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ABSTRACT
Although hexoses glucose and fructose serve as important energy sources of
food, up to now, there is little information about hexose transporters in birds’
intestinal epithelium during their first postnatal week. The aim of the investigation was to carry out an immunohistochemical study of integral membrane
proteins glucose transporter-2 and -5 (GLUT-2 and GLUT-5) on intestinal
epithelial cells of ostrich chicks during their first postnatal week.
The material from duodenum and ileum was collected from 9 female
ostriches (Struthio camelus var. Domesticus) divided into three age groups,
three birds in each group: chicks immediately after hatching, 3-day-old
ostriches and 7-day-old chicks. The material was fixed in 10% formalin,
embedded into paraffin, slices 7μm thick were cut followed by immunohistochemical staining with polyclonal primary antibodies Rabbit antiGLUT-2 and Rabbit anti-GLUT-5, carried out according to the manufacturer’s
guidelines (IHC kit, Abcam, UK).
Immunohistochemical localization of GLUT-2 and -5 in the intestinal epithelial cells in ostriches of different age groups was determined. In the groups
of chicks after hatching and 3-day-old ostriches, enterocytes in duodenal epithelium were mostly unstained and goblet cells stained weakly for both antibodies. Weak staining of enterocytes and goblet cells was also noted in the
ileal epithelium of the chick after hatching. Moderate staining of goblet cells
was noted in the 3-day-old chicks’ ileal epithelium. In 7-day-old ostriches,
the expression of both antibodies was weak in duodenal but moderate in ileal
epithelial cells.

https://doi.org/10.12697/poa.2019.28.1.05

62 | P. Hussar, T. Järveots, I. Dūrītis

The pattern of immunohistochemical expression of GLUT-2 and GLUT-5
in ostriches’ intestinal epithelial cells confirms our hypothesis that the intestinal tract of ostriches after hatching is not yet entirely capable of transportation of hexoses and showed that it is completing gradually during the first
postnatal week.
Keywords: hexose transporters; ostriches; intestinal epithelium; first postnatal
week

INTRODUCTION
Although carbohydrates are the main energy source of food, the information
about the localization of hexose transporters in different species is very valuable [12]. According to the farmers’ observations, it is not advisable to start the
feeding of ostrich chicks earlier than on the third or fourth day after hatching;
starting of feeding earlier increases ostrich chicks’ mortality [5]. The optimal
time of the first feeding of ostrich chicks mainly depends on how well developed and functioning the digestive tract is [6, 7, 10]. As until now there is little
information about glucose transporters in birds intestinal epithelium in their
first postnatal week, the aim of the investigation was to carry out an immunohistochemical study of the integral membrane proteins glucose transporter-2
and -5 (GLUT-2 and GLUT-5) that facilitate the transport of hexoses across
epithelial cell layers on intestinal epithelial cells of ostrich chicks during their
first postnatal week.

MATERIAL AND METHODS
The material from duodenum and terminal part of ileum was collected from
9 female ostrich chicks (Struthio camelus var. Domesticus) raised on an ostrich
farm in Latvia. The ostriches were divided into three age groups, three birds in
each group: chicks immediately after hatching, 3-day-old ostriches and 7-dayold chick. Commercial ostrich chicks’ feed – Strus Premium-Strus 1 and water
were available ad libitum. To minimize pain before euthanasia, anaesthesia by
0.5 ml of 10% ketamine and 0.5 ml of 2% xylazine solution intramuscularly
was carried out, followed by 0.5 ml of 20% pentobarbital intracardiac injection.
The material 0.5–1.0 cm in diameter was fixed in 10% formalin (48h at
room temperature), dehydrated in a tissue processor (TISSUE-TEK II) and
embedded into paraffin according to the standardized tissue histological
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procedure [4] (Carson). Thereafter, 7μm thick slices were cut (microtome
Microm HM360), floated on Poly-L-Lysine coated slides (O. Kindler GmbH,
Freiburg, Germany), deparaffinized with xylene and rehydrated in a graded
series of ethanol followed by immunohistochemical staining with polyclonal
primary antibodies Rabbit anti-GLUT-2 and Rabbit anti-GLUT-5 in 1/1000
dilution for 30 min at 37°C according to the manufacturer’s guidelines (IHC
kit, Abcam, UK). Biotinylated secondary antibody and streptavidin-conjugated
peroxidase were used for detection using DAB as chromogen. Nuclei were
counterstained with Harris Hematoxylin. Negative controls contained antibody
diluent (Dako, S0809) instead of primary antibodies. Photos of the slides were
taken by the microscope Zeiss Axioplan-2 Imaging (Germany) and saved to
the computer for analysing by visual control using the camera (AxioCam HRc,
Germany) connected to the microscope.
The experiments were carried out in accordance with the Guidelines laid
down by the European Communities Council Directive of 24 November 1986
(86/609/EEC), and the Ethical Committee of Latvian University of Agriculture
has approved the experiments (protocol number 2014/2).

RESULTS
The obtained results showed the immunohistochemical expression of GLUT-2
and -5 in the duodenal and ileal epithelial cells of ostriches in different age
groups (Table 1).
Table 1. The expression of GLUT-2 and GLUT-5 in duodenal and ileal epithelium of ostriches
during their first postnatal week
Duodenum
Antibody

Terminal zone of ileum

After
hatching

3 days

7 days

After
hatching

3 days

7 days

GLUT-2

weak

weak

weak

weak

weak/moderate

moderate

GLUT-5

weak

weak

weak/moderate

weak

weak/moderate

moderate

In the groups of chick after hatching and 3-day-old ostriches, enterocytes
in duodenal epithelium were mostly unstained, and goblet cells were mostly
stained weakly for both antibodies; some enterocytes were weakly stained in
3-day-old ostriches’ upper parts of the intestinal villi (Fig. 1–2).
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Figure 1. Weak staining for GLUT-2
in epithelium of duodenal mucosa
of ostriches after hatching. 200×.

Figure 2. Weak staining
for GLUT-5 in epithelium
of duodenal mucosa of
3-day-old ostriches. Note
the unstained goblet cells
(arrows) in the epithelium.
200×.

Figure 3. Moderate
staining of goblet cells
(arrows) in 3-day-old
chicks’ ileal epithelium.
GLUT-5. 400×.

Weak staining of enterocytes and goblet cells was also noted in the ileal epithelium of the chicks after hatching. Some moderate staining of goblet cells
and brush border membranes was noted in 3-day-old chicks’ ileal epithelium
(Fig. 3).
In 7-day-old ostriches, the expression of both antibodies was mostly weak
in duodenal but moderate in ileal epithelial cells (Fig. 4–5).

Figure 4. Weak staining for GLUT-2
in epithelial cells of the duodenal
villi of 7-day-old ostriches. 200×.

Figure 5. Moderate staining of the
epithelial cells (arrows) in the 7-day-old
chicks’ ileal epithelium. GLUT-5. 200×.
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DISCUSSION
Hexoses are a key energy source for most living cells [12, 17]. The uptake of
hexoses into intestinal enterocytes is mediated by Na+/glucose co-transporter
(SGLT) and the facilitated-diffusion glucose transporters (GLUT) [20]. According to the notes in literature avians express the majority of GLUT members [3],
but hexoses transport in birds occurs predominately by passive transport [1,
13, 15, 20]. GLUT5 is primarily a fructose transporter located on the apical
membrane of intestinal cells of the small intestine [16,17]. GLUT-2 is expressed
in the basolateral membranes of intestinal epithelial cells and acts as a highcapacity transport system that allows the uninhibited flux of glucose into or out
of the cells [16]. GLUT-2 which enables passive movement of hexoses across
cell membranes is found also in apical parts of enterocytes [14].
According to literature, ostrich chicks’ mortality on farms until 28 days after
hatching is very high (about 46%) [5]. Although research on the gastrointestinal system at early periods of ontogenesis of ostrich chicks has been carried out
quite intensively [2, 7, 11, 18, 19], the transport of hexoses in ostriches’ intestinal epithelium has barely been studied. In previous studies, we have shown
temporospatial differences in the pattern of hexose transporters in different
bird species as well the differences of the staining intensities of GLUT-2 and
GLUT-5 in the intestinal epithelial cells in ostrich chicks of different ages showing the weak staining for both antibodies in chick after hatching and intense
staining of the 30-day-old ostriches’ epithelial cells [8, 9]. Our previous studies
have raised the question about the activation time of hexose transporters in
ostriches’ intestinal epithelial cells.
The revealed pattern of immunohistochemical expression of GLUT-2 and
GLUT-5 in ostriches’ intestinal epithelial cells in the present study confirms our
hypothesis that the gastrointestinal tract of ostriches is not yet entirely capable
of transportation of hexoses immediately after hatching and showed that the
transportation is completing gradually during the first postnatal week.
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