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ABSTRACT

The contamination of feeds and foods with mycotoxins is a global ecological and public health issue.
The effects of fungi growing on feeds and of mycotoxins produced by them are outlined with the fact
that even minimum concentrations, especially in cases of potentiated synergism and continuous
exposure, may cause substantial harm to health manifested with immunosuppression, reproductive
disorders in farm animals and hence, reduced productive performance and great economic losses. By
affecting numerous economic sectors and the food industry in particular, mycotoxins pose a huge
threat to animal and human health. The Food and Agriculture Organization (FAO) reports that 25%
of global food crops used as primary feed ingredients in animal and human nutrition are affected by
mycotoxins and contaminated as early as during the stages of plant growth, harvesting, transportation
or storage.

The most important mycotoxins, subject to extensive research and of enormous economic relevance
in modern livestock husbandry, pig farming in particular, are deoxynivalenol (DON), zearalenone
(ZEA), T-2 toxin (T-2), fumonisin B; (FB1), ochratoxin A (OTA) and aflatoxin B; (AFB1). The present
review describes zearalenone (ZEA) as one of the main pig feed contaminants, its prevalence,
toxicokinetics, toxicodynamics and clinical signs.
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INTRODUCTION

Zearalenone (ZEA), also known as F-2 toxin, is
produced by different fungi from the Fusarium
species - F. graminearum (Gibberella zeae),
Gibberella fujikuroi, F. culmorum, F. cerealis,
F. equiseti, F. semitectum and F.
crookwellense. Among 40 isolated Gibberella
fujikuroi strains in Bulgarian feeds for pigs and
chicks, 10 were found to produce ZEA, whereas
the mean contamination levels of ZEA in the
same feeds were reported to be 133 ppb for
2006 and 107 ppb for 2007. ZEA was also
found in the serum and urine of the same pigs
(2). The members of Fusarium spp. are among
the most commonly encountered fungi in cereal
crops — corn, barley, wheat, rice, sorghum and
soybean, cultivated in both moderate and
warmer climatic zones (1-3).
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The first reports about disease or intoxication,
accompanied with vulvar oedema and
reddening in growing female piglets and
preputial swelling in boars date back to 1927.
In all clinical cases, a common etiological
factor was a history of feeding Fusarium
graminearum (F. roseum)-contaminated feeds
(mainly corn) to animals. The fungi from genus
Fusarium, spread in different regions over the
world: Europe, the USA, Canada, Australia,
India, Japan, the Republic of South Africa and
Oceania, exhibit the best growth and toxin
production in wet climatic conditions, with
moderate or high ambient temperature,
especially at the time of plants’ flowering (3).

In Bulgaria, investigations on the prevalence of
ZEA-producing Fusarium spp. fungi are
reported from the second half of the past
century (1, 3-5). According to these
researchers, F. graminearum is the main ZEA
producer, and almost always present
contaminant during the production of pig
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compound feeds and undoubtedly involved in
farm animals’ pathology, especially in pigs (2).

By its chemical structure, the toxin is a non-
steroidal estrogenic secondary metabolite, a
resorcylic acid lactone (6- (10-hydroxy-6-oxo-
trans-1-undecenyl)-p-resorcylic acid lactone;
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C18H2205; MW: 318.36; CAS 17924-92-4)
(Figure 1). ZEA is a stable compound that is
not degraded at high temperature and during
feed processing. It is a whitish crystalline toxin
with a melting point of 164°-165 °C. ZEA is
water-insoluble, soluble in fats, alkalis and
different organic solvents (3).

Figure 1. Chemical structure of zearalenone (A) and its main metabolites: (B) alpha- zearalenol, (C) alpha-

zearalanol, (D) beta-zearalenol, (F) beta-zearalanol.

Toxicokinetics

Absorption

Men and animals ingest mycotoxins and ZEA
in particular, by two main pathways: through
ZEA-contaminated food or feed, and in humans
— through intake of ZEA, already converted in
the animal body to a- and PB-zearalenol with
milk, placenta and other biological fluids.

After oral administration to susceptible animal
species, ZEA is rapidly absorbed in the
proximal intestinal tract through the
enterocytes’ cellular membranes (6, 7). After
intake of a single oral dose of 10 mg/kg body
weight in pigs, high serum concentrations are
measured within 30 minutes with an uptake of
80-85%. The ZEA biotransformation in
mammals occurs mainly in the liver, but also in
other organs — intestines, kidneys and lungs (8).

Distribution

The plasma elimination half-life is 87 hours
both after two intravenous applications and
after a single oral dose (8). According to the
authors, the impairment of the enterohepatic
cycling via bile duct ligation decreases the half-
life to approximately 3 hours, evidencing the

important role of the bile in the excretion of
glucuronidated metabolites followed by partial
reabsorption at the end of the enterohepatic
circulation. The distribution of ZEA includes
tissues positive for estrogen receptors (ER)
such as the uterus, ovarian follicles, adipose
tissue and testes (9). It is reported that 4 weeks
following application of ZEA at a high dose (40
mg/kg feed), the amount of liver metabolites
ranged between 78 and 128 pg/kg (10). Another
author (11) reported that liver samples from
pigs, fed ZEA-contaminated oats, contained
predominantly the metabolite a-zearalenol (o-
ZOL) and at a lesser extent, B-zearalenol (B-
ZOL) and the original form (ZEA). The authors
affirmed that ZEA is widely spread in the body
and is slowly eliminated from tissues, probably
by reason of enterohepatic recycling of ZEA
and its metabolites.

The studies of another author (12) indicated two
main pathways of ZEA biotransformation in
animals (Figure 2).

The first pathway occurs through hydroxylation
and formation of a- and B-zearalenol (a- and B-
ZOL), and is possibly catalysed by 3a- and 3p-
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hydroxysteroid dehydrogenases (HDS). The
estrogenic potential of metabolites formed
through this pathway is different. The affinity
of a-ZOL to estrogen receptors is much higher,
so the resulting metabolite is far more toxic
than the original ZEA, whereas the -ZOL form
has a lower affinity to estrogen receptors and is
practically harmless (13).

The second metabolic pathway is based on the
conjugation of ZEA and its reduced metabolites
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with glucuronic acid, catalyzed by uridine
diphosphate glucuronic acid (UDPGA) (14-
16).

Research data demonstrate that the first stage of
ZEA biotransformation in mammals with the
formation of a- and B-ZOL, may occur in the
liver of many animal species (17), in the
porcine intestinal mucosa (8) and granulosa
cells of cattle and pigs (15, 17).
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Figure 2. Major ZEA biotransformation pathways in animals (18)

It has been found out that in pigs, ZEA is
converted mainly into a-form, whereas in
cattle, the p-form is the main liver metabolite
(17). The data of other authors showed that o-
ZOL is the main metabolite produced by pig,
rat, rabbit, cow and murine hepatocyte cultures
(19). Another author (20) evaluated ZEA
metabolism in two-month-old female pigs after
intravenous and oral administration. The
prevailing detected metabolite was a-ZOL,
whereas the levels of B-ZOL were insignificant.
The further conversion of ZEA and its
metabolites to glucuronide conjugates occurs in
the second stage of biotransformation (20).
Earlier, ZEA conjugates were detected in
different tissues and body fluids, e.g. urine,
faeces, liver tissue (11). These compounds are
effectively secreted in the bile. Thus,
conjugation facilitates the elimination of toxins
from the body, for instance with urine or faeces.

Clinical signs

ZEA has a resorcylic acid lactone structure and
may pass through cellular membranes, binding
to cytosol 17pB-estradiol (E2) receptors and
forming ZEA-E2 R complex. Alpha-
hydroxylation increases estrogenic activity,
explaining the species-specific sensitivity to
ZEA intoxication, whereas glucuronidation
capacity inactivates ZEA. Compared to other
species, the glucuronidation capacity of pigs is
low, therefore this animal species is the most
ZEA-sensitive (14, 21, 22), through the
compound’s hyperestrogenic effect.

1. Acute intoxication

ZEA exhibits a relatively low acute toxicity
(oral LDsp>2000-20000 mg/kg body weight)
after oral administration to mice, rats and
guinea pigs (23). According to the author, the
mycotoxin is more toxic after being
intraperitoneally injected.
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Table 1. Summarises the results from some
studies on ZEA acute toxicity (LDso) in various
animal species.
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Table 1. Acute toxicity (LDso) of ZEA in different animal species (24).

Species Sex Exposure route LDso (mg/kg References
body weight)

Mice M/F Oral >2000 NTP (1982)

Mice F Oral >20000 Hidy et al. (1977)
Mice F Intraperitoneal >500 Hidy et al. (1977)
Rat M/F Oral >4000 NTP (1982)

Rat M/F Oral >10000 Hidy et al. (1977)
Rat M Intraperitoneal 5500 Hidy et al. (1977)
Guinea pig F Oral >5000 Hidy et al. (1977)
Guinea pig F Intraperitoneal 2500 Hidy et al. (1977)

2. Chronic intoxication

Among the estrogenic effects of ZEA, the most
pronounced include: increased embryo lethal
resorptions, decreased fertility, and reduced
litter size, change in serum levels of
progesterone and teratogenic effects in pigs and
sheep (25). At higher doses, ZEA can disrupt
ovulation, implantation, fetal development and
the viability of newborn animals (15), and even
to induce oxidative stress, nausea or diarrhea in
addition to its estrogenic activity (26). The
young female pigs were found to be the most
sensitive ones to ZEA, having some
characteristic clinical symptoms such as
swelling of the vulva and mammary glands,
prolonged estrus intervals, vulvovaginitis,
stillbirth, vaginal and/or rectal prolapse,
ovarian atrophy, abortion and infertility (21). In
male pigs, ZEA provokes feminization and a
decrease in spermatogenesis, testicular weight,
libido, and testosterone levels (15).

The hyperestrogenism in  female pigs
(vulvovaginitis or rectal and vaginal prolapses),
which is provoked by the high feed
concentrations of ZEA was seen only after a
prolonged exposure to the same mycotoxin
(around a month) in the practice, whereas the
first clinical symptoms of exposure to feed
contaminated with Fusarium graminearum are
usually connected with some target toxic
effects of another mycotoxin DON produced by
the same fungus, e.g. cytotoxic (degenerative
changes in internal organs and gastrointestinal
tract), emetic (gastrointestinal damages),
neurotropic (paresis of the limbs) and
immunosuppressive  (secondary  bacterial
infections) effect (27). The maximum permitted
level of ZEA in feedstuffs for piglets and gilts
according to EC regulations is 100 ppb,

whereas for sows and fattening pigs is 250 ppb
(27).

The experimental application of ZEA or ZEA-
contaminated feed at relatively low doses of
1.5-2 ppm to young sows resulted in oedema
and thickening of vaginal and vulvar walls,
increased uterus weight and ovarian atrophy,
with growing female pigs being more
susceptible than adult cycling and lactating
sows (22, 28). The clinical signs appear three to
seven days following the first application and
disappear 14 days after elimination of the
etiological factor (29). For sows, far higher
doses are needed (64 ppm) to produce similar
symptoms (30). ZEA may also induce early
puberty in 70-day-old gilts if they ingest 2 ppm
of the toxin over 45 to 90 days (30). The last
studies demonstrated that the oocyte quality of
female pigs fed feeds containing low ZEA
concentrations (from 0.235 to 0.358 ppm) is
significantly reduced (30, 31). Level of
contamination induces dose-dependent specific
effects on granulosa cells, steroidogenesis and
gene expression (32-34). In cycling sows, 5 to
10 ppm dietary ZEA results in prolonged cycle
or anestrus after weaning (30, 34). Authors
(30) proved a linear relationship between ZEA
concentration (in ppm) and anestrus period
length (in days).

According to authors (30), litter size in
pregnant gilts and sows, fed ZEA-contaminated
feed at levels exceeding 2.8-3.0 ppm, especially
during early gestation, was reduced. The ZEA-
induced premature estrogenic stimulation
impairs the proper secretory response of the
endometrium to progesterone (P4) at the time
of embryos implantation by the 11-12" day
after the mating. Exposure to higher ZEA doses
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(>25 ppm) resulted in stillbirths, neonatal
mortality and mummification of foetuses. After
farrowing induction programme using PGF2a
at the end of the gestational period, dystocia
accompanied with splay leg deformities of
newborn piglets and neonatal estrogenic
syndrome are reported (35). According to the
author, clinical signs were also accompanied by
marked vulvar swelling in day-old female
piglets. It is assumed that the most critical
period of ZEA application is between
gestational days 7 and 10, as confirmed by the
higher embryonic death rate compared to ZEA
intake prior to or after that period (36).

Higher levels of ZEA contamination (64 ppm)
may cause the death of the entire litter (36),
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whereas moderate levels (up to 60 ppm) lead to
birth of less vital piglets or litter of smaller size
(28). The neonates may be exposed to the effect
of ZEA in utero, as well as through the sow
milk. The typical clinical signs indicating
exposure to ZEA are swelling and reddening of
the vulva (Fig. 3) and teats, enlargement of
mammary glands, hypertrophy of the vulva and
the uterus, rectal prolapse. Similar signs
associated with enlarged mammary glands may
be observed also in males. The onset and
severity of symptoms are dependent on period
and duration of ZEA exposure in pregnant
sows, the period between weaning the
offspring, and the absolute amount of ingested
toxin (8, 29, 30).

Figure 3. Reddening and vulvar oedema in a neonate piglet fed ZEA contaminated feed (left) (original). Vulva in

a healthy pig (right).
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