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a  b  s  t  r  a  c  t

T-2  toxin  (T-2)  was  administered  to adult  Pannon  White  (n =  10/group)  male  rabbits  for  65
days, first  in  a  suspension  by  gavage  (0.05,  0.1 or 0.2  mg/animal/day),  and  secondly  mixed
into the  feed  (0.33  and  0.66  mg/kg  feed).  In the  first  experiment  0.1 mg  T-2  exposure  resulted
in temporary  decrease  in  feed  intake,  slower  increase  in  the  gonadotropin-releasing  hor-
mone  (GnRH)  induced  testosterone  synthesis,  slight  centrolobular  infiltration  in the  liver
and a  slight  hyperplasia  of  the  Leydig  cells.  In addition  to the  temporary  feed  refusal  effect,
0.2  mg  T-2  caused  a temporary  decrease  in plasma  albumin  and  urea  concentrations,  lesser
glutathione  peroxidase  (GPx)  activity  in  the  seminal  plasma,  a greater  (by 320%)  ratio  of
spermatozoa  with  cytoplasmic  droplets,  slower  increase  in the  GnRH-induced  testosterone
o Observed Adverse Effect Level (NOAEL) synthesis,  centrolobular  infiltration  in  the liver,  slightly  hyperaemic  testes  and  increased
proliferative  activity  of  the  Leydig  cells.  The  two  smaller  doses  applied  in  feed  (0.33  and
0.66 mg/kg)  did  not  cause  any  significant  adverse  effect,  and  no  feed  refusal  was  observed.
According  to  these  results  the No  Observed  Adverse  Effect  Level  (NOAEL)  of T-2  for  adult
rabbit males  was  found  to be  <0.1  mg/animal/day  (<0.02  mg/kg  b.w./day).

© 2013 Elsevier B.V. All rights reserved.
. Introduction

Secondary toxic metabolites of Fusarium molds (fusar-
otoxins) are frequent contaminants in cereal and
ther plant products (Scott, 1990). Fusarium molds
redominantly produce two types of mycotoxins: the
on-estrogenic trichothecenes and the mycoestrogens

ncluding zearalenone and its zearalenol metabolites. T-

 toxin (T-2) is the most acute toxic compound among
richothecenes: it inhibits protein, DNA and RNA synthe-
is (therefore injuring organs with rapidly dividing cell

∗ Corresponding author at: Kaposvár University, Guba S. Street 40, 7400
aposvár, Hungary. Tel.: +36 82505800; fax: +36 82505970.
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378-4320/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
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populations), alters cellular membrane functions, stimu-
lates lipid peroxidation, is cytotoxic and immunotoxic and
induces apoptosis (SCF, 2001).

The effect of T-2 on reproduction has been widely stud-
ied in female animals, while knowledge about its effect
on spermatozoa, testosterone production, i.e. reproduc-
tion processes in males is limited. T-2 was found to inhibit
testosterone secretion in gerbil testicular interstitial cells
in vitro (WHO, 2001). Yang et al. (2010) investigated
the effects of T-2 on semen quality, fertility and serum
testosterone concentration in mice after intra-peritoneal
injection of 0, 5, 10 and 15 mg/kg b.w. T-2 on 7 consec-

utive days. A dose-dependent reduction of sperm count
in the testes and epididymidis and increase in the num-
ber of abnormal spermatozoa occurred. Semen quality of
bulls was also impaired after a treatment with a small

dx.doi.org/10.1016/j.anireprosci.2013.01.006
http://www.sciencedirect.com/science/journal/03784320
http://www.elsevier.com/locate/anireprosci
mailto:kovacs.melinda@ke.hu
dx.doi.org/10.1016/j.anireprosci.2013.01.006
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dose of T-2 and HT-2 toxin (117.5 �g T-2/day and 1425 �g
HT-2/day) for about 14 weeks, with poor progressive motil-
ity and poor morphology of spermatozoa being observed.
The effect persisted until 5 month after withdrawal of the
moldy hay (Alm et al., 2002). The subsequent effect of
T-2 applied to rabbits in larger doses (4 mg/animal/day
for 3 days) was manifested by a decreased sperm motil-
ity, increased number of spermatozoa with morphological
abnormalities, decrease in concentration of citric acid in
seminal plasma, and decrease in testosterone concentra-
tion after 48 days following a 3-day long sub-chronic
toxicosis (Kovács et al., 2011). Interaction of T-2 with
reproduction in rabbits was reported by WHO  (2001),
but the studies were criticized due to their poor descrip-
tion. However, in addition to taking reproductive disorders
into consideration from an animal production perspec-
tive, studying effects in rabbits can be of special interest,
as this animal species is known to be a good model of
human reproductive toxicology. Using the rabbit in repro-
ductive toxicological studies has several advantages, e.g.
the male rabbit is the smallest, least expensive animal
that can be ejaculated with an artificial vagina, per-
mitting longitudinal evaluation of semen characteristics
(Morton, 1988). The recognition of the importance of sperm
morphology measurements in men  exposed to various
agents, and the repeatability of morphometric measure-
ments of rabbit sperm add to the value of the male
rabbit as an especially useful model (Foote and Carney,
2000).

In several studies, it has been concluded that the major
factors with regard to male subfertility or infertility are
being sought among environmental and industrial chem-
icals, antibiotics and cytotoxic drugs, heavy metals, and
dietary toxins, e.g. mycotoxins. People all over the world
can be exposed to prolonged intake of mycotoxins in
small doses. According to the most recent overview (Van
der Fels-Klerx and Stratakou, 2010) on the occurrence
of T-2 and HT-2 toxin (HT-2) in grain and grain-based
commodities in Europe, the incidence and concentrations
of these toxins were the greatest in oats through 2007
with reduced amounts being detected in recent years.
The contamination of barley and maize except in some
incidental cases was little, wheat, durum wheat, triticale
and rye were not susceptible to T-2/HT-2 contamina-
tion. Of the cereal derived food products, oat products
were contaminated to the greatest extent. Because the
consumption of wheat products in Europe exceeds that
oat derived products, even the lesser contamination of
wheat may  also be significant in case of longer exposure.
There are currently no EC limits for T-2 and HT-2 and
no recent risk assessments on these grains in the Euro-
pean community, mainly because of a lack of a complete
up-to-date overview of the occurrence of these two  tox-
ins.

To determine the No Observed Adverse Effect Level
(NOAEL) and by this providing data for the calculation of
the tolerable limit levels of T-2 in bucks, two experiments

were conducted, in which the toxin was administered
during 65 days in small doses, first in a suspension by
gavage (Experiment 1), and secondly mixed into the feed
(Experiment 2).
 Science 137 (2013) 245– 252

2.  Materials and methods

2.1. Animals, housing and treatments

Pannon White (n = 10/group) male rabbits (weight:
4050–4500 g, age: 9 month) trained to ejaculate into
an artificial vagina were used in the experiments.
Rabbits were individually housed in wire mesh cages
(42 cm × 50 cm)  in a closed building, with 16 light hours
per day. Average temperature ranged from 16 to 18 ◦C
and the farm had overpressure ventilation. The ani-
mals received a commercial diet containing 10.3 MJ
digestible energy (DE)/kg, 15.5% crude protein, 4.0%
crude fat and 14.7% crude fiber, ad libitum, and had
free access to drinking water from weight-valve self-
drinkers.

T-2 was  produced experimentally on corn grits by Fusa-
rium sporotrichioides strain NRRL 3299, as described by
Fodor et al. (2006).  In the first experiment T-2 was extracted
and purified according to the methodology described pre-
viously (Kovács et al., 2011). Treated animals received
0.05, 0.1 or 0.2 mg/animal/day T-2 toxin, while control
animals received toxin free suspension by gavage for 65
days. The toxin containing suspension was prepared by
dissolving the crystallized T-2 in ethanol, and thereafter
diluted with distilled water to get ethanol concentration
≤2%.

Taking the results of the first experiment into consid-
eration, in the second experiment the fungal culture was
mixed to the diet of the rabbits so, that the T-2 concen-
trations corresponded to the two  smaller doses of the first
experiment, i.e. 0.33 and 0.66 mg/kg complete feed. Con-
trol animals received a diet with no detectable T-2 toxin
content.

Individual feed consumption was recorded daily. The
body weight was  measured weekly. Animal health status
was  checked every day.

In both experiments, semen was  collected with an
artificial vagina after 65 days of toxin exposure. Sub-
sequently, the GnRH-challenge test wasconducted.
The animals were treated with 0.2 ml  GnRH-analog
i.m. (Receptal, Intervet, The Netherlands). The con-
centrations of testosterone were determined from
blood samples collected from the marginal ear vein
just prior to GnRH-analog injection (0 min) and
thereafter in the 25th, 50th, 75th, 90th and 115th
minute.

Blood samples were taken at the beginning (Day
0), on the 30th day and at the end (Day 65) of the
experiment to determine certain parameters of clinical
chemistry and the antioxidant status. At the end of the
experiment animals were euthanized by intravenous bar-
biturate overdose, exsanguinated, necropsied, the weight
of liver, spleen, kidneys and testes was measured, the
relative weight (expressed as % of body weight) calcu-
lated, and the testes were subjected to histo-pathological
examination.
The experimental protocol was  authorized by the Food
Chain Safety and Animal Health Directorate of the Som-
ogy County Agricultural Office, under permission number
23.1/02322/007/2008.
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Table 1
Effect of T-2 toxin administered by daily gavage on voluntary feed intake in Experiment 1 (g/day, mean ± SD).

Weeks Daily T-2 treatment (mg/animal)a P

0 0.05 0.10 0.20

1 155 ± 39c 118 ± 40bc 98 ± 32ab 73 ± 29a 0.000
2  141 ± 38b 98 ± 32a 93 ± 45a 77 ± 25a 0.002
3  139 ± 39b 122 ± 24ab 111 ± 35ab 83 ± 33a 0.005
4  130 ± 31 121 ± 11 129 ± 22 101 ± 30 0.050
5 125 ±  21 118 ± 16 123 ± 33 114 ± 16 0.687
6 154 ±  29 140 ± 16 143 ± 29 140 ± 28 0.599
7 151 ±  34 144 ± 21 152 ± 22 140 ± 29 0.739
8 134  ± 25 117 ± 14 133 ± 29 130 ± 30 0.398
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9  128 ± 18 128 ± 19 

ifferent superscripts (a–c) in the same row indicate difference at P < 0.05
a n = 10 in each group.

.2. Evaluation of semen quality

The following spermatological parameters were evalu-
ted: pH, concentration (improved Neubauer cell count-
ng chamber), morphology and acrosomal integrity
SpermatTM staining, Beernem, Belgium), as well as the
otal motility and fast/slow forward motility (MedealabTM

ASA System, Erlangen, Germany) of spermatozoa. Motil-
ty analysis was  carried out with CASA at a concentration
f 80–120 × 106/ml  after dilution of the semen with PBS. A
inimum number of 200 spermatozoa were examined for
orphology and 500 for motility evaluation (WHO, 1999).

he concentration of seminal plasma components such as
itric acid (Citric Acid Test, FertiPro, Belgium), zinc (Zinc,

ako Chemicals GmbH, Germany), fructose (Fructose Test,
ertiPro, Belgium) were also measured (WHO, 1999).

.3. Determination of clinical chemical parameters

The concentration of total protein, albumin, glu-
ose, cholesterol, urea and creatinine, the activity of
lkaline phosphatase, alanine aminotransferase, aspar-
ate aminotransferase, gamma-glutamyl transferase were
etermined at the Central Laboratory of Kaposi Mór  Teach-

ng Hospital.

.4. Measurement of antioxidant parameters

Antioxidant parameters were measured in blood
lasma, red blood cell (1:9) hemolysate and seminal
lasma. Glutathione peroxidase (GPx) activity was mea-
ured using reduced glutathione (GSH) and cumene
ydroperoxide as co-substrates in an end-point direct
ssay following the system of (Lawrence and Burk, 1978).
he loss of glutathione was measured using 5,5′-dithiobis 2
itrobenzoic acid (Sedlak and Lindsay, 1968). The enzyme
ctivity was expressed as nmol glutathione oxidation
er minute at 25 ◦C. GPx activity was calculated to pro-
ein content, which was measured by the biuret method
Weichselbaum, 1948).

GSH content was determined based on the color

omplex formation of glutathione with 5,5′-dithiobis 2
itrobenzoic acid (Sedlak and Lindsay, 1968).

Malondialdehyde (MDA) concentration was measured
ased on the color complex formation of malondialdehyde
133 ± 21 130 ± 28 0.952

with 2-thiobarbituric acid in an acidic environment at high
temperature (Placer et al., 1966).

2.5. Histopathological examination of the testes

The testes collected during the dissection of the tis-
sues and were stored in 8% neutral buffered formaldehyde
solution for histological examination, processed, sectioned
(3–4 �m)  and stained with hematoxylin and eosin (HE).

2.6. Determination of testosterone concentration

The testosterone concentration was  determined with
a direct 3H-radioimmunoassay method (Csernus, 1982)
adopted and validated for rodents’ (chinchilla, rabbit and
Angora rabbit) plasma (Kulcsar and Huszenicza, unpub-
lished), described in details previously (Kovács et al., 2011).

2.7. Statistical analyses

Data were analyzed by using the Multiway ANOVA pro-
cedure of SPSS (2002), version 10.0. The significance of
differences was tested by LSD post hoc test. GnRH-induced
testosterone response was  evaluated by comparing the
modified area under the curve (modified AUC), meaning
total AUC- (t0 value × 115 min). A value of P < 0.05 was con-
sidered as significant.

3. Results

3.1. Experiment 1

3.1.1. Body weight, feed consumption and health
No significant difference in body weight attributable to

toxic effect was  detected in any of the experimental ani-
mals (data not shown). None of the animals showed any
clinical signs of toxicosis, and no animals died during the
experiment.

In the first week T-2 in 0.1 mg  and 0.2 daily doses sig-
nificantly decreased voluntary feed intake by 63% and 47%,
respectively, compared to controls (Table 1). In the sec-

ond week the smallest dose (0.05 mg/animal/day) resulted
in a temporary decreased feed consumption (P < 0.002),
and in the 3rd week the feed refusal effect was detectable
only with the largest dose (0.2 mg/animal/day, P < 0.005).
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Fig. 2. Temporary decrease in glutathione peroxidase (GSH-Px)
(expressed as nmol glutathione oxidation per minute at 25 ◦C, calculated
Fig. 1. Temporary decrease in albumin (Fig. 1a) and urea (Fig. 1b) concen-
tration at the second sampling time (Day 30) in Experiment 1. Different
superscripts (a and b) indicate differences (P < 0.05) between treatments.

After the 2nd week, feed consumption began to increase
in the toxin-treated animals, and no significant difference
between groups was observed after the 4th week.

3.1.2. Clinical chemical parameters, antioxidant status
None of the examined clinical chemical parameters

showed significant differences due to toxin treatments,
except for the temporary decreased albumin and urea
concentrations observed on Day 30. On Day 30 the great-
est T-2 concentration resulted in a significantly lesser
albumin concentration (50.8 ± 2.5 g/l) compared to the
control group (54.2 ± 2.9 g/l, Fig. 1a), however, concentra-
tions were consequently greater at every sampling time
compared to the reference range (27–50 g/l; Harcourt-
Brown, 2002). Concentration of urea was significantly less
for the 0.2 mg  T-2 treatment (5.5 ± 0.5) compared to the
other three groups (6.4–6.6 g/l) on Day 30, and was less

than the standard physiological range (6.14–8.38 mmol/l;
Harcourt-Brown, 2002).

Antioxidant parameters did not change significantly in
blood plasma and red blood cell hemolysates were not

Table 2
Effect of T-2 toxin on certain sperm quality parameters in Experiment 1 (mean ±

Parameter Daily T-2 treatment (mg/animal)

0 0.05 

Sperm cell count (106/ml) 300 ± 136 345 ± 3
pH  7.14 ± 0.14 7.23 ± 0
Citric  acid (mg/ml) 3.23 ± 1.6 4.06 ± 1
Fructose (mg/ml) 1.43 ± 0.7 1.4 ± 0
Zn  (�g/ml) 596 ± 145 686 ± 1
Normal morphology (%) 70 ± 14 69 ± 1
Retention of cytoplasmic droplets 3a ± 0.6 5.4ab ± 2
Motility 85.4 ± 5.5 74.6 ± 9
Immotile cells 11.4 ± 5.0 16.9 ± 9

Different superscripts (a and b) in the same row indicate differences at P < 0.05.
a n = 10 in each group.
to protein content) activity in the seminal plasma at the second sampling
time (on day 30) in Experiment 1. Different superscripts (a and b) indicate
differences (P < 0.05) between treatments.

impacted by treatment as assessed by the T-2 challenge
(data not shown). In seminal plasma, only GPx activity
was  significantly decreased on Day 30 as effected by the
0.2 mg/animal/day T-2 treatment by gavage in Experiment
1, but this difference did not extend beyond Day 30 (Fig. 2).

3.1.3. Sperm quality parameters
None of the sperm quality parameters examined were

significantly different between groups, except for the
ratio of spermatozoa with cytoplasmic droplets, which
increased by 320% in animals treated with the largest dose
of T-2 (Table 2). On average 2.8% (SE = 0.76), 0.7% (SE = 0.2),
4.5% (SE = 0.8), 13.3% (SE = 0.6) and 1.4% (SE = 0.96) of the
sperm cells was microcephal, macrocephal, had broken or
rolled tails, or lacked an acrosome, respectively. Despite
the lack of statistical significance between groups in sperm
motility, the trend of the data shows a negative toxin effect
in case of this parameter (Table 2).

3.1.4. Testosterone concentrations
Basal testosterone concentration (0 min) was  less by

30–50% in 0.2 mg T-2 treated rabbits compared to the
other three groups (P > 0.05) in Experiment 1. When com-
paring the GnRH induced hormone concentrations to the

control animals, concentrations were less (P > 0.05) at
25 min  in animals treated with 0.1 and 0.2 mg T-2, respec-
tively (Fig. 3). After 50 min, in case of the largest dose
(0.2 mg/animal/day) hormone concentration was less by

 SD).

a P

0.10 0.20

59 265 ± 139 277 ± 111 0.390
.27 7.06 ± 0.22 7.09 ± 0.16 0.825
.86 3.56 ± 1.2 3.51 ± 1.79 0.817
.7 1.2 ± 0.7 0.9 ± 0.3 0.559
15 537 ± 223 675 ± 207 0.562
9 77 ± 8 70 ± 7 0.692
.0 2.9a ± 1.0 9.6b ± 2.4 0.01
.0 72.9 ± 18.1 79.0 ± 9.0 0.133
.5 25.1 ± 7.8 22.6 ± 6.8 0.072
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Table 3
Effect of in feed T-2 exposure on voluntary feed intake in Experiment 2
(g/day, mean ± SD).

Weeks T-2 treatment (mg/feed)a P

0 (control) 0.33 0.66

1 123 ± 40 130 ± 41 157 ± 23 0.118
2  116 ± 24 107 ± 24 129 ± 16 0.125
3 149 ±  19 130 ± 37 153 ± 16 0.183
4 92 ±  19 85 ± 28 96 ± 14 0.601
5  132 ± 8 104 ± 28 129 ± 26 0.092

The T-2 toxin dose applied in the present study to male
rabbits was 0.01, 0.02 or 0.05 mg/kg b.w./day, which repre-
sents about 0.3, 0.6 or 1.3 mg/kg feed contamination. The
0.3 mg/kg feed can be considered as a risk under practical
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ig. 3. Basal testosterone concentration and gonadotropin-releasing hor-
one (GnRH) induced testosterone production in Experiment 1.

4% (P > 0.05). Between 50 and 115 min  the testosterone
oncentration in the 0.2 mg  T-2 treated animals was less
y 21%, while in case of 0.05 and 0.1 mg  toxin concen-
rations this difference did not exceed 10%, compared to
he controls (P > 0.05). When observing the rate of increase
f testosterone concentration after GnRH injection, it was
ignificantly (P = 0.02) less in the 0.1 and 0.2 T-2 treated
nimals within the first 50 min, i.e. these toxin exposures
esulted in slower increase in the provoked hormone syn-
hesis and/or release.

.1.5. Results of dissection and histopathology
The liver showed mild regressive alteration and

entro-lobular infiltration in one buck from the
.05 mg/animal/day-treated group, while in case of
.1 and 0.2 mg/animal/day treated group, three animals in
oth groups had these alterations. However, this adverse
ffect was not supported by the measured liver enzyme
ctivities (see above).

Weight of the testes were between 10.4 ± 1.7 and
1.1 ± 2.0 g, without significant differences between
roups (P = 0.852). Other organs examined (liver, spleen
nd kidneys) also did not show any difference in weight
data not shown).

According to the histological examinations, control
nimals and those treated with 0.05 mg/animal/day T-

 had active testes, physiological spermatogenesis and
ntact parenchyma. Daily 0.1 mg/animal T-2 resulted in a
light hyperplasia of the Leydig cells, while the largest
ose (0.2 mg/animal/day) caused increased proliferative
ctivity of the Leydig cells and the testes were slightly
yperaemic.

.2. Experiment 2

According to the results of the first experiment the
OAEL of T-2 in adult bucks was found to be between 0.05
nd 0.1 mg/animal/day (i.e. 0.01–0.02 mg/kg b.w./day).
ecause T-2 toxin was provided by gavaging the animals,
he question arose if rabbits would consume freely a diet
ontaining the same amount of toxin. Therefore, in the sec-
nd experiment the voluntary feed intake of rabbit bucks

as measured after contaminating the diet with 0.33 and

.66 mg/kg T-2 (provided in fungal culture). After 65 days
f toxin treatment, the main sperm quality parameters and
estosterone concentrations were determined.
7  146 ± 20 137 ± 33 151 ± 24 0.550
9  108 ± 18 106 ± 21 120 ± 16 0.269

a n = 10 in each group.

3.2.1. Body weight, feed consumption and health
No significant difference in body weight attributable to

a toxic effect of treatment was detected (data not shown).
None of the animals showed any clinical signs of toxico-
sis, and there was no mortality during the experiment.
Feeding the contaminated diets did not cause feed refusal
(Table 3). However, there was  temporary fluctuation in the
feed intake in all groups, but irrespective of the diet con-
sumed.

3.2.2. Sperm quality parameters
None of the sperm quality parameters determined indi-

cated a treatment effect (Table 4). The ratio of cells showing
retention of cytoplasmic droplets was greater by 50% and
33% in case of 0.66 mg/kg feed T-2 as compared to 0 and
0.33 mg/kg groups, respectively, but the difference was not
significant.

3.2.3. Testosterone concentrations
Basal testosterone concentration was  36% and 38% less

in T-2 challenged animals, compared to controls, how-
ever, the differences were not significant (Fig. 4). Within 25
and 110 min  plasma testosterone concentration in treated
rabbits was less by 5–21%, but differences were inconse-
quent and statistically not different.

4. Discussion
min a �er  GnRH injec�on

Fig. 4. Basal testosterone concentration and gonadotropin-releasing hor-
mone (GnRH) induced testosterone production in Experiment 2.
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Table  4
Sperm quality parameters in Experiment 2 (mean ± SD).

Weeks T-2 treatment (mg/feed)a P

0 (control) 0.33 0.66

Sperm cell count (106/ml) 213 ± 102 244 ± 167 211 ± 88 0.822
Normal morphology (%) 77 ± 12 75 ± 9 77 ± 10 0.883
Retention of cytoplasmic droplets (%) 3 ± 2 4 ± 1.7 6 ± 3.4 0.639
Motility (%) 70 ± 8 70 ± 4 68 ± 15 0.884
Citric  acid (mg/ml) 2.0 ± 0.9 3.3 ± 1.5 2.1 ± 1.3 0.083

Fructose (mg/ml) 1.7 ± 0.6 

Zinc  (�g/dl) 672 ± 97 

a n = 10 in each group.

conditions, as approximately 5% of examined feed samples
(including rabbit feed) in Hungary contained 0.1–0.5 mg/kg
T-2 as the average of the last 5 years (unpublished data).

Trichothecenes are shown to alter the serotoninergic
neuronal activity in the central nervous system. Sero-
toninergic receptors are important mediators in appetite
regulation, so an increased serotonin concentration may
be the reason of the decreased appetite (Smith, 1992).
The least toxin concentration in the scientific literature
which did not cause the feed refusal phenomenon of T-
2 was 0.01 mg/kg b.w. in rabbits (Fekete and Huszenicza,
1993). This has been previously reported, as 0.01 mg/kg
b.w. (0.05 mg/animal) T-2 resulted in a short temporary
decrease in feed intake, experienced only in the 2nd week
compared to the 1st week’s data. Even in case of larger
doses, feed intake returned to normal values within 4
weeks indicating the adaptation of the animals to the toxin
with regard to feed intake.

The health status of the animals can be monitored by
regular determination of certain clinical chemical parame-
ters. The liver is considered to be the primary target organ
of many mycotoxins, and of trichothecenes in all species
examined. Hypo-albuminemia is a feature of advanced
liver diseases in all species. Laboratory reference ranges
for serum albumin concentrations in rabbits can be wide
and vary between sources. A greater serum albumin, as
observed in this experiment, is not a feature of any specific
disease, diet and husbandry may  influence concentraions
of this protein in blood (Harcourt-Brown, 2002). Results
of the present study showed that T-2 in the greatest dose
(0.05 mg/kg b.w./day) resulted in temporary hepatic dys-
function, as indicated by the decreased albumin and urea
concentrations on Day 30. As total protein was not affected,
hypo-albuminemia was probably not the result of the
direct protein synthesis inhibiting effect, but rather the
hepatotoxic effect of T-2, causing parenchymal damage in
the liver. This was supported by the mild regressive alter-
ation, centrolobular infiltration of the liver, in one animal in
the group treated with 0.05 mg/animal/day, and three ani-
mals in both groups treated with 0.1 or 0.2 mg/animal/day
at the end of the experiment. Low blood urea concentra-
tions can also reflect hepatic dysfunction (Harcourt-Brown,
2002). However, urea metabolism of rabbits is compli-
cated by the caecal microbial urea utilization, so small

fluctuations in plasma urea concentrations are difficult to
interpret. Edrington et al. (1997) also reported decreased
serum urea nitrogen concentrations when feeding growing
broilers with a diet containing 6 mg/kg T-2.
2.1 ± 0.8 1.8 ± 0.6 0.653
601 ± 100 647 ± 159 0.511

Antioxidant parameters did not change significantly as
effected by T-2 challenge, except for moderate decreases of
GPx activity in seminal plasma on Day 30 with the largest
dose. These results mean that the biological antioxidant
system was able to eliminate the potential free radical
generation effect of T-2 in rabbits. This is supported by
Guerre et al. (2000) who found that a daily dose up to
0.10 mg/kg b.w. T-2 did not result in oxidative damage in
rabbits.

One of the main goals with the present study was to
detect reproductive toxic effects of T-2 in males. The length
of the toxin treatment was  64 days. The cycle of the seminif-
erous epithelium lasts 10.7 days in rabbits. In sub-chronic
toxicity studies it has been recommended to expose the
animals to the test compound for at least six cycles of the
epithelium before the effect is evaluated (Amann, 1982). In
rabbits, this would require 64 days. This period is enough
for the agent to accumulate in tissues, exert its effect, and
produce changes in the sperm in the ejaculate, and cause
histological lesions.

Among the parameters used for evaluation of sperm
quality in the present study only the ratio of spermatozoa
with retention of cytoplasmic droplets differed (P = 0.01)
in the animals treated with the largest toxin dose
(0.05 mg/kg b.w./day). This may  be the result of the
impaired epididymal function, i.e. maturation of spermato-
zoa (Parkinson, 2009; Yeung, 1995). This could also lead
to decreased spermatozoa motility (more immotile cells)
in the toxin-treated groups (though differences were not
significant). The male reproductive organs are strongly
androgen-dependent in respect of structure as well as
function. Testosterone supports spermatogenesis, sperm
maturation, seminal plasma production and sexual func-
tions (De Kretser and Kerr, 1994). The disruption of
testosterone biosynthesis in Leydig cells can adversely
affect male fertility (Parkinson, 2009; Weinbauer et al.,
2000). In the present experiment, basal testosterone con-
centration was less by 30–50% in 0.2 mg  T-2 treated rabbits
compared to the other three groups (not significant), and
after GnRH injection, increases in the testosterone con-
centration was significantly less in the 0.1 and 0.2 T-2
treated animals within the first 50 min. Nikodémusz and
Mézes (1992) also observed significantly less testosterone
production after GnRH induction in ganders treated with

a small dose of T-2. T-2 may  decrease the testosterone
production of the Leydig cells by inhibiting early steps
of the steroidogenic pathway, i.e. the conversion of pre-
gnenolone to progesterone (Fenske and Fink-Gremmels,
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990). T-2 may  act indirectly as well, on the pituitary
land, or affect sertoli cell inhibin production as has been
hown with another trichothecene mycotoxin, deoxyni-
alenol (Sprando et al., 2005). The direct effect of the toxin
n Leydig cells is more feasible, supported by histopatho-
ogical hyperplasia of the cells.

All sperm quality problems previously described
ere observed with the two larger doses (0.1 and

.3 mg/animal/day) and only when applied as pure toxin
y gavage in the present research. If the same amount
f T-2 was applied in feed, no significant adverse effect
f the toxin was observed. Although in rabbits fed with

 diet containing 0.66 mg/kg T-2 more sperm cells with
etention of cytoplasmic droplets were found and a slower
ncrease in testosterone concentration after GnRH injec-
ion was observed. However, these differences were not
tatistically significant. An explanation for the lack of alter-
tions can be the different absorption rate and toxicokinetic
roperties of purified T-2 solubilized in ethanol:water
2:98) solvent compared to its native form in the fungal
ulture. The lipophilic nature of trichothecene toxins sug-
ests that they are easily absorbed. Radioactivity peaked
n plasma of mice 30 min  after oral administration of [3H]
-2 toxin. Single oral administration of 0.5 or 1 mg/kg T-

 in diets of chickens resulted in a 60–65% absorption
ithin 120 min  (Schuhmacher-Wolz et al., 2010). The mode

f toxin administration, i.e. the feed matrix might influ-
nce absorption, as previously theorized (Eriksen, 2003)
hat an intra-gastric administered dose of another tri-
hothecene mycotoxin, deoxynivalenol, might be more
vailable for absorption than toxin mixed into the feed. This
henomenon, i.e. mycotoxins in naturally contaminated
ood are complexed to the food matrix, has been previously
escribed by Meca et al. (2012a). The amount of macro-
nd micro-nutrients influences the formation of these com-
lexes. Different bioavailability was reported (Meca et al.,
012b), comparing the same compounds contained in liq-
id or solid food. No data are available concerning the
ransport mechanism of T-2 across the intestinal epithelial
ells and factors influencing this mechanism.

Summarizing results of the present study, it may
e concluded that the NOAEL for adult male rabbits is
0.1 mg/animal/day (<0.02 mg/kg b.w./day), which is about
ne order of magnitude less than identified for other
odents (mice and rats), and less than the least NOAEL,
hich is 0.03 mg/kg b.w./day as observed in the short term

oxicity study on pigs (SCF, 2001). This is in accordance
ith the observations of Wannemacher and Wiener (1997),
ho considered rabbits as sensitive to T-2 toxin, having a

elatively low (1.1 mg/kg b.w.) LD50 value. Caecotrophy, by
hich substantial toxin quantities get back into the diges-

ive tract so resulting in prolonged excretion times, may
ave a role in rabbits’ greater sensitivity to toxic substances
Ványi et al., 1988).

. Conclusions
Adult male rabbits may  tolerate the feed concentra-
ion of 0.33 or 0.66 mg/kg (0.05 or 0.1 mg/animal/day)
-2 toxin, without any significant decay in sperm qual-
ty, though 0.1 mg/animal/day toxin caused a slight
 Science 137 (2013) 245– 252 251

alteration in the Leydig cells. Greater doses of T-2 toxin
(0.2 mg/animal/day) had a more pronounced feed refusal
effect, caused temporary decrease in the plasma albumin
and urea concentration and GPx activity of the seminal
plasma, dramatically increased the ratio of spermatozoa
with cytoplasmic droplets, caused hyperaemia in the testes
and hyperplasia in the Leydig cells. According to these
results the No Observed Adverse Effect Level (NOAEL)
for adult rabbit males is found to be <0.1 mg/animal/day
(<0.02 mg/kg b.w./day).
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