanism is thought to 

be the inhibition of the peptide elongation by competition with phenylalanine in 

reactions catalysed by phenylalanine-RNAt syntase. Several studies have shown 

that the inhibition of the protein synthesis seems to be involved in many toxic 

effects of OTA (WHO, 2001; Dirheimer and Creppy, 1991). The inhibition of 

protein synthesis is the primary effect of OTA, which leads to an inhibition of 

RNA and DNA synthesis (WHO, 2001). Thus, it has been shown that two genes 

involved in the negative regulation of the protein synthesis, the negative 

regulator of the receptor for prostaglandin F2 (Orlicky, 1996) and the eukaryote 

factorfor translocation onset: Eif4ebp1 (Gingras et al., 1999) are over-expressed 

during OTA intoxication. On the contrary, the elongation factor: eEF1A-1 

(Petroulakis and Wang, 2002), a known gene involved in promoting the 

dependent binding GTP of aminoacyl-RNAt at the ribosomal site A, during 

protein synthesis, has been under-expressed (Petroulakis and Wang, 2002). 

OTA determines cell oxidizing, as shown by in vivo and in vitro studies. 

For instance, the administration of 120mg OTA/kg body/day for 60 days to rats 

induced the increase of malondialdehyde synthesis (Petrik et al., 2003). MDA

reacts with guanine and forms DNA adducts. In cell cultures, OTA induces 

besides the stimulation of 8-oxoguanine formation as marker of DNA 

degradation, the synthesis of several reactive oxygen species (Arbillaga et al., 

2007; Kamp et al., 2005; Schaaf et al., 2002). Furthermore, OTA produces 

DNA fragmentation in the liver, kidneys and spleen of F344 rats intoxicated 

with OTA (0.25 – 2 mg OTA/kg body/day) for 2 weeks (Mally et al., 2005).
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Oxido-reduction mechanisms have been proposed to explain these effects. OTA 

binds Fe

3+

 ions facilitating their reduction to Fe

2+

 ions, which in the presence of 

oxygen produce active species of oxygen which start lipid peroxidation (Omar 

et al., 1990). It seems that P450 cytochrome is also involved in this reaction.

The toxicogenic studies are an additional mechanism for cell oxidation 

induced by OTA (Marin-Kuan et al., 2006). In kidneys, the genes involved in 

oxidation are sub-expressed during OTA infection. Many of these genes contain 

the antioxidant regulatory element (ARE) in their promoter region. This element 

is recognised by the nuclear factor Nrf2, a transcriptional factor involved in the 

basal expression and in inducing the genes encoding for detoxification, the 

cytoprotector and antioxidant genes (Kensler et al., 2006). It seems that OTA 

affects the cell antioxidant defence, which makes the cells more sensitive to 

oxidation (Cavin et al., 2007). 

4. TOXIC EFFECTS OF OCHRATOXIN ON THE ANIMAL ORGANISM

4.1 Acute toxicity

DL50 is of 30.3 mg/kg body weight for the male rats and 21.4 mg/kg body 

weight for the female rats. The newborn rats are more sensitive than the adult 

rats. The dog and pig are the most sensitive species, while the rat and mice are 

the least sensitive species (AFSSA, 2006). 

4.2 Chronic toxicity

The chronic toxicity can be displayed as body weight decrease, increased 

diuresis, proteinuria, by glycosuria and altered urinary transportation of the 

organic matter. The increased proteinuria is due to an interference with protein 

reabsorption by the contort tubules cells.

The studies of subchronic toxicity using the oral route have shown in rats 

degenerative lesions of the tubular system, the exposure to OTA being 

accountable for the nephrotoxic effects. The acute exposure to OTA determines 

the deterioration of the proximal tubules functions. It leads to an increased NaCl 

excretion and to a lower excretion of K+ and H+. The chronic exposure to OTA 

reduces the renal blood flow and therefore a lower glomerular filtration rate. 

The proximal tube is affected mainly by the chronic exposure to OTA (AFSSA, 

2006). 

OTA degrades the function of the proximal tube by glycosuria and 

enzynuria. The reabsorption of filtrated proteins through endocytosis may also 

lead to proteinuria. OTA is a strong inhibitor of the renal phosphoenol-piruvat 

carboxtkinase in vivo activity and therefore of the renal neoglucogenesis.

The diabetogen effect of OTA is due to the inhibition of insulin sythesis or 

to insulin release by the pancreatic cells with the decrease of glycolysis and 

glycogenesis and increase of neoglucogenesis and glycogenesis (AFSSA, 

2006). 

OTA inhibits protein synthesis in many prokaryote and eukaryote 

organisms, both in vivo and in vitro, this effect being due to the phenylalanine



Daniela Eliza Marin et al.10

radical of the toxin. The inhibition of protein synthesis is done at the post-

transcriptional level; the competition between OTA and phenylalanil-RNAt-

synthetase prevents the peptide elongation at very low concentrations. Lipid 

peroxidation is induced in vitro by OTA in the renal and hepatic microsomes or 

in vivo in rats intoxicated with 6 mg de OTA /kg. Cytocrhome P450 

biotransforms OTA into hydroxylated metabolites which stimulate lipid 

peroxidation, disturb calcium homeostasis and induce cell death by apoptosis. 

OTA also inhibits mithocondrial respiration. 

Recent studies have shown that chicken intoxicated with 400-800 ppb for 5 

weeks, have displayed a drop in the leukocytes count, a lower humoral and cell 

immunity compared to the control group (Elaroussi et al., 2006). In the 

macrophage cell line J774A.1, OTA (3 µM) induced a significant increase of 

cyclooxygenase-2 (COX-2) expression and of the enzyme inducing nitric oxide 

synthesis (iNOS) (Ferrante et al., 2007). In vitro studies by Alvarez-Erviti et al.

(2005) on rats, have shown that the proliferative response of the lymphocytes to 

concanavaline A and to lipopolysaccharides was not affected by OTA (0.5, 2.20 

µM); but the cytotoxic activity of NK cells decreased depending on the dose, 

and the activity of T cytotoxic lymphocytes has been significantly depressed by 

the concentration of 0.5µM. 

Also, in vivo studies on Wistar rats have shown that the activity of the 

natural killer cells has been strongly affected by the OTA treatment, the toxin 

determining a decrease of the cytotoxic activity in the animals exposed to 50 µg 

OTA/kg body weight (Alvarez et al., 2004). A single exposure of the pregnant 

females to OTA (500 µg/kg body weight) on pregnancy day 16, reduced thymus 

and spleen lymphocytes proliferation in the progeny (Thuvander et al., 1996). 

Flow-cytometry analyses of the thymocyte populations have shown in the 

progeny a decrease of CD+ and an increase of the proportion of immature cells, 

double positive (CD4+CD8+).

OTA also affects the humoral immunity. Thus, in rats, irrespective of age, 

intoxication with 0.34 mg/kg OTA, for 4 weeks, decreased IgG concentration 

(Dortant et al., 2001). The subchronic exposure to OTA (6, 250 or 2600 µg/kg 

feed of rat females decreased antibody production after 28 days of exposure

(Thuvander et al., 2005). OTA induced the depletion of the lymph cells, 

particularly in the thymus, the Fabricius bursa, spleen and the Peyer plates in 

different animal species. Neutrophylia and eosionophylia have also been 

described in rats. The proliferative response of T murine and bovine 

lymphocytes to mitogen is depressed, similarly with that f the human peripheral 

lymphocytes (AFSSA, 2006). 

4.3 Carcinogenesis , Teratogenesis and genotoxicity

OTA is not mutagen using the Ames test, unless hepatic or renal 

microsomes are present. OTA is genotoxic in the DNA repairing test in

Escherichia coli, it enhances the exchange of sister chromatides and induces the 
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formation of micronuclei in the cultures of seminal vesicles in sheep. (Schilter 

et al., 2005). OTA is carinogenic in rodents inducing renal, hepatic, mammary 

and testes tumors. A positive correlation has been suggested between exposure 

to OTA and the Balkan Endemic Nephropathy (BEN), as well as a correlation 

between the geographical distribution of BEN and the increased incidence of 

the renal epithelial cancer. OTA serum concentrations were higher in patients

with BEN and/or urothelial epithelium cancer compared to the healthy subjects. 

OTA is classed in group 2B by CIRC (1993) as possible cancerigen in 

humans. 

Concerning OTA embyotoxigenic and teratogenic effects, a prenatal 

mortality of 20% was noticed in rats exposed to 4 mg de OTA/kg body at 7, 8 

and 9 days after pregnancy. Abnormalities of the central nervous system, eyes 

and skeleton have been observed in the foetus. The most important and frequent 

malformations are those affecting the craniofacial structures (AFSSA, 2006).

In rats, after two administrations of a dose of 2.5 mg de OTA /kg body 

weight, orally, on days 8 and 9 of pregnancy, there was an increased number of 

foetal resorption, a lower average number of foetuses and a lower average 

weight of the foetus and placenta (AFSSA, 2006).

5. OTA EFFECTS IN PIGS

In Scandinavian countries, OTA determined considerable decreases of the 

production in pigs (Fink-Gremmels, 1999). Although OTA has been identified 

as nephrotoxic, the losses of animal production may be due to its 

immunosuppresing effects, particularly after a long-term exposure. Low 

concentrations (200ppb) may induce this effect, while the typical signs of 

nephrotoxicity are observed at higher dietary concentrations, of 1400ppb. 

Pigs are particularly susceptible to OTA effects, the kidney being the target 

organ. OTA has been associated mainly to pig toxic nephropaty, but other 

mycotoxins (cytrinine, for instance) may also be incriminated as inducing 

factors (Krough et al., 1979; Elling et al., 1985). The intake of forages with low 

OTA concentrations, although sufficient to induce kidney distortions, may not 

produce open clinical signs, because the clinical signs can be very subtle.  The 

intoxicated kidneys have washed colour and the histological abnormalities may 

include glomerular fibrosis, tubular degeneration, testes atrophy and interstitial 

fibrosis (Golinski et al., 1984, Cook et al., 1986, Elling et al., 1985, Tapia and

Seawright, 1985). Changes of the biochemical and haematological results have 

also been reported, but they are not properly defined (Harvey et al., 1989, 

Ztapia and Seawright, 1985). Once the nephropaty advances, the kidney may 

increase in size several times, it changes texture and colour (decolorizes) and 

displays an advanced cell alteration. At higher concentrations, OTA may induce 

a drop in performance and body weight (Huff et al., 1988; Cook et al., 1986). 

Alterations of liver and bladder structure may also appear. The excess water 

intake, diarrhoea, polyuria and polydipsia are the most frequent signs of 
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intoxication, although the chronic exposure to OTA doesn’t destroys completely 

the renal function (Krogh et al., 1979).

Although pigs are quite sensitive to the dietary OTA, the toxic effects tend 

to manifest more as cell and organ alterations, than as open clinical signs. In 

studies of chronic toxicity, the animals exposed to 0.2 ppm developed 

nephropathy after several months (Krogh et al., 1974). The lesions appear 

rapidly after higher intoxications. At a dose of 1-4 ppm, kidney swelling and 

decolourization appear after two weeks of exposure (Elling, 1983; Elling et al. 

1985). At these concentrations, alterations of blood biochemistry may also 

appear and renal dysfunction appears (polyuria and polydipsia). Lower feed 

intake and lower body weight may become obvious for dietary OTA 

concentrations above 2 ppm (Tapia and Seawright, 1985; Huf et al., 1989b). Pig 

death occurs only after strong OTA contamination (25-50 ppm) (Szczech et al., 

1973). 

Some studies have associated OTA to reproduction problems in pigs

(Shreeve et al., 1977). It has been shown that OTA may affect boar fertility and 

may be teratogenic, but only at high concentrations (Fink-Gremmels, 1999). 

When OTA crosses the placental barrier it may affect foetal development and 

may even cause tail necrosis (Marquardt and Frohlich, 1992)

Holmberg et al. (1988) show that OTA inhibited the immune response in 

pigs by inhibiting cell proliferation, but no correlation has been proven between 

OTA contamination of feeds and the onset of infectious diseases. In a study of

1992, Harvey et al, have shown that OTA (2,5mg/kg feed) administered for 35 

to gilts decreased the delayed hypersensitivity to tuberculin, lymph-

blastogenesis, IL-2 synthesis, and reduced the count and phagocytic activity of 

the macrophages; antibody concentration and hemagglutination titre have not 

been affected, which suggest that OTA might affect mainly the cell mediated 

immunity. 

OTA effects may be influenced by the concomitant intoxication with other 

mycotoxins. Tapia and Seawright (1985) studied the association of 0.35 ppm

and 0.75 ppm AFB
1

with 1 ppm and 2 ppm OTA in pigs, for 42 days. Liver 

lesions are similar with the ones described for aflatoxin intoxication, while renal 

lesions are less severe than those observed in animals exposed to OTA only

(degenerative alteration of the renal tubules, cortical fibrosis, increased serum 

concentrations of creatinine and urea (Tapia and Seawright, 1985). Harvey et al. 

(1989) conducted an experiment in which the pigs have been submitted to a 

combination of aflatoxins (2 mg/kg, AFB
1
 79%, AFG

1
 16%, AFB

2
 4%, AFG

2

1%) and OTA (2 mg/kg) for 28 days and noticed a diminishing of kidney lesion

severity compared to the animals exposed to OTA only. These two studies 

supported an interaction of aflatoxins and OTA at the renal level, interaction 

which tends to limit lesion development. The authors proposed the hypothesis 

of an interaction of AFB
1

on the binding sites of OTA. Such interaction doesn’t 

exist at the liver level since the lesions are similar to those observed during a 

simple aflatoxicosis (Harvey et al., 1989). On the other hand, in combination 
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with cytrinine, OTA has a synergic effect on lymphocyte proliferation in pigs

(Bernhoft, 2004).
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