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ARTICLE INFO ABSTRACT

Introduction: The criticalness of the point at which inseminations are carried out at breeding stations to pregnancy
rates perhaps contributed to the emergence of timed artificial insemination (TAI) protocols.

Methods: Vaginal mucus resistivity (VMR), temperature (VT) and cytology (VC) were investigated using cows
(Bunaji, n = 75, >2 parities) that were equally randomized to TAI protocols: CoSynch (100pug Gonadotropin-
Lecirelin® IM on d0, d10; 500ug Clorprost 1® IM on d7), OvSynch (100ug Lecirelin® on d0, d9; 500ug Clorprost
1® on d7) and Prostaglandin (500ug Clorprost 1® on d0, d11). VMR, VT and VC (superficial-epithelia-cells %)
were monitored on d9, d10 (Gonadotropin-group) and d13, d14 (Prostaglandin-group) using Draminski® bovine
Estrous probe, SK-SKATO® thermometer and standard procedures, respectively.

Results: From d9 to d10, VMR declined by 22.40% to 260.06+44.27Q (range 250-270), VT rose by 1.43% to
35.50+0.71°C while VVC declined by 69.57% to 14% for CoSynch-group. Similarly, VMR declined by 13.04% to
245.12+12.91Q (range 240-250), VT rose by 2.86% to 36.00+0.00°C while VC increased by 52% to 52% for
OvSynch-group. From d13 to d14, VMR declined by 2.90% to 335+28.87Q (range 330-340), VT rose by 1.43%
to 35.50+0.71°C while VVC declined by 76% to 0% for Prostaglandin-group. These findings suggest that the 24-
hour preceding insemination were associated with VMR: 240 to 2709, VT: 35 to 36°C, VC: 14 to 52% and VMR:
330 to 3408, VT: 35 to 35.5°C, VC: 0% for Gonadotropin-based and Prostaglandin protocols, respectively.
Significance: Vaginal-mucus resistivity, temperature and cytology are thus described to better define insemina-
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tion time and improve pregnancy rates at cattle breeding stations.
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Introduction

Accuracy of oestrus detection and timing of insemination in
cycling cows are key among numerous factors limiting the
reproductive efficiency of cattle at breeding stations (Stevenson
and Britt, 2017). Detection of oestrus is usually difficult in cows
due to incidences of silent heat, shortness of the duration of
standing oestrus, oestrus occurring more in the night compared
to daytime and reduced intensity of oestrual signs due to
unfavourable environmental conditions which are characteristic
of the tropics (O'Connor, 1993). Though, visual observation of
cows for standing heat had been reported as the most reliable
means of oestrus detection (Rao et al., 2013), efficiency is
limited in cases of silent heat (Mingoas and Ngayam, 2009) and
large herd sizes (Pelissier, 1972).

Aside behavioral changes associated with oestrus (Ireland,
1987), changes have been reported to occur in other
physiological parameters such as body temperature (Polsky,
2017), vaginal temperature (Indira et al., 2014), vaginal mucus
resistivity (Ahmed et al., 2017) as well as pattern of vaginal
exfoliates (Macék et al., 2011). These physiological changes
are useful in the prediction of the optimum time for insemina-
tion (Reddy et al., 2011), diagnose pregnancy and detect

pathological conditions in various animal species (Tadesse et al.,
2011). Vaginal mucus resistivity (VMR) has been used to
monitor natural estrus in cattle (Tadesse et al., 2011; Ahmed et
al., 2017), sheep (Theodosiadou and Tsiligianni, 2015),
influence calf sex ratio (BRR, 1999) and diagnose pregnancy
(Tasal et al., 2005; Ahmed et al., 2017).

Staging oestrous via pattern of vaginal temperature has also been
reported in few breeds of cattle such as the Bali cow (Indira et
al., 2014) and the Japanese Black cow (Sakatani et al., 2016).
Similarly, vaginal cytology has been described sufficiently to
enable its use in staging oestrous and time of insemination in
dogs (Reddy et al., 2011) and goats (Ola et al., 2006; Leigh et
al., 2010), but similar reports for the cow are scanty and
inconsistent (Rao et al., 1979; Leigh and Sadiq, 2016). The
reproductive potential of the Bunaji cow, the most numerous
cattle populations in Nigeria, which is largely depended on for
its beef and dairy products (Meghen et al., 1999; Alphonsus et
al., 2012), is yet to be fully tapped. Perhaps, this is due to the
volume of research output available to assist with the
reproduction of Bunaji cow in relation to insemination timing.
As part of upgrading, recent attempts had been geared towards
multiplication of Bunaji crossbred heifers in order to improve
production in many Nigerian small holder dairy farms. This
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study therefore investigated the vaginal mucus resistivity, temper-
ature and cytology during the 24-hour-period preceding insemi-
nation in Bunaji cows subjected to standard CoSynch, OvSynch
and Prostaglandin F alpha synchronization protocols.

Materials and methods

Study site

The study was carried out at a private dairy farm in Eruwa, Ibarapa
East Local Government Area, Oyo State, Southwest  Nigeria.
The city lies on latitude 7°32” and longitude 3°27°.

Animals and management

Seventy-five Bunaji cows (>2 parities, 60-120 days post calving)
were used for the study. The age of the animals varied from 4 to
5 years, body weight 300 - 330 Kg and body condition score 3 - 4
on a scale of 5. The animals were housed in individual pens at
night and grazed at day time in fenced paddocks for 3 - 5 hours
daily. The cows were also fed silage, crushed elephant grass and
small amount of concentrate mixture consisting of wheat bran.
Rectal palpation was carried out as described by Leigh (2018) to
randomly select open cows for the study. This study was carried
out under strict adherence to the principles of Animal Care and
Use for Research and Ethics Committee (UI-ACUREC/18/0022)
of the University of Ibadan, Nigeria

Study design

The cows (n=75) were randomly assigned to three standard
synchronization protocols i.e. CoSynch, OvSynch and Double
prostaglandin F; alpha (PGF2a), each comprising 25 cows. Values
of vaginal mucus resistivity, vaginal temperature and vaginal
exfoliates (superficial epithelia cells only) at 24 hours preceding
and at insemination were evaluated for each group.

Synchronization protocols

Three standard protocols were used as follows:

Ovulation synchronization protocols: CoSynch (Geary et al.,
2001; Tasdemir et al., 2011) and OvSynch (Pursley et al., 1995;
Pursley et al., 1998) were used.

Under CoSynch group, cows were administered 100 pg of a
Gonadotropin, that is, Lecirelin® (Bioveta, Komenskeho, Czech
Republic) (IM) on day 0 (d0) followed by administration of 500
ug Clorprost 1® (APA United —Nano Technology Co. Ltd,
Vietnam) (IM) on d7 and thereafter, a repeat administration of 100
ug Lecirelin® on d10.

Under OvSynch group, cows were administered 100 pg of
Lecirelin® (IM) on dO followed by administration of 500 pg
Clorprost 1® (IM) on d7 and thereafter, a repeat administration of
100 ug Lecirelin® on d9.

Oestrus synchronization protocol: Double prostaglandin-PGF.a.
(Lamb et al., 2001) was used.

Under PGF,a group, double PGFz0 protocol was used. Cows were
administered 500 pg of Clorprost 1® (IM) on dO and di1,
respectively.
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Cow restraint for sample collection

Each cow was restrained in standing position with the help of two
handlers. While a handler held the horns, the other assisted to
deviate the tail laterally after fixing a figure-eight knot on the hind
limbs. Thus, the vaginal swab samples were collected and the
vaginal mucus resistivity as well as vaginal temperature were
evaluated.

Vaginal mucus resistivity (VMR)

Estrous detector probe (Draminski®, Owocowa, Poland) for
bovine was used to obtain the vaginal mucus resistivity pattern
following synchronization under the three protocols. Estrous
probe and vulva of each cow were cleaned with slightly moist
cotton wool. The probe was sparingly lubricated with K-Y® gel
(Johnson and Johnson, France) and then gently inserted into the
anterior vagina through the vulva. The start button was activated
and the probe was rotated, each time pressing the start button until
the reading was displayed on the monitor. The resistivity of the
vaginal mucus was taken as the average of three consecutive
readings per cow. The readings were taken on d9 and d10 for
Gonadotropin-based protocols, and on d13 and d14 for
prostaglandin protocol.

Collection of vaginal smear and cytology

Vaginal smear was collected from the animals with the aid of
Longreen® sterile swab sticks. The vulva was gently wiped with
moist cotton wool and a sterile swab was gently inserted into the
anterior vagina with the right hand while the left thumb and
forefinger were used to expose the vulva lips. At the anterior
vagina, the sterile swab was gently and briskly rolled against the
vaginal mucosa and carefully withdrawn.

The swab was immediately smeared on a warm clean glass slide,
air dried and immediately fixed with methanol for 2 minutes. The
smears were stained with Giemsa for 45 minutes and then rinsed
with distilled water (Ola et al., 2006). The stained smears were
then examined under light microscope for the abundance of
superficial epithelia cells (Valerie et al., 2003) first, at low
magnification (x10) and later, at high magnification (x100) with
oil immersion. It has been reported in several species that highest
proportion of superficial epithelia cells within a cycle depicts
oestrus (Ola et al., 2006; Schuttle, 2010; Reddy et al., 2011). The
percentage of superficial epithelia cells was calculated as its total
divided by the total number of all epithelia cells seen within
5 microscopic fields. This procedure was carried out at 8:00 am
on d9 and d10 for Gonadotropin-based protocols, and on d13 and
d14 for Prostaglandin protocol.

Vaginal Temperature

Vaginal temperature readings were taken using a 15 cm long SK
SATO® Laboratory thermometer. The vulva was gently wiped
with moist cotton wool and then the thermometer was gently
inserted into the vagina with its bulb end touching the vaginal
mucosa for a period of 2 minutes. The temperature was
immediately read following removal of the thermometer from the
vagina of each cow.
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Data analysis

Data obtained were expressed as mean + Standard deviation (SD).
Line graphs were used to present the values of vaginal mucus
resistivity and vaginal temperature while bar charts were used to
present vaginal cytology (superficial epithelia cell percentages).

Results

Vaginal mucus resistivity (VMR) in cows subjected to CoSynch,
OvSynch and Double PGFa

CoSynch group

Figure 1 shows the vaginal mucus resistivity values (Mean + SD)
in CoSynch-treated cows at d9 and d10. At d9 (48 h post PGFza)
and d10 (2nd GnRH at 72 h post PGFza, d10), the VMR values
were 335.00£63.48 Q and 260.06+44.27 Q, respectively. The
difference between the VMR values of d9 and d10 represents a
22.40% decline in VMR within the 24-hour preceding the time of

insemination.
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Figure 1. Vaginal mucus resistivity (Mean + SD) values on d9 and d10
in CoSynch-treated Bunaji cows

OvSynch group

Figure 2 shows the vaginal mucus resistivity values (Mean + SD)
in OvSynch-treated cows at d9 and d10. At d9 (2nd GnRH at 48
h post PGFz0) and d10 (72 h post PGF.a), the VMR values were
282.50+33.04 Q and 245.12+£1291 Q, respectively. The
difference between the VMR values of d9 and d10 represents a
13.04% decline in VMR within the 24-hour preceding the time of
insemination.

Double PGF;a group

Figure 3 shows the vaginal mucus resistivity values (Mean + S.D)
in Double PGF,a-treated cows at d13 and d14. At d13 (48 h post
2nd PGF,a) and d14 (72 h post 2nd PGF2a), the VMR values were
345.00£28.87 Q and 335.00+28.87 Q, respectively. The
difference between the VMR values of d13 and d14 but represents
a 2.90% decline in VMR within the 24-hour preceding the time of
insemination.
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Figure 2. Vaginal mucus resistivity (Mean + SD) values on d9 and d10
in OvSynch-treated Bunaji cows.
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Figure 3. Vaginal mucus resistivity (Mean + SD) values on d13
and d14 in Double PGF,a- treated Bunaji cows.

Vaginal temperature (VT) patterns in the study

CoSynch group

Figure 4 shows the vaginal temperature values (Mean + SD) in
CoSynch-treated cows at d9 and d10. At d9 (48 h post PGF.a) and
d10 (2nd GnRH at 72 h post PGFa), VT values were 35.0 +0.00
°C and 35.5 £0.71 °C, respectively. The difference between the
VT values of d9 and d10 represents a 1.43% increase in VT within
the 24-hour preceding the time of insemination.
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Figure 4. Vaginal temperature (Mean + SD) values on d9 and d10 in
CoSynch-treated Bunaji cows.
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OvSynch group

Figure 5 shows the vaginal temperature values (Mean + SD) in
OvSynch-treated cows at d9 and d10. At d9 (2nd GnRH at 48 h
post PGF2a) and d10 (72 h post PGF2a), VT values were 35.0
+0.00 °C and 36.0 £0.00 °C, respectively. The difference between
the VT values of d9 and d10 represents a 2.86% increase in VT
within the 24-hour preceding the time of insemination.
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Figure 5. Vaginal temperature (Mean + SD) values on d9 and d10 in
Ovsynch-treated Bunaji cows.

Double PGF;a group

Figure 6 shows the vaginal temperature values (Mean = SD) in
Double PGF.a-treated cows at d13 and d14. At d13 (48 h post 2nd
PGF.a) and d14 (72 h post 2nd PGF2a), VT values were 35.0
+0.00 °C and 35.5°C+0.71 °C, respectively. The difference
between the VT values of d13 and d14 but represents a 1.43%
increase in VT within the 24-hour preceding the time of insemi-
nation.
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Figure 6. Vaginal temperature (Mean + SD) values on d13 and d14 in
Double PGFzo-treated Bunaji cows.

Vaginal cytology (VC i.e. superficial epithelia cells) patterns in
cows treated with CoSynch, OvSynch and Double PGFza
CoSynch group

Figure 7 shows the vaginal cytology (% of superficial epithelia
cells) values in CoSynch-treated cows at d9 and d10. At d9 (48 h
post PGF2a) and d10 (2nd GnRH at 72 h post PGF2a), VC  values
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were 46% and 14%, respectively. The difference between the VC
values of d9 and d10 represents a 69.57% increase in VC i.e. %
superficial cells, within the 24-hour preceding the time of
insemination.
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Figure 7. Vaginal cytology (% of superficial epithelia cells) values on d9
and d10 in CoSynch-treated Bunaji cows.

OvSynch group

Figure 8 shows the vaginal cytology (% of superficial epithelia
cells) values in OvSynch-treated cows at d9 and d10. At d9 (2nd
GnRH at 48 h post PGF.a) and d10 (72 h post PGF.a), VC values
were 0% and 52%, respectively. The difference between the VC
values of d9 and d10 and represents a 52% increase in VC i.e. %
superficial cells, within the 24-hour preceding the time of insem-
ination.
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Figure 8. Vaginal cytology (% of superficial epithelia cells) values on d9
and d10 in OvSynch-treated Bunaji cows

Double PGFza group

Figure 9 shows the vaginal cytology (% of superficial epithelia
cells) values in Double PGFa -treated cows at d13 and d14. At
d13 (48 h post 2nd PGF2a) and d14 (72 h post 2nd PGFa), VC
values were 76% and 0%, respectively. The difference between
the VC values of d13 and d14 represents a 76% increase in VC
i.e. % superficial cells, within the 24-hour preceding the time of
insemination.
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Figure 9. Vaginal cytology (% of superficial epithelia cells) values on
d13 and d14 in Double PGF2a-treated Bunaji cows.

Discussion

Earlier reports on CoSynch protocol advocated for timed artificial
insemination  (TAI) simultaneously with 2nd GnRH
administration between 48 to 72 h post PGF,a. This had been
described as 48, 56 and 72 hours CoSynch (Geary et al., 2001;
DelJarnette et al., 2001; Tasdemir et al., 2011). In this study,
during the 24 hours preceding artificial insemination, should there
be a 72 h CoSynch, a decline of 22.40% would have been
observed in the VMR. The VMR value obtained in the Bunaji
cows at 72 h post PGF,a2nd GnRH is close to 200-240 Q
reported by Subrota et al. (2017) in crossbred Bangladesh cows.
According to these authors, the range of VMR recorded had been
associated with good pregnancy rate. Earlier researchers (Gupta
and Purohit, 2001; Rorie et al., 2002; Yamauchi et al., 2009) have
also observed that VMR values were useful in predicting optimum
insemination time. Similarly, during 48 to 72 h post PGF,a in
CoSynch group, the mean vaginal temperature (VT) showed a
1.43% rise. This suggests that the period for insemination is
associated with a mean daily rise, though comparative only, in
vaginal temperature from the value 24 h earlier. This finding is
supported by earlier report of VT rise of 0.48 °C (Fisher et al.,
2008) to >1.0°C (Rajamahendran et al., 1989) shown to have
coincided with luteinizing hormone surge, and subsequent
ovulation. These reports in conjunction with present study
supports a rise in vaginal temperature during the 24 h preceding
insemination. The vaginal cytology (VC) pattern observed during
48 to 72 h in CoSynch group was typified by a 69.57% decline in
superficial epithelia cells (SEC). The period of insemination thus
appears to be associated with a decline in SEC beginning 24 h
earlier. Since high SEC % are consistent with oestrus (Schuttle,
2010) and ovulation has been reported to occur some 12-24 h post
oestrus (Wettemann et al., 1998), observation with VC during
48-72 h post PGF appear to be  suggestive of higher pregnancy
rate to TAIl at 72 h compared with that at 48 h (Wettemann et al.,
1998). As observed in this study with cows subjected to CoSynch,
decline in VMR, rise in VT and decline in VC occurred during the
24 hours preceding time for insemination.

Standard OvSynch protocol has described TAI on d10 between
8-16 h after the second GnRH administration (Pursley et al., 1995;
Pursley et al., 1997; Pursley et al., 1998; Stevenson et al., 1999;
El-Zarkouny et al., 2004). In this study, we observed a 13.04%
decline in VMR during the 24 h preceding the recommended time
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of A.l. The VMR value obtained on d10 is close to that recorded
at 72 h post PGF.a coinciding with GnRH administration, in
CoSynch group as well as the 200-240 Q reported by Subrota et
al. (2017) in crossbred Bangladesh cows. Therefore, the present
range of VMR (240-250 ) which was close to that obtained on
d10 in CoSynch may be a representative of the status of VMR
around insemination in OvSynch-treated cows. Also, the vaginal
temperature showed a 2.86% rise from the mean VT recorded on
d9. This is similar to what was observed towards d10 in CoSynch
group and is in line with previous report by Kyle et al. (1998) that
rise in daily vaginal temperature occurs prior to ovulation. The
vaginal cytology showed a 52% increase in SEC between d9 and
d10. This is contrary to observation with the CoSynch group in
which decline in SEC occurred during 24 h preceding
recommended insemination time. The observation with VC in the
OvSynch group is not clear. This is because increasing SEC is
consistent with oestrus as reported by Schuttle (2010). Since
ovulation in cows occurs much latter after oestrus (Wettemann et
al., 1998), insemination at periods of high SEC may precipitate
reduced conception rate. Though this finding appears to be an
aberration, so much so that other studies (Rao et al., 1979) have
queried the relevance of VC in staging oestrus in the cow, it may
explain why documented pregnancy rates following OvSynch
protocol are poor to average (DeJarnette and Marshall, 2003). Be
that as it may, our present finding with VC suggest that d10 may
not be the optimum period for insemination and this strongly
indicate need for further studies. As observed in this study with
cows subjected to OvSynch, decline in VMR, rise in VT and
increase in VC occurs during the 24 h preceding time for
insemination.

Some reports on estrus synchronization using double PGF,a have
advocated for TAI between 48-72 h post 2nd PGF.a. (Voh Jr. et
al., 2000; Lamb et al., 2001; Leigh et al., 2018). In this study, a
2.90% decline in VMR was observed from 48-72 h post (d 13 to
d 14) treatment. This decline in VMR is similar to earlier
observations with CoSynch and OvSynch prior to insemination.
The VMR values on d13 and d14 in PGFa lone protocol were
higher than those of d9 and d10 in GnRH-PG-GnRH i.e. CoSynch
and OvSynch protocols. This finding suggests that PGF.a. lone
protocol led to the presence of factors that increased resistivity of
vaginal mucus, at least within the 24 h preceding insemination.
This is in agreement with earlier report (BRR, 1999) that
synchronization protocols affect values of VMR, a fact further
strengthened by the reports of 180-220 Q (Ahmed et al., 2017)
and 200-240 Q (Subrota et al., 2017) under natural oestrus
conditions, which are comparatively lower than the ranges of
VMR observed in this study. The ranges under the natural oestrus
were also associated with good pregnancy rate, (Ahmed et al.,
2017; Subrota et al., 2017). Similarly, the mean VT observed at
72 h post 2nd PGFzo. reflected a 1.43% rise from its value at 24 h
earlier. This observation of rise in VT, though percentages differ,
is in line with what were observed in the GnRH based protocols
at recommended periods of insemination. VT rise has been
reported to be synonymous with approaching ovulation
(Rajamahendran et al., 1989; Kyle et al., 1998; Fisher et al.,
2008). Observations with VT in this study are uniformly
characterized by a rise within 24 h preceding recommended
insemination time. This consistency in the VT pattern around
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insemination periods across the protocols may suggest its
effectiveness in predicting optimum time for insemination. This
finding appears to lend credence to the report of Sakatani et al.
(2016) that VT is more effective when compared with pedometer
in predicting oestrus in Japanese black cows. The vaginal
cytology pattern observed was typified by 76% decline in
superficial epithelia cells between 48-72 h post 2nd PGFa. This
observation of decline in SEC is similar to that observed in
CoSynch but contrary to OvSynch in which an increase was
recorded. The finding of high proportion of SEC at 48 h post
PGF.a may suggest oestrus and this is similar to Tadesse et al.
(2011) report of oestrus occurring between 48-72 h post PGFzo.
This may explain the report of Leigh et al. (2018) in which higher
rate of pregnancy was obtained in Sokoto Gudali cows
inseminated at 72 h post PGF2a, and also support the assertion of
Wettemann et al. (1998) that ovulation occurs 12-24 h post
oestrus. The period around insemination under double PGF.a
protocol appears to be associated with a decline in SEC. As
observed in this study with cows subjected to double PGFa,
decline in VMR, rise in VT and decline in VVC occurs during the
24 h preceding time for insemination.

Conclusion

We conclude that in the 24 hours preceding insemination in
Bunaji cow: vaginal mucus resistivity declined from
335.00£63.48 Q to 260.06+44.27 Q, vaginal temperature rose
from 35.0£0.00 °C to 35.50+0.71 °C while vaginal cytology
declined from 46% to 14% for the CoSynch group. For OvSynch
group, vaginal mucus resistivity declined from 282.50+33.04 Q
to 245.12+12.91 Q, vaginal temperature rose from 35.0+0.00 °C
to 36.0+£0.00 °C while vaginal cytology increased from 0% to
52%. Similarly, wvaginal mucus resistivity declined from
345.0+£28.87 Q to 335+28.87 Q, vaginal temperature rose from
35.0£0.00 °C to 35.50+0.71 °C while vaginal cytology declined
from 76% to 0% in the prostaglandin group. These findings will
further enhance determination of optimum insemination time for
improved breeding efficiency.
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