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ABSTRACT: The purpose of the trial was evaluation of follicular growth and endometrial folding in mares after 
human chorionic gonadotropin (hCG) treatment in comparison with untreated mares during oestrus. In addition, 
the influence of follicle size at the time of hCG treatment on these parameters was evaluated. HCG (3000 IU) 
was administered intravenously in 17 mares bearing dominant follicles 35–40 mm in diameter (Group A) and in 
13 mares with larger follicles (Group B). Ten mares with follicles ≥ 35 mm were untreated (Group C). Ultrasono-
graphical examination of the mares continued in 6 h intervals until ovulation. Growth of the dominant follicle was 
faster in Group A than in Groups B and C (1.3 vs. 0.3 and 0.7 mm/6h, P < 0.05) but diameters of the preovulatory 
follicles were similar – 44, 48 and 44 mm in Groups A, B and C, respectively. Similarly, reduction of endometrial 
folding (on a three point scale) during observation was higher in Group A than in B and C (2.1 vs. 1.2 and 1.8, 
A : B P < 0.05) but endometrial folding values in the term before ovulation were not different (0.6, 0.9 and 0.6 in 
Groups A, B and C). A positive correlation between the speed of follicular growth and reduction of endometrial 
folding was found (rs – 0.479, P = 0.003). Irregularity in follicle shape (the difference between the longest axis 
and its perpendicular axis) at the beginning of observation (3.3, 4.0 and 3.2 mm) was lower than before ovulation 
(7.4, 10.4 and 9.2 mm) in all groups (P < 0.01). The interval from the beginning of observation until ovulation was 
significantly shorter in Groups A and B versus C (37 and 31 vs. 103 h, P < 0.01). The results show that growth of 
dominant follicles after hCG is influenced by the size of the follicles at the time of treatment and correlates with 
reduction in endometrial folding as well as irregularity of follicle shape. Nevertheless, hCG treatment does not 
influence the size and shape of preovulatory follicles or endometrial folding immediately before ovulation.
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The importance of ovulation timing increases si-
multaneously with the spread of artificial insemina-
tion of mares with conserved semen because in this 
case precious synchronization of insemination with 
ovulation limits conception. The optimum time for 
artificial insemination is 6–12 h before ovulation 
and the interval from 48 h before to 6 h after ovula-
tion is considered to be a period with a good chance 
of successful fertilisation (Pace and Sulivan, 1975; 
Woods et al., 1990). Nevertheless, prediction of 
spontaneous ovulation is inaccurate. Oestrus lasts 

several days and ovulation usually occurs within 
48 h before disappearance of oestrus signs. Some 
internal symptoms such as diameter, shape, and 
fluctuation of the dominant follicle and endome-
trial folding are can be used for the prediction of 
ovulation (Ginther and Pierson, 1989; Towson and 
Ginther, 1989), but these symptoms are neither 
sufficiently accurate nor standard. For this reason 
hormonal induction/synchronization of ovulation, 
which makes possible the determination of the suit-
able term for insemination in advance, is desirable. 
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Human chorionic gonadotropin (hCG) administra-
tion represents the most frequent method of treat-
ment for this purpose. Induction of ovulation using 
hCG was described by Day as early as 1939 and 
Davidson (1947) observed ovulation between 24 
and 48 h after this treatment. Nishikawa (1959) 
found ovulation after day three when hCG was 
administered on the first day of oestrus. Loy and 
Hughes (1966) administered 2500 IU of hCG on the 
second day of oestrus and the average term of ovu-
lation was 4.09 days after the treatment. Recently, 
administration of hCG in the presence of external 
signs of oestrus and a dominant follicle ≥ 35 mm in 
diameter on ovaries is considered to be a reliable 
method of induction/synchronization of ovulation 
because ovulation usually occurs between 24 and 
48 h after treatment (Harrison et al., 1991; Bruyas 
et al., 1992; Aurich et al., 1993; Johnson and Becker, 
1993; Chavatte and Palmer, 1998; Ataman et al., 
2000; Berezowski et al., 2004; Samper, 2008). Thus 
the treatment interferes in the dynamics of follicle 
maturation as well as accompanying changes in the 
uterus during the preovulatory period compared 
to natural ovulation. The object of this trial was to 
evaluate the dominant follicle growth and changes 
in endometrial folding in mares after hCG treat-
ment in comparison with untreated mares. In ad-
dition, we evaluated the influence of follicle size 
at the time of the treatment on these parameters.

MATERIAL AND METHODS

Experimental animals, treatment 
and examination

Visual detection and transrectal ultrasonographi-
cal examination of the ovaries and uterus were 
performed daily in Czech Warmblood mares (age 
3–18 years) in order to detect oestrus during the 
breeding seasons of 2009 and 2010. The largest fol-
licle on ovaries with a diameter ≥ 30 mm was consid-
ered to be the dominant follicle. Forty mares showing 
clinical symptoms of oestrus and single dominant 
follicles ≥ 35 mm in diameter were used in the study. 
HCG (Pregnyl, N.V. Organon, Oss, Netherlands, 
3000 IU) was administered intravenously in 17 mares 
bearing dominant follicles 35–40 mm in diameter 
(Group A) and in 13 mares with dominant follicles 
> 40 mm in diameter (Group B). The treatment rep-
resented the first application of hCG in the season. 
Ten mares were untreated (Group C). Following ul-

trasonographical examination of ovaries and uterus 
(Dynamic Imaging, Concept 500, Scotland 5 MHz 
rectal probe) was performed in experimental mares 
at 6 h intervals from treatment or achievement of fol-
licle diameter ≥ 35 mm in untreated mares (hour 0) 
until disappearance of the typical dominant folli-
cle (ovulation). Dominant follicles ovulated in all 
observed mares and any double ovulation was not 
included in the trial.

Evaluated parameters

Diameters of the dominant follicles (mm), endo-
metrial folding (scale zero to three points), speed of 
follicle growth (mm/6 h), reduction of endometrial 
folding during observation (zero to three points), 
irregularity of follicle shape (mm) and time of ovu-
lation (hours) were evaluated.

Double measurement of the dominant follicle 
was performed during each ultrasonographical 
examination. Only anechogenic antrum without 
the follicle wall was measured. The longest axis and 
its perpendicular axis were measured separately 
during a single measurement. Thus, four values 
of follicle diameter were obtained during each ex-
amination and the average value was taken as the 
final follicle diameter.

Endometrial folding was evaluated on a scale of 
zero to three points according to subjective estima-
tion. The result was the average from partial values 
of endometrial folding in both uterine horns and 
uterine body (three values).

The speed of follicular growth was calculated as 
the difference between diameters of the dominant 
follicle at hour 0 (beginning of regular observation 
at 6 h intervals) and diameter of the preovulatory 
follicle divided by the number of examinations. 
Generally, the growth was slower close to ovula-
tion but variability in the speed of follicle growth 
during observation was not precisely evaluated.

Reduction in endometrial folding represented 
the difference between values at the beginning of 
observation (hour 0) and just before ovulation. The 
term “reduction” is used because a higher value of 
endometrial folding was found in most observed 
mares at the beginning of observation compared to 
the time just before ovulation. An opposite trend 
was not found in any mare.

Irregularity of follicle shape was represented by the 
difference between the longest axis and its perpen-
dicular axis. The final value represented the average 
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of two partial values because double measurement 
of the dominant follicles was being performed.

The term of the first examination when no domi-
nant follicle was found was considered to be the 
term of ovulation and the time of ovulation rep-
resented the number of hours from hour 0 until 
ovulation. Thus, possible inaccuracies in the time 
of ovulation exist from zero to six hours. The domi-
nant follicle was, before its disappearance, consid-
ered to be a preovulatory follicle and accordingly 
the time of the last examination before ovulation 
was indicated as the time before ovulation.

Statistical analysis

Differences between follicle diameters as well as 
endometrial folding at hour 0 and just before ovu-
lation were evaluated using a paired t-test within 
the frame of each experimental group. Parameters 
including follicle growth, diameter of the preovula-
tory follicle, reduction of endometrial folding during 
observation, endometrial folding before ovulation 
and time of ovulation were compared among the 
experimental groups using the Steel-Dwass test. 
Irregularity of the follicle shape at hour 0 was 
compared with the irregularity at the time before 
ovulation using the Wilcoxon test in the individual 
experimental groups. In addition, irregularity of fol-
licle shape was compared among the groups sepa-
rately at hour 0 and at the time before ovulation 
using the Kruskal-Wallis test. The relationship of the 
follicle diameter and the speed of follicular growth 
to the reduction of endometrial folding during the 
interval from hour 0 to the time before ovulation 
were evaluated using a non-parametric correlation 
test (Spearman Rank Correlation).

RESULTS

The diameters of the dominant follicles were 
higher and endometrial folding was lower in each 
experimental group at the time before ovulation in 
comparison with the beginning of observation (hour 
0), (Figure 1 and 2). Follicular growth was faster in 
Group A than in Groups B and C (1.3 vs. 0.3 and 
0.7 mm/6h, P < 0.05) but the diameters of the preo-
vulatory follicles were similar – 44, 48 and 44 mm 
in Groups A, B and C, respectively. Similarly, the 
reduction in endometrial folding during observa-
tion was higher in Group A than in Groups B and 
C (2.1 vs. 1.2 and 1.8, A : B P < 0.05) but values 
of endometrial folding at the time before ovulation 
were not different (0.6, 0.9 and 0.6 in Groups A, 
B and C). A correlation between follicle diameter 
and endometrial folding at hour 0 and at the time 
before ovulation was not proved but a positive corre-
lation was found between the speed of the follicular 
growth and reduction in endometrial folding during 
the interval from hour 0 to the time before ovulation 
(rs – 0.479, P = 0.003). Irregularity in follicle shape 
was significantly (P < 0.01) higher at the time before 
ovulation compared to the beginning of observation 
(hour 0) in all experimental groups (Group A – 7.4 : 
3.3 mm, Group B – 10.4 : 4.0 mm and Group C – 
9.2 : 3.2 mm). Nevertheless, a comparison of values 
of irregularity among the experimental Groups A, 
B and C did not show any differences at hour 0 (3.3, 
4.0 and 3.2 mm, respectively) nor at the time before 
ovulation (7.4, 10.4 and 9.2 mm, respectively). Real 
average sizes and shapes of the dominant follicles in 
the experimental groups at hour 0 and at the time 
before ovulation are shown in Figure 3. The time of 
ovulation was significantly lower in Groups A and 
B versus C (37 and 31 vs. 103 h, P < 0.01).
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Figure 2. Endometrial folding in mares treated by hCGFigure 1. Diameters of the dominant follicles in mares 
treated by hCG
(Group A – initial follicle 35–40mm, n = 17; Group B – initial follicle > 40 mm, n = 13) and in untreated mares (Group 
C – initial follicle ≥ 35 mm, n = 10) at hour 0 and before ovulation (pre-ov)

0.0
0.5
1.0
1.5
2.0
2.5
3.0

Sc
al

e 
0–

3

hour 0 pre-ov

*

*

*

*

*

Group A Group B Group C

*



Veterinarni Medicina, 57, 2012 (1): 36–41	 Original Paper

39

DISCUSSION

In our trial the average speeds of follicular growth 
during observation were 1.3, 0.3, and 0.7 mm/6h 
(which translate into 5.2, 1.2 and 2.8 mm/day) in 
Groups A, B and C, respectively. Palmer (1987) 
described a follicle growth speed of 2.5–3.0 mm per 
day during the luteal phase of the oestrous cycle. A 
similar speed of 2–3 mm/day was found in ovula-
tory follicles up to diameters of 41–45 mm 24–48 h 
before ovulation (Kahn et al., 1994). Thus the values 
in the control non-treated mares are comparable 
with the results of the above mentioned authors 
which were obtained also in naturally ovulating 
mares. But the speed of follicle growth was mark-
edly higher after hCG treatment in mares bearing 
dominant follicles 35–40 mm in diameter at the 
time of treatment. Follicle growth usually ceases, 
and the preovulatory follicle even can diminish in 
size just before ovulation (Carnevale et al., 1988; 
Bollwein and Braun, 1999). Follicle growth was 
slower or ceased close to ovulation also in our trial 
but variability in the speed of growth during ob-
servation was not precisely evaluated. We suppose 
that the speed of follicle growth decreases after 
achievement of a follicle diameter of 40–45 mm.

Various changes in features of the ripe follicle 
just before ovulation were described (Pierson and 
Ginther, 1985; Carnevale et al., 1988). The size of 
the follicle usually remains constant or decreases 
before ovulation and the follicle turns flat, soft 
with a thicker wall and distinct fluctuation. The 
shape of the follicle can be ovoid or piryform. A 
hyperechogenic wall and echogenic droplets can be 
seen in USG picture. These preovulatory changes 
usually start about 24 h before ovulation, but the 
changes are neither regular nor uniform (Towson 
and Ginther, 1989). Our results revealed elongation 
of preovulatory follicles and a more distinct ovoid 
shape immediately before ovulation. Even though 
the dynamics of changes in follicle size were not 
evaluated in our trial the diameters remained the 

same or decreased in most mares before ovulation. 
The diameters of preovulatory follicles in mares 
usually range from 35 to 60 mm. The diameters 
can be influenced by season, breed or the number 
of preovulatory follicles. The follicles are larger in 
April (46 mm) and May (48 mm) compared to July 
(40 mm) (Ginther and Pierson, 1989). In cases of 
double ovulation the diameters are larger at bi-
lateral ovulations (40 mm) compared to unilateral 
ovulations (35 mm) and also at asynchronous ovu-
lations (40 mm) compared to synchronous ovula-
tions (36 mm) (Ginther and Pierson, 1989). Only 
single ovulations during spring were evaluated in 
our trial and the diameters of preovulatory follicles 
were similar (44, 48 and 44 mm in Groups A, B and 
C, respectively). Cuervo-Arango and Newcombe 
(2008) found that induction of ovulation decreases 
the size of the preovulatory follicles in comparison 
with natural ovulation. In addition, Gastal et al. 
(2006) found a relation of hCG doses to the diam-
eter of the preovulatory follicle. Also Kerban et al. 
(1999) described some differences in follicle devel-
opment after treatment with hCG. However, in our 
study we did not establish a relationship between 
hCG treatment and the size and shape of preovula-
tory follicles several hours before ovulation as these 
parameters were similar in all experimental groups. 

Ovulation usually occurs between 24 and 48 h af-
ter hCG treatment (Duchamp et al., 1987; Bollwein 
and Braun, 1999; Cetin et al., 2003; Bouakkaz et 
al., 2005; Bulbul and Sonmez, 2007). Accordingly, 
ovulations occurred between 12 and 48 hours after 
the treatment in our trial. Gastal et al. (2006) and 
Moreli and Newcombe (2008) described the effect 
of different doses of hCG on the interval to ovula-
tion. Cox et al. (2009) observed ovulation up to 48 h 
after hCG treatment in 100%, 58% and 29% of mares 
bearing follicles with diameters 35, 28 and 24 mm at 
the time of treatment. But Bollwein and Braun (1999) 
did not establish any relationship between follicle size 
at the time of hCG administration and the term of 
ovulation. We also did not observe in our trial that 

           Group A                                Group B                                 Group C 

 

Figure 3. Design of the dominant fol-
licles in mares treated by hCG (Group 
A – initial follicle 35–40 mm, n = 17; 
Group B – initial follicle >  40  mm,  
n = 13) and untreated mares (Group 
C – initial follicle ≥ 35 mm, n = 10) at 
hour 0 (----) and before ovulation (–)
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the diameter of the follicles at the time of treatment 
would significantly influence the term of ovulation. 
Nevertheless, mares with smaller follicles (Group A) 
ovulated between 12 and 48 hours and mares with 
larger follicles ovulated between 12 and 42 h and 
most ovulations occurred in Group A (11/17, 65%) 
between 30 and 36 h while in Group B (6/13, 46%) 
between 18 and 24 h after the treatment.

Because endometrial folding in mares correlates 
with oestrogen production in the dominant folli-
cle it can be used as an indicator of follicle devel-
opment. Endometrial folding usually starts to be 
noticeable on day seven before ovulation, it culmi-
nates one or two days before ovulation, and subse-
quently diminishes and disappears by day two or 
three after ovulation (McKinnon et al., 1987; Kahn 
et al., 1994; Pycock, 2002). Endometrial folding 
started to decrease in all mares immediately after 
hCG treatment in our trial. Thus, our results cor-
respond with the above mentioned studies because 
ovulation occurred in these mares within 48 h after 
treatment. But the dynamics of endometrial folding 
was not in accordance with the studies in untreated 
mares because the folding persisted and decreased 
in these mares from the beginning of observation 
even though ovulation occurred after several days. 
Endometrial folding increased only in one control 
mare during the first 12 h of observation. Samper 
(1997) used a five point scale and found an average 
value of endometrial folding of 1.3 immediately be-
fore ovulation. According to McKinnon et al. (1987) 
a reduction in endometrial folding from three to 
zero indicates approaching ovulation when a three 
point scale is used. We also used a three point scale 
in our trial and in the experimental Groups A, B 
and C we found average values of 2.7, 2.0 and 2.4 
at the beginning of observation and 0.6, 0.9 and 0.6 
immediately before ovulation.

In conclusion, our results demonstrate that in-
travenous administration of 3000 IU of hCG dur-
ing oestrus in mares bearing a dominant follicle 
≥ 35 mm in diameter represents a reliable method 
of induction/synchronization of ovulation when 
ovulations occur between 12 and 48 h after treat-
ment. Growth of dominant follicles after hCG was 
influenced by the size of the follicles at the time of 
treatment and follicle growth correlated with the 
reduction in endometrial folding and the irregular-
ity of follicle shape. Nevertheless, hCG treatment 
did not influence the size and shape of preovula-
tory follicles nor endometrial folding immediately 
before ovulation.
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