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Summary 

Goli, M., E. Ayen, S. Hassanzadeh & M. H. Khadem Anssari, 2021. Relationship between 
plasma concentrations of estradiol-17β and progesterone and the distribution of epithelial 
and inflammatory cells in the external opening of the river buffaloes’ uterine cervix during 
the gestational period. Bulg. J. Vet. Med., 24, No 3, 365375. 
 
Changes in the distribution of the epithelial and inflammatory cells in the external opening of the 
uterine cervix in river buffaloes at three different occasions during the gestation period were investi-
gated by light microscopic evaluation of mucus smears prepared by wet swab sampling and Giemsa-
stained. Forty five pregnant river buffaloes that were in the first (n=15), second (n=15) and third 
(n=15) approximately equal parts of their gestation period were sampled twice concurrently by indi-
vidual wet swabs from the external opening of the uterine cervix. Five smears were prepared from 
each sample. Immediately after mucus sampling, blood samples were obtained from the jugular vein 
of each animal, centrifuged immediately and stored at 20 oC to assay the plasma levels of estradiol-
17β and progesterone. The results showed that changes in the percentage of the vacuolated and non-
vacuolated epithelial cells, lymphocytes, eosinophils, and basophils were not statistically significant 
between the groups, which suggests that as the pregnancy progressed, changes in the blood levels of 
estradiol-17β and progesterone had little or no effect on the distribution of these cells in the region, 
but changes in the percentage of neutrophils were statistically significant between the groups. It was 
also found that changes in the percentage of macrophages between the second and third trimesters of 
the gestation period were not significant, but the difference between the first and the other trimesters 
was statistically significant. It was concluded that the percentages of neutrophils and macrophages 
increase significantly as the plasma concentrations of progesterone decrease during the gestation.  

Key words: epithelial cells, estradiol-17β, gestation, inflammatory cells, progesterone, river 
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INTRODUCTION 

Infiltration of inflammatory cells into the 
cervical tissue is one of the main histo-
logical features observed in the cervix 
immediately after birth or in the late 
stages of normal cervix ripening. The in-
flux of inflammatory cells is a major regu-
latory event in the initiation of cervical 
ripening during normal parturition 
(Timmons & Mahendroo, 2006). Cervical 
structure remodelling at parturition re-
sulted in the rapid opening known as cer-
vical dilation, characterised by an infiltra-
tion of neutrophils and macrophages (Sty-
gar et al., 2001; Osman et al., 2003). Par-
turition in sheep was associated with leu-
kocytic invasion of the cervix, suggesting 
that leukocytes may participate in cervical 
connective tissue reorganisation (Owiny et 
al., 1995).   

Inflammatory cells, such as neutro-
phils, macrophages, and eosinophils, are 
proposed to play an important role in the 
synthesis of cytokines and proteolytic 
enzymes that regulate the ripening process 
(Mackler et al., 1999). These cells are 
recruited to affected tissue from circula-
ting blood. The invasion of the inflamma-
tory cells into the cervical stroma is nega-
tively regulated by progesterone (P4) 
(Timmons & Mahendroo, 2006). The im-
munosuppressive effects of P4 have been 
recognised for more than 50 years (Black 
et al., 1953). There are increased numbers 
of neutrophils within the cervical stroma 
late in pregnancy, as reported in rodents 
and other species (Timmons & Mahen-
droo, 2006). 

It has been reported that in the mouse, 
increased numbers of macrophages were 
found in cervices at the end of pregnancy 
(day 18) (Mackler et al., 1999). In adult 
rats, macrophages increased in the uterine 
cervix towards the end of pregnancy, 
reaching maximum values just before par-

turition (Bosquiazzo et al., 2005). Along 
the second half of pregnancy, a steady 
increase was observed in macrophage 
density with highest values just before 
parturition and temporally associated with 
P4 levels decrease (Taya & Greenwald, 
1981). This is in agreement with the re-
sults supporting the concept that P4 acts 
as a powerful negative regulator of mac-
rophages (Hunt et al., 1998). A similar 
increase in macrophage numbers before 
parturition has been reported in mice and 
it was suggested that macrophages mi-
grated from the uterine endometrium as a 
pathway to facilitate cervical relaxation 
(Mackler et al., 1999). Although the func-
tion of macrophages in the uterine cervix 
remains unclear, the recruitment of 
macrophages in the cervical stroma at the 
end of pregnancy suggests their participa-
tion in the processes required for a suc-
cessful delivery. In contrast with the in-
crease in macrophage density in the ute-
rine cervix along pregnancy, the numbers 
of mast cells decreased (Bosquiazzo et al., 
2005).  

The presence of estrogen receptor 
(ER) and progesterone receptor (PR) du-
ring early development in oviduct, uterus 
and cervix has been mainly described in 
rodents (Yamashita et al., 1989; Greco et 
al., 1993; Shuanfang, 1994; Jefferson et 
al., 2000). Receptors for estradiol-17β 
(E2) (ER) (Nephew et al., 2000; Romans 
et al., 2002) and P4 (PR) (Ohta et al., 
1993) have been reported to be present in 
epithelial cells and subepithelial stromal 
cells in rodent reproductive tract (Lee & 
Sherwood, 2005). Uterine ERα expression 
was detected during foetal and postnatal 
ewe development (Taylor et al., 2000). 
The function of the cervix during various 
stages of the estrous cycle is regulated by 
circulating steroid hormones through their 
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specific receptors (Stanchev et al., 1984; 
Klauke & Hoffmann, 1992). Estrogens are 
known to have direct and indirect effects 
on vascular membranes. They induce 
vasodilatation and an increased ovarian 
and uterine blood flow in mares (Bollwein 
et al., 2002), sheep (Brown & Mattner, 
1977; Rosenfeld, 1980), and guinea pigs 
(Sjoquist et al., 1977) by complex pro-
cesses such as inhibition of proliferation 
and migration of smooth muscle cells, an 
increased endothelial regeneration, modu-
lation of inflammatory response and inhi-
bition of aggregation and adhesion of 
thrombocytes (Joswig, 2000).  

Immunocompetent cells are responsi-
ble for cellular and humoral infection pro-
tection (Isaacson & Wright, 1984). 
Changes in the distribution of immuno-
competent cells, such as granulocytes, 
lymphocytes, mast cells and macrophages, 
have been described in the uterine horns 
and cervical tissue along pregnancy, par-
turition and postpartum (Yellon et al., 
2003; Varayoud et al., 2004). In general, 
eosinophilic granulocytes are thought to 
be involved in local immuno-reactivity by 
influencing the tissue permeability (Kelly, 
1994; Wehrend et al., 2005).  

Although changes in the cytological 
features of the cervix during the various 
stages of the oestrous cycle and during 
pregnancy have been thoroughly studied 
in women and some animal species (as 
models for humans), studies in buffaloes 
are rare. To our knowledge no study has 
been done about the changes in the distri-
bution of the epithelial and inflammatory 
cells in the external opening of the river 
buffaloes’ uterine cervix during different 
parts of gestation period.  

 

MATERIALS AND METHODS 

Animals 

The present study was performed on forty 
five multiparous pregnant Azari river buf-
faloes with body condition scores ranging 
from 3.5 to 3.8 based on a five-point scale 
(1 = emaciated and 5 = obese) (Edmonson 
et al., 1989), which belonged to the North 
and Northwest Buffalo Breeding Center 
(Jebel Station) located in Urmia city, 
West Azarbaijan, Iran, in 2005. The ani-
mals were in different stages of the gesta-
tion period, weighed 470 ± 17 kg, were 
kept in a free stall, fed a total mix ration 
to meet their nutritional requirements and 
had free access to drinking water all the 
time. The artificial insemination data of 
the animals were obtained from the farm 
records and the pregnancy status of each 
animal was confirmed by rectal palpation. 
The animals were between 67 years of 
age and were assigned to three groups 
according to their pregnancy stages: ani-
mals in group 1 (G1, n=15), group 2 (G2, 
n=15) and group 3 (G3, n=15) were in the 
first, second and last approximately equal 
parts of their gestation period, respec-
tively. The experiment was conducted 
during winter. 

Ethics approval 

The experiment was approved by the 
Animal Ethics Committee of Urmia Uni-
versity, Iran.  

Samples collection 

Mucus samples were obtained from the 
external opening of the uterine cervix by 
swabs after restraining each animal in a 
box and washing and disinfecting its per-
ineum and vulva. Then a sterile glass 
speculum was inserted into the vagina, so 
that the external opening of the cervix was 
revealed. Two swab samples were taken 
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from the external opening of the uterine 
cervix of each animal under caudal epidu-
ral anaesthesia by rotating the swabs 
clockwise in contact with the wall of the 
external opening of the cervix and then 
five smears were prepared by rolling each 
swab on five light microscope glass slides, 
so a total of 150 smears were prepared for 
each group. The slides were dried in the 
ambient temperature, fixed by methyl al-
cohol and stained by Giemsa’s staining 
method for cytological examinations. A 
separate microbial swab sample was also 
taken from the external opening of each 
buffalo’s uterine cervix and sent to the 
microbiology laboratory of the Faculty of 
Veterinary Medicine, Urmia University in 
order to determine whether the presence 
of the inflammatory cells in the area was 
due to the stage of pregnancy or caused by 
the presence of infection. A blood sample 
was obtained from the jugular vein of 
each animal into a heparinised tube in 
order to assay the plasma concentrations 
of P4 and E2. The blood samples were 
centrifuged immediately after collection 

and the plasma samples were stored at 
20 ºC until assayed. Plasma concentra-
tions of E2 and P4 were assayed by radio-
immunoassay (LIAISON® Estradiol II 
Gen and LIAISON® Progesterone II Gen, 
respectively; DiaSorin S.p.A., Italy). In 
addition, a blood smear was also prepared 
from each animal in order to perform dif-
ferential blood count and evaluate the 
results in association with the microbio-
logic results.   

Cytological evaluation 

The stained mucus smears (Fig. 1) were 
evaluated by a light microscope (Olym-
pus, Tokyo, Japan) at ×100, ×400 and 
×1000 magnification to identify the dif-
ferent types of cells and to determine the 
percentages of the inflammatory and 
epithelial cells of the external opening of 
the uterine cervix in the different stages of 
buffalos’ gestational period. The cells 
present on ten random microscopic fields 
(1 mm2) of each smear were counted and 
the average numbers of each cell type 

 

Fig. 1. A mucus smear prepared from the external opening of the uterine cervix of a pregnant buf-
falo, Giemsa’s staining method (light microscope, ×1000). 
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were determined on each smear and fi-
nally on all smears of each group.  

Statistical analysis 

All data were analysed using one-way 
ANOVA to assess differences between 
means. Duncan’s test was used to deter-
mine if there were any significant differ-
ences in the percentages of inflammatory 
and epithelial cells of the external opening 
of the cervix among the groups. The level 
of significant was set at P<0.05. 

RESULTS  

Mean plasma E2 concentrations in G2 
were significantly higher than those in G1 
and G3 (P<0.05) but the difference be-
tween G1 and G3 was not significant 
(P≥0.05) (Table 1). Table 1 shows also 
that mean plasma P4 concentrations in G1 
exceeded significantly those in G2 or G3 
(P<0.05).  

The difference between G2 and G3 was 
insignificant (P≥0.05).  

Mean percentages of the non-vacuo-
lated and vacuolated epithelial cells and 
lymphocytes of the external opening of 
the cervix was not significantly different 
in the three groups (P≥0.05) (Table 2).  

Mean percentages of monocytes (mac-
rophages) between G2 and G3 did not 
differ significantly (P≥0.05), but those 
between G1 and the two other groups did 
(P<0.05). In other words, the monocyte 
counts and percentage increased signifi-
cantly as gestation age advanced (Fig. 2).  

Mean percentage of neutrophils in G3 
was higher than that in G2 and the latter – 
higher than that in G1 (Table 2). In other 
words, the neutrophil counts and percent-
age increased significantly as gestation 
age increased (P<0.05). Mean percentages 
of eosinophils and basophils in the smear 
samples prepared from the external open-
ing secretions of the uterine cervix did not 

Table 1. Plasma concentrations of estradiol-17β  and progesterone in the three approximately equal 
parts of the river buffalo’ gestational period (mean ± SEM; n=15) 
 

Hormone Group 1 (1st part) Group 2 (2nd  part) Group 3 (3rd  part) 

Estradiol-17β (pg/mL) 56.00±3.50a 88.47±12.38b 53.19±7.49a 

Progesterone (ng/mL)   6.03±0.16a 3.58±0.24b   2.94±0.25b 

a,b Different superscript letters within a row differ significantly. 

Table 2. Percentages of different cell types in the external opening secretions of river buffalo’ ute-
rine cervix in the three approximately equal parts of pregnancy (mean ± SEM; n=15) 

Type of  cell Group 1 (1st part) Group 2 (2nd  part) Group 3 (3rd  part) 

Non-vacuolated epithelial cells 61.52±4.91a 68.55±2.76a 71.00±2.34a 

Vacuolated epithelial cells 6.94±1.77a 8.46±2.48a 7.14±1.55a 

lymphocytes 8.31±1.89b 6.97±1.65b 12.33±2.61a 

Macrophages 9.33±2.40b 10.70±1.70b 1.94±1.14a 

Neutrophils 16.72±5.13c 7.81±2.28b 4.76±1.63a 

Eosinophils 0 0 0 

Basophils 0 0 0 

a,b,c Different superscript letters within a row differ significantly. 
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differ significantly among the three groups 
(P≥0.05) (Table 2). 

Differential cell counts on the blood 
smears and examinations of the microbio-
logic cultures of the cervical external ope-
ning secretion showed no abnormality.  

DISCUSSION 

The results showed that the percentage of 
the non-vacuolated epithelial cells de-
creased as the pregnancy age increased, 
but this decrease was not statistically sig-
nificant. Therefore, the counts of the non-
vacuolated epithelial cells of the external 
opening of the uterine cervix in pregnant 
water buffaloes did not change signifi-
cantly during the gestational period, which 
indicates the steady effects of progeste-
rone on this type of cervical epithelial cell 
in this area. In other words, although pro-
gesterone concentrations decreased and 
estradiol-17β concentrations increased 
significantly during the second stage in 
comparison to the first stage of pregnancy, 
the decrease in progesterone and the in-

crease in estrogen concentrations had no 
significant effect on the changes in the 
number of the epithelial cells in the exter-
nal opening of the uterine cervix of the ri-
ver buffalos during the gestational period.   

On the other hand, the percentage of 
epithelial cells (vacuolated and non-
vacuolated) of the external opening of the 
uterine cervix was higher than that of the 
other cell types in the three stages of the 
gestational period. These findings are in 
agreement with those reported previously 
by Ahmadi et al. (2000), since in both 
pregnancy and luteal phase of the estrus 
cycle the external opening of the uterine 
cervix is under the influence of progester-
one and progesterone concentrations in 
plasma and milk increase during the first 
few days of pregnancy in a manner similar 
to that occurring in the early luteal phase 
of the non-pregnant animal (Ball & Peters, 
2004). 

Although the percentage of the vacuo-
lated epithelial cells of the external open-
ing of the cervix in G2 was higher than 
those of the other groups (G1 and G3), the 

 

Fig. 2. A macrophage in the mucus smear prepared from the external opening of the uterine cervix of 
a pregnant buffalo, Giemsa’s staining method (light microscope, ×1000). 
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differences were not statistically signifi-
cant and suggested the steady hormonal 
effects of E2 and P4 on this cell type in 
the external opening of the uterine cervix 
during the pregnancy in river buffaloes. In 
a study, blocking the actions of estrogen 
and progesterone with subcutaneous injec-
tions of the estrogen-receptor antagonist 
ICI 182,780 (ICI) and the progesterone-
receptor antagonist RU486, respectively, 
to rats at 3-day intervals during the second 
half of pregnancy led to decreased rates of 
proliferation and increased rate of apop-
tosis of both cervical epithelial and stro-
mal cells during late pregnancy. However, 
blocking the actions of progesterone had 
the opposite effects on apoptosis of both 
cervical epithelial and stromal cells during 
the middle of pregnancy. Therefore, es-
trogen and progesterone contribute to the 
increase in the cervical cell content during 
late pregnancy by both promoting prolif-
eration and inhibiting apoptosis of cervi-
cal cells. On the other hand, the elevated 
serum levels of progesterone during the 
second half of pregnancy may also regu-
late cervical growth (Lee & Sherwood, 
2005). Another study demonstrated that 
administration of the progesterone an-
tagonist RU480 to ovariectomised preg-
nant rats on day 22 resulted in a tendency 
for increased cervical wet weight (Zhao & 
Sherwood, 2004). 

In the present study the differences in 
the percentages of lymphocytes between 
the groups were not statistically signifi-
cant, although the counts of lymphocytes 
in the first stage of pregnancy (G1) ex-
ceeded those in the other stages (G2 and 
G3). Also, the counts of lymphocytes in 
G2 were lower vs the other groups. On the 
other hand, the most abundant cells in G1 
were the non-vacuolated epithelial cells 
and lymphocytes, respectively. 

The percentage of macrophages in-
creased markedly in G2 and G3 in com-
parison with G1. This increase suggested 
a statistically significant difference be-
tween either G2 or G3 on one hand vs G1 
on the other. This finding is inconsistent 
with a study reporting that tissue macro-
phages were not increased in the cervix 
until after birth (Timmons & Mahendroo, 
2006), but other studies have reported a 
decline in collagen concentration as a re-
sult of increased activity of collagenases 
and other proteolytic enzymes. These pro-
teases are present in cervical fibroblasts as 
well as polymorphonuclear leukocytes and 
macrophages (Junqueira et al., 1980; Ra-
jabi et al., 1991; Sato et al., 1991; Herte-
lendy & Zakar, 2004). Also, this finding is 
in agreement with the results of several 
other studies in demonstrating that macro-
phage counts increased in the uterine cer-
vix along the second half and towards the 
end of pregnancy with highest values just 
before parturition, temporally associated 
with the decrease in P4 levels (Taya & 
Greenwald, 1981; Mackler et al., 1999; 
Bosquiazzo et al., 2005). This is in 
agreement with the results supporting the 
concept that P4 acts as a powerful nega-
tive regulator of macrophages (Hunt et al., 
1998). Infiltration of the inflammatory 
cells into the cervical tissue is one of the 
main histological features observed in the 
cervix immediately after birth or in the 
late stages of normal cervical ripening 
(Knudsen et al., 1997; Stygar et al., 2001; 
Osman et al., 2003). 

It was found out that the number of 
neutrophils in the external opening of the 
cervix increased as the pregnancy age 
increased and the concentrations of pro-
gesterone decreased. Neutrophil counts 
attained a peak in G3 when the plasma 
concentrations of progesterone were the 
lowest in comparison with G1 and G2, 
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indicating a role of these cells in postpar-
tum remodelling of the cervix rather than 
in the initiation of cervical ripening at 
parturition (Timmons & Mahendroo, 
2006). This finding is in line with the re-
sults reported by some researchers (Owiny 
et al., 1995; Stygar et al., 2001; Osman et 
al., 2003). 

Inflammatory cells, such as neutro-
phils and eosinophils, are proposed to 
play an important role in the synthesis of 
cytokines and proteolytic enzymes that 
regulate the ripening process (Mackler et 
al., 1999). These cells are recruited to 
affected tissue from circulating blood 
(Timmons & Mahendroo, 2006). Several 
studies reported increased number of neu-
trophils within the cervical stroma late in 
pregnancy in rodents and other species 
(Bokstrom et al., 1997; El Maradny et al., 
1997; Timmons & Mahendroo, 2006). 
The invasion of neutrophils and mono-
cytes into the cervical stroma is negatively 
regulated by progesterone. The ability of 
the progesterone receptor antagonist to 
partially restore migration of these cells 
confirms this fact (Timmons & Mahen-
droo, 2006). 

It was revealed that the presence of 
eosinophils and basophils in the external 
opening of the uterine cervix of pregnant 
buffaloes was negligible. This finding is in 
line with the results of a study evidencing 
that the activity of eosinophils was not 
increased within the cervix until shortly 
after birth (Timmons & Mahendroo, 
2006). The differential white blood cells 
counts were within the normal ranges and 
no abnormality was observed. Examina-
tion of the microbiological cultures re-
vealed no abnormality and suggested that 
changes in the percentage of the inflam-
matory cells in the external opening of the 
cervix were due to the changes that oc-
curred in P4 and E2 concentrations. 

CONCLUSION 

In summary, this study indicated that the 
counts of the non-vacuolated and vacuo-
lated epithelial cells, lymphocytes, eosi-
nophils, and basophils did not change 
significantly in the external opening of the 
pregnant buffaloes’ uterine cervix in the 
different stages of gestational period, but 
demonstrated increased counts of neutro-
phils and macrophages as pregnancy in-
creased and the plasma concentrations of 
P4 decreased. 
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