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Testicular toxicity induced by T-2 toxin and protective
effect of vitamin E in Wistar rats

Abstract

Background and purpose. Mycoroxicosis is a very common problem
in stored feed and fodder. Ingestion of T-2 toxin through feedstuff leads to
serious consequences and production losses in exposed populations. That may
lead to reproductive organ system damage resulting in the reproductive prob-
lem. The study was planned to investigate the effect of 1-2 toxin and vitamin
E on testicular function in Wistar rats.

Material and methods. Male Wistar rats were fed with standard rat
Jeed. T-2 toxin treatment groups received T-2 toxin (2.5 ppm and 5.0 ppm)
mixed feed, while vitamin E (100 mglkg) was given by oral gavage alone
and in T-2 toxin fed groups. After completion of 28 days of oral feeding of

text compounds reproductz've toxicity parameters were evaluated.

Results. Total live sperm counts, sperm motility, and serum testosterone
levels were reduced in 1-2 toxin-treated groups. Antioxidant enzymes/non-
engymes and oxidative stress indicators were altered significantly and cel-
lular damage to testis and epididymis in T-2 toxin groups was in a dose-
dependent manner. However, vitamin E intervention caused a marked
reversal effect in T2 toxin-fed rats on testicular damage and male reproduc-
tive parameters. Oxidative stress and related events appear to be a potential
mechanism involved in 1-2 toxin-mediated testicular damage.

Conclusion. This study validated that the use of an optimum dose of
vitamin E has the potential to protect against the testicular damage caused
by the T-2 toxin.

INTRODUCTION

Mycotoxicosis caused by mycotoxins is the most common problem
affecting animal production and reproduction. Mycotoxins are
secondary metabolites produced by various fungi and are the most com-
mon source of contamination in food grains and other agricultural-re-
lated products. They are responsible for more than 25% of the world’s
cereal crop contamination every year with variable levels of known ori-
gin (1,2). Direct consequences of consumption of mycotoxin-contami-
nated feed are reduced feed intake, feed refusal, poor feed conversion,
decreased immunity, increased disease incidences, and poor reproductive
performance that lead to significant economic losses to the farmers (Z).

Trichothecene, mycotoxins form a family of a large number of struc-
turally related secondary metabolites which include the T-2 toxin. The
scientific community paid attention to T-2 toxin because it was one of
the first trichothecenes discovered in grains produced by Fusarium spo-
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rotrichioides and Fusarium poae (3). T-2 toxin produc-
tion is greater in cereal-based food and feed and their
concentration ranges from 0 to 40 ppm in all over the
world. The prevalence of T-2 toxicosis has been reported
as 1% in Poland and, 23.5% to 31.2% in Turkey (4,5). In
India, exact data about T-2 toxin occurrence is still not
available due to variations in environmental conditions
and topographic diversification. Even though, few reports
indicate that T-2 toxin contamination is one of the major
problems in India responsible for the reduction in animal
production. The level of T-2 toxin contamination in feed
has been reported by some states of India, from 34.8%
(Karnataka and Maharashtra) to 52% (Punjab) (6,7). The
main problems associated with low-level T-2 toxin con-
sumption are nutritional deficiency, dermal toxicity, neu-
rotoxicity, cardiotoxicity, and immunoinhibition in dif-
ferent species of animals. Further, it has a direct toxic
effect on vital organs such as the liver, spleen, thymus, and
ovary. Its exposure altered the hormonal level and pre-
cipitates the problem of male and female infertility via
oxidative stress (8—10).

Antioxidants are molecules, which interact with free
radicals and terminate oxidation reactions; prevent dam-
age to vital organs, and could be an appropriate means to
minimize the toxic manifestation caused by environmen-
tal toxicants in the mammalian system (/7,12). Natural
endo-exo-antioxidant such as vitamin E, carotenoids, and
ascorbic acid showed promising antioxidant activity
against free radicals generated by environmental toxicants
(13). The protective effect of vitamin E in oxidative dam-
age caused by environmental toxicants on organs like the
intestine, brain, liver, and hemopoietic system in animals

has been documented (74,15).

'The T-2 mycotoxin exposure real field problem affect-
ing production and reproduction in a variety of animal
species is a reality. However, the effect of T-2 mycotoxin
on testicular toxicity through natural means of exposure
with environmental persistence level and toxicosis may be
prevented by using potential antioxidant vitamin E at the
most commonly recommended dose level. This study has
not been undertaken by the earlier co-workers. In light of
the above, the present study was designed to evaluate the
degree of oxidative stress and testicular toxicity of T-2
mycotoxin and the possible ameliorative potential of vi-
tamin E in male rats.

MATERIALS AND METHODS

Chemicals

Vitamin E (a-tocopherol acetate) was purchased from
Sigma Aldrich, USA. Freeze-dried culture of Fusarium
sporotrichioides var. sporotrichioides (NRRL-3299; Peoria,
USA, and MTCC-1894; IMTECH, Chandigarh, India)
was used to produce T-2 mycotoxin in the laboratory. All
other chemicals used in this study were of analytical grade
and purchased from standard manufacturers.
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T-2 toxin production and quantification

Freeze-dried culture of Fusarium sporotrichioides var.
sporotrichioides: NRRL-3299 procured from Peoria,
USA and MTCC-1894 procured from Institute of Micro-
bial Technology (IMTC), Chandigarh, India, was used
to produce T-2 toxin in the laboratory. The stock culture
of Fusarium sporotrichioides var. sporotrichioides was sub-
cultured in ‘Sabouraud’s dextrose agar’ media (SDA; 1%
peptone, 4% glucose, and 3.5% agar in distilled water).
T-2 toxin production in the laboratory was done as per
the standard method on maize and wheat. Maize and
wheat were partially grounded and soaked with 4% broth
(1% peptone, 4% glucose, and distilled water) for 2 hours,
and intact wheat grains were soaked with 60% distilled
water overnight. The grain mixtures were put in flasks
(500 g in 2000 mL flask) and sterilized by autoclaving at
103.4 kPa (15 Ibs) pressure for 15 minutes. Loop full in-
oculums containing freshly grown mycelia were added to
each flask under proper sterile conditions and kept in a
bio-oxygen demand incubator at 16 + 1 °C. To avoid
clumping and facilitate uniform growth, the flasks were
shaken properly twice a day. After the adequate quantity
of fungal growth (3 weeks post-incubation), the cultures
in flasks were again autoclaved at 103.4 kPa (15 lbs) for
30 minutes to destroy the mycelia and spores, and dried
at 80 °C for 10 hours and grounded to a fine powder for
further use. T-2 mycotoxin produced in cultured wheat
and maize was analyzed and quantified by HPTLC.

Sample extraction

Autoclaved and dried cultured wheat and maize were
grounded to a fine powder. The ground sample (10 g) was
placed in a 50 mL flask. 25 mL ethyl acetate: acetonitrile
(4:1) and 10 mL water was added. The resulting mixture
was kept on shaking on an orbital shaker for the next one
hour. Finally, the solution was filtered through a filter
paper (Whatman No. 1) and the filtrate was collected in
a clean vessel. The filtered extract was diluted with puri-
fied water (20 mL) and filtered through the glass micro-
fibre filter.

Sample clean-up

The resulting filtrate was evaporated to dryness in a
sample concentrator. The dried sample was reconstituted
with n-hexane, acetonitrile, and water (2:1.5:1, respec-
tively) and shaken with a vortex mixer. The layers had
separated, and the upper n-hexane layer was removed. The
aqueous layer was accurately returned to the vial and 2
mL n-hexane was added and the procedure was repeated.
‘The aqueous acetonitrile layer was evaporated to dryness
on a sample concentrator at 45 °C. The residue was dis-
solved in 2 mL chloroform: methanol (90:10) and passed
through a florisil solid phase column (500 mg), which was
been previously activated with 2.5 mL methanol followed
by 2 mL chloroform: methanol (90:10). The vial was
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rinsed with 5 mL chloroform: methanol (90:10). The total
eluant was collected in a cleaned vial and evaporated to
dryness using a sample concentrator. Finally, the resulting
precipitate was dissolved in ImL acetonitrile.

HPTLC procedure

Chromatography was performed on mini silica
HPTLC gel 60 plates (Merck). Standard and test solu-
tions were applied to the HPTLC plate using a semi-au-
tomatic plate spotter (Camag, Nanomat III, Switzerland)
set to dispense along a line 12 mm from the bottom edge
of the plate. Samples (2 x 2pL) were applied at 5 mm in-
tervals, with standards (2 uL; 0.25, 0.5, 1, 2, 4 pg mL™).
Plates were placed in a TLC tank containing 25 mL chlo-
roform: acetone (9:1) and developed for 25-30 min. Fur-
ther, plates were air-dried in a hot air oven. The T-2 toxin
was visualized by spraying the plates 1.5% sulphuric acid
in methanol. The plate was then left in a fume cupboard
and transferred to a hot air oven at 100 °C for 5 to 10 min.
T-2 toxin, which appeared as blue spots under long-wave
UV light. Spot was quantified by UV fluorescence using
an HPTLC scanning fluorodensitometer (Camag Scan-
ner I1I; Anchrom Enterprises (I) Pvt. Led, Mumbai, In-
dia) fitted with a 400 nm emission filter and controlled
by CATS 3 software.

Precision of HPTLC

The extracts spiked to the equivalent of 100, 200, 400
and 800 pg/kg with T-2 toxin were analyzed and quanti-
fied. Recovery at each level was expressed as a percentage
and the overall recovery was taken as the mean of the
recoveries. The extracts were spiked with T-2 toxin over a
concentration range equivalent to 250 to 2500 pg/kg. The
response was linear over the whole range and fitted the
linear regression value of 0.995. The mean recovery from

S, 0.25 pg S,

0.5 pg,

S3

spiked extracts of T-2 toxin was 95.0%. The limit of de-
tection (LoD) of T-2 toxin was found to be 2 pg/kg and
the limit of quantification (LoQ) was 10 pg/kg.

Preparation of T-2 toxin test diet

T-2 toxin levels in analysed samples were quantified
and found to be 32.8 mg/kg (ppm) and 16.5 mg/kg (ppm)
in wheat and maize samples, respectively (Figure 1). This
cultured crushed wheat and maize were used as a known
stock for further formulation of T-2 toxin animal diet to
feed the experimental animal.

Stock finely ground cultured wheat and maize contain-
ing a known amount of T-2 toxin were thoroughly mixed
with standard to achieve the resultant concentration of
2.5 and 5.0 ppm levels in the experimental diet. Repre-
sentative samples were again drawn in duplicate for esti-
mation of T-2 toxin content in experimental diets to con-
firm the concentration and were found to be approximately
2.5 and 5.0 ppm levels, respectively.

Experimental animals and experimental
design

The experiment was carried out in adult male Wistar
rats weighing between 110-120 g at about 8 weeks of age.
These animals were procured from Laboratory Animal
Resource Section, Indian Veterinary Research Institute
(IVRI), Izatnagar, Bareilly (India). The rats were housed
in polypropylene cages for 7 days for acclimatization be-
fore commencing the experiment. The temperature was
maintained at 23 + 1 °C and 57-60% relative humidity
with 12 h dark and light cycle. They provided access to
standard ration and water ad libitum throughout the ex-
periment. The rats were handled and the study was con-
ducted as per the Institutional Animal Ethics Committee
(IAEC) and Committee for the Purpose of Control and

1.0 pg Ss 2.0 pg 4.0 pg

Figure 1. Thin-layer chromatography (TLC) plate showing presence of T-2 toxin cultured ground wheat and maize samples (S1, 52, S3 & S4)

against known T-2 standards ( 0.25, 0.50, 1.0, 2.0 and 4.0 pg).
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Supervision of Experiments on Animals (CPSCEA),
Ministry of Environment, Forests and Climate Change,
Government of India.

Adult male Wistar rats were divided into seven groups
comprising of six animals each. Test animals received a
diet consisting of T-2 toxin and vitamin E alone and in
combination for 28 days. Group I served as normal con-
trol, while group II served as vehicle control (corn oil, 1
ml/kg, body weight, p.0.). Animals from groups III and
IV were fed with the feed containing T-2 toxin @2.5 and
5 ppm, respectively. Group V received vitamin E (100
mg/kg, body weight) by oral gavage. Group VI and VII
received T-2 toxin at 2.5 ppm and 5 ppm, respectively via
feed plus vitamin E (100 mg/kg body weight) by oral
gavage.

Blood collection

Blood was collected after 24 hours of the last dosing
of drugs to obtain serum for hormonal estimation and
preserved at—20 °C until analysis. Rats were sacrificed on
day 29 and organs were collected and washed with ice-
cold saline. Absolute organ weights were recorded and
relative organ weights were also calculated. One testis
from each rat was preserved at —80 °C for oxidative stress-
related parameters. The one testis and one epididymis
were preserved in Bouins fixative for histopathological
examination. One epididymis from each rat was used for
the analysis of reproductive toxicity parameters.

Assessment of sperm parameters and
serum testosterone level

Epididydimis were carefully dissected to eliminate ad-
ventitious tissues. Epididymal sperms obtained were in-
cubated at 35 °C in Dulbecco’s PBS. The spermatozoa
were counted by hemocytometer using the improved
Neubaur’s chamber (Labart, Germany). To determine the
percentage of morphologically abnormal spermatozoa,
the slides were stained Eosin-Negrosin stain (1.67% eosin
and 10% nigrosin in 0.1 M sodium citrate) and viewed
under a light microscope at 100x magnification. A total
of 200 spermatozoa were examined on each slide per
animal and the head, tail, and total abnormality rates of
spermatozoa were expressed as a percentage. Testosterone
concentration in serum was quantified by using a com-
mercial RIA kit (Immunotech, France).

Measurement of oxidative stress

Testis was collected after sacrifice and weighed and
10% tissue homogenate was prepared in 100 mM potas-
sium phosphate buffer (pH 7.4). Reduced glutathione
(GSH) estimation, separately tissue homogenate was pre-
pared 0.02 M EDTA. The homogenates were centrifuged
for 10 min at 3000 rpm at 4 °C. The supernatant was
collected and stored at —28 °C for different biochemical
estimations.
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Lipid peroxidation (LPO) was measured in terms of
malondialdehyde (MDA) production (16). Total reactive
oxygen species (ROS) generation was measured in single-
cell testicular cells using flow cytometry.

To measure ROS single-cell suspension was prepared as
per the method described in the literature. The cell density
was adjusted to 1.5x10° cells/mL and the cell viability of
the freshly isolated cells was determined by using 0.1%
trypan blue dye exclusion test. For measurement of intra-
cellular total ROS, the oxidation-sensitive probe 2,7-di-
chlorofluorescin diacetate (DCFHDA) was used, as de-
scribed by previously (7). Finally, cells were suspended in
500 pL of 25 mM 3-amino 2,3,4-triazole in PBS and kept
on ice for 15 min in the dark. Then diluted with 500 pL
PBS and 50 pL. DCFH-DA dye in 100 pM concentration
was added and again kept for 15 min in the dark at room
temperature. Flow cytometric analysis for DCF fluores-
cence in cells was recorded at an excitation of 485 nm and
an emission setting of 530 nm. The assay was analyzed by
FACScan (Becton, Dickinson and Company, India).

Antioxidant enzyme activity evaluation

The 10% testicular tissue homogenate was prepared in
the ice-cold 100 mM potassium phosphate buffer (pH
7.4). The protein content was estimated by the Lowry
protein assay method. Bovine serum albumin was used
to prepare the standard curve. Catalase (CAT) activity
was assayed as per the method described elsewhere (18),
while, the activity of superoxide dismutase (SOD) was
assayed by the method described by Madesh and Balasu-
bramanian (79). Glutathione peroxidase (GPx) activity
was determined using the method of Paglia and Valentine
(20) and glutathione reductase (GR) activity was deter-
mined by a method described by earlier workers (27).
Reduced glutathione (GSH) level was estimated in sepa-
rate tissue homogenate samples prepared in a solution

containing 0.02 M EDTA (22).

Histopathology

One testis and one epididymis from each rat were col-
lected and fixed in Bouins fixative (saturated aqueous
solution of picric acid-75 ml, formalin-25 ml and glacial
acidic acid-5 ml) for initial 6 hours and then transferred
into 70% alcoholic solution. Tissues were cut into 2—4
mm sizes after proper fixation and embedded in paraffin
blocks. Final tissue sections were stained with hematoxy-
lin and eosin by the standard method and examined un-
der a light microscope.

Statistics

Statistical analysis of data was performed by using
IBM SPSS software and Microsoft Excel. All the data
were expressed as mean + SE and compared by employing
one-way ANOVA with Duncan multiple comparisons
test. A p<0.05 was considered statistically significant.
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RESULTS

Effect on in-life parameter

There was no mortality amongst the rats of any treat-
ment groups throughout the exposure period. T-2 toxin
alone fed groups and vitamin E co-treated groups showed
variable degrees of clinical signs which included dullness,
weakness, lethargy, rough hair coat, disinclination to
move, and reduced feed intake, retardation in growth and
body weight as compared to animals of the control group.
Clinical signs of toxicity in animals treated with a higher
dose of T-2 toxin appeared earlier than that in the lower
dose of T-2 toxin animals.

Effect on body weight and organ weight

The mean body weight gain and percent weight gain
of the rats were significantly (p<0.05) decreased in T-2
toxin-treated animals as compared to the control. The
reduction in the body weights of the rats treated with a
T-2 toxins was significantly greater (p<0.05) than that of
the respective vitamin E co-treated groups (Figure 2).

Significant (p<0.05) changes were observed in absolute
and relative organ weights of the liver, lungs, heart, and
adrenals in rats fed T-2 toxin and vitamin E co-treated
groups when compared with the control group. The ab-
solute and relative organ weights of the spleen and thymus
showed significant (p<0.05) changes in T-2 toxin alone
treated groups in a dose-dependent manner (Tables 1 and
2) and that can be compared with that of vitamin E co-
treated groups.

120
100
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40 +
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-20 A
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Weight (9)
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Figure 2. Body weight gain/loss (g) in rats, following expo-
sure to T-2 toxin with and without vitamin E. I: control; II:
corn 0il (1 mifkg b.w.); III: vitamin E (100 mglkg b.w.); IV: T-2
toxin (2.5 ppm); V- T-2 toxin (5.0 ppm); VI: T-2 (2.5 ppm)+vitamin
(100 mglkg b.w.); VII: T-2 (5.0 ppm) + vitamin E (100 mglkg
bw.). Values are mean + SEM (n=6). Bars bearing different su-
perscripts vary significantly (p<0.05) from each other in one-way
ANOVA and Duncan multiple comparison post hoc tests.

Effect on total epididymal sperm count

The total epididymal sperm count (TESC) in rats
treated with T-2 toxin alone was significantly (p<0.05)
less as compared to the control. Vitamin E plus low dose
T-2 toxin group showed significant improvement (p<0.05)
when compared with the low dose T-2 toxin alone treated
group. However, a higher dose T-2 toxin plus vitamin E
co-treated groups did not show any significant increase
(p>0.05) in TESC when compared with the higher dose
T-2 toxin alone group (Table 3). The T-2 toxin alone and

Table 1. Absolute organ weights and relative organ weights following 28-days exposure to T-2 toxin alone and in combination with vitamin-E

in rats.
Groups Liver Kidneys Adrenal glands Heart Brain Lungs Spleen
I AOW  10.80+0.74% 1.96+0.10%*  0.09£0.01®*  0.93+0.03° 1.78+0.05 1.54+0.05% 0.73+0.04*
ROW 3.95+0.19" 0.72+0.02¢ 0.02+0.00 0.34+0.01° 0.66+0.02° 0.57+0.02° 0.27+0.012
I  AOW  11.00£0.59 1.95+0.09%¢  0.10+0.02 0.96+0.01° 1.75+0.06 1.53+0.07% 0.72+0.05
ROW 4.03+0.17% 0.71+0.02¢ 0.02+0.00 0.35+0.01° 0.64+0.02° 0.56+0.02" 0.26+0.02°
I AOW  10.88+0.65° 1.97+0.09% 0.10+0.017 0.94+0.03* 1.81+0.05 1.50+0.05" 0.74+0.05°
ROW 3.99+0.17° 0.72+0.02¢ 0.02+0.00 0.35+0.01¢ 0.67+0.02¢ 0.55+0.02° 0.27+0.02°
IV AOW  10.58+0.54 2.17+0.15* 0.06+0.00¢  0.950.02° 1.74+0.02 1.70+0.04? 0.55+0.02b¢
ROW 4.78+0.34° 0.98+0.10* 0.01+0.00 0.43+0.01° 0.78+0.03" 0.77+0.03 0.24+0.00%
vV  AOW 7.80+0.83" 1.60+0.14° 0.05+0.00¢ 0.69+0.06° 1.64+0.11 1.24+0.06° 0.39+0.02¢
ROW 4.450.29®  0.92+0.05® 0.02+0.00 0.40+0.01° 0.94+0.02? 0.71+0.022 0.22+0.01°
VI AOW 9.30+0.63% 1.86+0.112¢ 0.07+0.01b4 0.86+0.02* 1.69+0.03 1.60+0.06 0.57+0.04"
ROW 4.15+0.25%® 0.83+0.04%¢ 0.02+0.00 0.38+0.01° 0.76+0.01° 0.72+0.022 0.26+0.02%
VII  AOW 8.07+1.04° 1.61£0.11°¢ 0.06+0.01¢ 0.700.05" 1.650.09 1.28+0.09¢ 0.45+0.04
ROW 4.15+0.25%® 0.90+0.03 0.02+0.00 0.39+0.01° 0.93+0.02° 0.71+0.01° 0.25+0.01°

Values (mean + SE, n=6) bearing different superscript in the same column vary significantly (p<0.05). (One-way ANOVA and Duncan multiple comparison
post hoc test). AOW: absolute organ weight (g); ROW: relative organ weight (¢/100g b. wt.) I: control; II: corn 0il (1 mlfkg b.w.); I1I: vitamin E (100 mglkg
bw.); IV: T-2 toxin (2.5 ppm); Vi T-2 toxin (5.0 ppm); VI: T-2 toxin (2.5 ppm) + vitamin E (100 mglkg); VII: T-2 toxin (5.0 ppm) + vitamin (100 mglkg).
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Table 2. Absolute organ weights and relative organ weights following 28-days exposure to 1-2 toxin alone and in combination with vitamin-E

in rats.
Groups Thymus Testes Epididymis Seminal vesicles Prostate
I AOW 0.69+0.04* 3.05+0.06° 1.15+0.08? 0.74+0.01 0.29+0.01
ROW 0.25+0.01° 1.12+0.02* 0.43+0.03 0.27+0.01° 0.11+0.00P
I AOW 0.700.04* 3.06£0.14° 1.12+0.07* 0.75+0.012 0.30+0.01°
ROW 0.26+0.01° 1.12+0.04 0.41+0.03 0.27+0.01° 0.11+0.01°
I  AOW 0.66+0.03° 3.09+0.13° 1.12+0.03? 0.74+0.01 0.30+0.01°
ROW 0.24+0.01° 1.1320.04 0.4120.01 0.27+0.01° 0.1120.00P
IV AOW 0.41+0.01° 2.43+0.10° 0.98+0.06% 0.68+0.01° 0.25+0.01°
ROW 0.18+0.00P 1.09+0.03* 0.44+0.03 0.30+0.01° 0.11+0.00P
vV  AOW 0.25+0.02° 1.80+0.20° 0.82+0.13" 0.56+0.03¢ 0.22+0.01°
ROW 0.14+0.01° 1.03+0.08% 0.45+0.05 0.33+0.02* 0.13+0.00?
VI  AOW 0.43+0.03" 2.48+0.07° 1.10+0.042 0.69+0.01% 0.29+0.01°
ROW 0.19+0.01° 1.11£0.03* 0.49+0.03 0.31£0.01° 0.13+0.00?
VII  AOW 0.27+0.03¢ 1.62+0.25¢ 0.81+0.06° 0.59+0.03¢ 0.23+0.02°
ROW 0.15+0.01¢ 0.88+0.09" 0.46+0.05 0.33+0.01* 0.13+0.00?

Values (mean + SE, n=6) bearing different superscript in the same column vary significantly (p<0.05). (One-way ANOVA and Duncan multiple comparison
post hoc test). AOW: absolute organ weight (g); ROW: relative organ weight (g/100g b. wt.) I: control; II: corn oil (1 milkg b.w.); I1I: vitamin E (100 mglkg
baw.); IV: T°2 voxin (2.5 ppm); V: 1-2 voxin (5.0 ppm); VI: T-2 toxin (2.5 ppm) + vitamin E (100 mglkg); VII: T-2 toxin (5.0 ppm) + vitamin (100 mglkg).

co-administered with vitamin E-treated groups TESC
values remain significantly less (p<0.05) as compared to
the control group.

Effect on sperm motility

The sperm motility was found to be significantly de-
creased (p<0.05) in a dose-dependent manner in T-2
toxin-alone fed groups as compared to the control group
(Table 3). However, in T-2 toxin plus vitamin E groups,
asignificant improvement in sperm motility was observed
when compared with respective alone treated groups.

Effect on live sperm and sperm
morphology

Significant reduction (p<0.05) in live sperm counts in
T-2 toxin alone groups in a dose-dependent manner was
noticed as compared to the control group. The live sperm
count was restored after vitamin E co-treatment in a
lower dose of T-2 toxin-treated groups as compared to the

control group (Table 3).

Sperm abnormalities (head and tail) were significantly
increased (p<0.05) in dose in T-2 toxin alone treated
groups when compared with the control group (Table 3).

Table 3. Sperm related parameters in rats following 28-days exposure to T-2 toxin alone and in combination with vitamin E.

Groups TESC S Motility LSC DSC HA TA Total A
I 85.83+2.71° 76.67+2.47 87.17+2.072 12.83+2.07° 2.86+0.19¢ 3.30+0.29¢ 6.16+0.274
11 84.17+2.22> 75.83+2.012 87.50+2.05 12.50+2.05¢ 2.81+0.22¢ 3.34+0.374 6.15+0.514
111 126.04+3.13° 78.83+3.79° 89.17+2.46* 10.83+2.46° 2.88+0.274 2.91£0.27¢ 5.78+0.464
v 52.92+1.694 62.33+2.96¢ 65.83+2.71% 34.17+2.71% 6.38+0.38° 8.34+0.48° 14.72+0.76°
\' 8.17+0.30° 49.50+3.304 56.50+3.18° 43.50+3.18* 8.19+0.54* 10.58+0.56* 18.77+0.81°
VI 74.17+1.37¢ 70.33+1.86% 72.50+2.42° 27.50+2.42> 4.57+0.38¢ 5.56+0.22¢ 9.96+0.40¢
VII 13.85£1.00¢ 60.83+3.75° 67.50+3.35" 32.50+3.35% 6.37+0.37" 7.61+0.35 13.98+0.31°

Values (mean + SE, n=6) bearing different superscripts in the same column vary significantly (p<0.05). (One-way ANOVA and Duncan multiple comparison
post hoc test). TESC: total epididymal sperm count (in millions or x10°), LSC: live sperm count (%), DSC: dead sperm count (%), S Motility: sperm motility
(%), HA: head abnormality (%) and TA: tail abnormality (%); Total A: total abnormality (%). I: control; II: corn oil (1 milkg b.w.); III: vitamin E (100 mg/
kg b.w.); IV: T-2 toxin (2.5 ppm); V- T-2 toxin (5.0 ppm); VI: T-2 toxin (2.5 ppm) + vitamin E (100 mglkg); VII: T-2 toxin (5.0 ppm) + vitamin (100 mglkg).
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Figure 3. Serum testosterone levels in rats after exposure to
T-2 toxin, vitamin E and their combination. I: control; II:
corn 0il (1 mifkg b.w.); III: vitamin E (100 mglkg b.w.); IV: T-2
toxin (2.5 ppm); V: 1-2 toxin (5.0 ppm) VI: T-2 (2.5 ppm) + vi-
tamin E (100 mglkg b.w.); VII: T-2 (5.0 ppm) + vitamin E (100
mglkg b.w.). Values are mean + SEM (n=0). Bars bearing different
superscripts vary significantly (p<0.05) from each other in o-way
ANOVA and Duncan multiple comparison post hoc tests.

However, a significant reduction in head and tail abnor-
malities were noticed in T-2 toxin plus vitamin E co-
treated groups.

Effect of serum testosterone level

Serum testosterone levels in rats treated with T-2 toxin
alone were significantly reduced (p<0.05) in a dose-de-
pendent manner when compared with the control group.
However, testosterone levels were partially restored in T-2
toxin-vitamin E co-treated groups (Figure 3).

Effect on lipid peroxidation and ROS
generation
The LPO levels of testes of T-2 toxin alone treated rats

were significantly increased (p<0.05) when compared
with the control rats, however, vitamin E co-treated rats

showed significant inhibition in LPO as compared to T-2
toxin alone treated groups (Figure 4a).

Treatment with T-2 toxin alone resulted in a signifi-
cant increase (p<0.05) in percent ROS positive cells in a
dose-dependent pattern as compared to control. Co-ad-
ministration of vitamin E in T-2 toxin-treated groups
resulted in a significant (p<0.05) reduction of ROS-posi-
tive cells when compared with T-2 toxin-alone treated
groups (Figures 4b and 5).

Effect on oxidative stress and
antioxidant system

A significant reduction (p<0.05) in testicular protein
and GSH levels in T-2 toxin-alone treatment groups was
observed. However, significant restoration was noticed in
vitamin E co-treatment groups in the protein level, while,
GSH level restoration against a lower dose of T-2 toxin
was noticed (Figure 6). T-2 toxin caused a decrease
(p<0.05) in CAT, SOD, and GR activities in testes when
compared with the control group. Vitamin E co-treat-
ment in a lower dose of T-2 toxin-treated animals resulted
in significant restoration (p<0.05) in CAT, SOD and GR
activities as compared to T-2 toxin-alone treated groups.

Histopathological examination

Testes: Histomicrograph of testes showing pathologi-
cal changes in different treatment groups are presented in
Figure 7. Testes of rats exposed to 2.5 ppm T-2 toxin re-
vealed moderate to severe changes like the atrophic lining
of seminiferous tubules, mild interstitial edema, destruc-
tion of germinal epithelium, depletion of spermatozoa
with few necrotic cells in the lumen, and arrested sper-
matogenesis with a moderate decrease of sperm cells in
seminiferous tubules (Figures 7c and 7d). Testes of 5 ppm
T-2 toxin-treated rats showed almost total atrophy of
seminiferous tubules with increased intertubular space
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Figure 4. Effect of exposure of T-2 toxin, vitamin E alone, and with the combination on testicular cells reactive oxygen species
(ROS) and lipid per-oxidation (LPO) production in Wistar rats. I: control; II: corn oil (1 mifkg b.w.); III: vitamin E (100 mglkg b.w.);
1V: T2 toxin (2.5 ppm); V- T2 toxin (5.0 ppm) VI: T-2 toxin (2.5 ppm) + vitamin E (100 mglkg b.w.); VII: T-2 toxin (5.0 ppm) + vitamin
E (100 mglkg b.w.). Values are mean + SEM (n=6). Bars bearing different superscripts vary significantly (p<0.05) from each other in one-way

ANOVA and Duncan multiple comparison post hoc tests.
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Figure 5. Effect of exposure of T-2 toxin, vitamin E alone, and with the combination on testicular cells reactive oxygen species (ROS)
production in Wistar rats. Representative histograms of FACS showing % testicular cells with ROS-positive cells. The fluorescence of DCFH-
DA-loaded cells was measured by a flow cytometer. I: control; II: corn 0il (1 mifkg b.w.); III: vitamin E (100 mglkg b.w.); IV: T-2 toxin (2.5 ppm);
V122 toxin (5.0 ppm) VI: T-2 toxin (2.5 ppm) + vitamin E (100 mglkg b.w.); VII: T-2 toxin (5.0 ppm) + vitamin E (100 mglkg).

and mild to severe interstitial edema. There was complete
destruction of the normal architecture of the seminiferous
tubules with severe depletion of germinal epithelial cells.
A remarkably total absence of sperm cells in the wide
luminal space was observed due to the complete arrest of
spermatogenesis in seminiferous tubules (Figures 7e and
7f). However, rats treated with 2.5 ppm T-2 toxin plus
vitamin E showed restoration of testicular architecture
and almost normal spermatogenesis (Figures 5g and 5h),
while, 5.0 ppm T-2 toxin with vitamin E treatment rats
did not provide appreciable changes (Figures 7i and 7j).
Epididymis: Histomicrograph of epididymis with
pathological changes are presented in Figure 8. Epididy-
mis of rats treated with 2.5ppm T-2 toxin revealed atro-
phic lining epithelium with some degenerative changes
and at some places detachment from the basement mem-
brane (Figures 8c and 8d). The lumen of the epididymis
showed a slight decrease in sperm concentration with
some degenerated and necrotic spermatozoa. Rat fed with
5 ppm T-2 toxin showed severe degenerative changes in
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the lining epithelium of epididymis with complete de-
tachment from the basement membrane; a decrease in the
sperm concentration with increased necrotic spermatozoa
in the lumen (Figures 8¢ and 8f). Vitamin E co-treatment
in 2.5 ppm T-2 toxin-treated group protected epididymis
from toxic damage caused by T-2 toxin. Epididymis of
this group showed mild to moderate restoration of lining
epithelium towards normal (Figures 8g and 8h). Further,
no increment in sperm concentration in the lumen in 5
ppm T-2 toxin plus vitamin E treated rat was noticed
(Figures 8i and 8j).

DISCUSSION

The T-2 toxin exposure damage the liver, kidney, di-
gestive tract, and other vital organs of the body. T-2
toxin resulted in the induction of apoptosis in the thymus
and spleen and, atrophy of bursa of fabricus in animals.
This is responsible for decreased feed intake and absorp-
tion, biosynthesis of essential proteins, and even loss of

Period biol, Vol 124, No 3—4, 2022.
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Figure 6. Oxidative stress-related parameters in testes of rats after exposure to T-2 toxin, vitamin E and their combination for 28-
days. I: control; II: corn oil (1 mifkg b.w.); III: vitamin E (100 mglkg b.w.); IV: T-2 toxin (2.5 ppm); V: T-2 toxin (5.0 ppm); VI: T-2 toxin
(2.5 ppm) + vitamin E (100 mglkg); VII: 1-2 toxin (5.0 ppm) + vitamin (100 mglkg). Values are mean + SEM (n=6). Bars bearing different
superscripts vary significantly (p<0.05) from each other in one-way ANOVA and Duncan multiple comparison post hoc tests. CAT — catalase;
GSHR — reduced glurathione; SOD — superoxide dismutase; GPx — glutathione peroxidase; GR — glutathione reducrase

more protein in the urine. Ultimately leading to loss of
body weight, growth retardation, and change in vital or-
gan weights in animals (9,23-25). In the present study,
T-2 toxin alone fed rats showed variable degrees of clinical
signs such as dullness, weakness, disinclination, rough
hair coat, and retardation in growth indicating that T-2
toxin has a direct effect on vital organs responsible for the
digestion and energy metabolism.

In the present study total epididymal sperm counts,
and sperm quality was decreased in rats treated with T-2
toxin. These findings indicate that feeding of T-2 toxin-
contaminated feed caused severe damage to testes and
depleted germinal cells responsible for altered spermato-
genesis as evidenced by histopathological findings. Simi-
larly, intra-peritoneal administration of T-2 toxin in-
creased the abnormal spermatozoa, decrease the live

Period biol, Vol 124, No 34, 2022.

spermatozoal count and low pregnancy rate with high
foetal resorption in mice has been reported (9). An in-
crease in sperm motility and live sperm counts in vitamin
E plus T-2 toxin co-treated animals might be due to a
decrease in the oxidative damage to the membrane phos-

pholipid of sperm.

Testosterone is very much essential for normal sper-
matogenesis and maintenance of cell structure, morphol-
ogy, and normal physiology of seminiferous tubules. It is
also important for the attachment of germ cells in semi-
niferous tubules (26). The low-level may lead to the de-
tachment of germ cells from the seminiferous epithelium
and initiate germ cell apoptosis and degeneration. The low
level of testosterone and detachment of the germinal
layer was noticed in T-2 treated animal testis in the pres-
ent study. The reduction in serum testosterone level is
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Figure 7. Photomicrograph of testis of rats at the end of 28 days of exposure. 4; ) Testicular section of control male rat showing seminif-
erous tubules with intact basement membranes, normal spermatogenesis, and normal interstitial cells. ¢; d) Testis of T-2 toxin 2.5 ppm treated
rat showing moderate changes: atrophy of seminiferous tubules, mild interstitial oedema, destruction of germinal epithelium and arrested sper-
matogenesis. ¢ f) Testis of 1-2 toxin 5 ppm treated rat showing severe changes: total atrophy of seminiferous tubules, interstitial oedema, complete
destruction, severe depletion of germinal epithelium and widened lumen in seminiferous tubules. g; h) Testis of T-2 toxin 2.5 ppm plus vitamin
E treated rat showing seminiferous tubules with restored spermatogenesis and intact germinal epithelium layer. i; j) Testis of T-2 toxin 5.0 ppm
plus vitamin E treated rat showing partial improvement in spermatogenesis and restoration of geminal epithelium with few spermatid giant cells
in seminiferous tubules. Magnification: a, ¢, e, g, i 40X, and b, d, f; b, j 100X. All changes in micrographs are marked by arrows.

might due to T-2 toxin-induced cytotoxic damage to Ley-
dig’s cells in the testes. These findings are supported by
earlier workers, who reported a reduction in serum testos-
terone levels in T-2 toxin-fed animals (9). Similar chang-
es in testes have been reported in animals when they are
fed with ochratoxin A and T-2 toxin (/0). Germinal epi-
thelium of T-2 toxin-treated rat showed ‘spermatid giant
cells’ possibly due to the formation of the multinucleated
cells as a result of the degeneration of spermatogonial cells
with a fusion of degenerating spermatogonia. Improve-
ment in testicular and epididymal cellular architecture is
almost normal in a lower dose of T-2 toxin-vitamin E
co-treated animal. This indicates that vitamin E plays a
significant role in maintaining the spermatid cell’s viabil-
ity and allowing epididymal epithelial cells to acquire
their full differentiation and structural normalization
(27,28).

Spermatozoa particularly are susceptible to ROS-in-
duced damage caused by a wide variety of endogenous
and exogenous factors such as environmental toxicants
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which includes phthalate esters, sulphur-dioxide, sodium
fluoride, estrogens, chemotherapeutic agents, and many
of the toxins (29). They compromise male fertility
through oxidative stress and ROS production in the tes-
ticular cells. Oxidative damage is one of the main mani-
festations of cellular damage associated with mycotoxin-
mediated testicular toxicity. Critical biomolecules like
nucleic acids, proteins, and lipids molecules are the main
target for mycotoxicosis in the form of apoptosis and cell
death (£0). An increase in lipid peroxidation and, ROS
production in testicular cells altered the level of the anti-
oxidant system (SOD, CAT, GPx and GSH) in T-2 toxin-
exposed animals indicating cellular damage and func-
tional abnormality. Similarly, an increase in lipid
peroxidation and hydroxyl radicals in the liver, spleen,
kidney, thymus and bone marrow of rats with T-2 toxin
treatment has been reported (30). Free radicals-mediated
lipid peroxidation is suggested as the main mode of action
for liver damage in trichothecene (T-2 toxin) toxicosis
(31,32). The T-2 toxin is an amphophilic molecule
thought to be taken up into the lipid bilayer membrane

Period biol, Vol 124, No 3—4, 2022.
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Figure 8. Photomicrograph of epididymis of rats at the end of 28 days of exposure. a; b) Epididymis of control male rat showing normal
epithelial lining, normal spermatozoa in lumen, and peripheral fat layer. ¢; d) Epididymis of 1-2 toxin 2.5 ppm treated rat showing moderate
changes: trophy of lining epithelium with degeneration and detachment from basement membrane. e; f) Epididymis of 1-2 toxin 5 ppm
treated rat showing severe changes: degenerated and necrotic spermatozoa in lumen and complete detachment of lining epithelium from base-
ment membrane. g; h) Epididymis of T-2 toxin 2.5 ppm plus vitamin E treated rat showing restored epithelial lining with improved number
of spermatozoa in lumen. i; j) Epididymis of T-2 toxin 5.0 ppm plus vitamin E treated rat showing improved epithelial lining with the absence
of spermatozoa in lumen. Magnification: a, ¢, ¢, g, j 40X, and b, d, f, b, i 100X. All changes in micrographs are marked by arrows.

of cells and initiated the generation of free radicals there-
by damaging the lipid membrane and subsequently DNA.
Testis contains a high concentration of polyunsaturated
fatty acids and has low antioxidant capacity so male germ
cells likely to be more susceptible to oxidative stress medi-
ated by toxins.

Testicular damage is responsible for reproductive dys-
function mediated via T-2 toxin and amelioration in the
presence of vitamin E. Complete protection was noticed
against a lower dose rather than a higher dose of T-2
toxin. It has been reported that vitamin E improved
sperm quality, testicular morphology, and level of lutein-
izing and follicle-stimulating hormone. Vitamin E pre-
vented cellular structural damage in the brain, liver, and
epididymis caused by environmental toxicants (33,34).
Vitamin E was found to be effective in minimizing sper-
matogenic and, steroidogenic disorders and the sertoli
cells damage resulting from exposure to lindane, alu-
minium chromium, and arsenic (35,36). It restored the
altered level of glucocorticoids, delta(5)3beta-HSD and,
testicular TNF-alpha, IL-6, LHRH, LH, and testoster-

Period biol, Vol 124, No 34, 2022.

one. It prevented adrenal gland hypertrophy, hypotha-
lamic, pituitary and, testicular germ cell apoptotic in
vanadium-exposed rats and contributed to its antioxidant
activity (37). Vitamin E supplementation could effec-
tively increase the activity of SOD, T-AOC, GSH-Px
and, GSH, and protein contents along with the decrease
in LPO of the liver and reproductive organs (29,38). It
helps in the functional restoration of renal, myocardial,
reproductive, and metabolic organ damage caused by
ethanol, T-2 toxin, fluoride and nonylphenol. Vitamin E
enhances spermatogenesis through the inhibition of
lipid peroxidation, further it protected the sperm pro-
genitor cell from oxidative damage caused by excessive
ROS generation and improves infertility associated with

toxins (39,40).

CONCLUSIONS

The present study validates that sub-acute exposure to
T-2 toxin altered the activities of the testicular antioxidant
system and increased oxidative stress owing to testicular
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damage resulting in abnormal sperm count, abnormali-
ties, and hormonal imbalance. Concurrent administra-
tion of vitamin E at 100 mg/kg body weight was found
to be more effective in counteracting oxidative stress and,

testicular damage caused by 2.5 ppm T-2 toxin. In con-
clusion, vitamin E may have the potential to ameliorate

the

T-2 toxin-induced testicular damage but that needs

to be modulated in the dose of vitamin E where T-2 tox-
in exposure is higher.

REFERENCES

1.

10.

1.

12.

13.

134

MORGAVI DP, RILEY RT 2007 Fusarium and their toxins: My-
cology, occurrence, toxicity, control and economic impact. Anim
Feed Sci Tech 137: 3—4.
https://doi.org/10.1016/j.anifeedsci.2007.06.001

. ZHANG J, SHENG K, WU W, ZHANG H 2018 Anorectic re-

sponses to T-2 toxin, HT-2 toxin, diacetoxyscirpenol and neoso-
laniol correspond to plasma elevations of neurotransmitters 5-hy-
droxytryptamine and substance P. Ecotoxicol Environ Saf 161:
451-458. https://doi.org/10.1016/j.ecoenv.2018.06.005

. HSU IHC, SMALLEY EB, STRONG FM, RIBELIN WE 1972

Identification of T-2 toxin in mouldy corn association with a lethal
toxicosis in dairy cattle. Appl Microbial 24: 684.
https://doi.org/10.1128/am.24.5.684-690.1972

. PERKOWSKI J, BASINSKI T 2002 Natural contamination of

oat with group A trichothecene mycotoxins in Poland. Food Addit
Contam 19:478—482. https://doi.org/10.1080/02652030110102827

. OMURTAG GZ, YAZICIOGLU D 2001 Occurrence of T-2

toxin in processed cereals and pulse in Turkey determined by
HPLC and TLC. Food Addit. Contam 18: 844—849.
https://doi.org/10.1080/02652030118172

. RANA JS, SINGH B 1991 Prevalence and pathology of myco-

toxicosis in poultry in Punjab. Indian J Anim Sci 61: 671-676.

. RAIRB, RAHMAN §, DIXIT H, RAI S, SINGH B, KUMAR

H, DAMODARAN T, DHAMA K 2011 Analysis of feed ingre-
dients for Afla and T-2 mycotoxins by ELISA in rural areas of
Uttar Pradesh. Indian J Vet Pathol 35: 238-240.

. DAI C, XIAO X, SUN F, ZHANG Y, HOYER D, SHEN ],

TANG S, VELKOV T 2019 T-2 toxin neurotoxicity: role of oxida-
tive stress and mitochondrial dysfunction. Arch Toxicol 93(11):
3041-3056. https://doi.org/10.1007/s00204-019-02577-5

. FRIEND SCE, BABUIK LA, SCHIEFER HB 1983 The effects

of dietary T-2 toxin on the immunological function and Herpes
simplex reactivation in Swiss mice. Toxicol Appl Pharmacol 69:

234-244. hteps://doi.org/10.1016/0041-008x(83)90304-6

YANG JY, ZHANG YF, LIANG AM, KONG XF, LI YX, MA
KW, JING AH, FENG SY, QIAO XL 2010 Toxic effects of T-2
toxin on reproductive system in male mice. Toxicol Indust Health

26: 25-31. https://doi.org/10.1177/0748233709354554

WU Q, WANG X, NEPOVIMOVA E, WANG Y, YANG H, LI
L, ZHANG X, KUCA K 2017 Antioxidant agents against tricho-
thecenes: new hints for oxidative stress treatment. Oncotarget 8:
110708-110726. https://doi.org/10.18632/oncotarget.22800

ZHANG X, WANG Y, VELKOV T, TANG S, DAI C 2018 T-2
toxin-induced toxicity in neuroblastoma-2a cells involves the gen-
eration of reactive oxygen, mitochondrial dysfunction and inhibi-
tion of Nrf2/HO-1 pathway. Food Chem Toxicol 114: 88-97.
hetps://doi.org/10.1016/j.fct.2018.02.010

GALVANOF, PIVAA, RITIENIA, GALVANO G 2001 Dietary
strategies to counteract the effects of mycotoxins: a review. ] Food
Prot 64: 120-131. https://doi.org/10.4315/0362-028x-64.1.120

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

ISMIYATI A, WIYASA T, HIDAYATI DY 2016 Protective effect
of vitamins C and E on depot-medroxyprogesterone acetate-in-
duced ovarian oxidative stress in vivo. ] Toxicol 3134105.
https://doi.org/10.1155/2016/3134105

MONDAL R, BISWAS S, CHATTERJEE A, MISHRA R,
MUKHOPADHYAY A, BHADRA RK, MUKHOPADHYAY
PK 2016 Protection against arsenic-induced hematological and
hepatic anomalies by supplementation of vitamin C and vitamin
E in adult male rats. ] Basic Clin Physiol Pharmacol 27: 643-652.
hteps://doi.org/10.1515/jbcpp-2016-0020

OHKAWA H, OHISHIN, YAGI K 1979 Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal Biochem 95:
351-358. https://doi.org/10.1016/0003-2697(79)90738-3

IKEDA M, KODAMA H, FUKUDA ], SHIMIZU Y, MURATA
M, KUMAGAIJ, TANAKA T 1999 Role of radical oxygen species
in rat testicular germ cell apoptosis induced by heat stress. Biol
Reprod 61(2): 393-399.
https://doi.org/10.1095/biolreprod61.2.393

AEBI H 1983 Catalase. In: Bergmeyer HU, editor. Methods in
enzymology. Academic Press, New York, 1983, pp. 276-286.

MADESH J, BALASUBRAMANIAN KA 1998 Microtitre plate
assay for superoxide dismutase using MTT reduction by superox-
ide. Int ] Biochem Biophysiol 35: 184-188.

PAGLIA DE, VALENTINE WN 1967 Studies on the quantitative
and qualitative characterization of erythrocyte glutathione per-

oxidase. ] Lab Clin Med 70: 158—169.
SMITH IK, VIERHELLER TL, THORNE CA 1988 Assay of

glutathione reductase in crude tissue homogenates using 5,5-di-
thiobis (2-nitrobenzoic acid). Anal Biochem 175: 408—413.
https://doi.org/10.1016/0003-2697(88)90564-7

SEDLAK J, LINDSAY RH 1968 Estimation of total, protein-
bound, and nonprotein sulfhydryl groups in tissue with Ellman’s
reagent. Anal Biochem 25: 192-205.
https://doi.org/10.1016/0003-2697(68)90092-4

BENJAMIN MM 1985 Outline of veterinary clinical pathology
(3rd Ed). University Press, Iowa State, USA.

PACE ]G, WATTS MR, BURROWS EP, DINTERMAN RE,
MATSON C, HAUER EC, WANNEMACHER RW 1985 Fate
and distribution of 3H labeled T-2 mycotoxin in guinea pigs.
Toxicol Appl Pharmacol 80: 377-385.
hetps://doi.org/10.1016/0041-008x(85)90382-5

DUFAU ML, CIGORRAGA S, BAUKAL AL, BATOR JM,
NEUBAUER JF, CATT K] 1979 Androgen biosynthesis in Leydig
cells after testicular desensitization by LHRH and Hcg Androgen
Biosynthesis in Leydig Cells after Testicular Desensitization by
Luteinizing Hormone-Releasing ormone and Human Chorionic
Gonadotropin. Endocrinol 105: 1314-1321.
https://doi.org/10.1210/endo-105-6-1314

ATROSHIF, BIESET, SALONIEMI H, ALI-'VEHMAS T, SAA-
RIS, RIZZO A, VEIJALAINEN P 2000 Liver enzyme activities
of rats exposed to ochratoxin A and T-2 toxin with antioxidants.
Bull Environ Contam Toxicol 64: 20.
https://doi.org/10.1007/s001280000043

KRISHNAMURTHY P, SHARMA AK, DWIVEDI P, SATH-
EESH CC 2006 Pathomorphology of sub-chronic effect of low
doses of ochratoxin-A on liver, lymphoid organs and testes in Wi-
star rats. Indian ] Vet Path 30: 21-26.

BENSOUSSAN K, MORALES CR, HERMO L 1998 Vitamin E
deficiency causes incomplete spermatogenesis and affects the struc-
tural differentiation of epithelial cells of the epididymis in the rat.
J Androl 19: 266-88.

VERMA RJ, NAIR A 2001 Ameliorative effect of vitamin E on
aflatoxin-induced lipid peroxidation in the testis of mice. Asian ]
Androl 3: 217-21.

Period biol, Vol 124, No 3—4, 2022.


https://doi.org/10.1016/j.anifeedsci.2007.06.001
https://doi.org/10.1128/am.24.5.684-690.1972
https://doi.org/10.1007/s00204-019-02577-5
https://doi.org/10.1016/0041-008x(83)90304-6
https://doi.org/10.1177/0748233709354554
https://doi.org/10.18632/oncotarget.22800
https://doi.org/10.1016/j.fct.2018.02.010
https://doi.org/10.4315/0362-028x-64.1.120
https://doi.org/10.1155/2016/3134105
https://doi.org/10.1515/jbcpp-2016-0020
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1095/biolreprod61.2.393
https://doi.org/10.1016/0003-2697(88)90564-7
https://doi.org/10.1016/0003-2697(68)90092-4
https://doi.org/10.1016/0041-008x(85)90382-5
https://doi.org/10.1210/endo-105-6-1314
https://doi.org/10.1007/s001280000043

Vitamin E modulates testicular toxicity of T-2 toxin

Manoj Kumar ez al.

30.

31.

32.

33.

34.

35.

HOEHLER D, MARQUARDT RR, MCINTOSH AR, MAD-
HYASTHA MS 1998 Free radical-mediated lipid peroxidation
induced by T-2 toxin in yeast (Kluveromyces marixianus). ] Nutr
Biochem 9: 370-379.
https://doi.org/10.1016/50955-2863(98)00031-X

SUNEJA SK, WAGLE DS, RAM GC 1989 Effect of oral admin-
istration of T-2 toxin on glutathione shuttle enzymes, microsomal
reductases and lipid peroxidation in rat liver. Toxicon 27: 995—
1001. https://doi.org/10.1016/0041-0101(89)90150-5

VILA B, JARADAT ZW, MARQUARDT RR, FROHLICH AA
2002 Effect of T-2 toxin on in vivo lipid peroxidation and vitamin
E status in mice. Food Chem Toxicol 40: 479—486.
hteps://doi.org/10.1016/s0278-6915(01)00122-3

AWODELE O, AKINTONWA A, OSUNKALU VO, COKER
HA 2010 Modulatory activity of antioxidants against the toxicity
of Rifampicin in vivo. Rev Inst Med Trop Sao Paulo 52: 43-46.
https://doi.org/10.1590/s0036-46652010000100007

SHIRPOOR A, NOROUZI L, KHADEM-ANSARI MH,
ILKHANIZADEH B, KARIMIPOUR M 2014 The Protective
effect of vitamin E on morphological and biochemical alteration
induced by pre and pstnatal ethanol administration in the testis of
male rat offspring: A three months follow-up study. ] Reprod In-
fertil 15: 134—41.

KUTLUBAY R, OGUZ EO, CAN B, GUVEN MC, SINIK Z,
TUNCAY OL 2007 Vitamin E protection from testicular damage

caused by intraperitoneal aluminium. Int J Toxicol 26: 297-306.
https://doi.org/10.1080/10915810701470952

Period biol, Vol 124, No 34, 2022.

36.

37.

38.

39.

40.

KMETIC I, RADOSEVIC K, MURATI T, SIMIC B,
KNIEWALD Z, KNIEWALD J 2009 Lindane-induced cytotox-
icity and the role of vitamin E in Chinese Hamster Ovary (CHO-
K1) cells. Toxicol Mech Methods 19: 518-23.
https://doi.org/10.1080/15376510903280107

CHANDRA AK, GHOSH R, CHATTERJEE A, SARKAR M
2007 Amelioration of vanadium-induced testicular toxicity and
adrenocortical hyperactivity by vitamin E acetate in rats. Mol Cell
Biochem 306: 189-200.
https://doi.org/10.1007/s11010-007-9569-4

YAO Z, ZHANGY, LI H, DENG Z, ZHANG X 2015 Synergis-
tic effect of Se-methylselenocysteine and vitamin E in ameliorating
the acute ethanol-induced oxidative damage in rat. ] Trace Elem
Med Biol 29: 182-187. https://doi.org/10.1016/j.jtemb.2014.08.004

ABDEL-RAHEEM MH, SALIM SU, MOSAD E, AL-RIFAAY
A, SALAMA HS, HASAN-ALI H 2014) Antiapoptotic and anti-
oxidant effects of carvedilol and vitamin E protect against dia-
betic nephropathy and cardiomyopathy in diabetic wistar albino
rats. Horm Metab Res 47: 97-106.
hetps://doi.org/10.1055/s-0034-1385855

DAS S, MAITI R, GHOSH D 2005 Induction of oxidative stress
on reproductive and metabolic organs in sodium fluoride-treated
male albino rats: protective effect of testosterone and vitamin E
coadministration. Toxicol Mech Methods 15: 271-7.
https://doi.org/10.1080/15376520590968824

135


https://doi.org/10.1016/S0955-2863(98)00031-X
https://doi.org/10.1016/0041-0101(89)90150-5
https://doi.org/10.1016/s0278-6915(01)00122-3
https://doi.org/10.1590/s0036-46652010000100007
https://doi.org/10.1080/10915810701470952
https://doi.org/10.1080/15376510903280107
https://doi.org/10.1007/s11010-007-9569-4
https://doi.org/10.1016/j.jtemb.2014.08.004
https://doi.org/10.1055/s-0034-1385855
https://doi.org/10.1080/15376520590968824

