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Article

Abstract

Vaginal cytology analysis has been used to evaluate the different stages of estrous cycle of 
several species; it presents a direct correlation with the animal’s hormonal state and provides 
essential information about the female reproductive tract conditions. Two staining methods were 
tested to evaluate the vaginal epithelial cell morphology of nulliparous and multiparous ewes 
during the estrus period. An intravaginal device impregnated with medroxyprogesterone acetate 
was kept into 10 nulliparous and 10 multiparous ewes for 14 days for estrus synchronization. Then, 
the progesterone device was withdrawn, and 300 IU of eCG was administered intramuscularly. 
Vaginal smears were prepared for posterior staining with Panotico or Giemsa stains when 
estrus was detected. The cells were classified into nucleated superficial, anucleate superficial, 
intermediate, parabasal, and basal. The Panotico and Giemsa staining of the different cell types 
studied were satisfactory. A predominance of intermediate epithelial cells (p<0.05) was found 
after staining. No difference in percentages of the different types of vaginal epithelial cells 
between nulliparous and multiparous ewes were found. Therefore, both staining methods were 
efficient, and a predominance of intermediate cells is found in nulliparous and multiparous ewes 
during the estrus period.
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Introduction
Vaginal cytology analysis is a simple, 

noninvasive technique that has been successfully 
used to predict the different phases of the estrous 
cycle in different species (Sharma & Sharma, 
2016). Several studies have sought to improve this 
technique and incorporate it as an essential part 
of the gynecological examination in goats (Leigh 
et al., 2010), bitches (Leigh et al., 2013), sows 
(Vidal et al., 2013), ewes (Zohara et al., 2014), and 
cows (Siregar et al., 2016).

Vaginal cytology analysis can be 
performed immediately after collection, in wet, 
or non-stained (direct cytology) mounts, or after 
smear preparation that should be fixed and 

stained (Cora et al., 2015). It is a standardized 
technique; however, its preparation step is still 
under discussions, mainly regarding the type of 
stain to be used. The main methods that result in 
good staining include Giemsa, Leishman, Shorr’s, 
or other Romanowsky type stains (Cora et al., 
2015).

The cytological profile of vaginal 
epithelium cells can facilitate reproductive and 
productive managements of sheep (Porto et 
al., 2007). According to Zohara et al. (2014), 
the vaginal epithelium of ewes undergoes 
marked cytological changes during the estrous 
cycle, causing the appearance of different 
types of epithelial cells. However, no study 
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evaluating the difference of cytological profiles 
of vaginal epithelial cells between nulliparous 
and multiparous ewes has been developed. 
Therefore, the objective of the present work 
was to compare different staining methods to 
evaluate the morphology of vaginal epithelial 
cells of nulliparous and multiparous ewes during 
the estrus period.

Material and Methods
The present work was reviewed and 

approved by the Animal Experimentation Ethics 
Committee of the Federal University of Piaui 
(protocol number: 034/15). The study was carried 
out at the Santa Teresa farm, in Matões, state 
of Maranhão, Brazil (5º05’21’’S, 42º48’07’’W, 
and 74.4 meters of altitude). The region has an 
average annual rainfall of 1000 to 1800 mm, and 
average annual temperature of 36.7 ºC.

The experiment was carried out in 
December 2016, using 20 clinically healthy Santa 
Ines ewes—10 nulliparous and 10 multiparous. 
These animals were maintained in a semi-
intensive system, with access to water.

An intravaginal device impregnated with 
medroxyprogesterone acetate (Progespon®, 
Syntex, Argentina) was kept in each ewe for 
14 days. Then, the progesterone device was 
withdrawn, and 300 IU of equine chorionic 
gonadotrophic was administered intramuscularly 
to each ewe (eCG, Novormon®, Syntex, 
Argentina) (Abecia et al., 2011).

The estrus was detected by analyzing 
the animal’s behavior, with the aid of rams, for 
a period of 72 h after removal of the intravaginal 
device. When estrus was detected, the ewe was 
contained, and wet antisepsis of the external 
genitalia was performed with water and neutral 
soap. 

The vulvar lips of the ewe were spread, 
and a disposable, sterile cotton swab was 
introduced at the dorsal commissure of the 
vulva in a dorsal-cranial direction, until it passed 
through the sciatic arch, to collect cells from the 
vaginal epithelium. The swab was then rotated 
on the vaginal vestibule and removed to transfer 
the collected material to identified glass slides.

The smearing was done by rotating the 
swab on the slide. Two vaginal smears per ewe 

were made. The slides were sent to the Laboratory 
of Animal Reproduction Biotechnology of the 
Federal University of Piauí (UFPI), Brazil, and fixed 
in methanol. Two staining methods were used: 
Panotico Rapido, and Giemsa.

Panotico staining was performed 
according to the following procedures: slides 
were immersed in (1) 0.1% triarylmethane solution, 
(2) 0.1% xanthene solution, and (3) 0.1% thiazine 
solution; the slides were kept in each solution for 
5 seconds. Then, they were washed with running 
water and left to dry for further microscopic 
evaluation. 

Giemsa staining was performed by 
diluting the stain in distilled water at 1:2 ratio (1 
ml of Giemsa and 2 ml of distilled water) using 
a Pasteur pipette. Then, the solution was placed 
onto the smears and left for about two hours. The 
slides were then washed with tap water and left 
to dry for further microscopic evaluation.

After the staining with Panotico or 
Giemsa, the cells found in the vaginal smears 
were classified based on their morphological 
characteristics as: nucleated superficial, 
anucleate superficial, intermediate, parabasal, 
and basal cells (Guimarães et al., 2011). The 
percentage of each cell type was calculated 
by the formula: [(number of cells identified / total 
number of cells) ×100].

The results were analyzed using the 
BioEstat 5.0 statistical program. The percentages 
of vaginal epithelial cells after staining with 
each stain (Panotico and Giemsa stains) were 
compared in each animal category (nulliparas 
and multiparas) using the chi-square test, 
considering a 5% significance level (p<0.05).

Results and Discussion
The different types of cells found after the 

Panotico or Giemsa staining are shown in Figure 
1. Nucleated superficial cells and anucleate 
superficial cells presented a polygonal shape, 
with presence of an intact or pyknotic nucleus 
in the latter. Intermediate cells presented a 
rounded shape with a centralized nucleus and an 
abundant cytoplasm. Parabasal cells presented 
an oval or spherical shape, little cytoplasm, and 
a central or peripherally nucleus. Basal cells 
presented a spherical shape, with a nucleus 
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occupying almost all cellular cytoplasm.
The Panotico and Giemsa staining 

methods were efficient for the analysis of 
vaginal epithelial cells of ewes, and allowed an 
adequate observation of the cell population in 

the vaginal epithelium of ewes and an accurate 
cell morphological characterization.

The proportion of each type of vaginal 
epithelial cell of ewes, during the estrus 
manifestation, is shown in Table 1.

Figure 1. Photomicrographs of vaginal epithelial cells of ewes, during induced estrus, stained with Panotico (1A and 1B) 
or Giemsa (1C and 1D) stains, and observed under a 40x objective. Nucleated superficial cells (1), anucleate superficial 
cells (2), intermediate cells (3), parabasal cells (4), basal cells (5), and neutrophils (6). 

Table 1. Percentage (%) of different types of vaginal epithelial cells of Santa Inês ewes after staining with Panotico 
or Giemsa stains.

Cell type Staining method
Panotico Giemsa

Nucleated superficial 32 (4.00)bc 26 (3.25)bc

Anucleate superficial 28 (3.50)bc 19 (2.37)bc

Intermediate 663 (82.80)a 680 (85.00)a

Parabasal 65 (8.12)b 60 (7.50)b

Basal 12 (1.50)c 11 (1.37)c

Total 800 (100.00) 800 (100.00)
Means followed by different letters in the same column are significantly different by the chi-square test (p<0.05).

In all smears evaluated, a predominance 
(p<0.05) of intermediate epithelial cells was 
found after Panotico (82.8%) and Giemsa (85.0%) 
staining. However, no significant difference was 
found between the staining methods for the 
proportion of the different cell types.

The percentage of different epithelial 
cell types found in the vaginal smears was similar 
(p> 0.05) between nulliparous and multiparous 
ewes (Table 2).

The staining of vaginal smears with 
Panotico or Giemsa has been reported as a way 
to identify the different phases of the estrous 
cycle in ewes (Porto et al., 2007; Zohara et al., 
2014). However, no studies have compared 
these two staining methods.

The Panotico and Giemsa staining 
methods were efficient, allowing the identification 
of different types of vaginal epithelial cells of 
Santa Inês ewes during the estrus period. However, 
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Panotico staining presented some advantages, 
because Panotico is a readily available, easy to 

use, low cost product, and has a faster staining 
when compared to Giemsa stain. 

Table 2. Percentage (%) of different types of vaginal epithelial cells in nulliparous and multiparous Santa Inês ewes 
during induced estrus.

Cell type Nulliparous (n=10) Multiparous (n=10)
Nucleated superficial 16 (2.00) 32 (4.00)
Anucleate superficial 35 (4.37) 28 (3.50)
Intermediate 600 (75.00) 663 (82.87)
Parabasal 127 (15.87) 65 (8.12)
Basal 22 (2.75) 12 (1.50)
Total 800 (100.00) 800 (100.00)

No significant difference was found by the chi-square test (p<0.05).

Regarding the proportion of the different 
types of vaginal epithelial cells of ewes, a 
predominance of intermediate cells was found 
after Panotico (82.80%) and Giemsa (85.00%) 
staining. Porto et al. (2007) found different results 
when evaluating the vaginal cytological profile 
of Santa Inês ewes, with a greater number of 
anucleate superficial cells (29.56%) in smears 
after Panotico staining. Moreover, Zohara et al. 
(2014) found predominance of superficial cells 
(61.70%) in smears from native ewes after Giemsa 
staining. These differences may be due to 
different methodologies of evaluation, since the 
collection of the vaginal swabs in the studies of 
Porto et al. (2007) and Zohara et al. (2014) were 
obtained from ewes that presented natural estrus. 
According to Pérez-Martínez et al. (1999), the 
exogenous administration of steroid hormones 
directly influences the vaginal cytological profile 
in goats.

The reproductive performance of 
nulliparous ewes is unsatisfactory compared to 
multiparous ewes, mainly due to their reduced 
ovulation rate, failures in mating, failures in 
fertilization, and loss of embryos (Edwards et 
al., 2016). However, no differences between 
nulliparous and multiparous ewes were found for 
the percentages of vaginal epithelial cells under 
the experimental conditions of the present study. 
This is probably related to the use of the same 
hormonal protocol for estrus synchronization and 
ovulation induction for all experimental animals.

In addition to the different types of cells 
of the vaginal epithelium found, neutrophils were 
found in some vaginal smears from nulliparous 
and multiparous ewes. According to Groppetti 
et al. (2012), the presence of neutrophils 
during the proestrus and estrus phases is due 

to physiological factors in bitches, and these 
neutrophils extravasate from blood vessels to the 
vaginal lumen by diapedesis, attracted by the 
presence of bacteria. However, the presence of 
neutrophils in vaginal smears has received little 
attention in cyclic animals (Mattos et al., 2003), 
except in cases of intense infiltration, which is 
a characteristic during the period of uterine 
involution in the postpartum period and in cases 
of metritis (Groppetti et al., 2012; Sharma & 
Sharma, 2016).

Conclusion
The Panotico stain and Giemsa stain 

were efficient for the staining of vaginal epithelial 
cells of Santa Inês ewes. However, the Panotico 
stain is recommended due to its easier use and 
faster staining.

A predominance of intermediate cells 
in the vaginal smears was found during the 
induced estrus of Santa Inês ewes in both animal 
categories (nulliparous and multiparous ewes). 
However, further studies are required to evaluate 
alterations in the cytological profile of vaginal 
epithelial cells of ewes due to the commonly 
used protocols for estrus synchronization and 
ovulation induction.
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