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Abstract
The aim of the present study in beef cattle was
to investigate potential differences in follicle size and
follicle wall-blood flow between cows and heifers and
to compare follicle wall-blood flow between smaller
and larger follicles. Cows and heifers were treated with
a synchronization protocol and follicles and CLs were
measured and evaluated for blood flow. Pregnancy
diagnosis was performed on day 50 of the protocol.
Cows had larger (P < 0.008) follicles than heifers.
Cows, heifers, and pregnant and non-pregnant cows did
not differ (P > 0.05) in CL diameter, CL blood flow, and
plasma
progesterone
concentrations.
Moderate
correlations between follicle diameter and follicle blood
flow were observed for cows (r = 0.51; P < 0.002) and
heifers (r = 0.61; P < 0.0001). Pregnant cows tended
(P < 0.1) to have larger follicles between 12 to 60 h
before ovulation, and had larger (P < 0.05) follicles than
non-pregnant cows at hour 24 before ovulation and at
hour 12 before maximum values. Pregnant cows had
greater (P < 0.05) follicle blood flow than non-pregnant
cows at hours −36 and −24 before maximum values.
Follicle blood flow was greater (P < 0.002) in the large
follicles compared with the small follicles, and tended
(P < 0.06) to be greater than in medium follicles. Moderate
to strong correlations were found between follicle blood
flow and diameter of small (r = 0.59; P < 0.002), medium
(r = 0.50; P < 0.02), and large (r = 0.71; P < 0.0001)
follicles. Pregnancy rates were similar (P > 0.05) among
all follicle diameter categories. In conclusion, synchronized
beef cows and pregnant cows had larger follicles and
greater blood flow than heifers and non-pregnant cows,
and follicle wall blood flow was closely associated with
increasing follicle diameter.
Keywords: blood flow, color-Doppler, cow, follicle,
ultrasonography.
Introduction
Vascular perfusion in ovarian structures, using
color-Doppler ultrasonography, has been the focus of
numerous studies in different species for more than 20
years (Janson et al., 1981; Bourne et al., 1991; Acosta
and Miyamoto, 2004; Gastal et al., 2006; Oliveira et al.,
2014; Miró et al., 2015). Currently, a greater vascular
support to organs and tissues is synonymous with
function and hormonal production by the ovaries
(Acosta et al., 2002, 2003). In the ovaries, preovulatory
follicle (POF) wall blood flow has been used to study
reproductive success in farm animals (Ginther and Utt,
2004; Herzog and Bollwein, 2007; Viana et al., 2013).
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In cattle, reproductive performance is of great
importance for the success of modern production
systems and is broadly studied in both the beef and
dairy industries (Macmillan et al., 2003; Wiltbank et al.,
2011). Additionally, modern cattle systems try to
overcome the low fertility rates that are commonly
associated with high production levels (Lopez et al.,
2004, 2005) by increasing herd size. Therefore, the use
of hormonal estrous synchronization is a crucial tool for
the reproductive management of the beef and dairy
cattle industries (Baruselli et al., 2004; Lauderdale,
2008; Bisinotto et al., 2014). Concerns with how the
synchronization protocols in cattle can interfere with
follicle growth (Adams et al., 2008; Atkins et al.,
2010a), ovulatory capacity (Sartori et al., 2001;
Gimenes et al., 2008), and oocyte maturity (Pohler et
al., 2012; Geary et al., 2013) during artificial
insemination (AI) programs have produced a wide range
of research data designed to study the fertility rates
under controlled hormonal conditions (Wiltbank et al.,
2011; Bó et al., 2012; Wiltbank and Pursley, 2014).
The optimal size of the ovulatory follicle under
hormonal protocols is still a major area of interest, since
well-balanced follicular growth is dependent upon
multiple hormonal interactions (Sartori et al., 2001;
Colazo et al., 2008; Pfeifer et al., 2009; Sá Filho et al.,
2010; Dadarwal et al., 2013; Wiltbank et al., 2014),
breed characteristics and environmental adaptation (Bó
et al., 2003; Baruselli et al., 2004; Sartori and Barros,
2011), and reproductive cyclicity status (Atkins et al.,
2010a, b). The ovulatory follicle size in cows and
heifers can be assessed from distinct studies; however,
no experimental design with animals under the same
conditions and without the interference of suckling
calves has been conducted in beef cattle. A large range
of ovulatory follicle sizes has been reported for Bos
taurus (<10 to 18 mm; Lamb et al., 2001; Perry et al.,
2005) and Bos indicus (<9 to 17 mm; Meneghetti et al.,
2009; Sá Filho et al., 2009) beef cows, and Bos taurus
(<10 to 16 mm; Perry et al., 2007) and Bos indicus (<6
to 16 mm; Dias et al., 2009) beef heifers. The
relationship between ovulatory follicle size and
reproductive success has been shown in beef heifers
(Perry et al., 2007) and postpartum cows with suckling
calves (Perry et al., 2005), where ovulating follicles <11
mm in diameter were more likely to decrease pregnancy
rates and increase late embryonic/fetal mortality. In
contrast, dairy cows that ovulate large follicles (e.g.,
>17 mm) have been associated with greater
progesterone (P4) concentration but reduced fertility
when compared to those that ovulated follicles between
11 to 17 mm (Vasconcelos et al., 2013).
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On the other hand, follicle size is not the only
parameter that predicts success at the end of the
synchronization protocol. Other factors such as the
association between larger follicle sizes and greater
follicle wall blood flow has confirmed higher rates of
establishment of pregnancy (Siddiqui et al., 2009a),
greater rates of oocyte recovery, and higher incidence of
in vitro oocyte cleavage and embryo development in
dairy heifers (Siddiqui et al., 2009b). Associations
between other aspects of intrafollicular hormonal
environment such as the estradiol concentration on the
day of AI in lactating Holstein cows (Lopes et al., 2007)
and follicle blood flow with IGF-1 levels in Murrah
buffaloes (Pandey et al., 2011; Varughese et al., 2014)
have been reported. Therefore, despite the existence of
studies correlating ovulatory follicle size and reproductive
success, no associations of a greater POF wall blood flow
with the increase in follicle diameter have been done
comparing cows and heifers. Additionally, no previous
information about the relationship between follicle wall
blood flow and follicle size and its influence on pregnancy
rates is available in beef cattle.
Therefore, the aim of the present study in beef
cattle was to investigate potential differences in follicle
size and wall blood flow between cows and heifers and to
study the relationship of follicle blood flow between
smaller and larger follicles. Additionally, this study
aimed to investigate the relationship between the increase
in follicle size and an increase in follicle blood flow, and
pregnancy rates. The hypotheses tested in the present
study were as follows: (1) cows have larger ovulatory
follicle sizes and a more vascularized follicle wall than
heifers; (2) follicle blood flow increases linearly,
following an increment according to follicle size; and (3)
synchronized beef cattle with larger follicles and greater
follicle wall blood flow produce greater pregnancy rates
than animals with smaller and less vascularized follicles.
Materials and Methods
Animals
Animal procedures were performed and
approved according to the Institutional Animal Care and
Use Committee of Southern Illinois University (Protocol
#12-045) and conducted in accordance with the US
Government Principles for the Utilization and Care of
Vertebrate Animals Used in Testing, Research and
Training
(http://grants.nih.gov/grants/olaw/references/
phspol.htm#USGovPrinciples, accessed on 8 January
2013). Aberdeen Angus beef cattle (Bos taurus; cows, n
= 21; heifers, n = 6) from the Beef Center of the College
of Agricultural Sciences, Southern Illinois University,
were used in this study. Cows were non-lactating and 2.8
years old, and heifers were 1.2 years old. The body
condition score was 5.0 (on a scale of 1 - 9, where 1 =
thin and 9 = obese; Eversole et al., 2009). Animals were
housed in free stalls, had unrestricted access to water and
mineral salt, and were fed hay and rations twice daily.
Study design
Animals were treated with a 7-day Co-Synch +
CIDR protocol (Fig. 1). Heifers and cows were treated
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on the day of AI with a second dose of GnRH (86 mg
per animal) at 54-56 h and 60-66 h after CIDR removal,
respectively. The same technician performed the AIs
using semen from the same bull and batch. Beginning
on day 7 of the protocol, all follicles ≥7 mm in diameter
were measured and the percentage of the follicular wall
with blood flow signals was evaluated using B-mode
and color-Doppler ultrasonography, respectively.
Ultrasound examinations were performed every 12 h for
approximately 3.5 days until ovulation. After ovulation,
cows and heifers were scanned daily for 6 days and the
same parameters were evaluated for the corpus luteum
(CL). Pregnancy was confirmed via ultrasonography on
day 50 of the protocol (30-40 days after ovulation).
Ultrasonography and blood flow evaluation
A portable duplex color-Doppler ultrasound
machine (Sonoscape S8; Universal Medical Systems,
Inc., Bedford Hill, NY, USA) connected to a linear
probe (5.0-10.0 MHz, 46 mm) was used and all
ultrasound scans were carried out by a single operator
(S.G.S. de Tarso). The same settings of frequency and
patterns of gain and color were chosen and kept
constant throughout the study for all ultrasound
examinations (Ginther, 1995). Three still images at the
maximum dimension of each structure (follicle and CL)
within each time point were taken and recorded and the
diameter (average of height and width) was obtained.
The assessment of blood flow was made subjectively by
visual evaluation of the vascular percentage (0 - 100%)
of the follicle wall and CL area filled with color signals
of blood flow (Ginther, 2007). Blood flow was
evaluated after a slow continuous motion of the probe
on the surface of the follicle or CL until the entire
circumference of the structure was displayed at least
three times (Ginther, 2007; Siddiqui et al., 2009b).
Follicle blood flow using colored pixel area
Pixel area of the follicle blood flow was used
to test possible differences between the results of
subject and object techniques among follicle size
categories. Digital images were exported in DICOM and
JPG format from the hard drive of the ultrasound
machine to a computer. Three different images with
maximum Doppler signals of blood flow from the same
follicle and the same time points were processed for the
quantification of the area with colored pixels. Colored
areas or pixel aggregates were manually selected,
extracted, and saved using Adobe Photoshop software
(Ginther and Utt, 2004; Ginther, 2007). Colored pixels
were considered to be part of the follicle wall and CL
when found within 3 mm from the edge of the structure
(Fig. 2). Image J® software was used to measure the
area of colored Doppler signals (Ginther and Utt, 2004;
Ginther, 2007). The mean area (mm2) of colored pixels
in the follicle wall from three images in each time point
was used for each animal.
Blood collection and hormone assays
Before each ultrasound examination, blood
samples were collected from the coccygeal vein every
12 h until ovulation and daily until day 20. Blood samples
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were immediately placed on ice and centrifuged within
1 h at 1500 g for 20 min at 4°C. Plasma samples were
separated and stored at −20°C until P4 concentrations
were determined. Plasma P4 concentrations were
assessed by solid-phase radioimmunoassay kits

containing antibody-coated tubes and 125I-labelled P4
(Coat-a-Count; Diagnostic Products, Los Angeles, CA,
USA), as described previously (Ginther et al., 2007). The
intra- and interassay CVs and sensitivity were 6.2%,
8.4%, and 0.02 ng/ml, respectively.

Synchronization
Protocol

PGF2α

GnRH

Heifers
54 – 56 h
Cows
60 – 66 h

Progestin-release
Device (CIDR®)

Day 7

Day 0

Pregnancy diagnosis

GnRH + AI

US scanning every 24h

Day 20

Day 10

Day 50

Blood sampling and
US scanning
Figure 1. Synchronization protocol and experimental design. On day 0 of the protocol, cows and heifers were
injected with a gonadotrophin releasing hormone analog (GnRH analog) (86 mg per animal, i.m.; gonadorelin
diacetate tetrahydrate; Fertagyl; Intervet, Unterschleissheim, Germany). On the same day, an intravaginal P4releasing device (Eazi-Breed CIDR; Pfizer Animal Health, New York, NY, USA) was inserted in all animals. A
prostaglandin (PG) F2a analog (dinoprost tromethamine; Lutalyse; Pfizer Animal Health; 25 mg per cow, i.m.) was
administered 7 days later, at which time the CIDR was removed. On day 10, a second injection of GnRH and AI was
performed at 54-56 h and 60-66 h after CIDR removal in heifers (n = 6) and cows (n = 21), respectively. Ultrasound
pregnancy diagnosis was performed on day 50 of the protocol (30-40 days after ovulation).

A

C

B

D

Statistical analyses
Statistical analyses were performed using a
MIXED procedure in SAS version 9.2 (SAS Institute,
Cary, NC, USA) with a repeated statement to account
for autocorrelation between sequential measurements.
Datasets that were not normally distributed were
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Figure 2. Color-Doppler ultrasonograms of two
preovulatory follicles (POFs) and corpora lutea
(CLs) from two cows [Cow 1 (A, C); Cow 2 (B, D)].
POFs (A) 72 h and (B) 36 h before ovulation. CLs
(C) 114 h and (D) 144 h post-ovulation. Note the
white dashed line surrounding the colored pixel area
(A, C) to be considered for the objective evaluation.

transformed by the natural logarithm or ranks before
analysis. Data were normalized to either time of
ovulation or maximum values obtained for the POF, CL,
and P4 concentrations. Student unpaired t-test was used
to locate differences between two means at maximum
blood flow among distinct follicle size categories. The
pregnancy rate among follicle size categories was
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analyzed by Fisher’s exact test. Pearson’s correlation
analysis was used to compare POF diameter and blood
flow and CL diameter and blood flow. The correlations
between parameters were classified as weak (r≤ 0.35),
moderate (r = 0.36 - 0.67), or strong (r = 0.68 - 1.00;
Taylor, 1990). Data were expressed as mean ± SEM,
unless otherwise indicated. A probability of P < 0.05
indicated that a difference was significant, and P > 0.05
and <0.10 indicated that a difference approached
significance.
Results
All animals had single ovulations. Using data
normalized to ovulation (hours −60 to −12) or

normalized to maximum values (hours −48 to 0), cows
had larger (P < 0.008) follicles (Fig. 3A and B) and
greater (P < 0.01) follicle blood flow (Fig. 3C and D) than
heifers. Corpus luteum diameter and blood flow, and
plasma P4 concentrations were not different (P > 0.05)
between cows and heifers. However, there was an overall
increase (P < 0.0001) in follicle and CL diameter, follicle
and CL blood flow, and plasma P4 concentrations, which
occurred along the time points before and after ovulation.
Moderate correlations between follicle diameter and
follicle blood flow were observed for cows (r = 0.51;
P < 0.002) and heifers (r = 0.61; P < 0.0001).
Additionally, CL diameter and blood flow were
moderately correlated (r = 0.60; P < 0.0001).
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Figure 3. Comparisons of preovulatory follicle diameter (A - B) and blood flow (C - D) between beef cows (n = 21)
and heifers (n = 6). Data were normalized to ovulation (left side) and to maximum values (right side).
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For comparisons between pregnant and nonpregnant animals, heifers were excluded from the
analysis due to the reduced number of animals and to
avoid confounding effects between different animal
categories. Cows that became pregnant tended (P < 0.1)
to have larger follicles than cows that did not become
pregnant between hours 60 to 12 before ovulation. However,
cows that became pregnant had greater (P < 0.05; Fig. 4A
and B) follicle diameter than cows that did not become
pregnant at hour 24 before ovulation and hour 12
before maximum follicle diameter. Follicle blood flow
did not differ (P > 0.05) between pregnant and non-

pregnant cows with data normalized to ovulation (Fig.
4C). Nevertheless, follicle blood flow in pregnant
cows tended (P < 0.1) to be greater when data were
normalized to maximum values. A group by hour
interaction revealed that pregnant cows had greater
(P < 0.05) follicle blood flow than non-pregnant cows
at hours −36 and −24 (Fig. 4D). However, there were
no significant differences observed between pregnant
and non-pregnant cows for CL diameter and blood
flow, or for plasma P4 concentrations until 6 days
after ovulation in both normalized dataset (data not
shown).
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Figure 4. Comparisons of preovulatory follicle diameter (A - B) and blood flow (C - D) between pregnant (n = 9) and
non-pregnant (n = 12) beef cows. Data were normalized to ovulation (left side) and to maximum values (right side).
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To allow further analyses, the preovulatory
follicles were classified according to size (diameter)
categories as: small (10.8 - 12.8 mm), medium (13.2 13.9 mm), and large (14.1 - 17.5 mm), and normalized
to maximum values (Fig. 5A). For these analyses, all
individuals (cows and heifers) were grouped regardless
of animal category. Sequential comparison of follicle
blood flow (%) among follicle categories showed the

A

Follicle diameter
categories

16
15

Millimeters

large follicle categories having greater (P < 0.04) blood
flow than small follicles between hours −48 to 0 (Fig.
5B). However, pixel evaluation of follicle blood flow
showed that blood flow of the larger follicle category
only tended (P < 0.07) to be greater than the small
follicle category, although differences between the
two categories were observed at hours −48, −12, and 0
(Fig. 5C).
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Figure 5. Comparisons of follicle diameter (A), percentage of blood flow (B), and pixel area of blood flow (C)
according to the follicle diameter categories in cows and heifers (n = 27). Follicles were divided according to follicle
size into three groups: small (10.8 - 12.8 mm), medium (13.2 - 13.9), and large (14.1 - 17.5).
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Pearson correlation coefficient of sequential
data of follicle blood flow, evaluated subjectively versus
each follicle size category, showed moderate to strong
correlations in small (r = 0.59; P < 0.002), medium (r =
0.50; P < 0.02), and large follicles (r = 0.71; P < 0.0001),
respectively. Weaker correlations were detected between
the objective pixel evaluation of follicle blood flow
versus follicle size categories (small: r = 0.30, P < 0.02;
medium: r = 0.32, P < 0.004; large: r = 0.43, P < 0.0001).
When the mean follicle blood flow subjective
evaluation at the maximum value was obtained from

Pregnancy rate
Blood flow

100

b
a, #

80

Percentage

each follicle category and analyzed with the
respective pregnancy rates, follicle blood flow was
greatest (P < 0.002) for the large follicle category
when compared with the small follicle category, and
tended (P < 0.06) to be greater than medium-size
follicles. Although pregnancy rates were numerically
greater (50%) for the larger follicle category than the
small (25%) and medium (22.2%) follicle categories,
potentially because of the limited number of pregnant
animals, no difference (P > 0.05) was obtained among
follicle categories for this end point (Fig. 6).
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A
25%

A
22%

20

0

Small

Medium
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Figure 6. Comparisons of follicle blood flow between the follicle size categories (small, medium, and large) and its
association with the pregnancy rates in beef cows (n = 21). Follicles were divided according to follicle size into three
groups: small (10.8 - 12.8 mm), medium (13.2 - 13.9), and large (14.1 - 17.5). a,bDifferent superscripts indicate follicle
blood flow difference among follicle categories. Follicle blood flow: small vs. large follicle category (P < 0.002); small
vs. medium (P = 0.2); medium vs. large (P < 0.06). # Represents that a tendency for a difference was approached
when comparing medium vs. large follicle categories. APregnancy rates did not differ (P > 0.05).
Discussion
In this study we have demonstrated for the first
time in beef cattle under hormonal treatment that cows
had a greater follicle wall blood flow within 60 h before
ovulation than heifers. In addition, the positive
correlations obtained between follicular blood flow and
diameter, and CL blood flow and diameter confirmed
the findings from our recent study (de Tarso et al.,
2015). In our recent study we reported that the
dimensions of the POF were highly correlated with the
amount of follicular wall blood flow, and that selection
of POF with greater blood flow could lead to improved
plasma P4 production by the CL in beef cattle.
Extensive research data has been produced recently
outlining how the distinct intraovarian patterns (i.e.,
presence and location of the CL during the preovulatory
period) can interact to produce different vascular
profiles on the POF (Ginther et al., 2014a, b, c, 2015)
and thus have a potential impact on fertility. However,
follicle and CL blood flow profiles have not been
Anim. Reprod., Belo Horizonte, v.13, n.2, p.81-92, Apr./Jun. 2016

compared between distinct animal categories.
Our results demonstrated that greater blood
flow was associated with the size of the follicles for
both cows and heifers, where cows had larger follicle
diameters when compared with heifers. Studies in dairy
cattle reported that cows under distinct physiological
conditions had larger POF size than heifers (Sartori et
al., 2002, 2004; Wolfensona et al., 2004; Wiltbank et
al., 2006). Additionally, it has been reported that the
maximum diameter of the POF is larger in Bos taurus
breeds when compared to Bos indicus (Bó et al., 2003;
Sartori and Barros, 2011). However, studying different
synchronization protocols in Bos indicus cattle in Brazil,
Sá Filho et al. (2009) and Meneghetti et al. (2009) did
not find differences in follicle diameter between Nelore
cows and heifers, but did find that follicle diameter
positively improved pregnancy rates. Likewise, in Bos
taurus beef cows, a decrease in pregnancy rates was
reported when using GnRH-induced ovulation of small
ovulatory-sized follicles (Perry et al., 2005, 2007);
however, there was no effect on pregnancy rate when
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follicles within the same size range ovulated
spontaneously (Perry et al., 2005). Optimal sizing of
ovulating follicles is still a major concern in both the
beef (Perry et al., 2005, 2007; Busch et al., 2008) and
dairy industry (Wiltbank et al., 2011; Vasconcelos et
al., 2013; Bisinotto et al., 2014), especially when
modern production systems are dependent on estrous
synchronization strategies (Baruselli et al., 2004;
Lauderdale, 2008; Pohler et al., 2012) and because less
than 50% of the cycling cows ovulate a follicle with an
optimal size (Wiltbank and Pursley, 2014).
Another singular finding in our study was that
pregnant beef cows tended to have a greater follicle wall
blood flow than non-pregnant cows in data normalized
to maximum values. Siddiqui et al. (2009a) observed a
greater follicle diameter at the time of the GnRH
treatment and at the time of AI, and a greater follicle
blood flow at the time of AI in dairy heifers that became
pregnant compared with non-pregnant heifers. Similar
results have also been described in mares evaluated at
the comparable time points, showing that follicle
diameter and follicle wall blood flow were greater in
mares that became pregnant when compared with nonpregnant animals (Silva et al., 2006). Furthermore,
studying endocrine profiles in synchronized lactating
Holstein (Lopes et al., 2007), cross-bred Angus cows
(Perry et al., 2014), and Murrah buffaloes (Pandey et
al., 2011), larger follicle diameters were related to
greater plasma estradiol concentrations on the day of AI
in cows and buffaloes that were diagnosed pregnant.
Although in the present study follicle blood flow was
not different between pregnant and non-pregnant cows
when data were normalized to ovulation, previous
studies supported our findings, since there is a
considerable decrease in size and shape of the POF
immediately before ovulation in some species (Ginther
et al., 1989; Gastal and Gastal, 2011), and it may have
interfered with the estimates of blood flow. Therefore,
the close association between follicle size and blood
flow suggests that greater vascular support to follicles is
associated with higher chances of pregnancy, as
previously observed for different parameters (i.e., IVF
treatments, embryo transfer, and oocyte competence) in
women (Bhal et al., 1999, 2001; Coulam et al., 1999;
Huey et al., 1999). Nonetheless, a wide range of factors
such as the ovulatory capacity of the follicle (Sartori et
al.,
2001),
correlations
between
hormonal
concentrations (Vasconcelos et al., 2013; Martins et al.,
2014) and exhibition of estrus during a fixed-time AI
protocol (Perry et al., 2014), the length of proestrus
(Pohler et al., 2012; Dadarwal et al., 2013), and the
maturation of the oocyte (Revah and Butler, 1994;
Geary et al., 2013) may interact and affect the fertility
outcome in synchronized beef or dairy cattle.
When follicles of cows were divided into
follicle size categories (small, medium, and large),
larger follicles at the maximum diameter had greater
wall blood flow than small follicles, and tended to be
more vascularized than medium-size follicles. The
positive aspects of a greater blood flow supply and the
importance of the maintenance of an appropriate
vasculature around the follicle have been studied during
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the periods of follicle selection and dominance (Acosta
et al., 2005; Miura et al., 2014), and also during the
preovulatory phase in different species (Brannstorm et
al., 1998; Acosta et al., 2003; Gastal et al., 2006; Elsherry et al., 2010; Varughese et al., 2014). Considering
that a larger follicle size is associated with a greater
follicle blood flow, it is reasonable to assume that a
greater blood flow around the follicle might be essential
and significant in predicting follicle and oocyte fertility
(Huey et al., 1999). Although the methodology of
evaluating pixel area in follicles has been broadly used
as a standard method to objectively investigate the
influence of follicle wall blood flow in different
parameters, the different geometries between follicle
and CL and area of visual blood flow evaluation at the
apparent maximum vascularity suggests that this
technique is more reliable and applicable to CLs.
Pearson correlations of follicle diameter and
follicle blood flow from each follicle category showed a
positive pattern of increase according to the increase in
follicle size. Recently, we did report moderate (r = 0.46
- 0.58) correlations between POF diameter and blood
flow, albeit without follicle categorization (de Tarso et
al., 2015). Contradicting results were found in dairy
buffalos (Varughese et al., 2014), where larger follicles
(>16 mm) had lower follicle wall blood flow when
compared with smaller follicles. The former study also
obtained a weak Pearson correlation coefficient (r = 0.21)
between POF diameter and blood flow using the pixel
counting technique, which supports the current pixel
data findings. In this study, the linear increase between
blood flow and diameter seemed to be even stronger
when the follicles were divided into categories,
demonstrating how follicle size development is
followed with vascularity in a continuous manner.
Potentially due to the small sample size in our
study, pregnancy rates were similar when comparing the
follicle categories. Perry et al. (2005) showed in beef
cattle that GnRH-induced ovulation of follicles ≤11.3 mm
was associated with an increase in late embryonic/early
fetal mortality; again, however, these effects were not
seen in spontaneously ovulated follicles of the same
size. In dairy cows, when ovulation occurred in very
large follicles (>17 mm), the fertility was reduced when
compared to cows that ovulated follicles between 11 to
17 mm (Vasconcelos et al., 2013). Siddiqui et al.
(2009b) reported that greater vascular perfusion of the
follicular wall was associated with higher rates of
oocyte recovery, oocyte cleavage, and embryo
development in Holstein heifers. Moreover, in a study in
humans, Bhal et al. (2001) described follicle blood flow
as an important factor in predicting the success of
pregnancy establishment after intrauterine insemination.
Also in humans, studies have shown the association of a
greater blood flow in the wall of the POF and an increase
in rates of in vitro fertilization (IVF; Bhal et al., 1999;
Coulam et al., 1999; Huey et al., 1999).
No differences regarding CL diameter, or CL
blood flow, and the P4 plasma concentrations between
cows and heifers and pregnant and non-pregnant cows
were seen. Vasconcelos et al. (2001) showed that
reducing the size of the ovulatory follicle by follicular
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aspiration caused a reduction in size of the resultant CL
and circulating progesterone concentration in lactating
dairy cows. Herzog et al. (2011) investigated changes in
the luteal blood flow during the first three weeks of
pregnancy in dairy cows and observed that pregnant and
non-pregnant cows had similar CL blood flow until day
15. Therefore, considering that the CL receives the
greatest rate of blood flow per unit of tissue and that it is
the most highly vascularized organ in the body
(Wiltbank et al., 1988), no apparent differences in luteal
blood flow would be expected during the early
angiogenesis in CL development between pregnant and
non-pregnant cows.
In conclusion, synchronized beef cows had
larger follicle diameter and greater follicle blood flow
than heifers. Furthermore, follicle wall blood flow was
closely associated with an increase in follicle diameter,
whereas smaller follicles had lower follicle wall blood
flow when compared with larger follicles. Pregnant
cows tended to have a larger follicle diameter and
greater follicle blood flow than non-pregnant cows.
Furthermore, although it is reasonable to assume, based
on the reported literature, that there is a positive
influence of follicle blood flow on pregnancy rates, in
this study this was not seen, potentially because of the
low number of animals in each follicle size category
group and the reduced power of the statistical test.
Therefore, hormonal regulation in stimulating follicle
growth during synchronization protocols needs to be
seen as an important and complex interaction among
endocrine profile, follicle health (blood flow/size), and
oocyte viability to improve fertility in cattle.
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