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Abstract. The aim of this study was to observe the percentage of the number and the diameter
of vaginal epithelial cells during the estrous cycle in Bali cattle. Six female Bali cattle were
used in this research. Sample collection and estrous detection were observed at 06.00-07.00 am
and 17.00-18.00 pm for 28 days. The method of this research used vaginal smear with Giemsa
staining and then observed by microscope. Image Raster 3.0 was used to measured cells
diameter and data were analysed using Independent T-Test. Based on the results of this study,
the vaginal epithelial cells during the estrous cycle were intermediate cells, parabasal cells,
supertficial cells, and cornification cells. The percentage of intermediate cell numbers increased
in the proestrus phase and decrease in the estrous phase. The percentage of parabasal cell
numbers increased in metestrus and diestrus phase along with decreased in proestrus phase and
not found in the estrous phase. The percentage of superficial and cornification cell numbers
increased in the estrous phase and last stage of the proestrus phase along with decreased in the
metestrus phase and not found in the diestrus phase. In measuring the diameter of the vaginal
epithelial cells, superficial cells have a larger cytoplasmic diameter and the smallest diameter
of the cytoplasm was parabasal cells. Whereas in measuring the nucleus diameter and diameter
ratio of the cytoplasmic nucleus, parabasal cells have a larger diameter and cornification cells
have smallest nucleus diameter and cytoplasmic nucleus diameter ratio.

1. Introduction

Bali cattle is one of the original Indonesian cattle and be in demand by the community. High economic
value make this cattle has an important meaning because can produce a wide variety of resource
needs, especially as meat producing source, manure, skin, and bones that can be utilized.

The condition of Bali cattle farms is currently experiencing a shortage of supply because
population growth of Bali cattle is not balanced with the increasing needs of the community. Another
problem frequently encountered is the reproductive disorders. Reproductive disorders have a major
contribution in increasing population decline and are known as the main cause of low animal health
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status [1]. Slow estrous detection by farmers can also be one of cause rdue of the Bali cattle
reproduction. This is because the slow detection of estrous can extend the calving to calving interval
and calving to conception interval and decrease the economic value. Visual observations often used by
farmers to detect estrous, in general it can be recorded well but the use and efficiency are controversial
[2]. Therefore, other methods are needed that can be used to detect estrous in confirming optimal
mating time in Bali cattle. In connection with this problem, the way can be done is by looking at
vaginal cytology using vaginal smear method.

The method of vaginal smear is very important and needed in comparative observations that require
a deeper understanding, especially the problem of reproductive organs [3]. This method is carried out
in a qualitative way, namely monitoring the estrous cycle by taking and identifying epithelial cells and
leukocytes from the animal's vagina. Through vaginal srffZ¥, various levels of differentiation on
vaginal epithelial cells can be studied [4]. Observations of vaginal cytology during the estrous cycle
have been carried out in sheep [5] goat [6] and pig, but observations of vaginal cytology in cattle little
known [7]. The aim of this study was to observe and calculate the percentage of numbers and the
diameter of vaginal epithelial cells during the estrous cycle in Bali cattle so that can help evaluate
reproductive status, detect estrous and determine the optimal mating time.

2. Materials and Methods

Six female Bali cattle were used in this research, age over 2 years, have normal estrous cycle and were
not pregnant. In addition, other materials used in this research are Giemsa stain, aquadest, methanol
absolute, gloves, drop pipette, cotton swab, object glass, slide box, tissue, marker, rope, digital
thermometer, and binocular microscope.

Samp llection and estrous detection were observed at 06.00-07.00 am and 17.00-18.00 pm for
28 days. Vaginal smears were obtained by introducing a cotton swab into Bali cattle vagina with
circular motion. The cotton swab transferred to an object glass which was previously fixed using
methanol absolute. Sample of vaginal smear was stain using Romanowski method with Giemsa
E&:ining for 10-15 minutes and after the samples are stained, the sample then rinsed with water and
after being dried observed by the microscope.

Observation and data collection for the identification of epithelial cells in vaginal smear was
carried out using a 40x10 magnification microscope which was connected with the Optilab. Data
collection for calculate the percentage of vaginal epithelial cell nuns, was done by observing 100
epithelial cells for each sample at several different points then the epithelial cells were classified as
parabasal cells, intermediate cells, superficial cells and cornification cells and each type of epithelial
cell was multiplied by 100%. Cytoplasmic diameter measurements and cell nucleus diameters were
calculated using Image raster 3.0 with 4 fields of view for each cell.

The description of vaginal epithelial cells is determined from the results of examination of
epithelial cell morphology during the estrous cycle. Data from the analysis of epithelial cell numbers
are grouped according to the estrous cycle phase and tabulated in percentages (0-100%) then anal yzed
descriptively. Data from measurement of cytoplasmic diameter and nucleus diameter are calculated

sed on formula the nucleus diameter divided by cytoplasmic diameter (N/C) for cell diameter ratio.
Independent T-Test was used to see the percentage difference in the number of epithelial cells, nucleus
diameter, cytoplasmic diameter anffell diameter ratio during the estrous cycle in Bali cattle. The
difference is stated to be significant when P<0.05.

3. Result and Discussion
3.1. Clinical symptoms of estrous

The clinical symptoms of estrous are the determining factors for the successful brgiing of the animal.
Clinical symptoms of estrous were observed in 6 samples of Bali cattle applied in figure 1 and table 1.

[~
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Figure 1. Clinical symptoms of estrous observed form of mucus from the vagina (A) and
mucus hanging on the vulva (B)

Table 1. Clinical symptoms of estrous were observed in 6 samples of Bali cattle
during 28 days

Clinical Symptoms of Estrous

Mucus on the Vagina  Vulva Swelling  Body Rubbing  Agitate  Mooing sound
+ + - + +

- - + +

& = + +

3

Cattle code

i

PR W
+
+

(+) : observable estrous
(<) : unobservable estrous

Clinical symptoms when estrous based on figure 1 can be seen the mucus from the vagina and
mucus hanging on the vulva looks clear and thickens towards the end of estrous. The mucus has a
function to control and accelerate the process of sperm migration [8]. Swelling of the reddish vulva
occurs due to increased blood flow to the reproductive tract and associated genital organs [9]. Other
clinical symptoms such as agitate, body rubbing, and frequent mooing sounds are influences from the
nervous system [10]. Based on table 1, the clinical symptoms of estrous observed between cows with
each other have differences. Differences in clinical symptoms of estrous between individuals can be
caused by the influence of hormonal mechanism, especially estrogen which tends to increase during
the estrous phase. Moreover being caused by hormones, appearance of estrous symptoms in an animal
depend on the species, breed, age, and time of measurement [11].

3.2. The profile of vaginal epithelial cells

The profile of vaginal cells in one estrous cycle is influenced by hormonal factors that will show cell
changes. Based on the results of observations of Bali cattle's vaginal smear using a microscope with
40x10 magnification and connected with Optil ¥t was found that different cell types were varied. In
one estrous cycle found 4 types of cell namely parabasal cells, intermediate cells, superficial cells and
cornification cells can be seen in

igure 2.
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%ﬂm 2. The profile of vaginal epithelial cells in Bali cattle during the estrous cycle (A) Proestrous, (B) and (C)
Estrous, (D) Metestrous, (E) and (F) Diestrous (P: Parabasal; Sk Small Intermediate; LI: Large Intermediate;
5: Superficial; C: Cornification; L: Leukocyte)

3.2.1. Parabasal. Parabasal cells are epithelial cells that have a small size, round or oval in shape with
larger nuclei than cytoplasm. In general, cytoplasm of parabasal cells is dark, thick and basophilic.
Parabasal cells are the youngest cells found in the estrous cycle. These cells are found in the diestrus,
metestrus and anestrus phases, but are not commonly found during the estrous phase [12].

3.2.2. Intermediei. Intermediate cells are the oldest vaginal cell types of parabasal cells but are
younger than superficial cells, which have a variety of shapes and sizes. Intermediate cells have a
diameteZJf about 2-3 times greater than parabasal cells. Intermediate cells are divided into two
groups, small intermediate cells and large intermediate cells. Small intermediate cells have a slightly
round or oval shape with a clear and prominent nucleus. Large intermediate cells have a polygonal in
shape with small nuclei. During the metestrus phase intermediate cells have angular or even nucleated
cytoplasm. These intermediate cells are generally found in all estrous cycles except in the estrous
phase [13].
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3.2.3. Superficial. Superficial cells are epithelial cells that have the largest size among other epithelial
cells, have a polygonal or irregular shape, flat, uneven edges and no nuclei or pyknd (the nucleus
looks small and dark). Superficial cells that are not nucleated often experience cornification or
keratinization which serves to protect the vaginal mucosa from irritation during copulation. Superficial
cells can be found in large numbers in the estrous phase and are not found in the diestrus or anestrus
phase [ 14].

3.2.4. Cornification. Cornification cells are the oldest vaginal cell type than parabasal cells,
intermediate cells, superficial cells, and incomplete nucleus characteristics. The presence of
cornification cells occurs because of the high estrogen concentration during estrous resulting in
thickening of the vaginal wall and resulting epithelial cells undergoing clotting and detachment from
the vaginal epithelial wall. Cornification cells can be found in large amounts in the estrous phase and
are not found in the diestrus or anestrus phase [15].

3.3. The percentage of vaginal epithelial cell numbers in Bali cattle
The results from observations of Bali cattle's vaginal smear during 28 @Js with the distribution of
intermediate cells, parabasal cells, superficial cells and cornification cells can be seen in table 2.

Table 2. Distribution of average the percentage of vaginal epithelial cell numbers in Bali cattle
during 28 days observation

1-7 Day 8-14 Day 15-21 Day 22-28

Cell type M SD MeanzSD MeantSD M SD

Intermediet (%) 41.0424.08 40.76+7.48 38.78+21.49 42.90:6.22

Parabasal (%) 16.73+16.08 57.88£5.18 23.83+16.47 49.85+9.54
Superficial (%) 27.21x£14.29 1.02+1.41 24 85+18.96 4.71£7.3
Cornification (%) 15.38+13.68 1.21£1.87 12.85x16.22 2.59+5.04

SD: Standard Deviation

The distribution of average the percentage of the vaginal epithelial cell numbers during 28 days
observation in diagrams form can be seen in the following diagram (1) :

o 0
E=
o O 60
R
2 % IS B Parabasal
- REL B Inermediet
= o
5 a2 ' Superficial
§ = E = Comification
=] )
SEZN
£ &
TN |
8 0 -
1-7 8-14 15-21 22-28

Observation Day
Diagram 1. Distribution of average the percentage of vaginal epithelial cell numbers in Bali cattle during
28 days observation

Based on the results of statistical tests using Independent T-Test showed that average the
percentage of the intermediate cell numbers in six samples Bali cattle observed had non-significant
difference (P>0.05) during the observation day. This shows that the resulting cytology of vaginal
smear composition is unclear and not distinctive so this study can only be used to detemw the
estrous phase and cannot be used to determine the optimal mating time. In parabasal cells the results of
the Independent T-Test test showed a significant di?’ence (P <0.05) from average the percentage of
parabasal cell numbers in six samples Bali cattle on day | until day 7 with day 8 until day 14 and day
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25
22 until day 28, but% not differ significantly (P>0.05) with @y 15 until day 21. On day 8 until day
14 average @ffJpercentage of the parabasal cell numbers had a significant difference (P <0.05) with
day 15 until day 21 but not significantly different (P> 0.05) with day 22 until day 28. Onfg&Jy 15 until
day 21 with day 22until day 28 average the percentage of parabasal cell numbers had a significant
difference (P<0.05).

The r@its Independent T-Test for differences in average the percentage of superficial cell
numbers showed that there were significant differ@es (P<0.05) from average the percentage of
superficial cell numbers in six samples Bali cattle on day 1 until day 7 with day & until day 14 and day
22 until day 28, but did not differ significantly (P> 0.05) fr@} day 15 until day 21. On day 8 until day
14 averdgljthe percentage of superficial cell numbers had a significant difference (HE#).05) with day
15 until day 21, but not significantly different (P>0.05) with day 22 until day 28. On dayfJp until day
21 with the day 22 until day 28 average the pcmentagtnf superficial cell numbers had a significant
difference (P <0.05). In cornification cells, based on the results of the Independent T-Test showed that
there was a significant differ?ze (P <0.05) from average the percentage of cornification cell numbers
in six samples Bali cattle on day 1 until day 7 with day 8 until day 14 and day 22 until day 28 but not
significantly different (P> 0.05) wilEBay 15 until day 21. On day 8§ until day 14 rage the
percentage cornification cell numbers di have a significant difference (P> 0.05) with day 15 until
day 21 day and day 22 until day 28. ay 15 until day 21 with day 22 until day 28 average the
percentage of cornification cell numbers did not have a significant difference (P> 0.05).

Intermediate cells have an increasing average percentage of cell numbers in the proestrus phase, in
mouse deer (Tragulus javanicus) the proestrus phase occurs when the percentage of intermediate cells
progressively increases [4]. During the proestrus phase, intermediate cells experience an increase in
number compared to other cells [14]. Intermediate cells can also be found in the metestrus and diestrus
phases and decrease in numbers in the estrous phase but can still be found. On the cytology picture of
Etawa crossbreeding goat's vagina, a number of intermediate cells can be found throughout the estrous
cycle [16].

The average percentage of parabasal cell numbers has increased in the metestrus and diestrus
phases (luteal phase) and decreases in the proestrus phase and not even found in the estrous phase
(follicular phase). Parabasal cells in sheep vaginal cytology dominate before estrous phase followed by
intermediate cells and superficial cells [17]. In cytology experiments with timor deer (Cervus
timorensis) parabasal cells are dominant in the luteal phase [12]. Smear preparation in diestrus phase
are found many white blood cells and nucleated epithelial cells that are scattered and homogeneous
[18].

The results of the average percentage of superficial cell numbers and cornification in the proestrus
and estrous phase increase and decrease even not found in the metestrus and diestrus phase. A high
percentage of superficial cells indicates that animals are in the estrous phase [12]. In dog's vaginal
smear, found superficial cells dominate during the estrous phase but not all cells undergo cornification
[14]. The number of superficial cells in dog vaginal cytology was around 90% and 5% for total
parabasal cells [19]. The percentage of these cells is higher than the results of research conducted. For
Bligon goats, in the estrous phase full cornification cells are found and superficial cells dominate,
whereas parabasal cells and intermediate cells are not found. Superficial cells and cornification cells
were only found in estrous phase for mouse deer (Tragulus javanicus) [4].

The difference in the average percentage of epithelial cell numbers can be influenced by individual
differences, environmental conditions, and hormonal status [9,12]. The presence of dominating
cornification epithelium can caused by high estrogen concentrations at the time of estrous resulting in
thickening of the vaginal wall and resulting epithelial cells undergoing clotting and detachment from
the vaginal epithelial wall [15]. Superficial cells fouffn the Aceh cattle estrous phase are caused by
an increase in estrogen hormones, thus activating the uterine wall and hypersecretion of epithelial cells
in the uterus and vagina so that superficial cells become exfoliated. However, when the hormone
progesterone increases in the metestrus and diestrus phase, superficial epithelial cells will experience
significant shrinkage so that the dominating cells shift to parabasal cells and intermediate cells [20].
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3.4. Diameter size of Bali caitle vaginal epithelial cells

Results of measurement of cytoplasmic diameter, nucleus diameter, and diameter ratio of cytoplasmic
nucleus of intermediate cells, parabasal cells, superficial cells and cornification cells can be seen in
table 3, 4 and 5 below:

Table 3. The results of observation cytoplasmic diameter of Bali cattle vaginal epithelial cells
Cytoplasmic Diameter

Cal Typs Mean £5D
Intermediet 47.9526.66 pm
Parabasal 26.59+2.15 pm
Superficial 75.25+1.97 pm
Kornifikasi 46.24+4.3 um
SD: Standard Deviation
Based on data analysis using Independent est, the results of cytoplasmic diameter

measurements of vaginal epithelial cells (table 3) showed that there were significant differences
(p<0.05) between the Efneter of intermediate cells cytoplasm with parabasal cells and superficial
cells, but did not have significant differences (p>0.05) with cornificfon cells. Cytoplasmic diameter
of parabasal cells with superficial cells and cornification cells had a significant differefle (p<0.05)
and also the cytoplasmic diameter of superficial cells with cornification cells had a significant
difference (p<0.05). The average diameter of the superficial cytoplasm is greater than other epithelial
cells which is 75.25 um followed by the cytoplasmic diameter of intermediate cells 47.95 pum, then
cornification cells 46.24 pm and the smallest cytoplasmic diameter is parabasal cells which is 26.59
pm.

Table 4. The result of observation nucleus diameter of Bali cattle vaginal epithelial cells
Nucleus Diameter
Cell Type

Mean =5D
Intermediet 14.24+0.82 pm
Parabasal 14.53£0.51 pm
Superficial 13.02£0.77 pm
Kornifikasi 0+0 pum

SD: Standard Deviation

Based on data analysis using In:pendcnt T-Test, the results of measurements of the nucleus
diameter of vaginal epithelial cells (table 4) showed that there was no significant difference (p=0.05)
een the diameter of intermediate cell nucleus with parabasal cells and superficial cells, but had
significant differences (p<0.05) with the nucleus diameter of the cornificfffon cell. The nucleus
diameter of parabasal cells with superficial cells and cornification cells has a significaff) difference
(p<0.05) and also the nucleus diameter of superficial cells with cornification cells has a significant
difference (p<0.05). The average nucleus diameter of parabasal cells is greater than that other
epithelial cells, which is 14.53 pm followed by intermediate cell nucleus diameter 14.24 um, and
superficial cell nucleus diameter 46.24 um. The nucleus diameter of the cornified cell is 0 pm, this is
because the epithelial cells undergoing cornification do not have a nucleus. The nucleus loss in
cornified cells is caused by the keratinization process followed by the desquamation of superficial
cells because the keratinized substance is formed which prevents the diffusion of nutrients from the
capillaries into the vaginal tissues [20].

Based on data analysis using the Independent [EJTest, the results of the nucleus cytoplasmic
diameter ratio of vaginal epithelial cells (table 5) showed that there were significant differences
(p<0.05) from the average diameter ratio of nucleus cytoplasmic vaginal epithelial cells. The average
diameter ratio of nucleus cytoplasmic parabasal cells is greater than other epithelial cells which are
0.54 pm and then followed by the intermediate cell nucleus cytoplasmic diameter ratio 0.3 pum, then
the diameter ratio of nucleus cytoplasmic superficial cells was 46.24 um and the smallest nucleus
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cytoplasmic diameter ratio was cornification cell that is 0 pm. In dog’s vaginal parabasal cells have
high nucleus cytoplasmic diameter ratio (N/C) [19].

Table 5. The result of observation nucleus cytoplasmic diameter ratio (N/C) of Bali cattle vaginal
epithelial cells

Cell Type Nucleus Cwo&l:.:gn:s% iameter Ratio
Intermediet 0.3£0.03
Parabasal 0.54+0.03
Superficial 0.17£0.006
Kornifikasi 00
SD: Standard Deviation

Estrogen hormone affects the cytodifferentiation of stratified squamous epithelium through cellular
receptors which results in increased numbers of cells in the body [21]. Increasing size of the nucleus
diameter was related with deoxyribonucleic acid (DNA) increase which functions as cell replication.
Vaginal epithelial cells have different sizes for each phase [22]. Variations in vaginal epithelium may
be related to physiological status and hormonal activity of animals [23].

Figure 3. Comparison of cytoplasmic diameter and nucleus diameter (A:Cornification cell:
B: Intermediet cell: C:Superficial cell: D: Parabasal cell)

onclusion
ased on the results of this study, the profile of Bali cattle vaginal epithelial cells during the estrous
cycle found intermediate cells, parabasal cells, superficial cells and cornification cells. The percentage
of intermediet cell numbers increase in proestrus phase and decrease in estrous phase. The percentage
of parabasal cell numbers increase in metestrus and diestrus phase along with decrease in proestrus
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phase and not found in estrous phase. The percentage of superficial and cornification cell numbers
increase in estrous phase and last stage of proestrus phase along with decrease in metestrus phase and
not found in @strus phase. The diameter of the vaginal epithelial cells, superficial cells have a larger
cytoplasmiffjdiameter and the smallest diameter of the cytoplasm is parabasal cells. Whereas in
measuring the nucleus diameter and diameter ratio of thqfucleus cytoplasmic, parabasal cells have a
larger diameter and cornification cells have smallest nucleus diameter and nucleus cytoplasmic
diameter ratio.
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