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Öz

Amaç: Bu çalışmada dişi bıldırcınlarda (Coturnix coturnix Japonica) puberte 

öncesi ve sonrası dönemlerde genital kanalın farklı bölgelerinde yer alan mast 

hücrelerinin heterojenitesi ile dağılımının farklı tespit solüsyonları ve boyama 

yöntemleri ile ortaya konulması amaçlanmıştır. 

Gereç ve Yöntem: Yapılan çalışmada 10 adet puberte öncesi ve 10 adet pu-

berte sonrası dönemde sağlıklı dişi bıldırcınlara ait genital kanaldan (infundi-

bulum, magnum, istmus, uterus, vajina) alınan doku örnekleri materyal olarak 

kullanıldı. Her iki gruptan alınan doku örneklerinin bir kısmı %10’luk nötral 

formaldehit, bir kısmı ise izotonik formaldehit asetik asit tespit solüsyonunda 

tespit edildi. Dokulardan alınan kesitlere Toluidin mavisi ve alcian blue/safra-

nin O boyama yöntemleri uygulandı. 

Bulgular: Hazırlanan preparatlar ışık mikroskopta incelendiğinde her iki tes-

pit solüsyonunda da yuvarlak, oval ya da mekik şekilli mast hücreleri özellikle 

kan damarları çevresinde yerleşmiş olarak genital kanalın tunika mukoza, tu-

nika muskularis ve tunika seroza katmanlarında gözlendi.  Mast hücrelerinin 

hem puberte öncesi hem de puberte sonrası dönemde en çok uterusta yerleşti-

ği; ardından sırasıyla istmus, magnum, vagina ve infundibulumda gittikçe aza-

lan yoğunluk gösterdiği gözlendi. Mast hücrelerinin infundibulumda puberte 

sonrası dönemde puberte öncesi döneme göre önemli oranda (p<0,05) arttığı 

belirlendi. İFAA ile tespit edilen tüm dokularda mast hücrelerinin daha belir-

gin boyandığı ve sayısal olarak değerlendirmede de %10’luk nötral formalde-

hit tespitine göre daha fazla olduğu gözlendi. 

Öneri: Sonuç olarak özellikle puberte sonrası dönemde infundibulumda mast 

hücre sayısının arttığı; bu artışın yumurta oluşumu ve yumurtlamaya yönelik 

etkisinin olabileceği kanaatine varıldı.

Anahtar kelimeler: Bıldırcın, genital kanal, mast hücre dağılımı.

Abstract

Aim: This study aimed to determine the distribution and heterogeneity of 

mast cells located in different parts of the genital tract of female quails (Cotur-

nix coturnix japonica) during the prepubertal and postpubertal periods using 

different fixation solutions and staining methods. 

Materials and Methods: For this purpose, tissue samples were taken from 

the genital tract (infundibulum, magnum, isthmus, uterus, vagina) of healthy 

female quails, including 10 prepubertal and 10 postpubertal animals. The 

tissue samples of both groups were fixed in either 10% neutral formaldehyde 

or isotonic formaldehyde acetic acid solution. The tissue sections were stained 

with the toluidine blue and combined alcian blue/safranin O staining methods. 

Results: The light microscopic examination of the tissue sections treated with 

both fixatives demonstrated that mast cells were round to oval or spindle-like 

in form and localized especially around blood vessels in the tunica mucosa, 

tunica muscularis and tunica serosa layers. Mast cells were found to be 

distributed primarily in the uterus during the prepubertal and postpubertal 

periods; followed in descending order by the isthmus, magnum, vagina and 

infundibulum. It was determined that mast cell counts significantly increased 

in the infundibulum in the postpubertal period (p<0.05) compared to the 

prepubertal period. Fixation in IFAA was associated with a more prominent 

staining and higher count of mast cells in all tissues, compared to fixation in 

formaldehyde. 

Conclusion: The number of mast cells in the infundibulum was determined to 

have increased in the postpubertal period, and this increase was considered to 

may affect egg formation and egg-laying.
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Introduction

Mast cells are resident immune cells of the connective tissue, 
which show critical effects against allergic diseases and IgE-
dependent allergic factors (Skaper et al 2001). They are 
involved in hypersensitivity reactions, wound healing and 
various conditions including fibrosis. These cells are large 
in size with a diameter of 20-30 micrometers (μm), have an 
oval nucleus and contain heavily stained basophilic granules. 
Electron microscopic observations have shown that there are 
many microvilli and folds on the surface of mast cells. A small 
amount of granular endoplasmic reticulum, mitochondria and 
advanced Golgi devices are noted in the cytoplasm. Mast cells 
show strong metachromasia due to the heparin and sulfate 
proteoglycans contained in their granules (Ergün 2016). 
Mast cells are observed in the connective tissue of various 
structures and organs, especially in the mucous membranes 
of the skin, gastrointestinal tract and respiratory system, 
all which are associated with the external environment, as 
well as on the brain side of the blood-brain barrier and in 
the leptomeninges (Erpek 2004, Silver and Curley 2013, St 
John 2013, Da Silva et al 2014, Espinosa and Valitutti 2017). 
Due to their strategic localization to the periphery of blood 
vessels and nerve endings, mast cells can quickly interact 
with other hematopoietic effector cells (Krystel-Whittemore 
et al 2016). Although mature mast cells are normally not 
present in the bloodstream, they migrate to tissues as mast 
cell progenitors under the influence of the stem cell factor 
(SCF) and other cytokines. These cells, which complete their 
development under the influence of microenvironmental 
tissue factors, need the SCF, which binds to the C-kit receptor, 
in order to survive and develop (Molderings 2010).

Mast cell research (Özkorkmaz 2008, Uslu and Yörük 2013, 
Yıldız et al 2016) has revealed that these cells are either 
formaldehyde-sensitive or formaldehyde-resistant. As 
formaldehyde-sensitive mast cells are mostly located in the 
mucous membranes, they are referred to as mucosal mast 
cells (MMCs), whilst formaldehyde-resistant mast cells are 
located in connective tissue and are referred to as connective 
tissue mast cells (CTMCs) (Özkorkmaz 2008). To distinguish 
the heterogeneity of these two subtypes of mast cells, the 
terminology proposed by Enerback for the rat intestine 
is used. Accordingly, mucosal mast cells are distributed 
particularly in the lamina propria of the gastrointestinal 
tract and respiratory mucosa, whilst connective tissue mast 
cells are localized to the submucosa of the peritoneum, skin 
and digestive tract (Welle 1997). Mucosal mast cells have 
a smaller diameter (5-10 μm) and contain fewer granules 
than mast cells located in other organs. Connective tissue 
mast cells are larger (10-20 μm) and found in the skin, the 
periphery of blood and lymph vessels, and the serosa of 
visceral organs (Karaca and Yörük 2005).
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While many detailed studies are available on the number 
and distribution of mast cells in the mammalian uterus, very 
little work has been done on the presence and heterogeneity 
of mast cells in the genital canal of poultry species. In this 
study, it was aimed to investigate the heterogeneity and 
distribution of mast cells in the different regions of the 
genital canal of female quails during the prepubertal and 
postpubertal periods.

Material and Methods

Material 

The study material comprised of tissue samples taken 
from different regions of the genital canal (infundibulum, 
magnum, isthmus, uterus, vagina) of healthy prepubertal 
and postpubertal female Japanese quails (Coturnix coturnix 
japonica) raised at a private farm in Konya.

Method

Tissue samples were taken after the quails were sacrificed 
by decapitation. Part of the tissue samples were fixed in 
10% neutral formaldehyde, while the remaining were 
fixed in isotonic formaldehyde acetic acid (IFAA, (40 ml 
formaldehyde, 100 ml distilled water, 0.5 ml glacial acetic 
acid); pH 2.9). After 12 h of incubation, the samples were 
kept in 70% alcohol for 12 h without being washed, and were 
subsequently submitted to routine histological processing 
(Enerback 1966a). Five-micrometer (μm) serial sections 
were cut from the paraffin blocks. The sections, prepared 
for determining the distribution and number of mast cells 
in the genital canal, were stained for 30 minutes (Harem 
et al 2011) in a 0.5% toluidine blue solution (pH 0.5). The 
sections used for determining the heterogeneity of mast 
cells and the distribution of mast cell subtypes in tissues 
were cut from blocks of tissue fixed in either 10% neutral 
formaldehyde or IFAA. All sections were stained with the 
combined Alcian blue/Safranin O (AB/SO) staining method 
(Enerback 1966b). 

Cell quantification

The distribution of mast cells during the prepubertal and 
postpubertal periods was determined by counting cells in 
randomly selected 10 different areas in the tunica mucosa, 
tunica muscularis and tunica serosa of toluidine blue-
stained tissue samples from different regions of the genital 
canal (infundibulum, magnum, isthmus, uterus, vagina). Cell 
counts were performed in an area covering 100 square ocular 
micrometers. The arithmetic mean of the mast cell counts 
of the different serial sections was calculated. Thereby, the 
mean number of mast cells in an area covered by 100 square 
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ocular micrometers was determined. All data calculated 
for an area of 100 square ocular micrometers under 40x 
magnification using a micrometric slide were converted into 
mast cells in a unit area of 1 mm2 (Uslu and Yörük 2013). 
Before moving onto statistical analysis, data were tested for 
parametric test assumptions. 

Statistical analyses

The Kolmogorov-Smirnov test was used to assess the 
normality of data distribution. The statistical significance of 
the differences determined for the number of mast cells in the 
tissues fixed in IFAA and 10% formaldehyde was determined 
by the Wilcoxon signed test. Differences between the 
prepubertal and postpubertal quails for the mast cell counts 
of the tissue sections from the infundibulum, magnum, 
isthmus, uterus and vagina were determined by the t-test, 
taking into account the fixatives used. All statistical analyses 
were evaluated with a minimum margin of error of 5%. The 
SPSS v22 statistical software package was used for statistical 
analyses (SPSS 2013).

Results

In the tissue sections prepared from the different regions 
of the genital canal of prepubertal and postpubertal female 
quails, mast cells were observed in oval, round and polygonal 
shapes of different sizes, which varied with their localization 
(Figure 1). The nuclei of the mast cells were mostly located 
in the center of the cell, often masked by the granules. In the 
tissue samples, which were fixed in IFAA, a more prominent 
metachromatic staining and greater number of mast cells 
were observed, compared to those fixed in 10% formaldehyde 
(Table 1). Mast cells were observed in the tunica mucosa, 
tunica muscularis and tunica serosa of the sampled genital 
canal regions, mostly in the connective tissue. While mast 
cells showed perivascular localization in the submucosa and 
tunica serosa (Figure 2, Figure 4 and Figure 6), they were 
observed as individual cells in the lamina propria (Figure 3) 
and as groups of cells in the subepithelial region. 

In the preparations examined, it was determined that 
the oviduct of the female quail consisted of 5 parts: the 

Figure 1. A section of the postpubertal isthmus tissue fixed in IFAA. 
Arrow: mast cell in the lamina propria. Toluidine blue staining

Figure 2. A section of the postpubertal uterine tissue fixed in IFAA. 
Arrows: mast cells in the tunica muscularis. Toluidine blue staining

Figure 3. A section of the postpubertal infundibulum 
tissue fixed in 10% neutral formaldehyde. Arrows: 
mast cells in the lamina propria. Toluidine blue staining

Figure 4. A section of the postpubertal vaginal tissue fixed in IFAA. 
Arrows: mast cells in the submucosa. Toluidine blue staining
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infundibulum, magnum, isthmus, uterus and vagina. Combined 
AB/SO staining was performed to determine the heterogeneity 
of the mast cells in the different regions of the genital canal. 
AB (+) mast cells were localized to the periphery of the blood 
vessels in the lamina propria, and to the subepithelial region, 
and were greater in number than the SO (+) (Figure 5 Figure 
7 Figure 8).

Table 1. Mast cell counts in genital tissue sections fixed in IFAA and 10% neutral formaldehyde during the prepubertal 
and postpubertal periods

Data pertaining to mast cell counts in the IFAA- and formaldehyde-
fixed tissues from the different regions of the prepubertal and 
postpubertal genital canal are presented in Table 1. Accordingly, 
mast cell numbers in the infundibulum (p<0.05), isthmus and 
vagina were higher during the postpubertal period, compared to 
the prepubertal period. Mast cell counts were low in the magnum 
and uterus during both periods.

Figure 5. A section of the postpubertal infundibulum 
tissue fixed in IFAA. Arrow:   AB (+) mast cell in 
tunica muscularis.   Alcian blue/Safranin O staining

Figure 6. A section of the postpubertal magnum tissue fixed in 
IFAA. Arrow: mast cells in the submucosa. Toluidine blue staining.

Figure 7. A section of the postpubertal magnum tissue fixed in IFAA. 
Arrow: mast cell in the lamina propria. Alcian blue/Safranin O staining

Figure 8.  A section of the postpubertal uterine tissue fixed in IFAA. Arrows: 
AB (+) mast cells in the tunica muscularis. Alcian blue/Safranin O staining

  
  

 IFAA 10% Formaldehyde 

 Before Puberty After Puberty Before Puberty After Puberty 

Infundibulum  3,60±2,22cB 8,00±3,09cA 0,50±0,70cC 0,20±0,63cC 

Magnum  12,1±1,37bA 12,0±4,02bcA 1,10±0,31cB 1,2±1.03bB 

Isthmus  12,9±4,04bA 14,60±6,38bA 2,70±1,49aB 1,10±1,37bB 

Uterus  20,3±3,80aA 19,00±7,93aA 2,20±1,03bB 2,10±1,59aB 

Vagina  10,0±3,16bA 12,70±2,35bA 1,90±0,56bB 0,90±0,87cB 

Groups with different superscripts in the same column(a,b,c), and in the same row(A,B,C) differ significantly (p<0,05) 

Kadiralieva and DonmezMast cell distribution in the quail genital canal

Eurasian J Vet Sci, 2022, 38, 4, 206-213



210

Discussion

While mast cells have traditionally been known as the 
leading cells for type 1 allergic reaction (Harvima and 
Nilson 2011); today, many researchers believe that mast 
cells are part of the external and acquired immune system. 
These cells are reported to be found in all tissues, blood 
vessels, mucous membranes of the skin, and the respiratory, 
digestive and urogenital systems, which are associated with 
the external environment (Weller et al 2011, Espinosa and 
Valitutti 2017, Ertuğrul 2022). Proteins, epithelial barriers, 
dendritic cells, macrophages, natural killer cells and mast 
cells constitute the main components of natural immunity 
(Rehman et al 2017). According to some researchers, mast 
cells, which are considered leukocytes, originate from 
hemopoietic progenitor cells in the bone marrow (Mirjam et 
al 2012, Wernersson and Pejler 2014, Siebenhaar et al 2018). 
Immature mast cells, which pass into the blood circulation, 
migrate to tissues transendothelially, under the influence 
of microenvironmental factors in the tissue to which they 
are localized (Gurish and Austen 2012, Dahlin and Hallgren 
2015, Siebenhaar et al 2018). 

To date, studies have mostly focussed on the number and 
distribution of mast cells in the mammalian genital canal 
(Karaca et al 2007, Kurum et al 2014, Özen et al 2014). To 
our knowledge, the presence and heterogeneity of mast 
cells has not been investigated before in the genital system 
of poultry. Thus, the data obtained in the present study was 
discussed in comparison to studies on mast cell distribution 
in the genital system and various organs of animal species 
other than poultry.

Mast cells are oval, have a centrally located round to oval 
nucleus, and contain metachromatic granules in their 
cytoplasm. The mast cell nucleus is usually covered by 
metachromatic granules found in their cytoplasm (Shao-
Heng 2004, Molderings 2010). In the present study, it was 
observed that the morphological structure of the mast 
cells in all regions of the genital canal was consistent with 
literature reports, and these cells were distributed in 
the tunica mucosa, tunica muscularis and tunica serosa. 
Furthermore, it was observed that mast cells in the tissues 
fixed in IFAA displayed a more prominent metachromatic 
staining, such that those in tissues fixed in 10% neutral 
formaldehyde were slightly paler. Studies in chickens 
(Ertuğrul 2012) and cattle, sheep and goats (Ertuğrul and 
Kurtdede 2017) have demonstrated that mast cells show 
strong metachromatic staining with the use of both IFAA and 
neutral formaldehyde for tissue fixation. In previous studies 
on the digestive and respiratory systems and various tissues, 
including the skin, of quails (Chen et al 1990, Karaoglu et al 
2010, Harem et al 2011), it was observed that mast cells 
produced metachromasia with the use of toluidine blue. 
Mast cell granules are metachromatically stained with 

toluidine blue and azure A methylene blue, owing to their 
sulfate proteoglycan content (Enerback 1966b, Eşrefoglu 
2009). In our study, mast cells showed metachromasia in all 
regions of the genital canal during both the prepubertal and 
postpubertal periods.

In our study, tissue samples from the different regions of the 
genital canal of prepubertal and postpubertal female quails 
were fixed in either 10% neutral formaldehyde or IFAA. The 
histological examination of these tissue sections revealed 
that, in both groups, mast cells were localized mainly to the 
lamina propria and tunica serosa, in the periphery of blood 
vessels and nerves. Mast cells localized to these regions were 
either oval or round. Some researchers (Eşrefoğlu 2009, 
Karaca and Yörük 2005, Krystel-Whittemore et al 2016) 
have reported mast cell localization to areas with dense 
connective tissue, including the tunica mucosa and tunica 
serosa.

The present study demonstrated that the number of mast 
cells was higher during the postpubertal period. Tissue 
fixation with IFAA was found to be more effective in 
determining the increased population of mast cells (Table 
1). Our findings also showed that the mean number of mast 
cells per unit area of the tissues was significantly higher in 
tissue specimens fixed in IFAA, compared to those fixed in 
10% neutral formaldehyde (Table 1). Similarly, combined 
staining with AB/SO to determine mast cell heterogeneity 
in the genital tract of the female quail produced a higher 
number of AB (+)/SO (+) cells in the tissue samples fixed in 
IFAA. In tissue samples fixed in neutral formaldehyde (10%), 
mast cell granules displayed a paler staining with AB/SO. 
Moreover, we determined that mast cells were greater in 
number during the postpubertal period in tissue samples 
from all regions of the genital tract fixed in both IFAA and 
10% neutral formaldehyde (Table 1) Traditionally, mast 
cells are classified according to their tissue localization and 
granular content. In humans, mast cells are classified as 
MC(T) and MC(TC) according to their tryptase and chymase 
content. In rodents, the classification of mast cells is based on 
the heparin content of granules. While mast cells containing 
heparin in their granules are classified as connective tissue 
or serosal mast cells (CTMCs), those with less or no heparin 
in their granules are classified as mucosal mast cells (MMCs) 
(Frossi et al 2018). Several studies have reported that the 
heterogeneity of mast cells can be determined according to 
their response to different fixatives (Chen et al 1990, Karaca 
et al 2007, Özen et al 2014). The staining characteristics 
of mast cell granules vary with the fixation solutions used. 
Special fixation solutions such as IFAA, Bouin’s solution 
and Carnoy’s solution are needed to demonstrate mucosal 
mast cells and connective tissue mast cells that are resistant 
to fixation with neutral formaldehyde (10%) (Enerback 
1966a). In the present study, the combined AB/SO staining 
method was used to determine mast cell heterogeneity in the 
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genital tract of the female quail. In result, AB (+)/SO (+) mast 
cells were observed in the infundibulum, magnum, isthmus, 
uterus and vagina. These cells were mostly distributed in 
the lamina propria, in the periphery of blood vessels, and in 
the subepithelial region. In their study on the lung tissue of 
pubertal quails, Harem et al (2011) reported the presence of 
AB (+) cells throughout the lung tissue and SO (+) mast cells 
around large blood vessels in the connective tissue. Another 
study on the porcine oviduct (Özen et al 2014) reported the 
presence of AB (+)/SO (-) mast cells throughout the oviduct. 
Studies on the bovine uterus (Eren et al 1999) and oviduct 
(Özen 2002) demonstrated AB (+)/SO (-) mast cells in these 
organs. In their study on the ovine oviduct, Kurum et al 
(2014) reported the presence of AB (+)/SO (-) mast cells. In 
the present study, AB (+)/SO (+) mast cells were distributed 
in all regions of the quail oviduct. Accordingly, AB (+) 
MMCs were present in all 5 parts of the quail genital tract, 
as reported by Enerback (1966a, 1966b). The results of the 
present study were found to be consistent with the findings 
of Özen et al (2014) and Eren et al (1999).

In the genital canal sections fixed in IFAA, the highest 
number of mast cells was determined in the uterus during 
the prepubertal period, followed in descending order by the 
magnum, vagina and infundibulum (Table 1). In the tissue 
sections fixed in neutral formaldehyde (10%), the same 
descending order was determined (Table 1).  In postpubertal 
tissue sections fixed in IFAA and 10% neutral formaldehyde, 
the highest number of mast cells was determined in the 
uterus, followed in a descending order by the isthmus, 
magnum, vagina and infundibulum (Table 1). In a study on 
the distribution of mast cells and histamine in the chicken 
oviduct, mast cells and histamine were most numerous in 
the infundibulum (Hrabia et al 2001). The primary location 
of mast cells in the duck and chicken oviduct was reported 
to be the infundibulum by Valsala et al (1986) and Wight 
and Mackenzie (1970), respectively. These mast cells were 
reported to show a subepithelial localization between 
the mucosal folds. The findings of the present study are 
consistent with literature data, excluding those determined 
for the infundibulum.

The mean number of mast cells in the infundibulum was 3 
during the prepubertal period and 8 during the postpubertal 
period (p<0.05) (Table 1) Studies in chickens (Wight and 
Mackenzie 1970, Hrabia et al 2001) and ducks (Valsala et 
al 1986) showed that mast cells were most numerous in the 
infundibulum section of the oviduct. The significant increase 
detected in the number of mast cells in the infundibulum 
during the postpubertal period may be an indication that the 
infundibulum significantly contributes to egg formation. 

It was ascertained that the number of mast cells was highest 
in the uterus and differed significantly from other tissue 
sections both during the prepubertal and postpubertal 

periods. In a study conducted by Aydin et al (1998) in rats, 
the number of mast cells was determined to be higher in 
the ovaries and uterine endometrium, particularly during 
the estrus phase of the sexual cycle. Karaca et al (2007) 
reported that the number of mast cells was higher in the 
uterus during the estrus and metestrus stages in rats. Valle 
et al (2009) showed that, in heifers, the number of mast cells 
was significantly higher during metestrus. Considering that 
ovulation occurs during the metestrus phase in cows and 
rats, it can be said that the number of mast cells increases 
during the period of ovulation in both species, and the 
oviduct shows significant changes during the passage of the 
egg cell. Similarly, the increase detected in the number of 
mast cells during the postpubertal period and at the stage of 
ovulation in the present study may indicate that mast cells 
have a significant role in the function of the oviduct during 
the formation and passage of the egg.

Conclusion

It is considered that our findings on the distribution and 
heterogeneity of mast cells in the female quail genital 
tract during the prepubertal and postpubertal periods will 
provide input for future research on mast cells in poultry.

Acknowledgement

The study was derived from the PhD thesis work of the 
first author, under the consultancy of the second author. 
The author would like to thank Prof. Dr. Mustafa Garip for 
statistical analysis.

Conflict of Interest

The authors did not report any conflict of interest or financial 
support.

Funding

Financial support was supplied by the Academic Staff 
Training Program Coordination Unit, Selcuk University in 
Turkey (Number of the project: 15202024).

References

Aydın Y, Tunçel N, Gürer F, Tunçel M, et al., 1998. Ovarian, 
uterine and brain mast cells in female rats: cyclic changes 
and contribution to tissue histamine. Comp Biochem 
Physiol Part A, 120, 255-262.

Chen W, Alley MR, Manktelow BW, Slack P, 1990. Mast cells 
in the bovine lower respiratory tract: Morphology, density 
and distribution. Br Vet J, 146, 425-436.

Da Silva EZM, Jamur MC, Oliver C, 2014. Mast cell function: a 
new vision of an old cell. J Histochem Cytochem, 62, 698–

Kadiralieva and DonmezMast cell distribution in the quail genital canal

Eurasian J Vet Sci, 2022, 38, 4, 206-213



212

738.
Dahlin JS, Hallgren J, 2015. Mast cell progenitors: origin, 
development and migration to tissues. Mol Immunol 63, 
9–17.

Enerback L, 1966a. Mast cells in rat gastrointestinal mucosa: 
effects of fixation. Acta Pathol Microbiol Scan, 66, 289-302.

Enerback L, 1966b. Mast cells in rat gastrointestinal mucosa: 
dye-binding and metachromatic properties. Acta Pathol 
Microbiol Scan, 66, 303-312.

Eren Ü, Aştı RN, Kurtdede N, Sandıkçı M, et al., 1999. İnek 
uterusunda mast hücrelerinin histolojik ve histokimyasal 
özellikleri ve mast hücre heterojenitesi. Turkish J Vet 
Animal Sci, 23, 193-201.

Ergün L, 2016. Bağ dokusu. In: Temel Histoloji, Ed: Özer A, 
Third Edition, Dora Yayınevi, Bursa, Türkiye, pp;191-223.

Erpek S, 2004. Mast hücreleri. İnönü Ü Tıp Fak Derg, 11, 109-
120.

Ertuğrul T, Kurtdede N, 2017. Sığır koyun ve keçilerin üriner 
sistem mast hücreleri üzerinde histolojik çalışmalar. 
Lalahan Hay Araşt Enst Derg, 57, 32-38.

Ertuğrul T, 2012. Tavuk böbreğinde mast hücrelerinin 
dağılımı ve heterojenitesi. Vet Hek Der Derg, 83, 9-16.

Ertuğrul T, 2022. The number and heterogeneity of mast 
cells in broiler ileum at different posthatching periods. Vet 
Hek Der Derg, 93(1): 1-8.

Espinosa E, Valitutti S, 2017. New roles and controls of mast 
cells. Curr Opin Immunol, 50, 39-47.

Eşrefoğlu M, 2009. Genel Histoloji. Medipres Matbaacılık Ltd.
Şti, Malatya, Türkiye, pp;127-147.

Frossi B, Mion F, Sibilano R, Danelli L, et al., 2018. Is it time 
for a new classification of mast cells? What do we know 
about mast cell heterogeneity? Immunol Rev, 282, 35-46. 

Gurish MF, Austen KF, 2012. Developmental origin and 
functional specialization of mast cell subsets. Immunity 
27, 37, 25-33.

Harem MK, Liman N, Alan E, 2011. Distribution, density and 
histochemical profiles of the lung mast cells during the 
post-hatching period of Japanese quails (coturnix coturnix 
japonica). Res Vet Sci, 90, 1-8.

Harvima IT, Nilsson G, 2011. Mast cells as regulators of skin 
inflammation and immunity. Acta Derm Venereol, 91, 644-
650. 

Hrabia A, Rzasa J, Paczoska-Eliasiewicz H, Slomczyñska M, 
2001. Presence of histamine and mast cells in chicken 
oviduct. Folia Biol (Krakow), 49, 265-271.

Karaca T, Yörük M, 2005. Mast hücre heterojenitesi. YYÜ Vet 
Fak Derg, 16, 57-60

Karaca T, Yörük M, Uslu S, 2007. Distribution and quantitative 
patterns of mast cells in ovary and uterus of rat. Arch Med 
Vet, 39, 135-139.

Karaoğlu A, Demirbağ E, Çinar K, 2010. Bıldırcın 
(coturnix coturnix japonica) larinks, trake ve bronkus 
mukozalarındaki mast hücrelerinin dağılımı ve yoğunluğu. 
Mehmet Akif Ersoy Ü Fen Bil Enst Derg, 2, 58-65.

Kurum A, Özen A, Karahan S, Özcan Z, 2014. Investigation of 

mast cell distribution in the ovine oviduct during oestral 
and luteal phases of the oestrous cycles. Kafkas Univ Vet 
Fak Derg, 20, 915-920.

Krystel-Whittemore M, Dileepan KN, Wood JG, 2016. Mast 
cell: a multi-functional master cell. Front Immunol, 6, 1-12.

Mirjam URB, Sheppard DC, Heitman J, 2012. The role of mast 
cells in the defence against pathogens. PLoS Pathog, 8, 
e1002619.

Molderings GJ, 2010. Mast cell function in physiology and 
pathophysiology. Biotrend Reviews, 5, 2010.

Özen A, 2002. Tavuklarda ovidukt üzerinde ışık mikroskobik 
çalışmalar. Turk J Vet Anim Sci 26, 1283-1288.

Özen A, Bayraktaroğlu AG, Ertuğrul T, Özcan Z, et al., 2014. 
Domuz oviduktunda mast hücreleri üzerinde ışık ve 
elektron mikroskobik çalışmalar. Ankara Üniv Vet Fak 
Derg, 61, 9-14.

Özkorkmaz AG, 2008. Mast hücreleri. AKÜ Fen Bil Derg, 
02,87-101.

Rehman ZU, Meng C, Umar S, Mahrose KM, et al., 2017. Mast 
cells and innate immunity: master troupes of the avian 
immune system. World's Poult Sci J, 73, 621-632.

Shao-Heng H, 2004. Key role of mast cells and their major 
secretory products in inflammatory bowel disease. World 
J Gastroenterol, 10, 309-318.

Siebenhaar F, Redegeld A. Stephan C.; Bernhard F, et al., 
2018. Mast Cells as Drivers of Disease and Therapeutic 
Targets. Trends Immunol, 39(2),151-162.

Silver R, Curley JP, 2013. Mast cells on the minde new insights 
and opportunities. Trends Neurosci, 36, 513-521.

Skaper SD, Facci L, Kee WJ, Strijbos PJ, 2001. Potentiation 
by histamine of synaptically mediated excitotoxicity in 
cultured hippocampal neurones: a possible role for mast 
cells. J Neurochem, 76, 47–55. 

SPSS, 2013. Property of IBM corporation 1989-2013 release 
22, 64 bit.

St John AL, 2013. Influence of mast cells on dengue protective 
immunity and immune pathology. Plos Pathagens, 9, 
e1003783.

Uslu S, Yörük M, 2013. Yerli ördek (Anas Platyrhynchase) ve 
Kaz’ın (Anser anser) alt solunum yolları ve akciğerlerinde 
bulunan mast hücrelerinin dağılımı ve heterojenitesi 
üzerine morfolojik ve histometrik çalışmalar. Kafkas Univ 
Vet Fak Derg, 19(3),475-482,

Valle GR, Castro ACS, Nogueira JC, Caliari MV, et al., 2009. 
Eosinophils and mast cells in the oviduct of heifers under 
natural and superovulated estrous cycles. Anim Reprod, 6, 
386-391.

Valsala V, Jarplid B, Hansen HJ, 1986. Distribution and 
ultrastructure of mast cells in the duck. Avian Dis, 30, 653-
657.

Welle M, 1997. Development, significance, and heterogenety 
of mast cells with particular regard to the mast cell-
specific proteases chymase and tryptase. J Leukoc Biol, 61, 
233-245.

Weller CL, Collington SJ, Williams T, Lamb JR, 2011. Mast 
cells in health and disease. Clin Sci, 120, 473-484. 

Kadiralieva and DonmezMast cell distribution in the quail genital canal

Eurasian J Vet Sci, 2022, 38, 4, 206-213



213

Wernersson S, Pejler G, 2014. Mast cell secretory granules: 
armed for battle. Nature Rev Immunol, 14, 478-494.

Wight P, Mackenzie GM, 1970. The mast cells of gallus 
domesticus. Acta Anat, 75, 263-275.

Yıldız M, Aydemir I, Kum Ş, Erern Ü, 2016. The Distribution 
and Heterogeneity of Mast Cells in the Cecum of Quail 
(Coturnix Coturnix Japonica). Kafkas Univ Vet Fak Derg, 
19(2),197-202.

Author Contributions 

Motivation / Concept: Hasan Hüseyin Dönmez
Design: Hasan Hüseyin Dönmez
Control/Supervision: Hasan Hüseyin Dönmez
Data Collection and / or Processing: Nariste Kadyralieva, 
Hasan Hüseyin Dönmez
Literature Review: Nariste Kadyralieva
Writing the Article: Nariste Kadyralieva, Hasan Hüseyin 
Dönmez
Critical Review: Nariste Kadyralieva, Hasan Hüseyin Dönmez

Ethical Approval

The Ethics Committee approved the study procedure 
of Kyrgyzstan-Türkiye Manas University, Animal 
Experimentation Ethics Committee (Date: 15/09/2015 and 
Decision no: 2015/4).

CITE THIS ARTICLE: Kadyralieva N, Donmez HH, 2022. Distribution and 

heterogeneity of mast cells in different regions of the genital canal in female 

quails during the prepubertal and postpubertal periods.  Eurasian J Vet Sci, 38, 

4, 206-213

Eurasian J Vet Sci, 2022, 38, 4, 206-213

Kadiralieva and DonmezMast cell distribution in the quail genital canal




