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Abstract

In general, artificial insemination (AlI) in sheep using frozen-thawed (FT) semen in commercial scale is
limited due to the fact that the FT semen of sheep needs to be deposited into the uterus to achieve an acceptable
fertility rate. Laparoscopic insemination with FT semen gives commercially acceptable fertility rates, however it is not
economical and animal friendly. An alternative method is trans-cervical Al (TCAI). However, the unusual anatomy of
the sheep cervix is a major limitation to this technique. In ewe, the cervical lumen has a convoluted and tortuous
structure that looks like a corkscrew consisting of internal cervical rings. The internal folds of the cervix form a
funnel-like shape with a narrow opening projecting caudally into the cervical lumen which limits the passage of
inseminating pipette through cervical canal. The induction of cervical relaxation is investigated to allow deeper
cervical penetration. The most significant factor in cervical relaxation is the rearrangement of collagen fibresin
cervical extra cellular matrix and the changes in smooth muscle function. The application of exogenous substance
increases the depth of cervical penetrability. Follicle Stimulating hormone (FSH), Hyaluronan, Misoprostol,
Prostaglandin E2 (PGE2) or oxytocin is likely to induce the cervical relaxation during the periovulatory period in
ewes. The greater cervical penetrability ensures the success of TCAL

Keywords: cervix, ewe, estrous, prostaglandin-E2, transcervical artificial insemination

Department of Veterinary Clinical Science, Faculty of Veterinary and Animal Sciences, Mahasarakham University,
Muang, Mahasarakham, 44000, Thailand.
Corresponding author E-mail: sukanya.l@msu.ac.th

Thai | Vet Med. 2011. 41(4): 403-407.



404 Leethongdee S. / Thai | Vet Med. 2011. 41(4): 403-407.

UNANED
nswilenilviianisaanedivesraungniian1sHauisuLuUaaaviaruANAaN TULNE

gnguey1 anaed

mswasfenlaglidiidoududdunnydlivszaumudidaunndn Wewnisnsnaudlendusiudewdesidely
G'hQJm;jfﬁ'm]z"l,é'fé’miwmamamamluizﬁuﬁﬂam%’ﬂﬁ 3%?115!34611LﬁEJﬂJImJﬂTi‘IJa‘EJEJﬁWL%@Iu‘?JmJWQﬂI@ﬂﬂWﬁLﬂﬁxNﬁﬂﬁ@ﬂﬁ@ﬂﬁu
annsalinansnaufnfisousuls wislanldieauazdmaidedoaiafnndnd ﬁaﬁ’umiﬂdamwﬁwL%a’l,uﬁumqﬂimmiaamvia
thideriunsneuagniaduuuminifisdldsunsianuasite sglsffdnvurmaniginmasududouvesoungnidu

o A

guassadAgvilvinnsaenvienaufiuiuneungnlianansailaeg1aivsednsan esnaeungnunsiuldnuaeanluin

]
v

g1 warlidurnseganelu InevhlutedunsungnuesunsiivuliiesiBosnesnainuuinans uarsestunelureuagniainli
Rndnuairadnensisdailiondemsiuvesienauiion uenanilasiaiimisganisinmeveaioidensungnuewunzéain
MnnsTmiureand e Sounazidodofsiuiifienuuduse ildendensaensiuresienauiion fdunisiilviae
ungnAmeFaransavilvinisaonionamion ilevdestindeluiuegnanunsavinléiiussansamanntu msldasadvie
gosluuianansavhliAnnisnanefvesaoungn 1wu sesluu Follicle Stimulating Hormone (FSH) @15 hyaluronan @13
misoprostol gasluulnsaniunaudu 8 1 (prostaglandin £2) we sasluusendlngu (oxytocin) @msavinliiinnisaanesaves
poungnld FeilmAnniadosilmivesniudedouuaniodefiviusuiulasamdnvontodelunoungn vilvinisaon
rnuvienamfisuansnsansevinldiety uazvilinsuanfisuuuunisudestindeluiuagnlneiiunanoungnuszay

o v
ANUEuSale

ArdAey: Aeungn wny Msiludn nsamunaufudy mswaufisuiuugenviolureuagn

AIATVINBINN NG NN AAISANIUNNIAITNTUALANIFARNS UNIINGIABUNIAITAIY B.45089 2.491F75A73 44000
*J5URYaUYNAIIU E-mail: sukanya.l@msu.ac.th

Introduction alternative. However, the anatomical complexity of
the sheep cervix limits the success of TCAIL The
induction of cervical relaxation increases the success
rate of TCAI with FT semen in ewe.

The main role of artificial insemination (AI)
in sheep production is to increase the rate of genetic
improvement and allow extensive use of the superior
rams. Al ensures good paternal control and
fertilization of groups of female by males of different Gross anatomy of sheep cervix
genotypes is easily achieved. In addition, AI takes
advantage of estrous synchronization with its precise
control of ovulation and parturition and allows the
advantage of out of season breeding. This technique

The sheep cervix is surrounded by a thick
musculo-connective tissue wall (Moré, 1984) which
an average length of the cervical canal studied in the
) . A . Canadian crossbreed ewe is 6.7+1.1 cm and contains
av01ds.dlsease transrmsswp and re@u@s the. risk of 4.9+1.0 funnel-shaped rings (Halbert et al., 1990) (Fig
spreading sexually transmitted genital infections. To 1). The cervix has a convoluted and tortuous
maximize the extensive use O.f superior rams, Al with corkscrew-like structure consisting of internal cervical
froz'e'n—thawed (FT) semefn 1s developed'. However, rings (Halbert et al., 1990; Naqvi et al., 2005; Kaabi et
fertility rate from A,I with FT semen is low and al., 2006). The internal folds of the cervix form a
unaccepted ComeICIally. At, present there are thre?e funnel-like shape with the narrow opening projecting
Al metho'ds, vaginal Al, cervical Al and lapar’oscoplc caudally into the cervical lumen (Halbert et al., 1990;
Al all with FT semen or fresh semen. The first two Nagqvi et al., 2005). It is common that the second fold
techmques' give poor fertility rates Compargd to is eccentric to the other concentric folds and thus acts
lgparosc.oplc AI Eventhoggh the laparosc.oplc Al as an anatomical and physiological barrier (Moré,
gIves hlgh fertility rate, it is not economn':al and 1984). The cervical lumen is misaligned in 74.43% of
animal frlen'dly. The:'refore, thg transc’ervmal‘ AI ewes with the presence of eccentric folds. The most
(TCAI) technique, which semen is deposited within common eccentricity occurs at the second cervical

the uterine body through the cervical canal, is an ring (75%), but the third (14%) and first ring (11%) can
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also be eccentric (Kaabi et al., 2006). The complexity of
the cervix limits the passage of the inseminating
pipette through the cervical canal. The difficulty of
cervical penetration in sheep prevents the
development of the trans-cervical artificial

insemination, which the frozen-thawed semen is
attempted to deposit intra uterine of sheep.

Figure 1 Morphology of sheep cervix during the
periovulatory period of estrus (Leethongdee,
2010)

Histological anatomy of the sheep cervix

The sheep cervical canal is lined by
epithelium comprising of non-secretory tall columnar
cells and mucous secreting goblet cells. Beneath the
epithelium lies the cervical stroma made up of
fibroblast-like stromal cells and thick bundles of
collagen fiber orientated in all directions. The blood
vessels and smooth muscle cells are embedded
between the collagen bundles and other components
of the extracellular matrix (ECM) such as
proteoglycans, glycosaminoglycans (Dobson, 1988).
Generally, in transverse section, the sheep cervix
comprises three layers: 1) a luminal epithelium 2) a
collagen layer of collagen bundles, stromal and
smooth muscle cells and 3) an outer layer called the
serosa (Moré, 1984).

1. The epithelium: The lumen of the cervix is lined
with a mucosal epithelium. At the external os the
cervical lumen is lined by stratified squamous
epithelium of 4 to 6 layers. The epithelium gradually
changes to a simple columnar epithelium at the
internal os (the entrance to the uterus). Three
morphologically ~distinct cell types have been
identified by electron microscopy; tall ciliated cells,
non-ciliated secretory cells and wedge-shaped peg
cells (William, 1979). The epithelium is arranged over
the cervical rings and does not form coiled or tubular
glands as in the uterus. The cyclic changes of the
estrous cycle influence the appearance of the
epithelium as in all the parts of the female
reproductive tract (Dobson, 1988). The height of
epithelium is maximal during estrus when mucoid
secretory activity is also maximal.

2. The cervical musculature lies between the surface
epithelium and serosa, and comprises five well-
defined tissue layers (Moré, 1984).
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2.1) The sub-epithelial stroma immediately lying
beneath the surface epithelium is a thin layer of loose
connective tissue. It is about 600-750 pm thick. This
layer contains fibroblasts and some longitudinal
smooth muscle fibres embedded in ECM made up of
reticular collagenous fibres and other components of
connective tissue and a ground substance comprising
of proteoglycans and glycosaminoglycans. The
reticular collagen fiber is predominant in this layer.

2.2) The dense, thick layer which is about 4,000-5,500
pm thick and lies beneath the sub-epithelium stroma.
This layer is composed of mixed bundles of regularly
arranged smooth muscle cells in a predominantly
circular arrangement, sometimes they can also be
arranged in oblique and transverse orientations. The
smooth muscle bundles are surrounded by dense
collagenous connective tissue that also contains
fibroblasts and ground substance.

2.3) The loose connective tissue layer lies beneath the
thick, dense layer, with a thickness of 2,000-2,500 pm.
This third layer contains smooth muscle fibers
arranged in a mainly longitudinal orientation. This
layer also contains the large blood vessels supplying
the cervix.

2.4) The dense, regular longitudinal muscle layer
whose thickness is about 1,000-1,100 pm. This layer
contains  thin  collagenous  fibers  arranged
longitudinally. The 3rd and 4th layers have been
described previously as two separate muscle layers;
the loose connective tissue layer and the dense
connective tissue layer, both containing longitudinal
smooth muscle fibers (Moré, 1984). Due to the
difficulty of defining the difference between these two
layers, in this thesis these layers are considered as a
single layer named as the longitudinal smooth muscle
layer.

2.5) The outer muscle layer is 750-800 pm thick and
composed of dense fibrous connective tissue and
occasional smooth muscles bundles with a mixture of
transverse and oblique orientations. Throughout this
thesis it is named as the transverse smooth muscle
layer.

2.6) Serosa: The outer surface of cervix, is covered
externally by the peritoneum that limits the cervical
shape. It consists of a thin layer of loose areolar
connective tissue which connects the serosa to the
underlying transverse smooth muscle layer. The
areolar connective tissue contains collagen fibers,
elastin fibers and fibroblasts covered with mesothelial
cells (Moré, 1984).

The above information shows that the
smooth muscle, the collagen bundles and the other
components of connective tissue such as fibroblasts,
proteoglycans  and  glycosaminoglycans  are
distributed throughout the cervix. The differential
orientation of smooth muscle determines the state of
relaxation of the cervix. For example, contraction of
the circular muscle may widen the cervical lumen.
Alternatively, longitudinal muscle in contraction may
tighten the cervical lumen and widen the cervical
lumen when it relaxes as well as transverse and
oblique smooth muscle. Apart from smooth muscle,
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fibroblasts, collagen bundles and connective tissue are
the other common components of cervical tissue. The
changing proportion of smooth muscle and collagen
during the estrous cycle suggests that the collagen
bundles and connective tissue are involved with
cervical function (Kershaw et al., 2007) and that cyclic
hormonal changes of the estrous cycle affect the
arrangement of smooth muscle and collagenous
connective tissue in the cervix resulting in cervical
relaxation at estrus and cervical constriction in the
luteal phase of the estrous cycle.

Trans-cervical artificial insemination

TCAI is a technique that semen is deposited
deep in the cervix or within the uterus through the
cervical canal. The greater the depth of insemination,
the higher the expected pregnancy and lambing rates
(Eppleston and Maxwell, 1993; Salamon and Maxwell,
1995). The anatomical complexity of the sheep cervix
limits the success of TCAIL The passage of
inseminating pipette can damage the cervical canal
(Campbell et al., 1996) which may cause low fertility
rate. When the new TCAI catheter was used in a
comparison with laparoscopic Al, with F-T semen the
results showed that there was no difference between
fertilization rates (59.3%). This suggests that in the
future TCAI may replace laparoscopic Al. The use of
the exogenous cervical dilatators in sheep such as
oxytocin, estradiol (Khalifa et al., 1992; Stellflug et al.,
2001), Follicle stimulating hormone, prostaglandin E1
(Leethongdee et al., 2007) or hyaluronan (Perry et al.,
2010) have been investigated to increase cervical
relaxation during the periovulatory period and then
increase the success rate of TCAL

Induction of cervical relaxation

There is a degree of cervical relaxation
naturally during estrus which facilitates trans-cervical
penetration in some multiparous sheep (Kershaw et
al., 2005). This relaxation is most probably induced by
the changing pattern of the reproductive hormones
progesterone, estradiol, LH, FSH and oxytocin during
the peri-ovulatory period, acting on the cervix.
Increase in oxytocin receptor expression during estrus
are detectable in luminal epithelial cells of the cervix
(Ayad et al., 2004) and exogenous oxytocin (Khalifa et
al.,, 1992) can dilate the cervix of the ewe. The bovine
cervix, at the time of peak peri-ovulatory
concentrations of FSH has high levels of cervical FSH-
R and responds to FSH by increasing PGE2 synthesis
(Mizrachi and Shemesh, 1999; Shemesh, 2001). The
expression of FSH-R, LH-R and COX-2 is reported in
non pregnant ewe during the periovulatory oestrus
(Leethongdee et al., 2007). The increase in PGE2 can
induce the softening and ripening of the cervix (Fuchs
et al., 1984) by inducing more widely dissociated
connective tissue bundles and increasing ground
substance in the ECM (Toppozada et al., 1987). The
local intra-vaginal application of the PGE1 analogue,
Misoprostol to non pregnant sheep (Leethongdee et
al., 2010) reported evidence of a PGE-mediated
mechanism of cervical relaxation during the peri-
ovulatory period. The cervical changes observed
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following the local application of Misoprostol were
increased levels of the mRNAs for LH-R, FSH-R and
COX-2 and an increased concentration of HA
(Leethongdee et al., 2010). These cervical changes is
associated with the increased cervical relaxation
(Leethongdee et al., 2007). Hyaluronan fragments can
also induce prostanoid production via increased
COX-2 (Kobayashi et al., 1998) which regulates the
production of PGE2. Cervical dilatation requires a
change in collagen within the cervical stroma
(fibroblasts and smooth muscle) from the highly
organized network of tightly bound collagen fibrils
under the influence of high progesterone levels to a
much looser arrangement at estrus (Calder, 1994) that
may facilitate cervical passage of an Al pipette. The
use of human IL-8 (hulL-8) to dilate the cervix of
estrus sheep (Croy et al., 1999) facilitate passage of a
rod into the uterus and also induced -cervical
neutrophils implying that neutrophils may be
associated with dilatation of the cervix.

Unquestionably, PGE2 has a critical role in
the mechanism cervical relaxation both at term
(Calder, 1994) and thus also at estrus. Prostaglandins
are produced naturally during labor and cervical
ripening which is achieved by the modification of
cervical collagen and change in the concentrations of
cervical GAGs (Rath et al., 1993). Prostaglandin E2 has
been used to soften the cervix in sheep. The infusion
of PGE2 into a cervical artery increased the
extensibility of a strip of ovine cervical tissue (Ledger
et al,, 1983). The intravaginal application of a PGE2
gel induced a four-fold increase in cervical
extensibility and a two-fold reduction in stretch of the
sheep cervix (Owiny and Fitzpatrick, 1990). The
application of PGE2 increases the cervical softening
with the absence of increases in uterine contraction
(Owiny and Fitzpatrick, 1990). During the estrous
cycle, the application of intra-cervical FSH or PGE2
dilated the cervix and allow trans-cervical Al in sheep
(Leethongdee et al., 2007) and also increase in the
concentration of HA in the cervical tissue
(Leethongdee et al., 2010). The mechanism by which
LH and FSH affects the regulation of PGE2
production by the cervix and thus regulates cervical
dilation at estrus is not fully understood; the
mechanism requires further investigation.

Conclusion

The intra-cervical application of FSH and
PGE2 induced cervical relaxation in the non-pregnant
ewe. Gonadotrophin treatment also increased COX-2
which is the rate limiting enzyme in the pathway for
the PGE2 in the cervix. The increased HA
concentration induced by PGE2 analogue led to the
relaxation of the cervix. Relaxation of the cervix
probably involves several mechanisms such as
increased activity of collagenolytic enzymes and
leukocytic infiltration associated with inflammatory
reactions. These  influence  alternative  or
supplementary mechanisms also alter collagen fibers,
proteoglycans and GAGs in cervical ECM. The
success in the induction of cervical relaxation can
enhance the success of TCAI in sheep and the results
can be contributed to animals which face the same
difficulty like goat.
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