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The effect of vaginal administration of misoprostol plus
terbutaline sulphate 6 h prior to artificial insemination (AI)
upon the site of AI (vaginal or cervical) and fertility was
studied using a total of 87 estrous synchronized Serra da
Estrela ewes (control n = 42 and treated n = 45). Artificial
insemination was performed using refrigerated semen at 54–
55 h after sponge removal. Lambing rate (fertility) and
prolificacy were compared between control and treated ewes.
The effect of the site of semen deposition on fertility was
also evaluated. Prolificacy rate was not different between
control (1.5) and treated (1.59) ewes. The proportion of
cervical AI achieved in control (45.2%) and treated (37.8%)
ewes was not significantly different. Overall, fertility was
significantly lower in control than in treated ewes (42.9% vs
64.4%; p < 0.04). Fertility following vaginal AI was signif-
icantly lower for control for than treated ewes (30.4% vs
60.7%; p < 0.03) but the difference was smaller and not
significant for cervical AI (control 57.9% vs 70.6%). It was
concluded that vaginal administration of misoprostol plus
terbutaline sulphate 6 h prior to artificial insemination did
not affect the proportion of cervical inseminations but
significantly improved the fertility of treated ewes. Although
needing confirmation, it was hypothesized that drugs might
have induced local secretory modifications leading to an
increase of cervical ability to retain more viable spermatozoa
for fertilization.

Introduction

In most sheep breeds, low fertility after artificial
insemination (AI) continues to represent a major con-
straint for the success of breeding programs, and a great
variation among breeds has been reported (Donovan
et al. 1999).

During mating and after copulation, an increase in
cervical activity is observed, which may facilitate the
establishment of a cervical reserve of spermatozoa
(Garcia-Villar et al. 1985; Cavaco-Gonçalves et al.
2006a), because semen in sheep is deposited into the
vagina and has to be carried through the cervix before
reaching the uterotubal junction (Hawk 1983).

However, fertility after AI is limited by the complex
anatomy of the cervix with its eccentrically located
rings and small ring openings which prevents routine
intrauterine insemination (Sayre and Lewis 1997)
and ⁄or by the inability of spermatozoa to colonize or
traverse the cervix (McKelvey 1999). In addition, sperm
numbers in AI inseminates are much smaller than those
present in normal ejaculates. Hence, the site of depo-
sition of semen has a major effect on fertilization rate,
with significantly higher rates obtained after laparo-
scopic AI than following transcervical and vaginal
insemination (Wulster-Radcliffe and Lewis 2002; King

et al. 2004; Wulster-Radcliffe et al. 2004). The propor-
tion of transcervical artificial inseminations achieved in
sheep may vary between 57% and 76% (Windsor 1995)
and 10% and 15% (Kershaw et al. 2005) depending on
breeds.

Misoprostol (PGE1 analogue) and terbutaline sul-
phate (b2-agonist) when administered in association by
intravaginal instillation during oestrus were previously
found to promote higher cervical dilatation in the ewe
than when administered separately, without affecting
sperm traits (Barbas et al. 2001). An expected increase
in lambing rate was not confirmed when the above
treatment was performed at the moment of AI (Barbas
et al. 2003). Probably the drugs could not induce, in a
compatible timing, the required cervical transformations
to facilitate sperm progression. Recently, it was shown
that a maximum relaxation of the cervix occurs 72 h
after sponge removal, which is too late for the correct
timing of insemination, and that this event can be
advanced to 54 h by administering misoprostol and
FSH to synchronized ewes (Leethongdee et al. 2007a).

Although no harmful effect of the misoprostol plus
terbutaline sulphate on sperm motility and viability was
observed during in vitro tests (Barbas et al. 2001), we
cannot rule out a negative effect of the drugs when in
close contact with semen, affecting sperm capacitation
or its ability to progress through the cervix (Barbas et al.
2003).

Therefore, a longer time lag between treatment and
AI may be required to avoid drugs interference on
semen performance and to allow maximal biochemical
and structural transformations of the cervix to occur
before AI. To match these purposes, it was decided to
administer the misoprostol plus terbutaline sulphate
treatment 6 h prior to AI and to study its effect upon
depth of AI and subsequent fertility.

Material and Methods

Animals and management

This experiment was conducted at an experimental farm
(Fonte Boa), located in Vale de Santarém, Portugal,
using 91 multiparous ewes (5–6 years old, 3–4 parturi-
tions) and three rams of the Serra da Estrela breed,
which is the most important Portuguese dairy breed.
Ewes were fed natural and sown pastures, being
supplemented with hay, and with free access to water.
During last month of gestation, parturition and milking
period, ewes were supplemented with a commercial
concentrate. Rams were kept at pasture and supple-
mented with hay ad libitum. All the animals were housed
in open paddocks during night.
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Oestrus synchronization

To induce ovulations in anoestrous ewes and synchro-
nize ovulations allowing AI at a fixed time, all ewes were
treated in May with intravaginal sponges containing
40 mg fluorogestone acetate (Chronogest

�
; Intervet,

Agualva-Cacem, Portugal) inserted for 12 days and an
i.m injection of 500 IU eCG (Intergonan�; Intervet) at
sponge removal. Four animals were excluded from the
AI procedure because of sponge loss.

Treatments

Synchronized ewes (n = 87) were randomly assigned in
two groups for artificial insemination, treated (n = 45)
and control (n = 42). In the treated group, each ewe
received 1 mg of a prostaglandin E1 analogue (misopr-
ostol, Cytotec�; Pfizer, Porto Salvo, Portugal) and 5 mg
of a b2 agonist (terbutaline sulphate, Bricanyl�; Astra-
Zeneca, Barcarena, Portugal), dissolved in 4 ml of
glycerol. For that purpose, five pills of Cytotec (200 lg
of misoprostol each) were powdered and added to 5 mg
of terbutaline sulphate powder. This mixture was joined
to 4 ml of glycerol (pro analysi, glycerol approximately
87%, Merck) which was used as a viscous medium to
facilitate the retention of this preparation in the vaginal
wall. The final mixture was then filtered resulting in a
final volume of 4.4 ml which was conserved until
application on the next day. Before vaginal instillation
of the final mixture near the cervix, each ewe was lifted
up by hindquarters and the perineum was wiped with a
disinfectant. A vaginal speculum equipped with a light
source was then introduced in the vagina making
possible the visualization of the external os of the
cervix, where the product was placed using a plastic
pipette (IMV�) ended with a blunted tip, commonly
used in sheep AI. The other pipette edge was adapted to
a plastic syringe. In the control group, each ewe received
4 ml of glycerol using the same methodology. In both
groups, these preparations were administered 6 h before
AI, corresponding to 48 h after sponge removal.

Semen collection, evaluation, AI and fertility

Ejaculates were collected from three Portuguese Serra da
Estrela rams (A, B and C) by artificial vagina and
immediately evaluated. Only ejaculates with mass motil-
ity (MM) > 3, individual motility (IM) > 65% and
concentration >3.0 · 109 ⁄ml were approved and pro-
cessed for use inAI. Semenwas diluted using amilk-based
extender (Colas et al. 1973) to obtain 1.6 · 109 spz ⁄ml
and refrigerated to 15�C during 60 min in a refrigerated
chamber.

Artificial inseminations were performed 54–55 h after
sponge removal using 400 · 106 sperm per dose in a
0.25 ml Cassou straw. All ewes were randomly insem-
inated to reach a balanced distribution of the number of
AI from each ram between control and treated ewes
(control ⁄ treated: 11 ⁄13, 16 ⁄16 and 15 ⁄16, for sires A, B
and C, respectively), thus avoiding any individual sire
effect upon fertility of control and treated ewes. Insem-
inations were performed transvaginally using a specu-
lum with a light source to visualize the vagina and

cervix. Using a preloaded insemination gun, semen was
deposited in the vagina near the external os of the cervix
(vaginal AI) ever since intracervical penetration was
impossible to perform. Cervical AI was considered when
semen was deposited at least after the first cervical ring.
The place of semen deposition at AI was recorded,
determining whether inseminations were vaginal or
intracervical in control and treated ewes.

After AI, all ewes remained together in a flock until
the parturitions have occurred. Fertility rate was eval-
uated as the number of ewes lambing supervised by the
shepherd over the total number of inseminated ewes.
Fertility rates for each treatment group and site of
insemination (vagina and cervix) were evaluated and are
expressed in Results as the proportion of lambing ewes.

Prolificacy rate was calculated for groups and place of
AI as the number of born lambs over the number of
lambed ewes.

Statistical analysis

Results are expressed in percentages calculated from
original numbers, either from vaginal vs cervical insem-
inations or lambed ewes per group. A computer
software program was used to perform statistical
evaluation of results (StatSoft, Inc. 1995). Differences
in the distribution of cervical and vaginal AI between
treatment groups and fertility differences among treat-
ment groups (control vs treated) and place of AI (vagina
vs cervix) were assessed through the Chi-square Fisher’s
exact test for 2 · 2 contingency tables. Comparison of
prolificacy rates between groups and place of AI was
done through a 2 · 3 crosstabulation table (2 groups · 3
classes of born lamb numbers), using Pearson Chi-s-
quare test. Significance was accepted at p £ 0.05.

Results

Prolificacy rates were not significantly different between
control and treated ewes (1.5 vs 1.59, respectively;
p = 0.71) neither between vaginal and cervical insem-
inated ewes (1.63 vs 1.48, respectively; p = 0.45).

Although more overall vaginal (n = 51, 58.6%) than
cervical (n = 36, 41.4%) inseminations were performed,
the distribution of cervical and vaginal inseminations
was not significantly different between control (19 and
23, respectively) and treated (17 and 28, respectively)
animals (p = 0.31). The proportion of cervical insem-
inations accounted for 37.8% and 45.2% in treated and
control ewes, respectively (p > 0.05).

As shown in Table 1, treated ewes had a significantly
higher fertility overall than controls (64.4% vs 42.9%;
p = 0.035) but the magnitude of the improvement
because of the treatment depended on whether AI was
vaginal or cervical. For vaginal AI, the fertility in
treatment group was 60.7% and 30.4% in control
(p = 0.03), while for cervical AI, the fertility of treated
ewes was 70.6% compared with 57.9% in control ewes
(p = 0.33).

Similarly, the difference between the fertility for
vaginal and cervical AI (overall means 47.1% vs
63.9%; p = 0.09) was greater for control (30.4% vs
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57.9%; p = 0.07) than treated (60.7% vs 70.6%;
p = 0.37).

Discussion

To our knowledge, this is the first time that the effect of
misoprostol and terbutaline sulphate administered per
vaginam 6 h prior to artificial insemination upon
fertility of oestrous synchronized ewes was studied. In
spite of a relatively small number of animals in the
experiment, the results showed that misoprostol plus
terbutaline sulphate treatment 6 h prior to insemination
significantly improved the lambing rate of inseminated
Serra da Estrela ewes from 42.9% for controls to 64.4%
(p < 0.04). The degree of improvement was higher
(p = 0.03) for vaginal inseminations, where controls
had a low fertility rate of 30.4%, than for cervical
inseminations with 57.9% of fertility in controls but still
showing some improvement (p = 0.33).

Fertility increased when semen was deposited in the
cervix (63.9%) rather than in the vagina (47.1%) but the
overall difference did not achieve statistical significance.
This non-significant difference may be as much because
of the degree of replication as to the magnitude of the
difference. A difference of 16.8 percentage units is large,
both in absolute and in proportionate terms, and it is
certainly of practical and economic significance. The
greatest increase in fertility between vaginal and cervical
inseminations occurred in the control animals, and the
increase was not so large in the treated ewes where
vaginal fertility already was at a relatively high level
(60.7%).

The trend in fertility differences related to the place of
semen deposition is in agreement with the literature
reviewed by Salamon and Maxwell (1995). In this
review, vaginal inseminations (n = 551) using frozen-
thawed semen accounted for a fertility rate of 18.5%
against 49.6% after cervical inseminations (n = 8783).
Accordingly, an improvement of fertility rate of cervical
AI was obtained when using thawed semen (Paulenz
et al. 2005) but not with fresh semen (Paulenz et al.
2002) when compared to vaginal AI.

Although not significant, the proportion of ewes in
which cervical insemination was performed was lower
than for vaginal inseminations, and the difference in the
proportion of cervical inseminations between control
(45.2%) and treated (37.8%) animals was not significant
either. In a previous work (Barbas et al. 2001), the

administration of misoprostol and terbutaline sulphate
at 56 h after sponge removal induced a significant
increase in cervical ripening reaching a maximum by 1 h
after treatment. Based on that dilating effect of the
drugs, it would be expected in the present experiment to
obtain an increase in the number of cervical vs vaginal
inseminations. Once this was not the case when admin-
istering the drugs 6 h in advance, but only an increase in
fertility was observed, other mechanisms rather than a
significant opening of cervical lumen seem to have
occurred.

According to Milovanov et al. (1978) an increase of
12.5% in fertility can be achieved by each 10 mm in
depth of cervical semen deposition. A precise cervical
depth penetration measurement was not accessed in our
work, as only vaginal and cervical locations were
possible to differentiate. Treatment with misoprostol
plus terbutaline sulphate significantly improved fertility
when semen was placed in the vagina (30.3% increase,
p = 0.03). Most sperm deposited in the vagina is
quickly lost to the exterior by expulsion or drainage
and may contribute to reduced fertility (Hawk 1983).
After inseminating ewes with 500 million sperm in the
external cervical os, Quinlivan and Robinson (1969)
recovered only approximately 3% of the sperm from the
entire tract 1 h later. On the other hand, when a ligature
was placed under the mucosa at the vulvovaginal
junction at artificial insemination to prevent drainage
to the exterior, 62% of the sperm inseminate was
recovered from the entire reproductive tract 24 h later
(Hawk and Conley 1971). A possible mechanism by
which the drugs increased fertility after vaginal insem-
inations in our work may be related to the prevention of
semen being expelled out of the vagina.

Both misoprostol and terbutaline sulphate are known
to influence smooth muscle activity of the genital tract,
including cervical muscle activity. In women, local
intravaginal administration of misoprostol (Srisomboon
et al. 1997) and terbutaline (Kullander and Svanberg
1985; Bulletti et al. 2001) proved respectively to be
highly effective in cervical ripening, and prevention of
painful uterine cramping associated to abnormal uterine
contractions, thus avoiding undesirable systemic effects
of the drugs to occur. Previous works clearly show that
contractile activity of genital tract strongly influences
sperm progression (Hawk 1983; Houdeau et al. 2002).
In extreme experimental situations using progesterone
antagonists during oestrus, sperm was arrested in the

Table 1. Fertility (lambing rate %) of ewes in relation to site of insemination (vaginal vs cervical) and treatment with misoprostol plus terbutaline
sulphate 6 h prior to insemination (control vs treatment)

Treatments

Site of insemination

Row P level

Overall fertility

(treatments)Vagina Cervix

n Fert (%) n Fert (%) n Fert (%)

Control 23 30.4a1 19 57.9a1 0.07 42 42.9a

Treated 28 60.7b1 17 70.6a1 0.37 45 64.4b

Column P level – 0.03 – 0.33 – – 0.035

Overall fertility

(site of insemination)

51 47.11 36 63.91 0.09 87 –

Within columns, different superscript letters indicate that the differences between treatments are significant (p < 0.05, Ficher’s exact test).

Within rows, different superscript numbers indicate that the differences between the locations of insemination are significant (p < 0.05, Ficher’s exact test).
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cervix and did not reach the oviducts because the
peristaltic uterine contractions towards the oviducts
were reversed (Cavaco-Gonçalves et al. 1997, 2001,
2006b). During oestrus, cervical electrical activity is
increased (Cavaco-Gonçalves et al. 2006a), and PGE1
was found to significantly reduce the amplitude of
spontaneous contractions on circular but not on longi-
tudinal cervical muscle strips in the ewe (Pereira et al.
2007). Therefore, the administration of terbutaline and
misoprostol at the time of AI in a previous work (Barbas
et al. 2003) may not have resulted in better fertility
because of the immediate effects of the drugs altering
smooth muscle activity patterns. Any inconvenience
provoked by drugs-induced muscle activity alteration
upon fertility may have disappeared in the present work
because it is not probable that the drugs could signif-
icantly affect genital tract contractions during 6 h after
administration. On the other hand, treatment adminis-
tered simultaneously to inseminations would not be able
to provoke any beneficial cervical structure changes on
required time, a situation that may have been corrected
in the present experiment where the drugs were admin-
istered 6 h before AI. Indeed, Leethongdee et al. (2007a)
were successful in advancing maximal structure cervical
transformations from 72 to 54 h after sponge removal
when administering misoprostol and FSH to synchro-
nized ewes at 48 h after sponge removal.

According to Hawk (1983), sperm retention in the
reproductive tract may involve an increase of adhesive
properties of sperm to the epithelial layer, together with
an increase of the ability of sperm to enter folds and
crevices of the cervix. Mediating mechanisms of the
treatment drugs might include an effect on the type of the
reproductive tract secretions, on the adhesive properties
of sperm membranes, and on metabolic activity of the
sperm themselves. Prostaglandins of the E series have
been shown to induce collagen breakdown and softening
of cervical tissue structure, a mechanism known to be
associated with local production of PGE and glycosa-
minoglicans (Ellwood et al. 1980; Ledger et al. 1983).
During the follicular phase of the oestrous cycle in sheep,
prior to LH surge, there is an increase in the prostaglan-
din endoperoxide synthase 2 activity in the cervix,
associated with a proposed rearrangement of collagen
bundles within the cervical extracellular matrix (Kershaw
et al. 2007). It was recently proposed that prostaglandin
E2 selectively binds to EP2 and EP4 prostaglandin E2
receptors, stimulating hyaluronan (HA) synthesis, which
may cause remodelling of the cervical extracellular
matrix and culminating in cervical relaxation (Ker-
shaw-Young et al. 2009). In fact, Leethongdee et al.
(2007b) showed a strong effect of misoprostol on
stimulating the synthesis of HA in sheep cervical tissue
by 6 h after treatment administered at 48 h after sponge
removal (the same schedule as in our work). They studied
HA content in the vaginal, middle and uterine regions of
cervix and found a significantly higher concentration of
HA in the vaginal region. Apart from being associated to
cervical softening, HA may also stimulate sperm to
adhere to cervical epithelium, through HA-binding
protein 1 (HABP1) present on sperm surface and is
involved in sperm maturation, motility and fertilization
processes (Ranganathan et al. 1994).

Hypothetically, HA present in the cervical mucus and
extracellular matrix near the vaginal opening of the
cervix, which is stimulated by misoprostol, may contrib-
ute for sperm adhesion to this cervical region promoting
spermcolonization and reserve, thus avoiding semen tobe
expelled out of the vagina after AI and facilitating high
sperm numbers to traverse the cervix. This mechanism,
together with a structural softening of cervix and smooth
muscle relaxation of vagina and cervix altogether, might
explain the beneficial effect of misoprostol plus terbuta-
line sulphate on lambing rate afterAIparticularly as far as
vaginal inseminations are concerned.

Increases of fertility using minimally invasive repro-
ductive technologies are of potential relevance for animal
welfare. In the present experiment, this was accom-
plished by performing AI and administering the drugs
per vaginam instead of using laparoscopic insemination.

These results, although deserving further confirma-
tion in studies with a larger sample size and other
breeds, show that the administration of misoprostol plus
terbutaline sulphate treatment 6 h prior to insemination
improved fertility of ewes without affecting the propor-
tion of cervical inseminations. Although needing con-
firmation, it is hypothesized that drugs might have
induced local secretory modifications leading to an
increase of cervical ability to retain more viable
spermatozoa for fertilization.
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the experimental design. They also actively participate on all exper-
imental procedures, analysis and interpretation of data, and on the
preparation of the manuscript and its revision. C Marques, MC
Baptista, MI Vasques, R Pereira, and R Mascarenhas participate on
all experimental procedures, analysis and interpretation of data and on
the critical review of the manuscript.

References
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