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Abstract

The objectives were to investigate the ovarian dynamics and hormonal profiles during the oestrus
cycle, and to characterize the ovarian and uterine blood flow (OBF versus UBF) indices on the extent of
vascular perfusion towards the dominant follicle (DF) or corpus luteum (CL) during the peri-ovulatory
follicular wave in Sahiwal cows. In experiment 1, cyclic cows (n = 21) were selected at their spontaneous
oestrus (day 0) and subjected to B-mode ultrasonography throughout the oestrus cycle. In experiment 2,
cyclic cows (n = 9) were randomly selected at day 0, and categorized according to the intra-ovarian patterns
as ovaries with DF (n = 3), CL (n = 3) or both (DF+CL; n = 3) to characterize the OBF and UBF indices using
Doppler ultrasonography. The length of the oestrus cycle (days), number of follicular waves (n) and size
(mm) of DF and CL were 20.1 £ 0.9, 2.1 £ 0.2, 14.7 £ 0.7 and 15.9 + 2.5, respectively. The concentrations
(ng/mL) of plasma progesterone increased linearly, and a peak was attained at day 12.2 + 1.0. However, it
reduced linearly with the onset of luteolysis at day 16.4 + 0.3 of the oestrus cycle. The plasma progesterone
(P4) concentrations and the diameter of CL correlated throughout the oestrus cycle. The mean OBF and
UBF indices did not differ between intraovarian patterns. Taken together, this information on reproductive
physiological parameters could be used to develop synchronization protocols to improve reproductive
management in Sahiwal cows.
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Introduction

The reproductive performance of cows plays an increasingly vital role in dairy farm profitability
because of greater herd size and milk yield. However, cow fertility has been decreasing (Lucy, 2001).
Initially, the ovarian dynamics of cattle was investigated (Matton et al., 1981), not only to enhance basic
understanding of reproductive physiology, but also to explore opportunities to improve reproductive
management in Bos taurus cows (Ginther et al., 1996). In this context, several studies were conducted to
elucidate the follicular and luteal dynamics (Adams et al., 2008), oestrus behaviour (Van Eerdenburg et al.,
1996), timing of ovulation and artificial insemination (Al) (Lucy et al., 1992; Walker et al., 1996), and usage of
gonadal steroids and pituitary gonadotropins (Adams, 1999), which subsequently increased the efficiency of
synchronization during spontaneous oestrus (Twagiramungu et al., 1995), timed Al (Pursley et al., 1997) and
embryo transfer programmes (Andrabi & Maxwell, 2007) in Bos taurus cows. However, information on these
aspects of reproduction is still fragmented and lacking in Bos indicus dairy cows.

During the past decade, Sartori and Barros (2011) reviewed bovine reproductive cycles and concluded
that manipulations of Bos taurus cows, when attempted in Bos indicus, did not work in the same way, due
mainly to the physiological differences. Therefore, comprehensive information on physiological events was
required to elucidate the oestrus cycle physiology in Bos indicus cows. With the advent of B-mode and
Doppler ultrasonography, the scope of imaging from an anatomical basis to the physiological one was
revolutionized in dairy cows (Herzog & Bollwein, 2007). Initially, Doppler ultrasonography was used to
determine the real time changes in luteal blood flow after induced (Acosta et al.,, 2002) or spontaneous
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(Hassan et al., 2017) luteolysis in Bos taurus and indicus cows. Later Ginther et al. (2014a; b) determined
the changes in ovarian blood flow (OBF) based on intra-ovarian patterns including ovaries with a dominant
follicle (DF) or corpus luteum (CL) or both during the peri-follicular wave in Bos taurus heifers. The authors
concluded that DF and CL on the same ovary resulted in better vascular perfusion and carried a greater
extent of blood flow for the development of DF during the peri-ovulatory follicular wave. However, the
detailed information on blood flow indices using Doppler ultrasonography of ovarian and uterine blood flow
(UBF) still needs to be explored in Bos indicus dairy cows.

Sahiwal is an established Bos indicus dairy breed (Shah, 1994). Previously, certain aspects of the
oestrus cycle physiology had been explored with B-mode (Amjad et al., 2006; Krishna et al., 2010; Hassan et
al., 2017) or Doppler ultrasonography (Hassan et al., 2018; Hassan et al., 2020). However, information on
follicular and luteal dynamics, hormone profiles during oestrus cycle and blood flow indices of OBF and UBF
during peri-ovulatory follicular wave have not been studied before in Sahiwal cows. Vascular perfusion of
ovaries with DF and CL together was hypothesized to be greater than in ovaries with DF or CL alone during
peri-ovulatory follicular wave development. Therefore, the present study was undertaken to investigate the
follicular and luteal dynamics and hormonal patterns throughout the oestrus cycle, and to characterize the
OBF and UBF indices on the extent of vascular perfusion towards DF and CL or alone during peri-ovulatory
follicular wave in Sahiwal dairy cows.

Materials and Methods

This study was carried out at Livestock Experiment Station Jahangirabad, Khanewal, Punjab,
Pakistan. The research was approved by the Ethical Review Committee of University of Veterinary and
Animal Sciences (UVAS), Lahore (Reference No. DR/303). Multiparous cyclic lactating Sahiwal cows (n =
21) of mixed parity 2.8 + 1.3 (mean £ SD) with days in milk (DIM) 82.2 + 18.6 were selected during the
breeding season (March to May) for the experiment. B-mode ultrasonography (Honda HS-1600 Tokyo,
Japan with 7.5 MHz linear array trans-rectal probe) was performed for reproductive tract screening, and
cows without ovarian or uterine abnormalities (cystic ovarian disease, par-ovarian cyst, pyometra, metritis, or
endometritis) were selected for the experiment. The cyclic status was confirmed based on the presence of
the CL, which was verified with B-mode ultrasonography of ovaries and conducted twice at 10-day intervals
before the start of the experiment. Body condition score (BCS) was assessed at the start of the study on a 5-
point scale: 1 = emaciated to 5 = obese (Ferguson et al., 1994). Cows with a BCS of 3.3 £+ 0.4 and
bodyweight of 416 + 39 kg were selected for the experiment. Cows were housed in two semi-covered sheds
and the design, size and number of cows were similar in the two sheds. Diets were formulated to fulfil the
requirements of a 450 kg cow producing an average of 7 L/day of 4.0% fat corrected milk.

In experiment 1, cyclic cows (n = 21) with normal oestrus cycle were selected at their spontaneous
oestrus and ovulation was regarded as day 0. B-mode ultrasonography was performed on alternate days (O,
2,4,6, 8,10, 12, 14, 16, 18) and daily (19, 20, 21, 22) on each cow throughout the oestrus cycle. Each cow
was subjected to transrectal ultrasonography from ovulation (day 0) till subsequent ovulation by the same
operator under optimized conditions (Pierson & Ginther, 1984). Detailed drawings of the ovaries were
mapped to record the emergence of follicular wave, growth, dominance and atresia of follicles, and
development and regression of CL in each cow. The wave emergence was characterized by the sudden
appearance of a cohort of follicles = 3 mm, of which one or two reached the size of = 5 mm within the next 48
hours. The diameter of the follicles and the sequential identification of individual follicles = 4 mm were
recorded (Knopf et al., 1989). The day on which signs of oestrus and dominant pre-ovulatory follicle (POF)
were observed was designated oestrus, whereas the day at which DF disappeared was designated ovulation
(day 0). The durations (h) of pre-standing and standing oestrus were monitored based on the frequency and
intensity of oestrus signs, including restlessness, vulvar swelling, micturition, tail raising, mucous discharge,
mounting, bellowing, standing oestrus and uterine tone to validate the oestrus score (Layek et al., 2011). The
ovulation time with reference to standing oestrus was monitored and ovulation was based on when a POF
was no longer present at the subsequent ultrasonographic examination (Sa Filho et al., 2010). The patterns
of growth, maintenance and regression of CL were determined (Kastelic et al., 1990).

Blood samples from the jugular vein were collected on days 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 19, 20, 21,
and 22 from each cow. An 18-gauge, 3.8 cm long hypodermic needle in a 5 mL syringe without anticoagulant
was used to collect the blood. Plasma was obtained after centrifugation of blood at 1200 g for 15 min and
stored at —40 °C. The concentrations of oestradiol-173 (E,) (pg/mL) and progesterone (P4) (ng/mL) were
determined in duplicates by solid-phase RIA kits (Beckman Coulter®, Immunotech, France). The sensitivity
of E; and P4 assays was 0.01 pg/mL and 0.2 ng/mL, respectively. The inter-assay CV for E, and P4 was
11.4% and 6.78%, whereas the intra-assay CV for E, and P4 was 10.8% and 5.15%, respectively.

In experiment 2, cyclic cows (n = 9) from the homogenous group of cows (n = 21) that were registered
for the first experiment were randomly selected at day O (ovulation) and subjected to Doppler
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ultrasonography to characterize the OBF and UBF in relation to different intraovarian patterns during the
peri-ovulatory follicular wave. The ovaries were divided into three intraovarian patterns: i) DF alone (DF; n =
3), ii) CL alone (CL; n = 3) and iii) DF and CL (DF+CL; n = 3) on the same ovary. Doppler ultrasound (My
Lab 30 Gold Vet, Esaote, Genoa, Italy) attached to a linear array probe of 7.5 MHz frequency was performed
by the same operator for at least 40 minutes per cow on days (0, 2, 4, 6, 8, 10, 12) during the peri-ovulatory
follicular wave. The cows were restrained properly and data on OBF in cows with different intraovarian
patterns were collected (Bollwein et al., 2002). Meanwhile, data on the UBF in all intraovarian patterns were
procured in the left and right uterine arteries (Ginther et al., 2014b). The uterine artery is a moveable vessel
in g the mesometrium, and the anatomy of this artery has been described in cattle (Ginther & Del Campo,
1974). Once the uterine and ovarian arteries had been identified through colour mapping, the electronic
marker (gate) was placed on the central region of the vessel and the pulsed Doppler tool was started.

Pulse wave Doppler function was used to measure the velocity of waveform and parameters of blood
flow indices. To minimize the variations between measurements, standardized procedures were used in
each examination including setting the angle between the Doppler ultrasound beam and flow direction at 45
degree and colour gain at approximately 70. Furthermore, the high pass filter was set at 100 Hz to eliminate
the signal from moving tissue and vessel wall movements in the path of the pulse of Doppler ultrasound. To
evaluate the blood flow, a small colour box, with a depth adequate for maximizing the number of frame per
minutes (frame rate), a pulse repetition frequency (PRF) of 1.3 KHz and a sample size of 1-3 mm, was
maintained.

Blood flow indices were recorded, including pulsatility index (PI), resistance index (RI), flow volume
integral (FVI) (cm/sec), peak-systolic velocity (PSV) (cm/sec), end-diastolic volume (EDV) (cm/sec), and
time-averaged maximum velocity (TAMV) (cm/sec). TAMV was calculated from PI, PSV and EDV using the
equation (Ginther & Utt, 2004) TAMV=PSV-EDV/PI. The blood flow indices were measured to reflect the
changes in OBF and UBF in all intraovarian patterns. The blood flow indices were calculated from the built-in
calliper for the values of the OBF and UBF, which were displayed on the monitor of the ultrasound. Values
were determined when at least three similar and consecutive waveforms were recorded during the
periovulatory follicular wave. Each observation was recorded on the hard drive of the Doppler unit, and the
analysis was based on the Doppler spectrum. Lastly, three recordings of each day observation of each
session were used and averaged for the precision of the analysis.

Data were analysed using the MIXED procedures of SAS version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA). In experiment 1, cows (n = 2) with a prolonged oestrus cycle were excluded from the
experiment. Data on mean number of follicular waves (n), mean number and diameter (mm) of follicles,
growth rate (mm) of the follicles, mean diameter (mm) of POF, durations (h) of onset of standing oestrus and
ovulation, mean diameter (mm) of CL and concentrations of E, and P4 throughout the oestrus cycle were
tested based on the distribution of the residuals using Shapiro-Wilk and homogeneity of variance. Non-
normally distributed data were subjected to BoxCox transformation according to the TRANSREG procedure
of SAS to meet the assumptions of normality. Whenever the final statistical models remained the same and
significance of parameters and interpretation of the data did not change with the transformation, then the
analysis was carried out on the original scale of the data to avoid back transformation of standard error of the
means (SEMs).

Data of first and second follicular wave (FW) were analysed separately, whereas data on CL and
concentrations of E, and P4 were analysed throughout the oestrus cycle. The initial statistical models
included fixed effects, including linear and quadratic effects of day, parity, DIM, BCS, BW, and the random
effect of cow. Data for the repeated variables were analysed as repeated measures using the REPEATED
statement. The covariance structure with the smallest Akaike’s information criterion (AIC) was selected for
each variable. A backward elimination procedure was applied at each step with removal of model parameters
if P >0.10. Highest order parameters were removed from the model sequentially according to the largest P-
value. Each model was re-run until individual predictors resulted in P <0.10 with improved model fit based on
a reduced value for the AIC. The Tukey adjustment was applied to account for multiple comparisons.
Pearson correlation coefficients between concentrations of P4 and CL throughout the oestrus cycle and
concentrations of E, after luteolysis (days 18 - 22) with developing POF during the emergence of new FWs
were calculated using PROC CORR.

In experiment 2, data on blood flow indices were tested based on the distribution of the residuals using
Shapiro-Wilk and homogeneity of variance. Final statistical models included fixed effects of intraovarian
pattern (DF versus CL versus DF+CL), day (0, 2, 4, 6, 8, 10, and 12) and interaction between intraovarian
patterns and day for OBF and for UBF. The random effect of cow was nested within pattern. The
REPEATED statement was used for all the dependent variables measured over time. Statistical significance
was declared at P <0.05 and a tendency was considered at 0.05 < P <0.10.
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Results and Discussion

Descriptive statistics of the parity, BCS, BW, milk yield, days in milk, characteristics of oestrus cycle
and oestrus intensity score are presented in Table 1. The intensity of oestrus behaviours was also scored
categorically (Table 1).

Table 1 Descriptive statistics of parity, body condition score, bodyweight, milk yield, days in milk,
characteristics of oestrus cycle, follicular and luteal dynamics and standing oestrus and oestrus intensity
score in Bos indicus dairy cows (n = 19)

Iltem Mean g;%?;?gg Median Range
Parity, n 2.76 1.28 3.00 1to7
Body condition score, 1t0 5 3.29 0.35 3.25 2.7510 4.25
Body weight, kg 416 39 412 360 to 490
Milk yield, kg/d 6.91 2.68 7.00 4.37 t0 11.53
Days in milk, n 82.21 18.65 85.25 44 to 115
Characteristics of oestrus cycle
Length, d 20.10 0.99 20.40 19to 22
Follicular waves, n 2.05 0.23 2.00 2t03
First follicular wave, d 2.00 1.00 2.00 1to3
Second follicular wave, d 9.25 1.50 8.50 8to 10
Follicular and luteal dynamics
Pre-ovulatory follicle (POF), mm 14.71 0.72 14.95 14 to 16
Growth rate of growing POF, mm 1.16 0.25 1.05 09to1.6
Corpus luteum (CL) size, mm 15.89 2.52 15.40 11.6t021.2
Growth rate of growing CL, mm 0.84 0.20 1.10 0.6t01.3
Characteristics of standing oestrus
Pre-standing oestrus duration, h 9.93 0.93 9.05 9to 11
Standing oestrus duration, h 10.30 1.42 10.00 9to 13
Standing oestrus to ovulation, h 21.34 3.90 19.50 18 to 30
Oestrus intensity score, 0 to 3t
Restlessness 1.80 0.63 2.00 1to3
Vulvar swelling 2.00 0.67 2.00 1to3
Micturition 0.90 1.10 0.50 0to3
Tail raising 1.20 0.92 1.00 0to3
Mucous discharge 1.60 1.07 2.00 0to3
Bellowing 0.20 0.42 0.00 Oto1l
Sniffing of vulva 1.10 0.88 1.00 0to3
Mounting 1.80 0.63 2.00 1to3
Standing oestrus 2.90 0.32 3.00 2t03
Uterine tone 2.20 0.63 2.00 1t03

"Oestrus intensity was determined based on criteria; 0 = absent or low intensity, 1 = apparent, 2 = intense, and 3 = very
intense

The follicular size of the first follicular wave increased positively and linearly (P <0.001) until day 8 of
the oestrus cycle, when quadratic effect (P <0.01) was maximized and started to reduce size of the follicles.
However, the size of the second follicular wave increased linearly (P <0.001), which resulted in the formation
of POF leading to the ovulation (Figure 1A). Similarly, the luteal size increased positively and linearly (P
<0.001) from day 4 until day 10 of the oestrus cycle, when quadratic effect (P <0.01) was maximized, and
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then started to decrease at day 16, indicating luteolysis (Figure 1A). Initially, the growth rate of first follicular
wave increased positively and linearly (P <0.001) from day 2 until day 6 of the oestrus cycle, when the
guadratic effect (P <0.01) was maximized, and then started to decrease, indicating atresia of the follicles.
However, the growth rate of second follicular wave increased positively and linearly (P <0.001) from day 8
until the day of ovulation (Figure 1B). The growth rate of CL was maximized (P <0.01) at day 10, whereas it
significantly dropped at day 16 (Figure 1B).
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Figure 1 Follicular and luteal dynamics and hormonal patterns during the spontaneous oestrus cycle in
Sahiwal cows (n = 19). (A) Diameters of the dominant follicle in first (o) and second follicular wave (e) and
diameter of the corpus luteum (A) (B) Growth rates of the dominant follicle in first (o) and second follicular
wave (e) and growth rate of the corpus luteum (A) (C) Diameters of the dominant follicle in first (o) and
second follicular wave (e) and concentration of estradiol (m) (D) Progesterone concentration (¢) and area of
the corpus luteum (o)

The mean concentrations of E, were greater at day 0, when it dropped and remained similar until day
16, and later started to increase linearly (P <0.01) from day 18 until ovulation (Figure 1C). A very strong and
positive correlation (r = 0.83; P = 0.02) existed between the diameter of DF from second follicular wave and
E, between days 18 and 22 of the oestrus cycle (Figure 1C). The mean concentrations of P4 increased
positively and linearly (P <0.001) from day O until day 12 of the oestrus cycle, when the quadratic effect (P
<0.01) was maximized, and started to decrease at day 14, indicating luteolysis (Figure 1D). Moreover, a very
strong and positive correlation (r = 0.95; P <0.01) existed between the area of CL and P4 throughout the
oestrus cycle (Figure 1D).

The data on blood flow indices of OBF during peri-ovulatory follicular wave are presented in Figure 2.
The mean PI and RI did not differ (P >0.05) between intraovarian patterns (DF vs CL versus DF+CL),
respectively, without an effect (P >0.05) of day, and interaction (P >0.05) between intraovarian patterns and
day (Figures 2A and 2B). The mean FVI, and PSV did not differ (P >0.05) between intraovarian patterns (DF
versus CL versus DF+CL), respectively, with an effect (P <0.05) of day, and without an interaction (P >0.05)
between intraovarian patterns and day (Figures 2C and 2D). The mean EDV, and TAMV did not differ (P
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>0.05) between intraovarian patterns (DF hemodynamics CL versus DF+CL), respectively (Figures 2E and
2F).
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Figure 2 Effect of patterns of ovarian blood flow (OBF) in Sahiwal cows (n = 9). The continuous line
represents the OBF with dominant follicle (DF; o), the dotted line highlights the pattern of OBF with corpus
luteum (CL; @), and the dashed line indicates the OBF with DF and CL (A)

The data on blood flow indices of UBF during peri-ovulatory follicular wave are presented in Figure 3.
The mean Pl and RI did not differ (P >0.05) between intraovarian patterns (DF vs CL vs DF+CL) without
having an effect (P >0.05) of day and interaction (P >0.05) between intraovarian patterns and day (Figures
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3A and 3B). The mean FVI and PSV did not differ (P >0.05) between intraovarian patterns (DF versus CL
versus DF+CL), respectively (Figures 3C and 3D). However, the EDV of UBF with ovaries having DF+CL
tended to be higher (P =0.08) near ovulation and subsequent wave emergence (Figure 3E). The mean
TAMV did not differ (P =0.93) between intraovarian patterns (DF versus CL versus DF+CL), respectively,
without an effect (P =0.25) of day and interaction (P =0.36) between intraovarian patterns and day (Figure
3F).
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Figure 3 Represents the effect of patterns of uterine blood flow (UBF) in Sahiwal cows (n = 9). Continuous
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To the best of the authors’ knowledge, this is the first study to investigate the follicular and luteal
dynamics along with temporal associations of hormonal profiles throughout the oestrus cycle in Sahiwal
cows. Furthermore, they characterized the OBF and UBF haemodynamics based on the different
intraovarian patterns during periovulatory follicular wave. Supporting the authors’ hypothesis, the follicular
and luteal dynamics, and hormonal profiles of Sahiwal cows were similar according to the literature in Bos
taurus cows. However, ovarian and uterine haemodynamics varied among both species of the cattle. In the
present study, the cows had two follicular waves with a mean length of 20 days of oestrus cycle. Previously
Figueiredo et al. (1997) had demonstrated that Nellore cows had a two follicular wave oestrus cycle with a
mean length of 21 days. However, several reports on Nellore heifers (Sartorelli et al., 2005; Mollo et al.,
2007), Gir (Gambini et al., 1998; Viana et al., 2000) and Brahman (Zeitoun et al., 1996) indicated either a two
or a three follicular wave oestrus cycle. The most plausible reasons for this difference might be diverse
climatic conditions, seasonality associated with decreased pre-ovulatory LH surge (Randel, 1976), and
physiological differences between these breeds of cattle (Sartori & Barros, 2011).

Interestingly, the mean diameter of the POF was 14.71 mm in Sahiwal cows, which was greater than
the earlier reports in Bos indicus cows with a POF between 10 and 12 mm or less, compared with Bos taurus
cows (16 - 20 mm) (Figueiredo et al., 1997; Carvalho et al., 2008; Machado et al., 2008). On the contrary,
Brahman cows have a greater diameter of POF compared with Angus and Senepol breeds of the cattle
(Alvarez et al., 2000). However, in the current study, the mean growth rate of the POF remained 1.16 mm
per day, which was in close agreement with Bos taurus (1.1-2.0 mm/day) (Sirois & Fortune, 1988; Knopf et
al., 1989; Sartori et al., 2004), whereas it contradicts with other breeds of Bos indicus (0.9 mm/day) cows
(Figueiredo et al., 1997; Carvalho et al., 2008). The variability in the outcomes of size and growth rate of the
growing POF might be because of changes in the liver metabolism, plasma concentration and regulation of
gonadal steroids, genetic selection and differences in the ovarian and uterine haemodynamics between
species of cattle.

The present study observed that a majority of the cows showed standing oestrus, which agreed with a
previous report in Sahiwal cows (Layek et al., 2011). However, the duration of standing oestrus (10 hours)
and a mount last only for 4 - 6 seconds, with an average number of 1.3 mounts per hour (Orihuela, 2000),
which makes oestrus detection difficult and laborious, and requires intensive and continuous monitoring of
the herd. In the current study, the mean ovulation time with reference to standing oestrus was 21 hours.
Previously, it was reported that one herd mate’s mounting behaviour could be used as a good predictor of
ovulation in Holstein Friesian cows (Roelofs et al., 2005). However, this information needs to be validated in
an experimentally designed model. Besides standing oestrus, various tools have been studied to monitor the
oestrus detection using activity monitor devices, with more than 90% specificity of oestrus detection and
resulting in a source of profit in large dairy herds (Saint-Dizier & Chastant-Maillard, 2012). However, the
efficiency of these devices still needs to be investigated in Sahiwal cows.

Studying follicular dynamics has enhanced basic understanding of the development and growth of the
ovulatory follicle and provided opportunities to improve reproductive management in dairy cows (Ginther et
al., 1996). In the present study, the characterization of oestrus cycle seemed to be related to Bos taurus
cows and this relevance might be used to develop synchronization and resynchronization strategies,
standardize potential protocols for superovulation, and to carry out commercial embryo transfer programs in
Sahiwal cows. Recently, Sarwar et al. (2020) conducted a meta-analysis to determine the effects of follicle
stimulating hormone on in-vitro embryo production when there is P4 priming and reported an enhanced
number of transferable embryos without an effect of breed in Bos taurus cows. It is plausible to suggest that
those protocols that have already been established in dairy cows could be replicated in Sahiwal cows to
avoid the wastage of resources.

The present study demonstrated that mean OBF and UBF indices remained similar based on the
intraovarian patterns during the peri-ovulatory follicular wave in Sahiwal cows. Previously (Ginther et al.,
2014b) reported that ovaries with DF and CL together on the same ovary indicated greater blood flow
compared with ovaries with only DF or CL during peri-ovulatory follicular wave in Holstein heifers. The
growth of the follicles, ovulation, and subsequent development of the CL involve extensive hemodynamic
changes that occur during cyclic remodelling of ovarian tissue (Brannstrém et al., 1998; Acosta et al., 2002).
Previously, it has been reported that massive angiogenesis and cellular differentiation occur in follicular wall
and early luteinization of CL (Reynolds et al., 2000). In this context, the Pl and RI of blood flow indices could
be used to determine the extent of vascular perfusion based on the elasticity and resistance of the blood
vessel.

The present study showed that mean PI, RI, and patterns of blood flow velocity of ovarian and uterine
arteries did not differ among intraovarian patterns. Previous reports indicated a decrease in Rl at the time of
follicular development (Ginther et al., 2014b) and luteolysis (Ginther, 2007) in Holstein heifers. The variability
in the outcomes might be due to the lack of determining the specific portion of the arterial branch of the ovary
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with the most prominent colour-Doppler spot in Sahiwal cows. Moreover, the patterns of ovarian tissue
remodelling, and concentrations of ovarian steroids and their regulation might have an intraovarian effect on
the blood flow indices differentially in Sahiwal cows. Therefore, several prospective studies are warranted to
determine the remodelling architecture of blood vessels and their haemodynamics between Sahiwal and Bos
taurus species.

Patterns of follicular and luteal dynamics and hormonal profiles of Sahiwal cows are consistent with
those of Bos taurus cows. However, ovarian and uterine haemodynamics vary among species. This
information helps in devising sound practices to improve reproductive management and superovulation
regimens, and to carry out embryo transfer programmes. Future experiments are warranted to elucidate the
variability in the ovarian and uterine blood flow haemodynamics in Sahiwal cows.
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