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ABSTRACT 

Although the ovulatory effects of prostaglandins are well documented in several 

domestic species included horses, there has been little attention paid to the use of this 

ovulatory effect for clinical purposes. Mares often grow large follicles during the luteal 

phase that may or may not ovulate before progesterone levels decline. Clinical 

observations of administering prostaglandins in diestrus mares with large follicles 

suggest that there may be a negative correlation between follicular diameter and interval 

from treatment to ovulation. The objectives of this study were two fold: to investigate 

the Cloprostenol dose rate effect on interval to ovulation and to confirm the negative 

correlation between follicular diameter and the interval to ovulation. The hypothesis 

tested was that high doses of Cloprostenol given in diestrus to mares with larger 

follicles would induce ovulation more rapidly than in mares given lower doses and or 

with smaller follicles. In order to test the hypothesis, a total of 1234 estrous cycles were 

induced with different doses of Cloprostenol (ranged from 8.75 to 625 µg). All mares 

had at least a follicle ≥ 28 mm. Dominant follicles were followed by transrectal 

ultrasound examinations every other day until ovulation was detected. There was a 

significant effect of dose (P = 0.000) and follicular diameter (P = 0.000) on the interval 

from treatment to ovulation. The shortest mean interval (2.4 days) was observed after 

administration of 625 µg in mares with follicles ≥ 36 mm whereas the longest (4.9 days) 

after 8.75 µg in follicles of 28-31 mm. 
bCorresponding author: Royal Veterinary College, VCS, Hawkshead Lane, North Myms, Herts. AL9 
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INTRODUCTION 

Prostaglandin (PGF) and its analogues are used largely as a luteolytic drugs in animal 

reproduction, especially in horses and cattle. There is a wide range of commercial 

prostanoids available for use in practice. Among them, Cloprostenol (Estrumate®1), 

originally developed for cattle, is commonly used in equine reproduction. In the mare, 

PGF and its analogues are firmly established luteolysins for the shortening of individual 

oestrus cycles, the treatment of mares with persistent diestrus and the interruption of 

early gestation. 

During the first three to four days post ovulation, the corpus luteum (CL) is thought to 

be refractory to the recommended dose rate of PGF (9 mg / kg) and its analogues (1 ml 

of Estrumate, 250 µg Cloprostenol)1,2 so that conventionally PGF is not administered 

until the CL is at least 5 days old. Normally at this stage any developing follicles are 

less than 20 mm in diameter and may take up to 12 days to develop and ovulate 

(unpublished data). Not infrequently however, by 5 or 6 days after ovulation, a new 

diestrus follicle of > 30 mm has developed and following lysis of the CL, the inhibition 

of any LH surge by high progesterone concentrations is removed. The result is that the 

follicle may ovulate soon after PGF administration, depending on its diameter and 

degree of maturity. 

Although PGF is best known for its luteolytic effect, it also causes immediate release of 

LH 3 resulting in induction of ovulation in numerous species 4,5,6,7 including equine.8,9,10 

There is clinical and scientific evidence that administration of a PGF analogue may 

induce oestrus and / or ovulation even in mares with baseline plasma progesterone 

concentration without a preceding luteolysis.11,12,13. Savage and Liptrap (1987)10 

induced ovulation by 48h after treatment with fenprostalene in 81 % of treated mares 

during oestrus. In that study fenprostalene was chosen among other PGF analogues 

because of it long acting effect (half-life of 24 h).  

It has been shown that the ovulatory effect of PGF is not only locally at the follicular 

level but also at the neurocrine hypothalamus-hypophysis axis in the CNS.14 That study 

showed an immediate increase of FSH and LH in peripheral blood and a later rise of 

GnRH after administration of luprostiol, a PGF analogue in transitional mares resulting 

in continued elevation of blood concentrations of FSH and LH for several hours.  

                                                 
1 Estrumate, Intervet, Cambridge, UK. 
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This early evidence supports the ability of PGF to hasten ovulation, however to date 

there has been no study on the effect of PGF dose on the time to induce ovulation. 

After many years of practical experience on use of different dose rates of Cloprostenol 

to induce luteolysis and ovulation, it was decided to collate and analyse existing data to 

characterize the effect of dose-rate of Cloprostenol on the interval from treatment to 

ovulation.  

The aims of this study were to investigate the relationship (a) between dose-rate of 

Cloprostenol administered in diestrus and the interval to ovulation and b) between the 

diameter of the dominant follicle at the time of PGF treatment and interval to ovulation. 

The hypothesis tested was that dose rate of Cloprostenol would have an effect on the 

interval from treatment to ovulation and that this effect would increase with dose. It was 

also hypothesized that the interval to ovulation would be shorter when treatment is 

given to mares with larger follicles. 

 

MATERIALS AND METHODS 

 

Animals 

A total of 1234 estrous cycles were analysed in the study over a period of 10 years. The 

mares treated were either visiting a veterinary fertility clinic or commercial breeding 

farms where they were ultrasonographically examined at either intervals of 6 to 24 h (n 

= 230)  (clinic) or every two days (n = 1004) (farms). The mares were mostly 

Thoroughbred (farms) with small numbers of TB crossbreds, Warmbloods and Irish 

Draughts (clinic). 

 

Cloprostenol 

All treated mares were in diestrus (defined by a tight, tonic external cervix, the presence 

of an ultrasonically visible corpus luteum and presence of a uterine echotexture 

characteristic of a progestational influence15 at both known and unknown periods from 

ovulation. They were given Cloprostenol (250 µg Cloprostenol / ml Estrumate) 

subcutaneously at dose rates of 8.75 (n = 174), 12.5 (n = 125), 25 (n = 193), 75 (n = 

292), 125 (n = 187), 250 (n = 122) and 625 (n = 141) µg. irrespective of body weight. 

Doses of less than 75 µg were measured by administration of a x 20 dilution with sterile 
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water for injection.  Dose rate is expressed in µg / mare and not body weight. Individual 

weights were unknown but almost all mares would have been between 350 and 600 kg. 

Dose rate varied as part of ongoing trials of Cloprostenol, the doses below 125 µg were 

used only in mares known to be in late or prolonged diestrus (>10 days post ovulation) 

or following pregnancy loss since it was known that the dose response rate is highly 

dependent on the age of the most recent corpus luteum. Doses of 250 µg were mostly 

used in mares with a CL aged 6 to 7 days and the highest dose was always used in 

mares known to have a CL aged ≤ 5 days. 

 

Follicular diameter 

Diameter of the largest follicle at the time of Cloprostenol administration was recorded 

for each mare. Only data from mares with a follicle of ≥ 28 mm present at the time of 

treatment were included in the study. Based on follicular diameter, for data analysis 

mares were included in one of three groups: 1) follicles from 28 to 31 mm; 2) follicles 

from 32 to 35 mm and 3) follicles > 36 mm.  

Follicular diameter was obtained ultrasonographically from the average of 2 linear 

measurements of the antrum taken at right angles when the image of the follicle was 

frozen at its maximum size. Subjectivity in measurements was minimized as the same 

person using the electronic calipers made all the recordings. 

 

Interval from Cloprostenol treatment to ovulation 

After Cloprostenol adminstration, mares were followed with ultrasound every 6 to 24 h 

(mares in the clinic) or every 48 h in mares at the commercial farms. The largest follicle 

at the time of PGF administration was followed for each mare and classified as either a:  

-   Regressing follicle: when the diameter of the follicle became smaller or remained     

static and was overridden by the development of a new ovulatory follicle 

-  Haemorrhagic follicle: when the follicle filled with blood (as evidenced by 

ultrasonographic appearance of floating hyperechoic specks, kept its shape and 

remained or increased its diameter but did not subsequently collapse). For data 

analysis this type of follicle was regarded as regressing. 

-   Ovulatory follicle: when the dominant follicle at the time of Cloprostenol treatment 

was followed by an ovulation. Ovulation was detected as per rectal palpation and 

ultrasonographic absence of the previously follicle recorded and presence of a 

hypoechoic developing to hyperechoic area within the same ovary. In mares 



 5

examined every 48 h, the day of ovulation was estimated by assessing the 

morphology and echodensity of the ovulatory area 16,17. Intervals from Cloprostenol 

treatment to ovulation are expressed in days (± 12 h). 

For data analysis on the effect of Cloprostenol dose rate and follicular diameter at the 

time of treatment on interval to ovulation, only mares with ovulating follicles were 

used. Mares in which there was only a partial response, including those which ovulated 

during diestrus, and mares which showed no clinical response within 6 days of 

treatment, were excluded from the data. The interval from treatment to ovulation ranged 

from 1 to 12 days.  

 

Statistical analysis  

All numerical data was obtained from intervals to ovulation from Cloprostenol 

treatment, measured in days. Data was entered in the statistical software (Minitab 15 ®) 

and analysed using a general linear model of analysis of variance. The model included 

dose of Cloprostenol (as treatment) (8.75, 12.5, 25, 75, 125, 250 and 625 µg) and 

follicular diameter of the dominant follicle (as blocks) at the time of Cloprostenol 

treatment (28-31, 32-35 and ≥ 36 mm). The model’s response was observations from 

intervals to ovulation (measured in days). Tukey’s comparison test was used to test any 

difference among doses and follicular diameters.  

Chi-squared analysis was used to determine associations between Cloprostenol dose 

rate and percentage of ovulating / regressing follicles as well as between follicular 

diameter and percentage of ovulating / regressing follicles. 

Linear regression was used to determine the relationship cause-effect between dose of 

Cloprostenol and interval to ovulation as well as between follicular diameter and 

interval to ovulation. 

Interval from Cloprostenol treatment to ovulation is expressed as mean ± S.E.M. 

 

 

RESULTS 

There was a significant effect of Cloprostenol dose on interval to ovulation (P = 0.000). 

Dose rate effect on interval to ovulation was only significant between the largest dose 

(625 µg, with a mean interval to ovulation of 3.2 ± 0.14 days) and second largest (250 
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µg, 3.8 ± 0.15 days) (P = 0.005) and the rest of doses (P = 0.0000) (3.9 ± 0.13, 4.3 ± 

0.1, 4.1 ± 25, 4.5 ± 0.12 and 4.3 ± 0.13 days respectively). 

There was no significant difference between the Cloprostenol doses of 8.75, 12.5, 25, 

75, 125 and 250 µg (P > 0.05). When 625 µg of Cloprostenol was used, interval to 

ovulation was shortest regardless of follicular diameter. Fig. 1 shows the box plot of 

medians and means of intervals to ovulation for each dose group.  

The linear regression showed a negative effect of Cloprostenol dose on interval to 

ovulation (P = 0.000) with larger doses inducing shorter intervals to ovulation.  

Follicles of ≥ 36 mm took less time to ovulate than those of 32-35 mm (P = 0.005) and 

those of 28-31 mm (P = 0.0000) (Fig. 2). Similarly, medium size follicles (32-35 mm) 

ovulated significantly (P = 0.0000) sooner than small follicles (28-31mm). Within each 

follicle-diameter group, interval to ovulation was shortest when follicles were induced 

using the largest dose of Cloprostenol as compared with the rest of doses (significance 

of P = 0.01, P = 0.000 and P = 0.000 for follicle-diameter groups of 28-31, 32-35 and ≥ 

36 mm respectively). For mares with follicles ≥ 36 mm, 250 µg of Cloprostenol also 

induced ovulation significantly faster than 8.75, 12.5, 25 and 75 µg (P < 0.05) but not 

faster than 125 µg (P > 0.05). Distribution of intervals to ovulation for each 

Cloprostenol dose within each follicular-diameter group is shown in Fig. 3. 

For each Cloprostenol dose group there was a negative relationship between interval to 

ovulation and follicular diameter (Fig. 4). This relationship was significant for all dose-

groups (P < 0.002) but for 25 µg group (P > 0.05).  

An unexpected finding was that Cloprostenol dose and follicular diameter at the time of 

treatment were associated with the incidence of dominant follicles undergoing 

regression. This association was significant at P = 0.000 (dose rate) and P = 0.038 

(follicular diameter). The highest incidence of regressing follicles (34.4 %) occurred 

when mares were treated with 8.75 µg, whereas the lowest incidence was found when 

250 and 625 µg of Cloprostenol were used (14.2 % and 18.1 % respectively) regardless 

follicular diameter. Larger follicles at the time of prostaglandin administration were 

more likely to regress (30 %, 28 % and 21.6 % for follicles of ≥ 36, 32-35 and 28-31 

mm respectively) (Table 1). 

The overall incidence of haemorrhagic follicles was 1.9 %. The Cloprostenol dose 

groups with highest incidence of haemorrhagic follicles were 250 and 625 µg with 3.9 

% and 2.1 % respectively. Although the incidence was greater when higher doses were 

used, this association was not significant (P > 0.05). The overall incidence of regressing, 
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ovulating and haemorrhagic follicles for each dose and follicular diameter group are 

shown in Table 1. 

 

DISCUSSION  

The present study is the first to show a dose rate effect of a widely used PGF analogue, 

Cloprostenol, on the interval from prostaglandin treatment to ovulation. This is in 

agreement with the observations using the PGF analogue prostalene in diestrous mares 

with follicles of > 30 mm at treatment.18 The results of this work provide evidence of 

the ability of Cloprostenol to hasten maturation and time to ovulation of follicles in 

mares in diestrus in addition to lysis of the CL. It is also shown to be dose-dependant. 

This effect was highly influenced by diameter of the largest diestrus follicle at the time 

of treatment, with larger follicles ovulating earlier than smaller. The effect of dose and 

follicular diameter was synergistic and for each Cloprostenol dose-group, the interval to 

ovulation became shorter as the follicular diameter increased (Fig. 4).  

It is worth noting the comparable effect of the lowest dose (with as little as 8.75 µg) to 

the other doses up to 125 µg. Perhaps, such small doses although fully luteolytic of a 

mature CL, are not enough to advance ovulation other than by the effect of luteolysis. 

Whereas when the dose is increased to 625 µg, a significant advancement of ovulation 

is observed. When this dose is given, even mares with follicles of around 28-30 mm will 

ovulate relatively quickly (25 % of these mares ovulated within 3 days of treatment). 

More interesting is that 50 % of mares with follicles ≥ 36 mm ovulated within 2 days of 

administration of 625 µg of Cloprostenol (Fig. 3). In the largest follicular diameter 

group (≥ 36 mm) the difference in response among the dose-groups is increased, 250 µg 

induced ovulation significantly faster than the rest of lower doses and 625 µg had the 

highest difference with the rest of doses as compared with the lower follicular diameter 

groups. It might be explained by the fact that the larger, more mature follicles are able 

to respond to the ovulatory effect of Cloprostenol.  Since PGF analogues can induce a 

release of GnRH and LH14,19 follicles ≥ 36 mm can begin to luteinize and ovulate 

quickly.18 There might be also a direct effect of PGF on the follicle as many authors 

have reported in several species.20,21,22,23,24  

Most interesting was the finding that the percentage of follicles undergoing regression 

after treatment was influenced by Cloprostenol dose and follicular diameter. Highest 

percentage of regressing follicles was observed with lower doses and from larger 
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follicles (Table 1). The reason for this is not known, but perhaps the longer the follicle 

is under influence of progesterone (before lysis of CL) the more likely is to undergo 

atresia, so follicles of ≥ 36 mm may have been under progesterone influence for longer 

than smaller follicles. Similarly, when higher doses (250 and 625 µg, with greater 

ovulatory effect) are given, follicles that otherwise would regress are pushed to ovulate. 

This effect of Cloprostenol on reducing number of regressing follicles has relevant 

clinical implications since a mare with regressing follicles after PGF induction would 

take significantly longer to grow and ovulate a second follicle before she can be mated.  

The overall incidence of haemorrhagic follicle in the study was 1.9 % of all cycles; this 

is in agreement with other studies reported.25 The follicular diameter group with highest 

incidence was in the ≥ 36 mm group (2.9 % as compared with 1.2 % and 1.3 % in the 

other two groups). With regards to Cloprostenol dose, 625 and 250 µg induced the 

highest incidence of haemorrhagic follicles (2.1 % and 3.9 % respectively). The 

percentage of incidence of haemorrhagic follicles for each group is shown in Table 1.  

However none of these differences were significant. With such as small percentage it is 

difficult to obtain statistical significance, however this tendency should not be left 

unnoticed.  

 

CONCLUSIONS 

Dose of Cloprostenol has an effect on interval to ovulation. This has clinical 

implications since it could be used as a tool to control more precisely the estrous cycle 

and ovulation time in the mare as well as this finding supports the ovulatory effect as 

well as the luteolytic effect of PGF analogues. An important finding was the evidence of 

a luteolytic effect of such small doses (e.g. 8.75 µg of Cloprostenol) which had no 

difference in terms of clinical response (mean average interval to ovulation 4.3 ± 0.13 

days from treatment) when compared with the other doses except 625 µg for all 

follicular diameter groups and 250 µg only in mares with follicles larger than ≥ 36 mm. 

The fact that there was no control group in the study could cast doubt on the luteolytic 

effect of such a small doses, especially since no determination of blood progesterone 

response to treatment was available. However because of the large number of mares 

used and the fact that mares would take much longer than 4 days on average if the CL 

were not lysed even when the mare were in late diestrus, this finding is supported. 
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Similar encouraging results with very low doses of PGF2α, in spite of its much shorter 

half-life, have been reported recently.26  
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Figure 1. Effect of cloprostenol dose on interval to ovulation.  Dose groups of 8.75 (n = 112), 12.5 (n 
= 91), 25 (n = 145), 75 (n = 204), 125 (n = 145), 250 (n = 109) and 625µg (n = 118). The interquartile 
boxes show the interval (days) from cloprostenol treatment for each group dose to ovulation regardless 
follicular diameter (P = 0.000). The upper line of the box indicates that 75 % of the observations are less 
or equal to that interval. The lower line of the box indicates that 25 % of the observations are less or equal 
to that interval. The median interval to ovulation for each dose group is represented by the middle line of 
the box. Upper and lower whiskers extend to the highest and lowest data values within the upper and 
lower limits respectively. Asterisks (*) denote unusually small observations.  
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Figure 2. Effect of follicular diameter on interval to ovulation (regardless cloprostenol dose). 
Groups 28-31 (n = 323), 32-35 (n = 286) and  36 (n = 315). The interquartile boxes show the interval 
(days) from cloprostenol treatment for each follicular diameter group to ovulation regardless Cloprostenol 
dose (P = 0.000). The upper line of the box indicates that 75 % of the observations are less or equal to that 
interval. The lower line of the box indicates that 25 % of the observations are less or equal to that interval. 
The middle line of the box represents the median interval to ovulation for each dose group. Upper and 
lower whiskers extend to the highest and lowest data values within the upper and lower limits 
respectively. Asterisks (*) denote unusually small observations.  
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Figure 3. Distribution (%) of ovulating mares in each interval to ovulation influenced by 
cloprostenol dose and follicular diameter. For each follicular diameter group (28-31, 32-35 and ≥ 36 
mm) the Cloprostenol dose (µg) is shown in the upper right corner in each histogram figure. 
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Figure 4.  Scatter plot of mean intervals to ovulation for each follicular diameter group. Each 
symbol indicates the mean intervals to ovulation within each cloprostenol dose group. Each line connects 
means intervals to ovulation for each follicular diameter group.  The direction of the lines shows a 
negative correlation between interval to ovulation and follicular diameter with significance of P < 0.002 
for all dose-groups but 25µg. 
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Table 1. Effect of Cloprostenol dose and follicular diameter at the time of treatment on interval to ovulation and on the fate of the follicle 
Different superscripts (a, b) indicate significant difference (P = 0.038) between columns (follicular diameter groups).  Percentage of ovulating follicles was affected 
by dose of Cloprostenol (P = 0.000). 

Cloprostenol 
dose (µg) 

 

   Diameter of largest follicle at the time of Cloprostenol administration (mm) 

28-31 32-35 ≥ 36 Total 
follicles / 

% 
ovulated 

Total 
follicles 

regressed 

Total 
Follicles 

haemorrhag
ed 

Mean 
interval 

to ovulation 
(days) 

Ovulated Regressed Ovulated Regressed Ovulated Regressed 

8.75 39 
72.2 % 

15 
31 

55.5 % 
25 

42 
65.6 % 

22 
112 

63.6 % 
62 

2 
1.1 % 

4.29 

12.5 36 
78.3 % 

10 
29 

72.5 % 
11 

26 
66.7 % 

13 
91 

71.7 % 
34 

2 
1.6 % 

4.46 

25 51 
89.5 % 

6 
42 

67.7 % 
20 

52 
70.3 % 

22 
145 

74.7 % 
48 

1 
0.5 % 

4.13 

75 59 
68.6 % 

27 
67 

67.7 % 
32 

78 
72.3 % 

29 
204 

68.5 % 
88 

6 
2 % 

4.28 

125 45 
78.9 % 

12 
50 

84.7 % 
9 

50 
70.4 % 

21 
145 

76.3 % 
42 

3 
1.6 % 

3.94 

250 40 
85.1 % 

7 
30 

100 % 
0 

39 
86.7 % 

6 
109 

85.8 % 
13 

5 
3.9 % 

3.84 

625 53 
88.3 % 

7 
37 

80.4 % 
9 

28 
80 % 

7 
118 

81.9 % 
23 

3 
2.1 % 

3.17 

Total follicles / % 
ovulated 

323 
78.4a % 

84 
 

286 
72b % 

106 
315 

70b % 
120 924 310 

 
Total follicles 
haemorrhaged 

5 
1.2 % 

5 
1.3 % 

13 
2.9 % 

 Mean interval 
to ovulation 

(days) 
4.54 3.93 3.60 
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