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ABSTRACT
T-2 toxin is a trichothecene mycotoxin. It is a naturally occurring mold
byproduct of Fusarium spp. fungus which is toxic to humans and animals.
Deleterious effects of these feed contaminants in animals are well documented,
ranging from growth impairment, decreased resistance to pathogens, hepatoand nephrotoxicity to death. As the initial interaction of mycotoxins is with the
gut epithelium the epithelium is repeatedly exposed to these toxins at higher
concentrations than other tissues. Several methods for the determination of T-2
toxin based on traditional chromatographic, immunoassay, or mass spectroscopy techniques have been described. As up to now there is lack of knowledges
about the effect of T-2 mycotoxin on the expression of glucose transporters in
the proximal part of the gastrointestinal tract (GIT), the aim of our investigation was to study the experssion of glucose transporter-2 (GLUT-2) in the epithelial cells of glandular stomach and duodenal mucosa comparatively in normal and T-2 toxicated broilers. Material from the two parts of GIT was collected
from six 7-day-old normal female broilers and six 7-day-old female broilers
with T-2 toxicosis. The specimen were fixed with 10% formalin, embedded into
paraffin, slices 7 μm thick were cut followed by immunohistochemical staining with polyclonal primary antibody Rabbit anti-GLUT-2 carried out according to the manufacturers quidelines (IHC kit, Abcam, UK). The results showed
the moderate expression of GLUT-2 in epithelial cells both in the glandular as
well as in the duodenal mucosa in the control group’s chicken and the weaker
expression of GLUT-2 after T-2 toxin administration indicating to the reduced
glucose transport in the gastrointestinal system during T-2 mycotoxicosis.
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INTRODUCTION
The Fusarium trichothecenes can be divided in four groups: A, B, C and D. The
most toxic type A trichothecene is T-2 mycotoxin (T-2 toxin) [13]. Due to the
great adaptability fungi are posing a serious risk to the animal feed industry.
Recently, fungi have been designated as a greater threat to animal, plant and ecosystem health than the other taxonomic classes of pathogens [8]. The affected
commodity may become contaminated with toxic secondary fungal metabolites,
known as mycotoxins. For example, in the USA, the economic cost due to three
mycotoxins is estimated to be USD 900 million per year [7]. As intestinal cells
are the first cells to be exposed to mycotoxins, and often at higher concentrations than other tissues, the intestinal investigations have gained significant
interest over the last decade, and some publications have demonstrated that
mycotoxins are able to compromise several key functions of the gastrointestinal
tract, including the decreased surface area available for nutrient absorption,
the modulation of nutrient transporters, or the loss of barrier function [4, 9].
T-2 toxin causes acute and chronic toxicity and induces apoptosis in the
immune system and fetal tissues. Consequently, there is a possibility of human
consumption of the animal products contaminated with T-2 toxin and its
metabolites [13]. The data from research studies show that mycotoxins can
compromise several intestinal functions, such as digestion, absorption, permeability, defense, and result in lower productivity and poor health of animals.
The research data also contain the information about structural changes in the
avian intestine induced by T-2 toxicosis [16, 19].
According to the literature the majority of the ingested toxin is absorbed in
the proximal part of the GIT [1, 6]. The reduced glucose absorption in jejunum
and its rate of appearance in venous plasma has been described during T-2 toxin
administration [12]. As it is very important to elucidate how mycotoxins modulate the activity of transporters involved in nutrient digestion and uptake, and
subsequently, the consequences on nutrient digestibility and on metabolizable
energy, the aim of our study was to investigate the expression of glucose transporter-2 (GLUT-2) which facilitates diffusive transport of intracellular glucose
into bloodstream in normal and T-2 toxicated broiler’s epithelium of glandular
stomach and duodenum. GLUT-2 was used since the hexoses transport in birds
occurs predominantely by passive transport [3, 10, 18] and recent works [11]
propose that GLUT2 is also involved in the apical transport of hexoses (glucose,
galactose, fructose).
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MATERIAL AND METHODS
The material from the glandular stomach and duodenum was collected from
twelve 7-day-old female broilers (Gallus gallus domesticus) divided into control
(6 birds) and T-2 toxin (6 birds) groups. For the T-2 toxin group the application
of T-2 toxin was compulsive per os with syringe, in a dose of 0.250 mg/day/bird,
for three consecutive days, starting from the fourth day of the experiment. All the
birds were given feed and water ad libitum. Sacrifice of chicks was 24 hours after
the last toxin application, thereafter the material from stomach and duodenum
was removed. Specimen were fixed with 10% buffered formalin, embedded into
paraffin and slices 7 μm thick were cut. Slices were deparaffinized with xylene
and rehydrated in a graded series of ethanol. Endogenous peroxidase activity
was blocked with 3% H2O2 and the sections were stained using Immunohistochemistry kit (Abcam, UK) according to the manufacture guidelines. Polyclonal
rabbit antibody GLUT-2 served as primary antibodies (Abcam, UK). The biotinylated secondary antibody and the streptavidin-conjugated peroxidase were
used for the detection using DAB as chromogen. Nuclei were counterstained
with Harris Hematoxylin. Negative controls did not contain primary antibodies.

RESULTS
In normal 7-day-old broilers (control group) the stomach’s glandular and duodenal epithelium the expression of GLUT-2 was moderate. Duodenal enterocytes’ nuclei as well as cytoplasm were stained by GLUT-2 (Figures1–2).

Figure 1. GLUT-2 moderately expressed in
epithelial cells of 7-day-old broiler’s
glandular stomach (control group). 400×.

Figure 2. Expression of GLUT-2 in 7-dayold broiler’s duodenal epithelium (control
group). Note the stained cytoplasm (arrows)
of enterocytes. 400×x.
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In T-2 toxicated broiler’s the expression of GLUT-2 in epithelial cells in both
investigated regions occurred to be weaker compared to the control group’s
chickens’ epithelial cells. The intestinal enterocytes’ cytoplasm remained weakly
stained in all the toxicated birds (Figures 3–4).

Figure 3. GLUT-2 weakly expressed in
7-day-old toxicated broiler’s glandular
stomach. 200×.

Figure 4. Expression of GLUT-2 in 7-day-old
toxicated broiler’s duodenal epithelium. The
cytoplasm of enterocytes is weakly stained
(arrows). 200×.

DISCUSSION AND CONCLUSION
Our investigations showed the weak expression of GLUT-2 in the epithelial
cells of the glandular stomach as well as in duodenal mucosa in T-2 toxicated
broilers compared to the control group where in both investigated regions the
moderate expression of GLUT-2 was noted. The weak expression of GLUT-2
in the GIT’s epithelial cells of T-2 toxicated birds indicates the reduced glucose
transport during T-2 mycotoxicosis.
According to the literature different methods have been used to study the
effects of T-2 on birds intestine [5, 15]. The effect of T-2 toxin on glucose uptake
has been studied by Suneja et al. with the results showing decrease in the glucose
uptake after T-2 toxin oral administration [17]. The gene expression of SGLT1
and GLUT2 (facilitated glucose transporter) have been evaluated after Fusarium
mycotoxin deoxynivalenol (DON) exposure [2]. The study revealed that the
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mRNA level of these genes was very low in the small intestine of chickens, suggesting that the down-regulation contributes to the inhibitory effect of (DON)
on the intestinal glucose absorption. In our study GLUT-2, a transmembrane
carrier protein that enables the passive movement of hexoses across cell membranes, was used. As the main apical transporter for active glucose uptake in
small intestine is the sodium-dependent glucose cotransporter 1 (SGLT1), it
could be used in our futher immunohistochemical investigations about the
effects of T-2 mycotoxin.
The gastrointestinal system is exposed to all the mycotoxins in the contaminated feed which suggests that the intestinal epithelium is the major site for the
effects of mycotoxin contaminated material. Therefore more studies in this field
are required in future.
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