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Abstract 
      In all mammals, including humans, the mucosal surfaces of the gastrointestinal, respiratory, 
genital and urinary systems are the gateway for infectious agents. Against these factors cause 
diseases, mucosal surfaces are covered with a slimy substance called mucus, which acts as a 
physiochemical barrier.  
     The study was conducted to investigate the types and distributions of mucins secreted in the 
bovine uterus and cervix during the follicle and luteal phases of the sexual cycle. For this purpose, 
organs of 23 healthy Holstein cows were used. After the tissues were fixed in 10% neutral formalin, 
paraffin was embedded following routine histological procedures. In both cervix and the uterus, the 
mucins were more dominant in luminal epithelial and gland epithelial cells during the luteal phase 
than those of the follicular phase. Periodic acid Schiff (PAS) and Aldehyde Fuchsin (AF) were 
dominant in the cervix during the luteal phase. Uterinal gland epithelial cells reacted more intensely 
in both follicular and luteal phases in the Best's Carmine staining. In Periodic acid-Phenilhydrazine-
Schiff (PAPS) staining, there was no staining of gland epithelial cells in the uterus during sexual 
cycle. As a result, bovine cervix and uterine mucosae secreted neutral, sulphated acid mucins, N-
acetyl sialomucins and glycogen at varying densities during sexual cycle, while carboxylated acid 
mucins were not present.  
     Considering the physiological functions of the mucus, we can say that they are also involved in 
creating a protective barrier in the cervix and uterine mucosa and during the implantation periods. 
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 Introduction 
 
 Effective reproduction; egg cell and sperm 
production depend on the continuity of the 
optimum conditions of the female genital tract for 
fertilization, implantation and foetal development1. 
Female genital system in all mammals; it has 
developed to provide fertilization of oocyte, to 
feed the fetus after fertilization and to be able to 
perform histological transformation for the next 
pregnancy. The female genital canal has physical 
barriers to minimize bacterial inflow and 

colonization. The tight connections between 
vulvar cells, the epithelial cell barrier and the 
vaginal, cervical and uterinal mucus secretion are 
some of these physical barriers2. 

The structure and composition of the 
cervical mucus are complex3-5. It's mucus that 
consists of a heterogeneous composition of 
mucins, proteins, water and ions4. While thin and 
aqueous in the follicular phase of the estrus cycle, 
it becomes thick and viscous in the luteal phase. 
These changes allow the transport of sperm 
during estrus, while creating an antimicrobial 
barrier during pregnancy and the luteal phase of 
the cycle, providing protection against 
microorganisms6-7. In the uterus, pre-embryonic 
growth, implantation and early fetal development 
depends on the secretions of the luminal 
epithelial and gland epithelial cells of the uterus 
containing glucose, glycogen, amino acids, fats, 
ions and hormones8-11.  
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The mucus secreted from the secretive 
cells on the epithelial floor of the uterus acts as a 
barrier between the cell membrane and the 
external environment and protects the cell from 
microorganisms, toxins and proteolytic events7. It 
is also thought that it may be associated with the 
implantation, so it acts as a preservative until 
implantation occurs12. 

Mucus is a densely slimy that consists 
mainly of glycoprotein and proteoglycans. They 
exist in many living things and in many parts of 
the organism to perform different tasks13. 
Histochemically, mucins are divided into neutral 
and acidic mucins. Neutral mucins do not contain 
reactive acid root, but carry free groups of hexos. 
Acid mucins are divided into sulphated 
(sulfomucin) and carboxylated (sialomucin) 
mucins. While sulphated acid mucins contain 
sulphated glucuronic acid, carboxylated acid 
mucins contain sialic acid molecules6,14-16. When 
evaluated from a molecular point of view, all 
mucins contain a central section that carries a 
large number of oligosaccharide chains. This 
section, rich in serine and threonin, consists of 
tandem repetitions. Serine and threonin sections 
serve as bonding zones for oligosaccharide 
chains. The number of repetitions and the amino 
acid sequences in each repetition depend on the 
genes of the mucin17. So far, 21 mucin genes 
called MUC1, 2, 3A, 3D, 4, 5AC, 5B, 6–9, 11–13 
and 15–20 have been identified through "cDNA-
cloning"18,19. 

Reproductive performance is quite 
important in terms of livestock farming. Poor 
breeding performance in dairy cattle is not 
desirable for breeders, as it reduces profitability 
on farms6. The internal and external genital 
organs have vital roles in reproductive 
performance in mammals. Especially, mucus 
secretion from epithelial cells due to steroid 
hormones has very important functions;  gaining 
of fertilization ability of spermatazoa or 
maintaining the pregnancy by mucus plug in the 
passage of the uterus-cervix. In addition, the fact 
that the mucus discharge in the vagina is a 
marker of the oestrus and that the mucus in the 
uterus creates a barrier against microorganisms 
during embryonic growth, implantation and early 
fetal development 2,6,11,20. Current literature 
review has shown that studies revealing the 
histochemical characteristics of cervix and 
uterine mucins during the sexual cycle are mostly 
carried out in humans. These studies have 

shown that the mucins are associated with 
pathological conditions (cancer) in organs rather 
than histological characteristics21-23. In all 
mammals, including cows, histological studies 
revealing the types of mucins secreted by luminal 
epithelial and gland epithelial cells in the cervix 
and uterus during the sexual cycle were found to 
be limited and were carried out in quite ancient 
periods1,5,24-28. For this purpose, we supported 
the cervix and uterus epithelial morphological 
change using conventional mucin histochemistry 
techniques during sexual cycles. We 
demonstrated changes in carbohydrate lateral  
chains of secretions of epithelial cells of the 
cervix and uterus in cows.  
 

Materials and methods 
 
As the study material, 23 Holstein cows 

between the ages of 2-8, obtained from local 
slaughterhouses in Diyarbakir region, were used. 
Animals showing signs of estrous cycles such as 
mounting or attempting to mount other cattle, 
smelling and trailing of other females, mud on the 
hindquarters and sides of cattle, roughed up tail 
hair, vulvar swelling and reddening, clear vaginal 
mucus discharge and mucus smeared on the 
rump, were selected. In addition, the external 
genital tract organs of cows were checked for 
diseases and healthy animals without 
pathological lesions were determined. 

To determine the periods of sexual cycle, 
blood samples were taken from jugular veins of 
cows before slaughter to vacuum gel tubes in 10 
ml. After the samples were kept at room 
temperature for 30 minutes, they were 
centrifuged at 5 minutes at 5000 rpm. The 
obtained serum samples were stored at -80οC 
before used. Serum oestradiol-17β (E2) (DRG 
Intl. Inc. Company, DRG Aurica Elisa Estradiol 
Kit, cat. no. EIA-2693, Marburg/Germany) and 
progesterone (P4) (DRG Intl. Inc. Company, 
DRG Aurica Elisa Progesterone Kit, cat. No. EIA-
1561, Marburg/Germany) levels were measured 
in a special laboratory by enzyme immunoassay 
(EIA) method.     

Then, after removing the entire genital 
tract of the slaughtered animals, small pieces 
were quickly taken from the ovaries (right and 
left), uterus (right and left), cervix and vagina, 
and they fixed in 10% neutral formalin solution at 
room temperature for 24 hours. The tissues used 
in the study were taken from the uterus and all 
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three rings of the cervix. Following the fixation 
process, the tissues were washed, dehydrated, 
cleaned and blocked in paraffin. Serial sections 
with a thickness of 5 μm were taken from the 
paraffin blocks at intervals of 100 μm at least. 
Histologically, Crossman's triple stain was 
applied to sections of ovarium, uterus and cervix 
to help determine periods of sexual cycle29.  

Sexual cycle periods were determined by 
considering blood-steroid hormone levels, the 
morphological appearance of follicles in the 
ovarium, the histological structure of the glands 
with the uterine epithelial and the presence of 
mucus in the cervix. Accordingly, the animals 
were divided into two groups: follicular (N:13) and 
luteal phase (N:10). 

For histochemical analyses, 5 slides were 
prepared from each cervix and uterus sample. In 
determining the histochemical properties of the 
mucins produced by the luminal epithelial and 
gland epithelial cells that make up the cervix and 
uterine mucosa;  
* Alcian blue (pH 2.5)–Periodic acid Schiff (AB–
PAS) for the separation of neutral and acidic 
mucins,  
* Alcian Blue (pH 2,5)(EU) for acidic mucins, 
* Combined aldehyde fuchsin–Alcian blue (pH 
2.5) (AF–AB) for sulfated and carboxylated acidic 
mucins,  
* Periodic acid–Phenylhydrazine–Schiff (PAPS) 
for N-acetyl sialomucins,  
* Best Carmine techniques were applied for 
glycogen29.  

Harris Haematoxylene was used for 
nucleus staining in histochemical procedures29. 
The slides were evaluated and photographed 
under the Light Microscope of the Nikon-Eclipse 
E400 (Tokyo, Japan) with DS-RII camcorder 
(Nikon, Japan) attachment.  
 

Results 
 

Uterus: Luminal and glandular epithelial 
cells had a greater density of histochemical 
reactions and the number of staining cells in the 
luteal phase of the sexual cycle. In the follicular 
phase, reactions were weaker and the number of 
stained cells were lesser. In both the luteal and 
follicular phases of the cycle, the apical 
cytoplasm and membrane of the luminal 
epithelial cells of the uterus and some gland 
epithelial cells had staining in perinuclear 
cytoplasm (Figure 1A/B/C/D/E). In AB 

(pH:2,5)/PAS staining, most of the luminal 
epithelial cells of the uterus had a PAS (+) 
reaction in their apical cytoplasm and 
membranes, the number of cells stained in the 
mix (both PAS + and AB + reactions) was few, 
and in glands epithelial cells, PAS (+) and mix 
reactions were rarely present. In addition, 
staining was observed in some connective tissue 
cells in both phases. AB (pH:2,5)/PAS combined 
showed AB reaction in neither luminal epithelial 
cells nor gland epithelial cells (Figure 1A).  

 

 
Figure 1. Type and localization of mucins 
synthesized in the luteal and follicular stages in 
the uterus. (A)   PAS(+) reaction (indicates the 
presence of neutral mucins) in luminal epithelium 
(black arrows) and gland epithelium (black 
arrowheads). (B) AF(+) reaction in gland 
epitheliums (indicates the presence of sulphated 
mucins)(black arrowheads) and staining of some 
connective tissue cells (yellow arrowheads). (C) 
In luminal epitheliums (black arrows) and gland 
epitheliums (black arrowheads) AB(pH 2,5) 
(+)(indicates the presence of acid mucins) (D) 
Only in the luminal  epithelium (black arrows) 
PAPS (+)(indicates the presence of N-acetyl 
sialomucins). (E) Glycogen granules in the 
luminal epithelium (black arrows) and gland 
epithelium (black arrowheads). UE; uterine 
epithelium, BE; gland epithelium, S; Stroma, KD; 
blood vessel. 

 
Best's Carmine showed staining in both 

luminal epithelial cells and glands epithelial cells 
during the cycle. But the reaction was more 
dominant, especially in the luteal phase and 
gland epithelial cells. Some fibroblasts and mast 
cells from the connective tissue and muscle 
tissue were also stained (Figure 1E). AF /AB 
(pH:2,5) staining during cycle, AF (+) reactions 
were observed in some luminal epithelial and 
gland epithelial cells at varying intensities from 
weak to strong. However, intense staining was 
also observed in fibroblast and mast cells from 
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the media layer of the vessels and connective 
tissue cells (Figure 1B). In AB (pH:2,5), AB (+) 
reactions were observed in several luminal 
epithelial and glandular epithelial cells in samples 
in the luteal phase (Figure 1C). In PAPS staining, 
although more intense in the luteal phase, only 
staining of luminal epithelial cells was found. 
There was no staining in gland epithelial cells in 
any of the samples in both phases (Figure 1D). 

Cervix:. luminal epithelial cells that 
covered the crypts shaped by the primary or 
secondary folds reacted more intensely 
histochemically, and the number of stained cells 
and staining intensity in epithelial cells were more 
dominant in the follicular phase than in the luteal 
phase (Figure 2A/B/C/D/E). AB (pH:2,5)/PAS 
staining showed the majority of epithelial cells 
reacted strongly PAS (+) and some were weak 
mixed. No AB positivity was seen in epithelial 
cells (Figure 2A). Best's Carmine had a strong 
reaction similar to that of the luminal and cryptal 
epithelial cells secreted in staining (Figure 2E).  

In AF/AB (pH:2.5) staining, AF showed a 
positive reaction at varying intensities in the 
cytoplasm of both luminal epithelial cells and 
most of the gland epithelial cells, while AB (+) 
epithelial cells were absent (Figure 2B). In AB 
(pH:2,5) staining, epithelial cells were found to 
react positively at varying intensity, as in AF 
staining (Figure 2C). In PAPS staining, a reaction 
of varying intensity was observed in the 
cytoplasm of gland epithelial cells (Figure 2D).  

 
 

 
Figure 2. Type and localization of mucins 
synthesized in the cervix at luteal and follicular 
stages. Representation of (A) neutral mucins, (B) 
sulphated mucins, (C) acid mucins, (D) N-acetyl 
sialomusins and (E) glycogen in the cervix 
epithelium. SE; cervix epithelium, S; stroma. 
     

 
 

Discussion 
 

In the present study, different types of 
mucins were secreted in both follicular and luteal 
phases in the cervix and uterine mucosa at 
varying intensities, and these mucins were 
concentrated in the follicular phase in the cervix 
and in the luteal phase in the uterus. The mucous 
membranes of the gastrointestinal, respiratory, 
genital and urinary system, which all have 
contact with the external environment in all 
organisms, are the possible gateway for 
infectious diseases (viruses, bacteria, fungi, 
etc.)2,30. Against these infectious factors, mucosal 
surfaces are covered with a hydrated substance 
called mucus, which acts as a physiochemical 
barrier30. Mucus not only functions as a lubricant 
barrier, but also provides hydration of the 
mucous membrane, blocks bacterial adhesion 
and inhibits penetration and colonization of 
pathogenic microorganisms. At the same time, it 
is known to protect the mucous against physical 
and chemical injuries. In addition, mucins 
secreted from the uterine glands perform the 
important task of providing histotrophic nutrition 
to the embryo during the implantation process7. 
In the presented study, it was thought that the 
mucins secreted from the cervix and uterine 
mucosa performed the above - mentioned 
functions, especially in cows for fertilization. 

PAS (+) reactions in classical 
carbohydrate histochemistry of neutral 
carbohydrates, Best's Carmine reaction glycogen, 
AF/AB (pH:2,5) combined staining shows the 
presence of AF (+) reactions of acidic sulphated 
mucins, AB (pH: 2.5) (+) reactions indicate the 
presence of acidic carboxylated mucins, and 
PAPS (+) reactions indicate the presence of N-
acetyl sialomucins14,29,31,32. Wordinger et al. 
(1972) reported that in cows in metestrus, the 
cells covering the crypts of the cervix contained 
both sulphated and un-sulphated (carboxylic acid, 
possibly sialic acid) mucins, while the cells in the 
deep regions of the crypts contained 
predominantly un-sulphated acidic mucins33. 
Heydon and Adams (1979) reported that 
sulphomucins in estrus in cows were produced 
mainly from areas close to cervical lumens, while 
sialomucins were primarily secreted in cells in the 
deep regions of the crypts34. In cows, it has been 
reported that the basal parts of the epithelial cells 
that layer the crypts in the secondary folds of the 
cervix in the follicular phase contained the neutral 
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and sulphated mucins. In the luteal phase, the 
production of sialomucin in the basal parts of 
epithelial cells decreased significantly, and there 
was no change in the density of sulphated and 
neutral mucins5. In the present study, mucins in 
the cow cervix were more dominant in the 
follicular phase than the luteal phase, epithelial 
cells in the layer crypts of the secondary folds of 
the cervix, as previously reported in cows34 
contained neutral and sulphated mucins, except 
for sialomucins (which carry the COOH group). 
We also observed that the luminal epithelial and 
crypt epithelial cells of the cervix contain a large 
amount of glycogen and N-acetyl sialomucins at 
varying densities. The transport of sperm in the 
cow cervix depends on the anatomy of the 
cervical mucosa and the secretion characteristics 
of the mucins produced in the epithelial cells of 
the cervix5. When we think the secretion of 
glycogen with neutral, sulphated and 
carboxylated mucins at varying densities in the 
cervix during both follicular and luteal phases; we 
believe that uterine epithelial cell secretions are 
important in the transmission of spermatozoa to 
the uterus and ensuring their vitality. We may 
also state that these different types of secretions 
of epithelial cells form a protective barrier (N-
acetyl sialomucin) on the cervical mucosa. 

Jansen et al. (1985) showed that acid 
mucin glycoproteins increased in uterine luminal 
epithelial and gland epithelial cells in the luteal 
phase of the menstrual cycle in humans26. They 
reported that the PAS reaction (made for neutral 
mucins and glycogen) in uterine luminal epithelial 
and gland epithelial cells in goats varies from 
moderate to strong density during the periods of 
proestrus, estrus and diestrus, while metestrus is 
of moderate intensity35. The density of glycogen 
in the cow uterus; it was stated that it was strong 
in estrus in luminal epithelial cells and moderate 
in proestrus, metestrus, and early diestrus24. 
After estrus, it was reported that there was little 
or no glycogen reaction in luminal epithelial 
cells24. In a different study, it was reported that 
the endometrial glands in cows had very dense 
glycogen granules in the epithelial cells during 
the follicular phase, and these granules 
decreased during the luteal phase28. Bowman 
and Rose (2017) showed increased amount of 
glycogen in the luminal epithelial and gland 
epithelial cells of the Mink uterus during estrus11. 
In another study, glycogen increased in the 
luminal epithelial and glandular epithelial cells of 

the uterus during proestrus and estrus due to 
estradiol synthesis in rats and minks27. In 
particular, endometrial glycogen in minks is 
localized in the uterine epithelium in the estrus 
and is used to promote embryonic growth27. It 
was reported that glycogen synthesis is high in 
the proliferative, early and late luteal phases of 
the menstrual cycle in the uterus in humans and 
there is no difference between the phases25. In 
another study endometrial glycogen 
concentrations in humans and primates peaked 
during the luteal phase due to an increase in 
progesterone synthesis27. In our work, the 
number of luminal epithelial and gland epithelial 
cells showing histochemical reactions in the 
follicular phase in the cow uterus was found to be 
more high in the luteal phase and parallels with 
studies carried out in humans26,27, primates25,26,27, 
goats35, cows24,28, rats27 and minks11,27. During 
the sexual cycle in cows, it was determined that 
both the epithelial cells facing the lumen and the 
cytoplasm of the gland epithelial cells were 
localized at varying intensities of neutral, 
sulphated acid mucins, N-acetyl sialomucins and 
glycogen. As stated in the studies above, 
glycogen has been found to be denser in gland 
epithelial cells in the luteal phase in the cow 
uterus. There were no carboxylated acid mucins 
in either luminal epithelium or gland epithelial 
cells in the cow uterus. It was also determined 
that N-acetyl sialomucins were not secreted from 
gland epithelial cells during the cycle. The 
secretion of these mucins and glycogen from the 
mucous membrane of the cow uterus has made it 
suggest that it also performs the physiological 
functions in cows as well. In particular, the 
presence of endometrial glycogen in cows in both 
phases of the cycle, as indicated in other species, 
has shown to be an important source of glucose 
during the peri-implantation period.    

 
Conclusions 
 
We determined that neutral, sulphated 

acid mucins, N-acetyl sialomucins and glycogen 
are secreted in varying concentrations, while 
carboxylated acid mucins are absent in both 
cervix and uterine mucosa in cows. Considering 
the physiological functions of mucins, we may 
suggest that they are also involved in creating a 
protective barrier in the cervix and uterine 
mucosa and during the implantation periods. 
Nevertheless, more studies are needed to 
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characterize differences between species, clarify 
the condition of glucose released from glycogen, 
and understand how ovarian steroids regulate 
the metabolism of carbohydrates (mucins) 
secreted from the cervix and uterine mucosa. 
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