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ABsTRACT: Rabbit meat constitutes a measurable portion of the human diet. Thus, the ingredients used in rabbit feed
and their contamination with undesirable substances are fundamentally important both in terms of the quality of the
meat and the potential human health impacts associated with the animal-based food-production chain. The inclusion
of feed ingredients which are contaminated with toxic substances may have a range of biological or toxicological
effects on animal production. Rabbit feed ingredients that constitute complete feed products are derived from different
raw materials and the contamination of feed materials would represent an important potential hazard. This review
summarizes some of the toxic effects of mycotoxins, such as aflatoxins, ochratoxin, citritin, patulin, trichothecenes
(deoxynivalenol, diacetoxyscirpenol, T-2 toxin), zearalenone, fumonisins, moniliformin and fusaric acid.

Key Words: feed, mycotoxins, toxicology, rabbit.

INTRODUCTION

Mycotoxins are invisible secondary metabolites of moulds which may persist in feed even when the
moulds that produced them are no longer present (Scott, 1990). Rabbit production is important in tropical
and subtropical agricultural systems (Cheeke, 1986), and some low-cost rabbit feed constituents, such
as maize-milling waste, may be infected with moulds (mainly Aspergillus and Penicillium spp.), and
consequently may contain mycotoxins. The occurence of mycotoxin in rabbit feed is high in some
countries. For example, 77% of rabbit feed samples analysed in India were contaminated with aflatoxins
(Mohanamba et al., 2007), and 78% of the samples analysed in Argentina were contaminated with
ochratoxin A (Dalcero et al., 2002). Nearly all mycotoxins are cytotoxic, disrupting various cellular
structures such as membranes and interfering with cellular processes such as protein, RNA and DNA
synthesis (Guerre et al., 2000). Mycotoxins destroy the tissues by oxidizing proteins and most of them
have immunosuppressive effects (Kumar ez al., 2008). Some of them cause acute toxicity, evidenced
by digestive disorders or dermatitis. Some of them are carcinogenic, resulting in genetic mutations or
causing deformities in developing embryos. Mycotoxins can have very pervasive yet sub-clinical effects
on the health of rabbits which very often remain unnoticed. When the clinical symptoms of mycotoxin
poisoning can be observed, significant damage has already occurred. Improper harvesting, packaging and
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storage, or the prolonged shipping of feed ingredients may enhance the potential for mould growth and
mycotoxin production. Dirty harvesting, manufacturing and pelleting equipment, and storage bins may
also contribute to mycotoxin contamination (Houssein and Brasel, 2001).

The symptoms of mycotoxicosis are sometimes similar to those of better-known ailments. Mycotoxins
may cause fever (Cannon et al., 1982), gastrointestinal problems, internal bleeding, haemorrhages or
bruising, stomach ulcers (Aziz ef al., 1995), mouth sores, kidney or liver damage (Szilagyi et al., 1994),
central nervous system problems (Gabal ef al., 1986), immune-suppression (Richard et al., 1991; Kumar
et al., 2008), tumour-genesis, eye and lung problems, hypertrophy of the adrenal cortex, reproductive
organ problems (Szilagyi et al., 1994), damage to the heart muscle, tachycardia, skin problems (Fairhurst
et al., 1987), bone marrow and spleen problems (Niyo ef al., 1988), blood abnormalities (Mizutani ef al.,
1997), rectal prolapses and increased vascular fragility.

Poisoning may give rise to chronic or acute incidences depending on the amount of mycotoxin-
contaminated feed ingested and the damage to organs is cumulative over a period of time. A high incidence
of gastrointestinal upsets and diseases associated with depressed immune function (e.g. Pasteurella) may
indicate that a mycotoxin problem exists (Richard ef al., 1991). There are some clinical signs which may
appear in rabbits, such as severe pain in the abdomen, while radiograph series may reveal gut shutdown
but no physical blockage, and sometimes severe bloating as an effect of deoxynivalenol (Fioramonti et al.,
1993). Aflatoxicosis causes hypothermia and several blood abnormalities, e.g. high urea and creatinine
levels, calcium-phosphorus imbalance, abnormal levels of liver enzymes (AST, ALT, GGT) (Sahoo et al.,
1993) and impaired activity of the enzymes of the xenobiotic transforming system (Guerre et al., 2000).
In the case of T-2 toxicosis, low hematocrit and red blood cell levels, ulcers in the mouth, stomach and
oesophagus, feed refusal, weight loss, and some ovarian dysfunction were found (Fekete ef al., 1992).

The European Commission has made recommendations (2006/576/EC) regarding the maximum level
of several mycotoxins in complete diets (European Commission, 2006) and introduced regulations
(2003/100/EC) regarding aflatoxins (European Commission, 2003). However, these only apply to certain
cases, particularly with regard to rabbit feed (Table 1). There is only limited data on the occurrence of
important mycotoxins in rabbit feed and this is therefore an important area for future research and surveys.
However, the recommended maximum amount of mycotoxins in complete feed can be extrapolated to
rabbit feed.

AFLATOXINS

Rabbits are highly susceptible to aflatoxins which are produced by Aspergillus moulds. The median lethal
dose (LD,) of aflatoxin B, (AFB,) in rabbits was determined as a single oral dose of 300 mg/kg body
weight (BW) (Cardona et al., 1991). However AFB, as low as 15 mg/kg feed caused high levels of
morbidity and mortality (Makkar and Singh, 1991). Haemolytic anaemia and strong cytotoxic effects were
also observed by Verma and Mehta (1998). Feeding rabbits a diet naturally contaminated with 50 mg/kg

Table 1: Recommended maximum amount of mycotoxins in complete feed.

Mycotoxin Maximum content in mg/kg for feed with a moisture content of 12 %
Aflatoxin B, 0.02
Ochratoxin A 5.00
Deoxynivalenol 5.00
Zearalenone 0.50
Fumonisin B1+B2 5.00
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AFB, caused lesions in the liver (Abdelhamid et al., 2002). An exponential dose-dependent increase in
plasma bilirubin concentration was also observed, which is more likely to be related to increased heme
catabolism than to altered bile duct permeability (Guerre et al., 1997). AFB, toxicity also caused damage
to other tissues, such as the kidney, testicles, brain and thyroids (Lakkawar et al., 2004). The teratogenic
effects of AFB, on rabbits were described as enlarged eye sockets and enlarged fetal livers (Wangikar
et al., 2005a) and the dose of 0.1 mg/kg BW was considered to be the minimum oral teratogenic dose
(Wangikar ef al., 2005b).

In addition to feed as the primary route of AFB, intake, the inhalation of contaminated dust particles may
result in high local exposure of the nasal mucosa. Larsson and Tjilve (2000) assessed the bio-activation
and toxicity of AFB, in the nasal mucosa after intranasal administration of AFB,, (0.1, 1 or 2 mg) in rats
and also examined whether translocation of the mycotoxin occurs from the nasal mucosa to the brain along
olfactory neurons. The data indicated that materials transported in the olfactory nerves represented AFB,
and/or some of its non-reactive metabolites. It was concluded that applying AFB, to the nasal mucosa
resulted in high local bio-activation of the mycotoxin and translocation of AFB, and/or its metabolites to
the olfactory bulb if administered as a purified mycotoxin. However, the inhalation of contaminated feed
dust may have a different metabolism and/or response.

As mentioned previously, AFB, is a potent hepatotoxic and hepato-carcinogenic mycotoxin which requires
bio-activation to an active AFB -8,9-epoxide (Essigmann et al., 1982) which binds to DNA. Both endo-
and exo-stereoisomers of AFB,-8,9-epoxide exist, and although they are both produced in a variety of
tissues, only exo-AFB -8,9-epoxide binds efficiently to DNA (Eaton and Gallagher, 1994). In addition
to epoxidation, microsomal monooxygenases transform AFB, to the less toxic metabolites aflatoxin M,
(AFM)) and aflatoxin Q, (AFQ)). The rate of bio-transformation of AFB, depends on the tissues. For
instance, values for AFM, formation in liver microsomes were greater than in the lung, but the rate of
AFQ, formation was the same in the above-mentioned tissues (Daniels ef al., 1990). Bio-activation-
related toxicity of AFB, has also been observed in tracheal mucosa following intra-tracheal instillation of
AFB, in rabbits (Coulombe et al., 1986). These results indicate that besides the liver, the lung and trachea
are also capable of activating AFB, and that rabbit lung and tracheal microsomes show high activity for
this reaction (Daniels et al., 1990). Different rabbit lung cell types have different abilities to bio-activate
AFB,. Daniels et al. (1993) found that it was highest in the microsomes of non-ciliated bronchiolar
epithelial (Clara) cell-rich fractions.

Epoxide hydrolase and glutathione-S-transferase (GST) are both involved in hepatic detoxification of
activated AFB,, but the GST-catalyzed conjugation of glutathione to AFB -8,9-epoxides is thought to play
the most important role in preventing epoxide binding to target macromolecules (Eaton and Gallagher,
1994). The glutathione-aflatoxin conjugate is transported from the cells with an ATP-dependent multidrug-
resistance protein (Loe et al., 1997). Despite a preference for conjugating the more mutagenic AFB, exo-
epoxide isomer, the relatively low capacity for GST-catalyzed detoxification of bio-activated AFB, in the
lung may be an important factor in the susceptibility of the lung to AFB, toxicity (Stewart ez al., 1996).

OCHRATOXIN

Ochratoxin A (OTA) is produced by several Aspergillus and Penicillium moulds. In a study by Dwiwedi
et al. (2004), OTA from A. ochraceus was given via gastric intubation to rabbit does from 6 to 18 d of
gestation at levels of 0.025, 0.05 and 0.1 mg/kg BW, respectively. Teratogenic effects were found among
the 0.1 mg/kg dose group in the form of a significant increase in the incidence of gross anomalies (wrist
drop, rudimentary tail, knuckling of fetlock and agenesis of tail), skeletal anomalies (agenesis of caudal
vertebrae, incomplete ossification of skull bones and wavy ribs), and soft tissue anomalies (internal
hydrocephalus, microphthalmia and kidney agenesis). The same embryo development abnormalities
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were observed by Wangikar et al. (2005a). The number of live foetuses in the 0.1 mg/kg dose group was
significantly lower than those of the 0.025 mg/kg dose group. The mean foetal weights and mean foetal
crown to rump lengths of the 0.1 mg/kg OTA group were significantly lower than the 0.025 mg/kg dose
group (Dwiwedi ef al., 2004).

OTA is effectively transferred from the blood to the milk of lactating rabbit does and subsequently it
is also possible for their kits to be exposed if the lactating rabbit does are fed a naturally-contaminated
diet throughout the lactation period. Approximately 99% of absorbed OTA is bound to plasma proteins
(Chu, 1974). However, the highest concentrations of OTA accumulated in rabbit does were found in the
kidney followed by the liver, mammary gland and muscle. A linear relationship was found between the
OTA concentrations in milk and in the plasma of the suckling kits with a ratio of 1 mg/L plasma/0.015
mg/L milk (P<0.05), indicating an effective transfer of the toxin (Ferrufino-Guardia et al., 2000). OTA
is also extremely cytotoxic and may cause red blood cell haemolysis in rabbits (Zofair ef al., 1996). In
OTA-induced nephrotoxicity, the proximal tubuli of the kidney is the primary site targeted (Suzuki et al.,
1975). The basolateral membrane organic anion transport pathway is involved in OTA accumulation in
the proximal tubular cells, as was found in vitro (Groves et al., 1998). The excretion of OTA represents
a substantial avenue for the removal of this mycotoxin from systemic circulation (Groves et al., 1999).

CITRININ

Citrinin was originally isolated from Penicillium citrinum, but has been found to be produced by a variety
of other moulds, such as other Penicillium and Aspergillus species. Citrinin acts as a nephrotoxin in all
farm animal species, including rabbits, but its acute toxicity varies (Bennett and Klich, 2003). The 72 h
LD, of citrinin was 50 mg/kg BW by intraperitoneal administration and 134 mg/kg BW by the oral route
(Hanika et al., 1983). Citrinin induces mitochondrial permeability pore opening (Da Lozzo et al., 1998)
and inhibits respiration by interfering with complex I of the respiratory chain (Chagas et al., 1995). In the
experiment carried out by Hanika ef al. (1984), a single oral dose of citrinin was given by oesophageal
tube at dose levels of 20, 80 or 100 mg/kg BW. The highest dose caused azotaecmia and metabolic acidosis
with haemo-concentration and hypokalaemia within one day, whereas the effect of the two lower doses
caused blood urea nitrogen and serum-creatinine levels to increase and creatinine clearance to decrease,
indicating renal failure. Urine analysis indicated tubular dysfunction and necrosis with glucosuria,
isosthenuria and cylindruria. Another possible consequence of a low dose of citrinin toxicosis is the
impairment of rabbits’ reproductive performance in both genders as discovered by Ajayi et al. (2005).

PATULIN

Patulin is produced by a variety of moulds, particularly Aspergillus and Penicillium spp. It is commonly
found in mouldy high moisture corn (Tapia et al., 2005). The effects of sublethal doses of patulin on the
immune system were investigated in rabbits (Escuola ez al., 1988). They found significant suppression of
peritoneal leucocytes and mitogenic response as induced by phorbol myristyl acetate, concanavalin A and,
in particular, pokeweed mitogen. These effects were parallel to decreasing serum immunoglobulin levels.

FUSARIUM MYCOTOXINS

Fusarium fungi are commonly found and their mycotoxins are probably the most economically significant
grain mycotoxins on a global basis (Wood, 1992). Fusarium mycotoxins are a group of chemically diverse
mycotoxins which include trichothecenes such as T-2 toxin, HT-2 toxin, diacetoxyscirpenol (DAS),
monoacetoxy-scirpenol (MAS) and deoxynivalenol (DON), in addition to fumonisins, moniliformin,
zearalenone (ZEN), fusaric acid, and verrucarin A (De Nus et al., 1996). The effects of Fusarium
mycotoxins are varied and include the inhibition of protein synthesis (trichotecenes), sphingolipid
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biosynthesis (fumonisins) and estrogenic effects (zearalenone). Clinical signs of Fusarium mycotoxicosis
often remain unclear because of their immune-suppressive effect, particularly trichothecenes, which may
cause decreased resistance to infectious diseases (Ueno, 1973).

Trichothecenes

Trichothecene mycotoxins are mainly produced by Fusarium moulds in fields and cause intoxication
through consuming contaminated cereal crops in the compound feed (Placinta et al., 1999). Over 150
different, but structurally related, trichothecenes have been chemically identified. However, most of
the toxicological data is derived from a few trichothecenes, primarily T-2 toxin and DON. Most of the
trichothecenes cause severe toxicosis in rabbits, with relatively low LD, values, as shown in Table 2
(Wannemacher and Wiener, 1997).

Most of the trichothecenes are partially metabolised by the microsomal xenobiotic transforming
enzyme system. For instance, microsomal non-specific carboxyesterase produces C-4 acetyl residues of
DAS, T-2 toxin, fusarenon-X and diacetylnivalenol (Ohta ef al., 1978). As a result of the metabolism
of trichothecenes mainly in the liver, their accumulation in rabbit meat is moderate or negligible. The
rate of metabolism of trichothecenes, e.g. T-2 toxin, depends on the duration of exposure and decreases
over a long period of time (Vanyi et al., 1989). T-2 toxin causes lipid peroxidation in liver microsomes
(Guerre et al., 2000), which also impairs the extent and/or activity of xenobiotic transformation (Mézes
et al., 1996). Guerre et al. (2000) found that a daily dose of 0.25 mg/kg BW of T-2 toxin resulted in
decreased monooxygenase activity in rabbit livers. At a lower daily dose of T-2 toxin (0.1 mg/kg BW), no
significant effects on drug metabolizing enzymes or any microsomal oxidative damage were observed.
Some nutritional effects such as a deficiency or excess of some fat-soluble vitamins, namely vitamins A
and E (Tutelyan and Kravchenko, 1988), increased the toxic effects of trichothecenes by impairing the
activity of the xenobiotic transforming enzyme system.

Trichothecenes inhibit cellular protein synthesis, a property which is probably the cause of many of
the symptoms associated with trichothecene toxicosis. For instance, T-2 toxicosis results in hyper-
aminoacidemia (Wannemacher and Dinterman, 1983) due to the inhibition of hepatic protein synthesis
(Meloche and Smith, 1995). Subsequent elevations in blood tryptophan levels can result in increased
concentrations of tryptophan in the brain. Tryptophan is the precursor of the neurotransmitter serotonin
and the serotoninergic neurons are thought to be important mediators of behaviour such as appetite,
muscle coordination and sleep. Serotonin synthesis in the brain is poorly regulated and can be promoted
by increased concentrations of tryptophan (Leathwood, 1987). An increased amount of brain serotonin is
thought to cause loss of appetite and sleepiness.

At a single oral dose of 4 mg/kg BW, T-2 toxin was lethal for rabbits within 48 hours and this dose
was proposed as the LD, value for rabbits (Glavits et al., 1989). Faecal, caecotroph and urine toxin
concentrations were related to toxin consumption (Fekete et al., 1989a). It has been suggested that the
high toxin level of the caecotroph may play a role in the high sensitivity of rabbits, and that animals
consume the toxin-containing caecotroph (Fekete ef al., 1989b) because of coprophagy.

Table 2: Relative acute toxicity of the most abundant trichothecene mycotoxins in rabbits.

Trichothecene mycotoxin Route of administration LD, (mg/kg BW)
T-2 toxin Intramuscular 1.1
T-2 toxin Dermal (in dimethylsulfoxide ) 10.0
4,15-diacetoxyscirpenol Intravenous 1.0
Verrucarin A Intravenous 0.54
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The main toxic effect of T-2 toxin is the inhibition of protein synthesis which was proven by Ueno
et al. (1973) when rabbit reticulocytes were treated with low concentrations of T-2 toxin and marked
degradation of polyribosomes was observed. Feed containing sublethal amounts of T-2 toxin (12.5 and
25 mg/kg feed) caused emaciation, subacute catarrhal gastritis, necrosis of the lymphoid cells of the
intestinal mucosa, depletion and necrosis in the lymphoid follicles of the ampulla ilei, spleen and lymph
nodes (Fekete et al., 1989a). Niyo et al. (1988) described leukopenia, marginal anaemia, and an increased
number of morphologic changes in nucleated erythrocytes followed by a regenerative haematological
response, centrilobular hepatocellular swelling portal and periportal fibrosis as effects of T-2 toxicosis.
Necrosis of lymphocytes, cells of the mononuclear phagocyte system, and myeloid haemocytogenesis
were characteristic among most rabbits treated with T-2 toxin (Niyo et al., 1988; Glavits et al., 1989).
T-2 toxin and its metabolites also decrease the spermiogenesis and libido in bucks, possibly because the
conversion of pregnenolone to testosterone (Fenske and Fink-Gremmels, 1990) is inhibited.

The effects of dermal exposure to T-2 mycotoxin showed moderate oedema and erythema at the site of
exposition in two hours. Cutaneous injury may be due to ischemia caused by microcirculatory failure
(Yarom et al., 1987). DAS, T-2 toxin, HT-2 toxin and fusarenon-X were tested for dermatotoxicity in
rabbits, as manifested by the induction of allopecia. The greatest toxicity was shown by DAS and T-2
toxin (Leonov et al., 1990).

The toxic effects of deoxynivalenol (DON) or vomitoxin are rarely observed in rabbits. However, rabbit
producers have usually been concerned with higher than normal deaths due to diarrhoea in rabbits. The
DON levels of commercial diets, particularly those that contain more than 1 mg/kg DON have been
blamed by some rabbit producers for this problem. The effects of DON on gastric emptying, intestinal
propulsion and bloating in mice and rats and gastrointestinal myoelectrical activity in rats have been
described by Fioramonti ef al. (1993). Gastric emptying and intestinal transit were evaluated after force
feeding DON (0.05 to 1 mg/kg BW). DON was found to inhibit gastric emptying according to the dose,
and intestinal propulsion was reduced only at the highest dose (1 mg/kg).

Pregnant does fed a DON-contaminated diet (0.3 and 0.6 mg/kg) showed marked weight loss, but no
teratogenic effect was found (Khera et al., 1986). In an in vitro erythrocyte model system, extremely high
doses of DON (130 mg/mL) caused haemolysis (Rizzo ef al., 1992), but that effect was not proven in vivo
at naturally occurring contamination levels (0.5 to 3.0 mg/kg feed).

Zearalenone

Like the trichothecenes, zearalenone (ZEN) is produced by Fusarium fungi, but it is chemically unrelated
(Koch, 1981) and it has estrogenic properties in monogastrics (Sundlof and Strickland, 1986) and
ruminants (Roine et al., 1971). ZEN toxicity is more readily recognized than trichothecenes, because the
symptoms are more specific. Even though there is limited data regarding the estogen-like effect of ZEN
on rabbits, symptoms of ZEN toxicosis in ruminants such as heifers, cows and ewes are low conception
rates, poor fertility, vaginitis and vaginal secretions (Coppock ef al., 1990, Smith et al., 1995).

The effects of low (10 mg/kg BW) and high (100 mg/kg BW) oral doses of purified ZEN were studied
by Conkova ef al. (2001) in rabbits. Low ZEN doses resulted in a significant increase in ALP activity,
while high ZEN doses showed significant increases of AST, ALT, AP, GGT, and LDH activity, indicating
possible liver toxicity due to the chronic effects of the toxin.

In rabbit bucks, ZEN impairs spermatogenesis and decreases libido, although only at high doses (117.3
mg/kg feed) (Fenske and Fink-Gremmels, 1990).
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Pompa et al. (1986) found that in the presence of NADH, ZEN at dose levels of 0.1, 1 and 2 mg/kg BW
enhanced the reducing activity of the microsomal fraction of the liver. Furthermore, it was observed that
hepatocytes mainly produced a-zearalenol, the more uterotrophic metabolite.

Fumonisins

Fumonisins are a family of mycotoxins that were first isolated from cultures of Fusarium verticillioides
(Gelderblom et al., 1988), followed shortly thereafter by elucidation of the structures of the prevalent
isoforms fumonisin B, (FB,) and B, (FB,) (Bezuidenhout et al., 1988). It has been shown that the
biochemical mode of action of the fumonisins is due to their chemical structure, which is related to
sphingosine. They act as inhibitors of sphingolipid biosynthesis by inhibiting the enzyme sphingosine
N-acetyltransferase (Wang et al., 1991) in most livestock species, including rabbits.

FB, was found to be nephrotoxic and hepatotoxic in rabbits (Gumprecht et al., 1995), and it has also
been shown to exert deleterious effects on the haematopoietic organs (Mariscal-Quintanar et al., 1997).
Histological examinations of the liver showed centrolobular lipid infiltration and discrete cell necrosis,
while nephrosis of the proximal tubuli was observed in the kidney. The effect of FB, on rabbit kidney cells
was investigated in vitro and found to be cytotoxic and genotoxic (Rumora ef al., 2002). Lung oedema
was found only in a small number of rabbits fed a FB, -contaminated diet (Orova, 2003). The teratogenic
effect of FB, was also described using an oral dose of 300 mg/d for 14 d (Kovécs ef al., 2003) but a
lack of embryotoxicity was found at lower (0.1, 0.5 or 1.00 mg/d) oral doses (LaBorde et al., 1997). In
addition, changes of water distribution in the brain and lung of embryos in pregnant rabbit does fed the
FB,-contaminated diet were investigated using magnetic resonance spectroscopy by Orova (2003) and
significant changes were found in both tissues as a consequence of FB, toxicosis even during intrauterine
development.

In rabbit bucks, FB, (24.6 mg/kg feed) had no significant effect on testicular histometry. However, the
weight distribution in the epididymides of the experimental animals demonstrated that the caput and
caudal segments were significantly depressed in rabbits which were fed the highly contaminated diet.
Results suggest that FB, may provide some degenerations in the caput and caudal segments of the
epididymides (Ogunlade et al., 2006).

Moniliformin

Moniliformin is mainly produced by Fusarium moniliforme. It acts as an inhibitor of the tricarboxylic
acid cycle in intermediary metabolism. No data has been reported on moniliformin toxicosis in rabbits,
which might be due to its rare occurrence and low concentrations in feed (Thiel et al., 1986).

Fusaric acid

Fusaric acid is produced by several Fusarium species and may act synergistically with the trichothecenes
to reduce feed intake and cause lethargy in sensitive species (Smith, 1992), but there is no data available
on rabbits. In vitro studies support the concept of a toxicological synergism between fusaric acid and the
trichothecenes (Dowd, 1988), and Bacon et al. (1995) reported an interaction between fusaric acid and
fumonisin B1. In contrast, an in vivo trial with rats did not prove the synergism between fusaric acid and
fumonisin B1 (Voss et al., 1999).
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