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ABSTRACT

The aim of our investigation was to study the expression of the enzyme Alkaline phosphatase in the
small intestines of the bronze turkey in the age aspect. Forty clinically healthy bronze turkeys (twenty
males and twenty females) were studied. The groups of the birds were at age 1, 7, 14, 28, 35, 49, 56, 90,
120, and 240 days. Each group consisted of five males and five female birds. The enzyme’s expression
was investigated by Gomori staining. The most significant expression of tissue alkaline phosphatase
was observed in the epithelial cells of the duodenum. It was weaker in the jejunum and weakest in the
ileum. In the three intestinal segments, high enzyme activity was observed during the first weeks of
hatching (from the 1% to the 14" day in the duodenum and ileum, and from the 1% to the 28" day in the

jejunum).
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INTRODUCTION

Intestinal alkaline phosphatase (AF) plays a
protective role for the organism against
intestinal  inflammation, which is a
concomitant pathognomonic symptom in a
number of diseases. The therapeutic effect of
this enzyme in the treatment of diseases
affecting the middle and caudal parts of the
digestive system in mammals has been proven
1, 2).

The epithelial cells in the small intestine in
birds and mammals show a positive reaction to
AF. The highest expression of the enzyme is in
the duodenum, and its activity is highest in the
ileum. The intestinal mucosal layer and
microvilli of enterocytes are characterized by
high AF activity (2-4).

AF in the small intestine in broiler chickens is
synthesized in the enterocytes of the intestinal
villi and is localized in the apical membranes
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of the intestinal epithelial cells during their
differentiation (5).

The importance of the study of AF in the small
intestine of the broiler chickens is related to the
biological role that the intestinal isoform of the
enzyme plays in the inactivation of
lipopolysaccharide endotoxins, which are
major components of gram-negative bacteria.
AF activity is a determining factor for the
maturation of intestinal epithelial cells and for
the metabolism of long-chain fatty acids and
cholesterol (6).

Intestinal AF in the duodenum, jejunum and
ileum in broiler chickens is a marker for the
diagnosis of parasitological diseases such as
Eimeriosis (7).

The activity and enzymatic expression of
intestinal AF increased in the small intestine in
broiler chickens in the post-hatching period. In
the epithelial cells of the intestinal villi and
crypts of the duodenum, jejunum and ileum, a
strong reaction of the studied enzyme is
observed (8).

In erosion of the intestinal mucosa caused by
improper diet in growing turkeys, AF
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stimulates the secretory processes from the
villous surface of the small intestine. Increased
activity and expression of AF in small
intestinal enterocytes is a marker of impaired
intestinal mucosal integrity (9).

The activity and expression of AF in the small-
intestine in broiler chickens in the post-
hatching period is affected depending on the
diet (10).

Studies on the enzymatic activity of AF in the
small intestine in broiler chickens show that it
reaches peak levels on the second day after
hatching. During embryonic development, its
activity begins to manifest slowly from the
ninth to the eighteenth day, and before this
period, it is completely absent (11, 12).

The activity of alkaline phosphatase in the
duodenum, jejunum and ileum in broiler
chickens increases significantly from the first
to the fourteenth day. After this period until the
thirty-fifth day, the activity of the enzyme
decreases and remains constant until the fifty-
sixth day in the three segments of the small
intestine. The enzyme activity increases most
significantly in the duodenum from the first to
the fourteenth day, less in the jejunum and
least in the ileum (6).

AF activity and expression in the small intestine
in broiler chickens is reduced in severe necrotic
lesions of the intestinal mucosa (13).

Due to the lack of literature data on the
expression and activity of intestinal AF in the
small intestine in the bronze turkey in the age
aspect, we conducted the enzymohistochemical
study. The obtained results could be used as an
innovative  basis for  monitoring  the
homeostasis in the small intestine in the
research species, the applied diet and the
prevention of diseases of the digestive system.

MATERIALS AND METHODS

Forty clinically healthy bronze turkeys (twenty
males and twenty females) were studied. The
groups of the birds were at age 1, 7, 14, 28, 35
and 49 days. Each group consisted of five
males and five female birds. The enzyme’s
expression was investigated by Gomori
staining. Eighteen tissue samples (three from
the middle of each segment of the small
intestine) from the respective age group were
used to determine the expression of alkaline
phosphatase in the small intestine. Histological
specimens were fixed in 90% alcohol for 24
hours at 22 ° C. The sections were transferred
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to 96% alcohol for one hour, then placed twice
in absolute alcohol for 15 minutes and
transferred to xylene twice for 30 minutes.
Histological sections were embedded in
paraffin. This was followed by cooling,
cutting, and gluing on the slide. The resulting
preparations were dewaxed in xylene and then
placed successively in absolute alcohol, 40%
acetone, and water. The preparations were
transferred to an incubation medium and
placed in a thermostat at 37 ° C for 2 hours.
They were sequentially placed in 40% acetone,
then transferred to 20% cobalt nitrate solution
for 5 min, in 40% acetone for 3 min and
washed in pure acetone. This was followed by
dehydration in alcohol, clarification in xylene
and inclusion in entelan. Black deposits of
cobalt nitrate showed the presence of enzyme
activity (14, 15).

The obtained preparations were observed with
a light microscope - Leica DM 1000, and the
results were documented using a digital camera
Leica DPC 290. The obtained data were
processed using software LAS V 410.0 2016.

The study was conducted in the Department of
Cytology, Histology and Embryology and the
Department of Animal Anatomy in the
Department of Veterinary Anatomy, Histology
and Embryology, at the Faculty of Veterinary
Medicine of the Thracian University, Stara
Zagora.

RESULTS

The expression of AF in the duodenum in the
bronze turkey increased from the first to the
fourteenth day. It was most significant and
uniformly manifested in the apical part of the
epithelial cells covering the villi intestinales
and intestinal crypts. After this period until day
thirty-five, the epithelial cells showed
decreasing AF activity, remaining constant
until day two hundred and forty (Figures 1
and 2 and Table 1).

Enzyme histochemical examination of the
jejunum in the bronze turkey showed that the
most significant expression of tissue AF was
observed in the apical part of epithelial cells
covering the intestinal villi, in the period from
the first to the twenty-eighth day. This
expression was weaker than that reported in
the duodenum. In the following age groups, the
enzyme activity decreased and remained
almost constant until day two hundred and
forty (Figures 3 and 4 and Table 1).
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Figure 1. Expression of tissue AF in the duodenum in a bronze turkey (age - 7 ys). (*) AF expression; (1)
intestinal villi; (a) tip of the intestinal villi; (b) middle part of the intestinal villi; (c) base of the intestinal villi; (2)
gll. intestinales; (3) lamina muscularis mucosae; (4) tunica muscularis. by Gomori. Line = 200 um.

Figure 2. Expression of tissue AF in the duodenum in a bronze tukey (age - 120 days). (*) AF expression; (1)
middle part of the intestinal villi; (2) base of the intestinal villi; (3) gll. intestinales. by Gomori. Line =200 um.

Figure 3. Expression of tissue F in thAjejunm of the bronzeturkey (age— 14 days). (*) AF expression; (1)
intestinal villi; (2) gll. intestinales; (3) lamina muscularis mucosae. by Gomori. Line = 100 um.
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Figure 4. Expression of tissue Ai the jejunum of the bronze turke (ge9 days. (*) AF expression; (1)
intestinal villi; (2) gll. intestinales. by Gomori. Line = 100 pm.

The expression of tissue AF in the ileum in the (from the first to the fourteenth day). The
bronze turkey was the most significant and enzyme activity was significantly lower than
increased similarly to that seen in the that observed in the duodenum and jejunum
duodenum and jejunum in the first age periods (Figures 5 and 6 and Table 1).

Figure 6. Expression of tissue AF in the ileum in the bronze turkey (age -56d
intestinal villi; (2) intestinal crypt. by Gomori. Line = 50 pm.
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Table 1. AF activity in the duodenum, jejunum and ileum in the bronze turkey (age — from the first day
to 240 days), in accordance to the intensity of the enzyme reaction.

organ AGE(days)

1 7 14 28 35 49 56 90 120 240
duodenum | ++ ++ +++(+) +++ +++ +++ +++ +++ +++ +++
jejunum ++ ++ +++(+) +++(+) +++ +++ +++ +++ +++ +++
ileum + ++ +++(+) +++ +++ +++ +++ +++ +++ +++

* Intensity of the enzymatic reaction: "+" medium in degree,

DISCUSSION

The expression of AF in the small intestine of
the bronze turkey found by us gives a high
morphological value to the obtained results.
The activity and localization of this isoenzyme
can be used as markers in the study of the
status of the intestinal mucosa and in the
diagnosis of intestinal diseases specific to these
birds. Therefore, these data complement the
known biological significance of tissue AF in
the middle and caudal divisions of the
mammalian system (1, 2).

According to our results, the epithelial cells in
the duodenum, jejunum and ileum in the
bronze turkey show a positive reaction to AF.
It should be noted that the highest expression
of the enzyme is in the duodenum, in all age
groups. These results confirm the findings on
the expression of AF in the small intestine in
birds and mammals (2-4).

Our results regarding the localization of
intestinal AF in the apical parts of enterocytes
complement the studies for the expression of
this enzyme in the small intestine in broiler
chickens (5).

Our data on the expression and activity of
intestinal AF can be used as a marker to
determine the normal development of
enterocytes in different age groups. This theory
complements the facts (6) on the relationship
between AF expression in the small intestine
and changes in epithelial cells in broilers.

Based on data (7) for the importance of AF in
the small intestine in broiler chickens, we can
assume that this isoenzyme is an important
marker in the diagnosis of specific parasitosis
in bronze turkey, including Eimeriosis.

We assume that the activity and expression of
intestinal AF increase in the small intestine of
the bronze turkey in the period after hatching.
It is important to note that we found strong
expression of the enzyme in the epithelial cells
of the intestinal villi and crypts of the
duodenum, jejunum and ileum in the first age
groups (from the 1% to the 14™ day in the

"++" positive, "+++" strong, "+++ (+)" very strong.

duodenum and ileum and from 1% until the 28"
day in the jejunum). Therefore, our data
correspond to that is known previously,
regarding the expression of AF in the small
intestine in broiler chickens (8).

We conclude that the expression of AF in the
small intestine in the bronze turkey and its
follow-up in age aspect can be used to
determine the diet of the studied birds, as well
as to determine the intactness of the intestinal
mucosa. Our opinion complements that
presented facts (9) for the domestic turkey and
(20) for broiler chickens.

Our studies on the enzymatic activity of AF in
the small intestine of the bronze turkeys show
that it reaches peak levels in the first weeks
after hatching in all three segments. These
facts correspond to data published by some
authors (11, 12) on the monitoring of AF
activity in the small intestine in broiler
chickens in age aspect.

According to our data, the activity of AF in the
duodenum, jejunum and ileum in the bronze
turkey increases in the first weeks after
hatching, and gradually by day thirty-five the
activity of the enzyme decreases and remains
constant until day two hundred and forty in the
three segments of the small intestine. It should
be noted that AF activity increases most
significantly in the duodenum from the first to
the fourteenth day, less in the jejunum and
least in the ileum. These data complement that,
has been known previously about this
isoenzyme in broilers. (6)

CONCLUSIONS

The enzyme histochemical study of the small
intestine in the bronze turkey in the age aspect
is highly informative. The obtained data can be
used as a morphological basis for monitoring
the physiological status of the intestinal
mucosa, for determining the appropriate diet of
the studied birds and for the diagnosis of
specific intestinal diseases, including
parasitosis.
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