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Summary. Romney ewes were artificially inseminated at the oestrus after treatment
with PMSG on Day 12 of the cycle, Cloprostenol on Day 14, or both. PMSG
resulted in increased numbers of ovulations and large follicles but Cloprostenol had
no effect alone or with PMSG. PMSG and Cloprostenol alone led to reduced
proportions of eggs fertilized, and PMSG also reduced the proportion of ewes with
fertilized eggs. The distribution of eggs in the reproductive tract indicated more rapid
egg transport in ewes treated with PMSG. A greater proportion of eggs was
recovered from the uterus in ewes in which oestrus was first detected at night.
Cloprostenol, as administered to PMSG-treated ewes in this trial, offered no

advantage for the preparation of donor ewes for egg transfer.

Introduction

Pregnant mares' serum gonadotrophin (PMSG) is used extensively to induce superovulation in
sheep and other species. The potential and limitations of this technique have been reviewed by
Polge & Rowson (1973) with respect to the preparation of donor ewes for egg transfer. Problems
in its use include a wide variation in the ovulatory response, the persistence of large unovulated
follicles which can disrupt ovarian cycles, and fertilization failure which commonly
accompanies high ovulation rates.

Cloprostenol, an analogue of prostaglandin (PG) F-2a which is the ovine luteolysin
(McCracken et al., 1972), has been used to synchronize oestrus in sheep (Baird & Scaramuzzi,
1975; Trounson, Willadsen & Moor, 1976; Tervit, Allison, Smith, Harvey & Havik, 1976) and
fertile eggs have been obtained after treatment with PMSG and Cloprostenol (Trounson et al.,
1976; Tervit et al., 1976). In this study we examined whether the use of Cloprostenol would
improve the reliability of ovulation rate, egg transport and fertilization.

Materials and Methods

The experiment was carried out during the breeding season (March-May), using 78 mature
Romney ewes which were grazed with 2 vasectomized rams equipped with Sire-Sine harnesses
and crayons. The ewes were allocated at random to 4 treatment groups, arranged according to a

2x2 factorial design. Ewes in Groups 1 and 2 were injected intramuscularly with 1500 i.u.
PMSG (Paines & Byrne Ltd) on Day 12 of the oestrous cycle (oestrus = Day 0) and, 2 days
later, ewes in Groups 1 and 3 were given an intramuscular injection of 100 µg Cloprostenol
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(I.C.I. 80 996). The ewes were checked daily for crayon marks at 06:00 and 18:00 h, and were

inseminated artificially at the first oestrus after treatment. The insemination dose was 5  IO8
spermatozoa which were collected from Romney rams by the use of an artificial vagina, and the
inseminations were carried out within 12 h after the onset of oestrus and 12 h later. Fresh,
undiluted semen of average concentration 3-2  IO9 spermatozoa/ml and average motility 7-1
(on a scale of 1 to 8) was used.

The ewes were killed 72-96 h after the onset of oestrus: the ovaries were weighed and the
numbers of corpora lutea (CL) and follicles >2 mm diameter were recorded. Follicles with a

diameter of >6 mm were sectioned and examined for the presence of luteinized tissue. The
oviducts and cervix were separated from each uterus, which was then weighed. The oviducts
were divided at the ampullary-isthmus junction and eggs were recovered by flushing the lumen of
each ampulla and isthmus with 10 ml saline (9 g NaCl/1). The uterine horns were separated from
the body of the uterus and flushed with 30 ml saline. The stage of cleavage of the eggs was

determined and those eggs which had undergone cleavage were assumed to have been fertilized.
Statistical analyses were by the methods of Snedecor (1956). Analysis of variance was

applied to the data on oestrous cycle lengths and uterine weights, but this was not suitable for
certain comparisons of ovarian weights, CL counts, follicular response and number of fertilized
eggs per ewe in view of the large differences in variation. In these cases Student's t tests, allowing
for unequal variances, were used to assess treatment effects. Homogeneity of variances was

estimated by Bartlett's test. Egg recovery rates, fertilization rates, and the distribution of eggs
among regions of the reproductive tract, were analysed by  2 tests.

Results

Oestrous cycles ranged in length from 14 to 18 days, but there were no significant treatment
effects on cycle length. Values in PMSG-treated ewes (Groups 1 and 2) were higher than those
in Groups 3 and 4 for uterine weight, ovarian weight, number of CL and total follicular response
(Table 1). The uterine weight was lower in Group 3 than in Group 4 ewes.

Table 1. Effect of PMSG and Cloprostenol on oestrous cycle length, uterine and ovarian weights,
number of ovulations, total follicular response, and recovery of fertilized eggs (mean ± s.e.m.)

Group
No. of
ewes

Oestrous
cycle

(days)
Uterine wt

(g)
Ovarian wt

(g)
No. of

CL

Total
follicular
responset

No. of
fertilized
eggs/ewe

19 15-9 ±0-2 57-3 ±2-1 8-6 ± 2-0 7-6 ± 1-0 121 ± 0-6 1-9 + 0-6
19 15-9 + 0-2 58-8 + 2-9 5-9 + 2-0 7-0 ±1-1 10-5 ± 0-6 1-3 ±0-5
19 16-3 ±0-2 46-7 ±1-5 2-2 ±0-1 1-3 ±0-1 1-8 ±0-2 0-4 ±0-1
21 16-2 ±0-2 52-0+1-9 2-3 ±0-1 1-6 ±0-1 1-9 ±0-1 1-0 ±0-2

Difference due to:
PMSGO + 2)-(3+ 4)

Cloprostenol
(1 + 3)-(2+ 4)

Cloprostenol + PMSG 1
-

Cloprostenol, no PMSG
3-4

-0-4 ± 0-2

01 ±0-2

2 —

±2-2*

-1-5
±3-6
-5-3
+ 2-5*

5-0
± 1-2**

2-7
±2-4
-01
±0-1

5-8
+ 0-7***

0-6
± 1-5
-0-3
±0-2

9-4
± 1-4***

1-6
±2-7
-01
±0-2

0-9 ±0-4

0-6 + 0-8

-0-6 ±0-2

t Number of CL + number of follicles >6 mm diameter.
t One ewe did not ovulate.
*  < 0-05; " < 0-01; ***  < 0-001. Main effects obtained by factorial analysis of variance; effect of

Cloprostenol assessed by Student's / tests in cases where PMSG caused a large increase in variation.



Twenty-two of the ewes in Groups 3 and 4 had one CL and the remainder (18) had two.
There was a marked increase in the number of CL per ewe in response to PMSG; 87% of ewes
in Groups 1 and 2 had more than two CL with a range of 0-18 CL per ewe. The ovulation rate
was unaffected by Cloprostenol, both with respect to the mean number of CL and the variability
of the ovulatory response, whether or not the ewes had previously received PMSG. The total
follicular response showed less variability (P < 0-05) in PMSG-treated ewes (Groups 1 and 2)
than did the number of CL alone.

Table 2. Effect of PMSG and Cloprostenol on the incidence of ewes with at least one follicle of different
sizes, and on the number of follicles per ewe

No. of
Group ewes

No. (%) of ewes with follicles of:

Follicular diameter (mm)

Mean (and max.) number of follicles/ewe

Follicular diameter (mm)
2-5 6-9 10-13 >14 2-5 6-9 10-13 >14

1 19 15(78-9) 3(15-8) 3(15-8) 8(42-1) 5-4(15) 0-7(3) 1-8(7) 2-0(14)
2 19 17(89-5) 7(36-8) 3(15-8) 4(21-1) 7-3(17) 1-8(14) 1-2(13) 0-5(7)
3 19 19(100) 5(26-3) 1(5-3) 0 6-8(13) 0-5(2) 0-1(1) 0
4 21 21(100) 6(28-6) 1(4-8) 0 8-4(22) 0-3(1) 0-1(1) 0

All ewes had at least one follicle >2 mm diameter, and when all follicles measuring >2 mm

were considered, Student's t tests showed no significant treatment effects on the mean numbers
of follicles (Table 2). The numbers of follicles >6 mm diameter and the numbers of ewes with
such follicles were increased (P < 0-001) in Groups 1 and 2 but were not affected in Group 3.
Values in Groups 1 and 2 were similar. In 2 of the ewes in Group 2 and 4 in Group 1 partial
luteinization had occurred in up to 4 follicles >6 mm diameter. The remaining follicles examined
were not luteinized.

Table 3. Egg recovery and fertilization rates

No. (%) of ewes No. (%) of eggs

Group
No. of
ewes Yielding eggs

Yielding fertilized
eggs*

No. of
CL Recovered Fertilized!

19
19
19
21

Significance of main effects:
PMSG(1 + 2)-(3+ 4)
Cloprostenol

(1 + 3)- (2 + 4)

18 (94-7)Aa
18 (94-7)Aa
13 (68-4)Ab
18 (85-7)A,b

P<005
n.s.

9(50-0)Aa
6 (33-3)Bb
7(53-8)Aa

14(77-8)Aa

 < 0-05
n.s.

144
132
25
33

84(58-3)Aa
79(59-9)Aa
18 (72-0)Bb
26(78-8)Bb

 < 0-001
n.s.

36 (42-9)Aa
24 (30-4)Aa

8(44-4)ABa
20 (76-9)Bb

n.s.
n.s.

* Ewes yielding at least one fertilized egg, expressed as a percentage of all ewes yielding eggs.
t Expressed as a percentage of eggs recovered.
Values within columns with different superscripts are significantly different by  2 test (AB,  < 0-01; a, b,

 < 005).
Table 3 summarizes egg recovery and fertilization rates. Complete recovery of eggs from the

reproductive tract, assuming one egg to have originated from each CL, was achieved in 38 ewes,
and at least 1 egg was recovered from 67 of the 77 ewes which had ovulated. An empty zona
pellucida was flushed from each of 4 tracts; in 2 of these intact eggs were also recovered and it is
probable that the empty zonae resulted from mechanical damage during the recovery process.
There was a reduction in the percentage of eggs recovered in Groups 1 and 2. The success of egg
recovery was, however, probably related to the number of eggs available rather than the



treatment because at least one egg was recovered from 94-7% of ewes in Groups 1 + 2
compared with 77-5% in Groups 3 + 4 (P < 0-05), although egg recovery was complete for
only 30-6 and 87-1% respectively (P < 0-001).

Fertilization rate was affected in Groups 1, 2 and 3. The measure of success in fertilizing
ewes was obtained from the number of ewes from which at least one fertilized egg was recovered
as a percentage of the total number of ewes yielding eggs. This value was reduced in Group 2.
There were no significant treatment effects on the mean number of fertilized eggs obtained per
ewe (Table 1).

The positions of the eggs recovered from the reproductive tracts are shown in Table 4. Eggs
in Groups 1 and 2 were more frequently found in the uterus. The number of eggs recovered per
ewe was not related to their position in the reproductive tract.

Table 4. Numbers (and %) of eggs recovered from different
regions of the reproductive tract of treated ewes

Region from which eggs recovered

Group Ampulla Isthmus Uterus

1 24(29) 29(35) 31(37)"
2 31(39) 14(18) 34 (43)a
3 11(61) 5(28) 2(ll)b
4 17(65) 6(23) 3 (12)b

Fertilized eggs 41(47) 25(28) 22(25)
Unfertilized eggs 42(35) 29(24) 48(40)

Values with different superscripts are significantly different
(P < 0-05) by  2 test. The main effect of PMSG (Groups 1 + 2)

-(Groups 3 + 4) on numbers of eggs in the uterus is significant
at  < 0001.

The distributions of fertilized and unfertilized eggs in different regions of the reproductive
tract did not differ significantly. Fertilized and unfertilized eggs were recovered from 11 ewes: in
8 all the eggs were flushed from the same section of the reproductive tract. The development of
the fertilized eggs ranged from 2 to 16 blastomeres, and eggs in all stages were recovered from
the oviducts and the uterus.

The data give evidence of a diurnal effect related to the time of the start of oestrus. Eggs were
flushed from the reproductive tracts at 72-84 h after the start of oestrus in ewes recorded as
marked at 06:00 h, and at 84-96 h in those recorded at 18:00 h. There was no significant
difference in fertilization rate related to the time of onset of oestrus, but the proportion of eggs
found in the uterine horns of ewes detected in oestrus at 06:00 h (58-0%) was greater (P <
0-001) than that of ewes detected in oestrus at 18:00 h (21-7%).

Discussion

The ovarian response to PMSG was characterized by increased ovarian weight, multiple
ovulations and the occurrence of cystic follicles, with a high degree of variability in each of these
responses, as is regularly obtained with this treatment (Polge & Rowson, 1973). The less
variable total follicular response in PMSG-treated ewes supports the hypothesis that some of the
stimulated follicles are unable to respond to the ovulatory stimulus. The administration of
Cloprostenol in an attempt to control the timing of luteal regression and hence of oestrus and the
ovulatory stimulus did not reduce the variation in ovulation rate or in the incidence of large (>6
mm diameter) follicles. Cloprostenol was injected at a time when cytological regression and



perhaps also functional regression of the CL would have begun in many of the ewes (Deane,
Hay, Moor, Rowson & Short, 1966; Bjersing, Hay, Moor, Short & Deane, 1970). Since,
however, a single injection of Cloprostenol at the dosage used in this experiment is sufficient to
induce luteolysis followed by ovulation when administered at mid-cycle (Trounson et al., 1976),
this treatment was expected to have an overriding influence on luteal regression irrespective of
the secretion of endogenous prostaglandin F-2a. The use of a superovulation regimen involving
the administration of Cloprostenol at mid-cycle has been reported (Tervit et al., 1976) to result
in premature regression of CL with consequent poor egg recovery, which these authors
suggested may be associated with an hormonal effect on egg transport. There was no evidence of
premature luteal regression in the present experiment, but PMSG did have a detrimental effect
on egg recovery.

Egg recovery was timed to coincide with the expected passage of eggs from the oviducts into
the uterine horns, assuming that ovulation occurs approximately 24 h after the onset of oestrus
(Whyman, Johnson, Knight & Moore, 1979) and that eggs enter the uterus about 60 h after
ovulation (Holst & Braden, 1972; Holst, 1974). The times of ovulations in relation to oestrus
and to each other generally show limited variation in PMSG-treated and untreated ewes
(Whyman et al, 1979). However, Cognié, Mariana & Thimonier (1970) and Boshoff, van
Niekerk & Morgenthal (1973) showed that PMSG can advance the time of ovulation in relation
to the onset of oestrus by as much as 15 h. This could be a contributory factor influencing the
greater proportion of eggs that reached the uterus in PMSG-treated ewes, but in view of the
length of time that elapsed between oestrus and egg recovery (84 h on average), it is probable
that the distribution of eggs within the reproductive tract was largely a reflection of the rate of
egg transport through the tract. PMSG increased the rate of egg transport and reduced the
proportions of eggs fertilized. Robinson (1951) suggested that these two effects may be
inter-related in PMSG-treated ewes, but the primary response has not been identified. A
simulatory effect of PMSG on the reproductive tract was indicated by the increase in uterine
weight due to this hormone. This probably resulted indirectly from increased ovarian steroid
secretion, although correlations between uterine weight and various measures of follicle growth
were not significant. Cloprostenol alone also reduced fertilization rate, but without reducing the
uterine weight and without affecting the rate of egg transport.

The diurnal influence of the time of oestrus in relation to egg transport is difficult to explain.
The interval between oestrus and egg collection was 12 h shorter on average in ewes starting
oestrus at night, yet more eggs were found in the uterus in these ewes. A difference in the mean
oestrus-to-ovulation interval of more than 12 h would be necessary to account for the
distribution of eggs on the basis of the timing of ovulation alone. Alternatively, there may have
been a diurnal influence at mating resulting in modification of the secretion rate of pituitary
hormone over the following 4 days with a consequent effect on the rate of egg transport.

Cloprostenol, as administered to PMSG-treated ewes -in this trial, offered no advantage for
the preparation of donor ewes for egg transfer.
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