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Background. Gut-associated lymphoid tissue (GALT), is a primary lymphoid tissue and a part of the mucosal 
lymphoid system. Depending on the location, it present as aggregations of lymphoid cells. There are several reports 
of structural differences in the lymphoid tissue attached to the gastrointestinal tract between different species of 
fish, as well as different areas of the gastrointestinal tract of a fish in the cold and warm seasons. Identifying and 
expressing these differences in terms of tissue structure, in addition to diagnosing aquatic diseases, is also of 
particular importance for vaccination and disease control. 
Material and methods. For this purpose, after collecting the desired samples routine histological procedure was 
performed and 4–6 µm sections were obtained and were subsequently stained with hematoxylin-eosin, periodic 
acid–Schiff, and TUNEL immunohistochemical staining method. 
Results. The results showed that four main layers, i.e., tunica mucosa, tunica submucosa, tunica muscularis, and 
tunica serosa, were observed in the wall of the gut of Arabibarbus grypus (Heckel, 1843), as had been observed 
in other teleosts. GALT was seen in two different shapes in two areas. The former consisted of intra-epithelial 
scattered cells, which were arranged in the pillar structures and extended to the upper regions of the epithelium, 
but were more concentrated in the mid bases. The latter was found in lamina propria and submucosa regions. In the 
lamina propria, they had a strip-shaped arrangement and were placed in several rows below the base membrane, 
but in the submucosa, they were scattered and less densely packed. Micrometric results showed that not only the 
distribution of the lymphocytic cells in the intestine of both male and female specimens varied in different areas but 
also in some areas, the difference was statistically significant in both cold and warm seasons (P < 0.05). TUNEL 
immunohistochemical staining revealed that the number of apoptotic cells in both sexes was more in the anterior part 
of the intestinal bulb and in the posterior part of the proper intestine in the warm season compared to the cold season. 
Conclusion. Based on a recent study on gut-associated lymphoid tissue in A. grypus in two warm and cold 
seasons revealed that mucosal immunity is more active in the cold season than in the warm season. 
Keywords: gut-associated lymphoid tissue, GALT, immunohistochemistry, Arabibarbus grypus, cold season, 
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INTRODUCTION
Arabibarbus grypus (Heckel, 1843) of the family 

Cyprinidae is one of the most valuable fish in the world 
due to its favorable growth and high value for meat 
quality. This fish feeds on a variety of plant and non-
plant substances (Duman and Özpolat 2015). When 
it gets bigger, it becomes a carnivore. Under different 
environmental conditions, A. grypus can have different 
biological characteristics, including growth, fertility, 

nutrition, and distribution parameters. The intestine is 
one of the components of the digestive tract in aquatic 
animals and is responsible for the absorption of food 
particles into the blood (Abol-Munafi et al. 2006). 
In teleosts, it consists of tunica mucosa, a selectively 
permeable membrane, tunica submucosa, which is 
properly composed of connective tissue and supports the 
mucosa, muscularis layer, and serosa (Çınar and Şenol 
2006, Canan et al. 2012). Gut-associated lymphoid tissue 
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(GALT) is a component of the primary lymphoid tissues 
and a part of the mucosal lymphatic system (Venkatesh et 
al. 2014). This tissue is the first defense of the body against 
the swallowed pathogenic agents. It consists of three 
proper lymphoid regions, namely Peyer’s patches, lamina 
propria, and epithelial lymphoid tissue (Giffard-Mena et 
al. 2006, Hernandez et al. 2009). Researchers believe that 
fish are able to produce specific IgM immunoglobulin 
and have both special latency and immediate sensitivity. 
Both lymphocytes B and T are seen in fish (Krogdahl and 
Bakke-McKellep 2005). The presence of lamina propria 
and intraepithelial lymphoid tissue has been documented 
in the gut mucosa of teleosts. There are only a few reports 
about the existence of complex lymphoid tissue as Peyer’s 
patches (Dai et al. 2007). On the other hand, a number of 
researchers have shown that the lymphoid tissue of the 
gut has different nature in different regions and is affected 
by changes in water temperature (Gisbert et al. 2004). 
Most of these researchers have reported that some fish 
have more immune activity in the cold season (Alcorn 
et al. 2002). The fish immune system has been widely 
studied in recent years, but less attention has been paid to 
their local immunity in body parts, such as genital organs, 
skin, and digestive tract. Oral vaccination in fish is highly 
beneficial because the intestine initiates and regulates 
proper immune responses to oral vaccines (Fournier-Betz 
et al. 2000). Since there is quantitative information on 
lymphoid tissue structure in different parts of the intestine 
of A. grypus, the presently reported study was conducted 
to identify this topic using microscopic examination by 
general histology and TUNEL immunohistochemical 
staining method. 

MATERIALS AND METHODS
Sampling collection and processing. In this study, all 
experiments on animals were carried out in accordance 
with a protocol approved by the Khorramshahr University 
of Marine Science and Technology Animal Ethics 
Committee (Approval No. 97-400-04). For the warm 
season, in August 2016, ten mature males of Arabibarbus 
grypus with a total length of 46.8 ± 1.46 cm (mean ± 
standard error of the mean, SE; thereafter) and weight of 
1425 ± 150.97 g and ten mature female of A. grypus with 
a total length of 48.40 ± 1.57 cm and weight of 1570.33 ± 
156.53 g were collected. Additionally, for the cold season 
specimens, in January 2017, ten male mature A. grypus 
with a total length of 44.40 ± 1.21 cm (mean length ± 
SEM) and weight of 1260 ± 96.70 g and ten female mature 
A. grypus with a total length of 45.10 ± 2.48 cm and weight 

of 1560 ± 275.57 g were caught. In the presently reported 
study, specimens of A. grypus, caught at two different 
sites (20 fish from each site) from the Shahid Ahmadian 
fish breeding center, Khuzestan Province, Iran. Regarding 
sampling stations, it should be noted that the two stations 
were selected randomly and the distances between them 
were about 10 m. Each site was 100 m long, 50 m wide, 
and 1 m deep. Fish were also fed by commercial plate both 
in the morning and afternoon. All animals were captured 
with a dip net and were considered healthy, on the basis 
of their external appearance. The other physicochemical 
properties of the water at the time of sampling are shown 
in Table 1. 
General histology. After anesthetics of fish for histological 
studies by 1 mL · L–1 extract of clove flower, the specimens 
of the anterior, middle, and posterior part of the intestinal 
bulb and proper intestine were immediately immersed 
into Bouin’s fixative; then, the routine histological 
procedure was followed and sections of 4–6 µm were 
cut by a Leica RM2255 (Germany) microtome, stained 
with hematoxylin-eosin (H-E) and periodic acid–Schiff 
(PAS) (Banan Khojasteh 2012). Randomized histological 
sections of each part of the intestine were submitted 
to the counting of intraepithelial lymphoid cells. Five 
microscopic fields per section and five sections per fish 
were used for histomorphometrical evaluation. The 
enumerations of intraepithelial lymphoid cells were carried 
out by counting the number of intraepithelial lymphoid 
cells per 100 epithelial cells (Doggett and Harris 1991). 
Slides were observed and photographed using an Olympus 
BX50 light microscope (Japan) equipped with a Dino-Lite 
lens together with the DinoCapture software installed on a 
computer (Carrasson et al. 2006, Kuru et al. 2010).
TUNEL immunohistochemical staining method. 
Fixed specimens were placed in the Phosphate-buffered 
saline (PBS) for 24 h and embedded in paraffin (Elmore 
2007, Rombout et al. 2011). The 4 µm paraffin sections 
adhered to the glass slides which were pretreated with 
0.01% aqueous solution of poly-L-lysine. The sections 
were deparaffinized by heating the slides for 30 min at 
60°C, followed by two 5 min incubations in a 100% xylene 
bath at room temperature in Coplin jars. Afterward, the 
tissue samples were rehydrated by transferring the slides 
through a graded ethanol series: 2 × 3 min 96% ethanol, 
1 × 3 min 90% ethanol, 1 × 3 min 80% ethanol, 1 × 3 min 
70% ethanol, 1 × 3 min double-distilled water (DDW). 
Then, the excess water was carefully blotted, and 20 µg 
· mL–1 proteinase K solution was placed to cover sections 
and incubated 15 min at room temperature (Rombout et 

Table 1 
Mean physicochemical parameters based on measurements at different stations, using Horiba U-10 Water Quality 

Checker

Parameters Warm season Cold season
Salinity [‰] 1.20 1.00
Temperature [°C] 28.50 11.50
Dissolved oxygen [mL· L–1] 7.11 9.22
pH 6.00 7.00
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al. 2014). Following the proteinase K treatment, the slides 
were washed 3 × 5 min with DDW. By covering sections 
with 2% hydrogen peroxide for 5 min at room temperature, 
the endogenous peroxidases were inactivated. Then, the 
slides were washed 3 × 5 min with DDW, the excess water 
was carefully thrown out, and sections were covered with 
terminal deoxynucleotidyl transferase (TdT) equilibration 
buffer for 10 min at room temperature. TdT equilibration 
buffer was removed and sections were covered with 
TdT reaction buffer. Following this, the slides were 
incubated in a humidified chamber (Model 123H) for 
30 min at 37°C. In order to conserve reagents, a reduced 
volume of TdT buffer was carefully covered with a glass 
coverslip during the incubation. The reaction was stopped 
by incubating slides 2 × 10 min in 2 × saline sodium 
citrate (SSC). The slides were rinsed in PBS; then, the 
nonspecific binding was blocked by covering tissue 
sections with 2% bovine serum albumin (BSA) solution 
for 30–60 min at room temperature. Next, the slides were 
washed 2 × 5 min in PBS and incubated in Vectastain 
ABC-peroxidase solution for 1 h at 37°C. Later, the slides 
were washed 2 × 5 min in PBS again and then stained 
with diaminobenzidine (DAB) staining solution at room 
temperature (Logue and Martin 2008). Color development 
was monitored until the desired level of staining was 
achieved (typically 30 min). The reaction was stopped by 
incubating slides in DDW. Tissue sections were lightly 
counterstained with hematoxylin (Groos et al. 2003) and 
covered with coverslips using Aqua-Poly/Mount mounting 
medium. Finally, the sections were observed under light 
microscopy.
Statistical analyses. After data normality was tested with 
Kolmogorov–Smirnov analysis, two-way ANOVA was 
used to compare the number of lymphocyte cells in both 
sexes in warm and cold seasons. Finally, the Chi-square test 
was applied and differences of P < 0.05 were considered 
statistically significant (Huising et al. 2003, Marchetti et 
al. 2006). All analysis was also performed using the Graph 
Pad Prism V.8.0.3 (263) and results presented as the mean 
± standard error of the mean (Apraku et al. 2019).

RESULTS
Macroscopic results. Macroscopic results showed the 
intestine wall of Arabibarbus grypus was fairly long and 
thick and was composed of two major parts, including 
intestinal bulb and proper intestine. The length of the two 
parts of the intestine and other parameters, such as body 
weight and standard length is shown for both males and 
females in cold and warm seasons in Table 2.

Microscopic results. Based on the results, the 
microscopic structure of the intestinal wall of A. grypus 
followed the same pattern that had been observed in 
other teleosts: tunica mucosa, tunica submucosa, tunica 
muscularis, and tunica serosa. Mucosa was comprised of 
two sub-layers: lining epithelium, which is consisted of 
simple tall columnar cells with a basal nucleus, apical 
brush border, interspersed mucus-secreting goblet 
cells, intraepithelial lymphocytes (IELs); and lamina 
propria, which is an irregular connective tissue with 
heavy lymphocytic infiltration. Epithelial mucous cells, 
distinguished by a swollen supranuclear region, were 
stained purple with the PAS technique. The goblet cells 
increased in number toward the posterior part of the gut. 
The massive capillary network was detected in the lamina 
propria immediately beneath the epithelial layer. The 
muscularis mucosa was observed to be located between 
the lamina propria and submucosa; thus, the separation 
of these two layers was possible. The thickness of the 
muscularis mucosa increased from the anterior region 
of the intestinal bulb to the posterior of the gut. Tunica 
muscularis consisted of two layers of smooth muscle, 
i.e., inner circular and outer longitudinal. Many nerve 
plexuses were located between the two muscle layers. 
Tunica serosa, the loose connective tissue coated by 
simple squamous epithelial cells, surrounded the outer 
surface of the gut. It should be noted that the height of 
the fold in the anterior region of the gut was very high, 
but toward the end, its height started to reduce, but its 
thickness increased (Figs. 1A, 1B).
Gut-Associated Lymphoid Tissue (GALT). The 
microscopic results of different parts of the intestinal 
bulb and proper intestine showed that GALT was present 
in two different shapes and in two areas. The first area 
was the lymphoid cells and intra-epithelial cells and the 
GALT were scattered between these cells. In this part, 
the lymphocyte cells were arranged in pillar structures 
and extended to the upper regions of the epithelial cells, 
but more concentration was observable in the mid bases. 
The lymphoid cells observed in this portion were more 
of the lymphocyte type. Other forms of these cells were 
found in the lamina propria and submucosa regions. In the 
lamina propria, the lymphoid cells had a strip-shaped 
arrangement and were placed in several rows below the 
base membrane, but in the submucosa, the cells were 
scattered and were less densely packed. It should be noted 
that the observed lymphoid cells in these areas were more 
lymphocyte and lymphoblast, and the proportion of plasma 
cells and macrophages was relatively low. Comparing 

Table 2 
Selected morphometric parameters  of Arabibarbus grypus

Parameter [cm] 

Warm season Cold season

Male Female Male Female
Length of intestinal bulb (cm) 15.10 ± 0.34 14.85 ± 0.45 13.95 ± 0.68 14.35 ± 0.31
Length of proper intestine (cm) 131.21 ± 15.67 130.11 ± 14.27 125.57 ± 16.35 127.61 ± 17.28

Values are mean ± standard error of the mean.
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the GALT in the intestinal bulb and the proper intestine 
during the two warm and cold seasons, it was found that 
both the density and arrangement of the lymphoid tissue 
in the gut were more in the cold season than in the warm 
season, and this is presented in the section dealing with the 
micrometric results. The lymphoid cells were observed to 
be more aggregate in the anterior part of the intestinal bulb 
than in the middle and posterior part of it while the vice 
versa was true in the proper intestine, i.e., the lymphoid 
cells were observed to be more aggregate in the posterior 
part of the proper intestine than in other parts of it. A 
comparison between the two warm and cold seasons with 
regard to the intestinal bulb and proper intestine showed 
that the lymphatic compaction, especially in the base of 
the epithelial tissue in similar parts, was much higher in 
the cold season compared to the warm season. It should 
be noted that no sign of lymphoid follicles and Peyer’s 

patches was observed in the histological studies of the 
intestinal bulb and proper intestine (Figs. 1C, 1D).
Immunohistochemistry. This technique was used to 
determine the lymphoid cells which were attached to the 
gut and planted to apoptosis. Based on this technique, 
the number of apoptosis cells in the warm season was 
more than that observed in the cold season. There was 
a statistically significant difference between the posterior 
and anterior sections of the intestinal bulb and proper 
intestine, especially in the mucous layer in both sexes, 
which was revealed in the micrometric results (Figs. 2A–
2D).
Micrometric results. The micrometric results showed that 
not only the distribution of lymphocytic cells in the gut of 
both male and female specimens was varied in different 
areas but also in some areas, the difference was statistically 
significant in both cold and warm seasons (P < 0.05).

Fig. 1. Light microscopic structure of gut in Arabibarbus grypus (Hematoxylin and eosin stain). (A) Microscopic view 
of the histological structure of anterior part of the intestinal bulb in the warm season; m = columnar epithelium, 
lp = lamina propria, sm = submucosa, mp = myenteric plexus, ml2 = inner circular muscolaris layer, ml1 = outer 
longitudinal muscolaris layer, s = serosa; vertical arrows point at muscolaris mucosa; (B) Microscopic view of the 
histological structure of the anterior part of the proper intestine in the cold season, mc = mucosal cells have been shown 
to PAS positively respond, iels = intraepithelial lymphocytes; (C) Microscopic view of the histological structure of 
posterior part of mucosa and submucosa of the intestinal bulb in the cold season; in this micrograph, the lymphoid 
tissue is scattered and less densely packed in submucosa (vertical arrows) and scattered, strip shaped arrangement in 
mucosa (horizontal arrows); (D) Microscopic view of the histological structure of  posterior part of submucosa of the 
proper intestine in the cold season; in this micrograph, the lymphocyte (l1), lymphoblast (l2), macrophage (oblique 
arrow), and plasma cell (horizontal arrow) are shown
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Lymphocyte assay in the mucosa and submucosa 
layers (H-E). The mean number of lymphocyte cells 
in the mucosa and submucosa layers in over 100 µm of 
different areas of the gut of the A. grypus was obtained 
using the hematoxylin-eosin staining method. The highest 
number of lymphocytic cells in the mucosa layer (475.32 
± 27.18) was found in the posterior of the proper intestine 
of the male specimen in the cold season, and the lowest 
number (241.38 ± 13.22) was found in the posterior of 
the intestinal bulb of the female specimen in the warm 
season. However, the highest number of lymphocytic cells 
in the submucosa layer (425.13 ± 11.28) was observed in 
the posterior part of the proper intestine in the female 
specimen in the cold season, and the lowest number 
(190.34 ± 11.21) was observed in the posterior of the 
intestinal bulb in the female specimen in the warm season. 
In mucosa, the mean comparison between the groups 
showed that the number of lymphocytes had decreased 
significantly in the anterior part of the intestinal bulb in the 
female specimens compared to that of male specimens in 
both seasons (P < 0.05). Also, the number of lymphocytes 
in the posterior part of the proper intestine in the female 

specimen showed a significant increase compared to that 
of the male specimen in the cold season (P < 0.05). Based 
on the results obtained through this method, there was no 
significant difference between males and females in two 
different seasons in terms of the number of lymphocytes 
in other parts of the gut (Figs. 3A, 3B, 4A, 4B).
Apoptotic lymphocytes assay in mucosa and 
submucosa (TUNEL). The mean number of apoptotic 
lymphocyte cells in the mucosa and submucosa layers 
from over 100 μm of different areas of the intestinal tract 
of the A. grypus is presented below. Based on the results 
obtained through this method, in mucosa, the highest 
number of apoptosis lymphocyte cells, i.e., 18.31 ± 1.61, 
was seen in the posterior part of the proper intestine of the 
male fish in the warm season, and the lowest, i.e., 8.21 ± 
1.11, was seen in the anterior part of the proper intestine 
of the female fish in the cold season. In submucosa, 
the highest number of apoptotic lymphocyte cells was 
observed in the warm season and in the anterior part of 
the intestinal bulb of female fish, and the lowest number 
was observed in the cold season and in the anterior of 
the intestinal bulb of the female fish. The results of the 

Fig. 2. Light microscopic structure of gut in Arabibarbus grypus (TUNEL); the apoptotic cells are shown with yellow-
brown spots (circle); (A) Microscopic view of the histological structure of mucosa of anterior part of the intestinal 
bulb in the warm season; (B) Microscopic view of the histological structure of submucosa of the anterior part of the 
proper intestine in the cold season; (C) Microscopic view of the histological structure of  posterior part of mucosa and 
submucosa of the intestinal bulb in the cold season; (D) Microscopic view of the histological structure of  posterior 
part of mucosa and submucosa of the proper intestine in the warm season
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Fig. 3. Number of lymphocytes (mean ± standard error of the mean) in the mucosa over 100 μm of different areas of the 
intestine of the Arabibarbus grypus in warm (A) and cold (B) season; analyzed by hematoxylin and eosin staining 
method; different number of asterisks in each column indicate a significant difference (P < 0.05)

Fig. 4. Number of lymphocytes (mean ± standard error of the mean) in the submucosa over 100 μm of different areas of 
the intestine of the Arabibarbus grypus in warm (A) and cold (B) season; analyzed by hematoxylin and eosin staining 
method; different number of asterisks in each column indicate a significant difference (P < 0.05)

mean comparison between the groups showed that there 
was no significant difference between males and females 
in cold and warm seasons in terms of the number of 
apoptotic lymphocytes in the intestinal bulb and proper 
intestine (Figs. 5A, 5B, 6A, 6B).

DISCUSSION
Although there are obvious differences in the 

microscopic structure of the intestinal tract among 
different fish species, the wall of the tract of Arabibarbus 
grypus, as also occurs in other fish, is composed of the four 
layers described for vertebrates. In this species, as well as 
in other freshwater and marine teleosts, the intestine wall 
shows a more regular structure, which is similar to the 
intestine of the common carp, Cyprinus carpio Linnaeus, 
1758, rainbow trout, Oncorhynchus mykiss (Walbaum, 
1792), Caspian trout, Salmo caspius Kessler, 1877, and 
guppy Poecilia reticulata Peters, 1859 (see Gisbert et al. 
2002, Petrinec et al. 2005, Díaz et al. 2008, Holmgren 
and Olsson 2009, Fuglem et al. 2010). The intestinal 

epithelium was coated with simple columnar epithelial 
and goblet cells. The number of goblet cells increased 
toward the posterior part of the intestine. The goblet 
cells, arranged in a continuous sheet, provide consistent 
lubrication of food particles during swallowing, protect 
the epithelial surface against mechanical damages and 
bacteria invasion, being also related to ionic absorption 
(Hernandez et al. 2009). Fish are continuously exposed to 
a microbial-rich environment in freshwater or seawater. 
The main mucosa-associated lymphoid tissues of teleosts 
are the gut-associated lymphoid tissue which is clearly 
different morphologically and functionally (Grau et al. 
1992). In this study, GALT was represented throughout  
the mucosa and a lesser degree, it was extended in the 
submucosa. In a number of teleost fishes a diffused 
distribution of lymphocytes, plasma cells, and macrophages 
can be observed. Similar observations were reported in an 
Indian major carp, Gibelion catla (Hamilton, 1822) and 
Atlantic halibut, Hippoglossus hippoglossus (Linnaeus, 
1758) (see Grove et al. 2006). Researchers believe that 



Gut-associated lymphoid tissue in Arabibarbus grypus 429

fish lack the organized GALT organ like other vertebrates 
such as Peyer’s patches or mesenteric lymph nodes. But 
in fishes, lymphoid cells are present in a scattered cluster 
along the alimentary canal (Rombout et al. 2014, Salinas 
2015). The highest incidence of lymphocytic cells in 
both sexes in warm and cold seasons was observed in the 
anterior part of the intestinal bulb and posterior part of 
the proper intestine. According to the results of this study, 
a large accumulation of lymphocytic cells was located 
in the lamina propria and consisted of aggregations of 
lymphocytes together with macrophages, and plasma 
cells. Such large accumulation patches were located 
in the lamina propria and consisted of aggregations of 
lymphocytes together with granulocytes, macrophages 
and plasma cells also have been reported in Mozambique 
tilapia, Oreochromis mossambicus (Peters, 1852) (see 
Doggett and Harris 1991) and goldfish, Carassius auratus 
(Linnaeus, 1758) (see Salinas 2015). Nevertheless, most 

researchers have reported the presence of lymphocyte 
cells in the intestinal tissue. These cells are more than 
T-type and are usually derived from two different sources, 
namely thymus and GALT (Pedini et al. 2002, Mabbott et 
al. 2013). Also similar to the results of our microscopic 
observations on the gut of A. grypus the presence of 
lymphocyte cells in epithelium on turbot, Scophthalmus 
maximus (Linnaeus, 1758), was reported in the basal area 
of the epithelial cells (Sampaio et al. 2018). In both warm 
and cold seasons, there was a significant difference in the 
number of intraepithelial lymphocytes along the length 
of the intestine and it showed significantly increased 
towards the posterior intestine. The same result was also 
reported in common carp, C. carpio (see Saha et al. 2002) 
and in sea bass, Dicentrarchus labrax (Linnaeus, 1758) 
(see Piccheietti et al. 1997). Nevertheless, Rombout 
et al. (2011) did not observe a significant difference in 
the density of intraepithelial lymphocytes along the 

Fig. 5. Number of apoptotic lymphocytes (mean ± standard error of the mean) in the mucosa over 100 μm of different areas of 
the intestine of the Arabibarbus grypus in warm (A) and cold (B) season; analyzed by TUNEL immunohistochemistry 
staining method; different number of asterisks in each column indicate a significant difference (P < 0.05)

Fig. 6. Number of apoptotic lymphocytes (mean ± standard error of the mean) in the submucosa over 100 μm 
of different areas of the intestine of the Arabibarbus grypus in warm (A) and cold (B) season; analyzed by 
TUNEL immunohistochemistry staining method; different number of asterisks in each column indicate a significant 
difference (P < 0.05)
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length of the intestine. However, some researchers, in a 
similar study on rosy barb, Pethia conchonius (Hamilton, 
1822) (family Cyprinidae), reported that there was a 
significant difference in the distribution of GALT in the 
various intestinal areas of the specimen, in a way that the 
number of leukocytes was clearly more in the anterior 
and posterior parts than in the middle areas (Niklasson 
et al. 2011, Salinas et al. 2011). Some researchers 
believe that the differences between species can be a 
reason for the non-equal distribution of leukocyte cells 
in their guts (Saha et al. 2002, Lycke 2012). In a recent 
study TUNEL immunohistochemical staining method 
was used to show apoptotic cells (Abdi, unpublished 
data). Accordingly, apoptosis was higher in all parts 
of the intestine in the warm season than in the cold 
season. Because TUNEL staining was initially described 
as a method for staining cells that have undergone 
programmed cell death or apoptosis, and exhibit the 
biochemical hallmark of apoptosis internucleosomal 
DNA fragmentation (Saha et al. 2002, Mayerl et al. 2006). 
Based on the results of this study on A. grypus, it was 
found that the mucosal immune system is more active in 
the cold season. Finally, the more motility of the mucosal 
immunity during the cold season, mucosal vaccination at 
the same time, will be discussed.
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