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Abstract 

 
In general, artificial insemination (AI) 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 AI (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 TCAI. 
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บทคัดย่อ 

การเหนี่ยวนําให้เกิดการคลายตวัของคอมดลูกเพื่อการผสมเทียมแบบสอดท่อผ่านคอมดลูกในแกะ 
 
สุกัญญา ลีทองดี  

 
การผสมเทียมโดยใช้น้ําเช้ือแช่แข็งในแกะยังไม่ประสบความสําเร็จมากนัก เนื่องจากวิธีการผสมเทียมนั้นจําเป็นต้องปล่อยน้ําเช้ือใน

ตัวมดลูกจึงจะได้อัตราการผสมติดในระดับท่ียอมรับได้ วิธีการผสมเทียมโดยการปล่อยน้ําเช้ือในปีกมดลูกโดยการเจาะผนังช่องท้องนั้น
สามารถให้ผลการผสมติดท่ียอมรับได้ แต่มีค่าใช้จ่ายสูงและส่งผลเสียต่อสวัสดิภาพสัตว์ ดังนั้นการปล่อยวางน้ําเช้ือในตัวมดลูกโดยการสอดท่อ
นําน้ําเช้ือผ่านทางคอมดลูกจึงเป็นแนวทางใหม่ท่ีกําลังได้รับการพัฒนาและวิจัย อย่างไรก็ดีลักษณะทางกายวิภาคอันซับซ้อนของคอมดลูกเป็น
อุปสรรคสําคัญท่ีทําให้การสอดท่อผสมเทียมผ่านคอมดลูกไม่สามารถทําได้อย่างมีประสิทธิภาพ เนื่องจากคอมดลูกแกะนั้นมีลักษณะคดไปมา 
ยาว และมีช้ันขวางอยู่ภายใน โดยท่ัวไปช่องในคอมดลูกของแกะมีแนวโน้มจะเอยีงตัวออกจากแนวกลาง และรอยพับภายในคอมดลูกยังทําให้
เกิดลักษณะคล้ายกรวยซ่ึงทําให้ยากต่อการผ่านของท่อผสมเทียม นอกจากนี้โครงสร้างทางจุลกายวิภาคของเนื้อเยื่อคอมดลูกของแกะยังเกิด
จากการรวมกันของกล้ามเนื้อเรียบและเนื้อเยื่อเกี่ยวพันท่ีมีความแข็งแรง ทําให้ยากต่อการสอดผ่านของท่อผสมเทียม ดังนั้นการทําให้คอ
มดลูกคลายตัวจะสามารถทําให้การสอดท่อผสมเทียม เพื่อปล่อยน้ําเช้ือในตัวมดลูกสามารถทําได้มีประสิทธิภาพมากขึ้น การใช้สารเคมีหรือ
ฮอร์โมนท่ีสามารถทําให้เกิดการคลายตัวของคอมดลูก เช่น ฮอร์โมน Follicle Stimulating Hormone (FSH) สาร hyaluronan สาร 
misoprostol ฮอร์โมนโพรสตาแกลนดิน อี ทู (prostaglandin E2) หรือ ฮอร์โมนออกซิโตซิน (oxytocin) สามารถทําให้เกิดการคลายตัวของ
คอมดลูกได้ ซ่ึงทําให้เกิดการเรียงตัวใหม่ของกล้ามเนื้อเรียบและเนื้อเยื่อเกี่ยวพันอันเป็นโครงสร้างหลักของเนื้อเยื่อในคอมดลูก ทําให้การสอด
ผ่านท่อผสมเทียมสามารถกระทําได้ง่ายขึ้น และทําให้การผสมเทียมแบบการปล่อยน้ําเช้ือในตัวมดลูกโดยผ่านทางคอมดลูกประสบ
ความสําเร็จได้  

 

คําสําคัญ: คอมดลูก  แกะ  การเปน็สัด  โพรสตาแกลนดินอีทู  การผสมเทียมแบบสอดท่อผ่านคอมดลกู 

ภาควิชาคลินกิทางสัตวแพทย์ คณะสัตวแพทยศาสตรแ์ละสัตวศาสตร์ มหาวิทยาลัยมหาสารคาม อ.เมือง จ.มหาสารคาม 44000 
*ผู้รับผิดชอบบทความ E-mail: sukanya.l@msu.ac.th 
 

Introduction 

 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. AI ensures good paternal control and 
fertilization of groups of female by males of different 
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 
avoids disease transmission and reduces the risk of 
spreading sexually transmitted genital infections. To 
maximize the extensive use of superior rams, AI with 
frozen–thawed (FT) semen is developed. However, 
fertility rate from AI with FT semen is low and 
unaccepted commercially. At present there are three 
AI methods, vaginal AI, cervical AI and laparoscopic 
AI, all with FT semen or fresh semen. The first two 
techniques give poor fertility rates compared to 
laparoscopic AI. Eventhough the laparoscopic AI 
gives high fertility rate, it is not economical and 
animal friendly. Therefore, the transcervical AI 
(TCAI) technique, which semen is deposited within 
the uterine body through the cervical canal, is an 

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

Gross anatomy of sheep cervix 

 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 
Canadian crossbreed ewe is 6.7±1.1 cm and contains 
4.9±1.0 funnel-shaped rings (Halbert et al., 1990) (Fig 
1). The cervix has a convoluted and tortuous 
corkscrew-like structure consisting of internal cervical 
rings (Halbert et al., 1990; Naqvi et al., 2005; Kaabi et 
al., 2006). The internal folds of the cervix form a 
funnel-like shape with the narrow opening projecting 
caudally into the cervical lumen (Halbert et al., 1990; 
Naqvi et al., 2005). It is common that the second fold 
is eccentric to the other concentric folds and thus acts 
as an anatomical and physiological barrier (Moré, 
1984). The cervical lumen is misaligned in 74.43% of 
ewes with the presence of eccentric folds. The most 
common eccentricity occurs at the second cervical 
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). 

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 μm 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 
μm 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 μm. 
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 μm. 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 μm 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 TCAI. 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 AI, 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 AI. 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 TCAI. 
 

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 

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 AI pipette. The 
use of human IL-8 (huIL-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 AI 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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