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TRANSCERVICAL ARTIFICIAL INSEMINATION IN SHEEP: EFFECTS OF A MODIFIED TRANSCERVICAL ARTIFICIAL INSEMINATION CATHETER AND TRAVERSING THE CERVIX
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ABSTRACT:  The difficulty of traversing the cervix severely limits the use of transcervical (TC) AI in sheep. In addition, cervical trauma and poorly designed instruments can reduce fertility after AI. In an attempt to overcome problems associated with TC intrauterine AI (i.e., trauma induced as an instrument is manipulated through the cervix and into the uterus), we developed a modified TC AI catheter. Thus, this experiment was conducted to determine whether our modified TC AI catheter and(or) using this instrument to perform TC AI affected fertilization and(or) pregnancy rate. Ewes were assigned to one of three treatments: 1) TC intrauterine AI using the modified TC AI catheter + sham intrauterine AI via laparotomy (n = 9); 2) sham TC AI + intrauterine AI via laparotomy using a proven laparoscopic AI instrument (n = 8); and 3) sham TC AI + intrauterine AI via laparotomy using the modified TC AI catheter (n = 10). To synchronize estrus, progestogenated pessaries were inserted and left in place for 12 d. On d 5 after pessary insertion, 15 mg of Lutalyse were injected i.m. At pessary removal, 400 IU of eCG were injected i.m. Inseminations were performed 48 to 52 h after pessary removal. Fresh, diluted semen (200 (L) pooled from the same four rams each day during the experiment was used. At approximately 72 h after AI, uteri were collected and flushed. Oocytes or embryos were recovered and evaluated morphologically for development. Treatments did not affect (P > 0.01) ovum/embryo recovery rate (100 ( [embryos + ova] ( number of CL; mean = 87.3%), fertilization rate (embryos ( [embryos + ova] ( 100; mean = 59.3%), or pregnancy rate ([ewes pregnant ( number of ewes] ( 100; mean = 66.6%). We conclude from these data that neither our modified TC AI catheter nor TC intrauterine insemination using the modified TC AI catheter should impair the success of TC AI in sheep. 
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Introduction


The ewe cervix restricts the passage of transcervical (TC) AI equipment (Fukui and Roberts, 1976; Bunch and Ellsworth, 1981), preventing common use of TC AI in sheep (Dun, 1955; Andersen et al., 1973; Halbert et al., 1990). The size and shape of the external cervical canal and the tortuous nature of the cervical canal present the major physical barriers to TC AI (Dun, 1955; Andersen et al., 1973; Halbert et al., 1990). A viable TC AI procedure for sheep must include a means of coping with the cervix without inducing trauma. Therefore, to overcome the physical barriers presented by the cervix, we developed a modified TC AI catheter. 

Thus, the major purpose of this study was to determine whether our modified TC AI catheter and(or) using this instrument to perform TC AI affected fertilization and(or) pregnancy rate.

Materials and Methods

Experimental Design


The aim of this experiment was to evaluate the effects of a modified TC AI catheter, designed to overcome the eccentric nature of the ewe cervix, on fertilization and pregnancy rate in sheep. Ewes were assigned to one of three randomized treatments: 1) TC intrauterine AI using the modified TC AI catheter + sham intrauterine AI via laparotomy (n = 9); 2) sham TC AI + intrauterine AI via laparotomy using a proven laparoscopic AI instrument (n = 8); and 3) sham TC AI + intrauterine AI via laparotomy using the modified TC AI catheter (n = 10). 

Estrus Synchronization


During the spring breeding period (January 15 to March 15), pessaries containing 60 mg of 6(-methyl-17(-hydroxyprogesterone acetate (Tuco Products Limited, Orangeville, Ontario, Canada) were inserted. Five days  after pessaries were inserted, ewes received a 15-mg i.m. injection of Lutalyse (Pharmacia & Upjohn, Kalamazoo, MI) to eliminate corpora lutea. Pessaries were removed after 12 d. At pessary removal, 400 IU of eCG (Sioux Biochemical, Sioux City, IA) were injected i.m. Ewes were checked for estrus 48 h after pessary removal using vasectomized rams. Ewes standing firmly to be mounted were considered to be in estrus. If ewes were not observed in estrus, they were removed from the experiment.

Transcervical Artificial Insemination Catheter


The TC AI catheter used in this experiment was a 17.5-cm-long 17-gauge semiflexible stainless steel tube with a 4-mm brass bulb attached at the tip. The catheter was long enough to allow semen to be deposited at the base of the uterine horn rather than at the base of the uterine body. The flexibility of the catheter allowed atraumatic passage through the cervix without kinking the catheter and blocking passage of the semen through it. The internal diameter of the catheter was 1.07 mm, and the external diameter was 1.47 mm. This is significantly smaller than catheters used in previous studies (Sayre and Lewis, 1997). The brass bulb at the tip of the catheter helped when manipulating the rod through the cervical rings. A machined stainless steel fitting was used to secure the catheter to a retroload AI gun. The interface between the AI gun and the stainless steel fitting was designed to have zero volume to prevent the loss of semen in the instrument. The retroload AI gun was designed to be used in conjunction with a 1-cc semen straw to allow an increased amount of fluid to be delivered to compensate for the void volume of the catheter.

Artificial Insemination


Semen for AI was collected with an artificial vagina from smut-faced rams of known fertility. Semen was extended  with an aloe vera diluent.  Diluted semen from the same four rams, with individual sperm motilities greater than 40%, was combined to mask ram variation within the experiment. At the time of AI, motility and forward progressive movement were assessed. The diluted semen contained from 100 ( 106 to 250 ( 106 spermatozoa per .2 mL and averaged greater than 40% progressive motility.


Ewes were artificially inseminated using one of three methods 48 to 52 h after pessary removal. All ewes were restrained in a dorsal recumbent position in a Poldenval Commodore chute (Premier Sheep Supplies, Washington, IA) and were either subjected to a sham TC AI procedure or to TC AI. The perineal area was scrubbed with an antiseptic soap and rinsed thoroughly. Dry gauze sponges were used to remove excess water and antiseptic. A coating of obstetric lubricant that did not contain a spermicide was applied to a vaginoscope (tubular speculum), and the vaginoscope was inserted into the vagina and pushed against the tissue surrounding the cervix to help center the external cervical os. If ewes were receiving the sham TC AI procedure, the vaginoscope was removed. In ewes artificially inseminated transcervically, a cattle AI catheter was placed into the folds of the tissue surrounding the external cervical os to position the cervix in the vaginoscope, and then the catheter was removed. The tip of the modified TC AI catheter was placed at the cervical os and manipulated through the cervix. After passing the catheter through the cervix, a 1-cc semen straw containing 0.2 mL of diluted semen, a small air bubble, and 0.6 mL of diluent was inserted into the retroload AI gun, and the semen and excess diluent were expelled through the modified TC AI catheter into the uterus. The 0.6 mL of diluent compensated for the void volume of the modified TC AI catheter and cleared it of semen. The catheter was removed slowly, the vaginoscope was removed, and the ewe was returned to a standing position and removed from the Poldenvale Commodore chute. 

Following the sham TC AI procedure or TC AI, all ewes underwent a midventral laporotomy. Depending on treatment, ewes were artificially inseminated via midventral laporotomy or received a sham procedure. To AI during the laporotomy, either a laparoscopic AI instrument or the modified TC AI catheter was used.

To AI via midventral laporotomy using the laparoscopic AI instrument, a laparoscopic AI needle was inserted into the uterine horn just anterior to the uterine body, and 0.2 mL of diluted semen was injected through the needle followed by 0.6 mL of diluent. Even though void volume of the laparoscopic AI needles is too small to easily measure, 0.6 mL of diluent was injected following the 0.2 mL of semen to mimic the TC AI procedure.

To AI via midventral laporotomy using the TC AI catheter, one tip of a mosquito forceps was used to create a 2- to 3-mm diameter incision through the myometrium and endometrium and into the uterine lumen. The tip of the TC AI catheter was inserted through the incision and into the uterine lumen. A 1-cc semen straw containing 0.2 mL of diluted semen, a small air bubble, and 0.6 mL of diluent was inserted into the retroload AI gun. The semen and excess diluent were expelled through the modified TC AI catheter into the lumen of the uterine horn. The TC AI catheter was removed from the uterine horn.

Collection of Embryos


Oocytes and(or) embryos were collected approximately 72 h after AI. Ewes were slaughtered. The uterus and a portion of the cervix were removed postmortem, and the uterine contents were flushed out with sterile saline. The flushings were examined microscopically, and oocytes/embryos were classified developmentally according to their morphology (Killeen, 1969). Corpora lutea (CL) were counted at the time of ova/embryo recovery. Recovery rate (100 ( [embryos + ova] ( number of CL) was determined. Fertilization ([embryos ( (embryos + ova)] ( 100) and pregnancy ([ewes with embryos ( total number of ewes] ( 100) rates were determined.  

Statistical Analyses


The GLM procedures of SAS (SAS Inst. Inc., Cary, NC) were used to determine the effect of treatment on the number of CL, recovery rate, fertilization rate, pregnancy rate, number of oocytes recovered, and the number of embryos recovered. Numbers of oocytes/embryos and CL and embryo/ovum recovery, fertilization, and pregnancy rates were evaluated on a per-ewe basis 

Results


Treatment did not affect embryo/ovum recovery (mean = 87.3%;), fertilization ( mean = 59.3%), or pregnancy rate (mean = 66.6%; Table 1). Likewise, treatment did not affect numbers of ova (mean = 0.74) and embryos recovered (mean = 1.1) or numbers of CL (mean = 2.1) present at slaughter (Table 1).

Table 1. Reproductive responses of ewes after transcervical (TC) AI or AI via midventral laporotomy using a modified TC AI catheter or a laparoscopic AI instrument

	
	Treatmenta
	

	Variableb
	1
	2
	3
	SEM

	Recovery, %c
	81.5
	78.1
	100.0   
	 3.80

	Fertilization, %d
	50.0
	62.5
	  65.0
	 9.60

	Pregnancy, %e
	55.5
	75.0
	  70.0
	 0.10

	No. of ova
	  0.67
	  0.75
	    0.80
	 0.20

	No. of embryos
	  1.00
	  1.00
	    1.30
	 0.24

	No. of CL
	  2.11
	  2.25
	    2.10
	 0.19


a 1 = TC intrauterine AI using the modified TC AI catheter + sham intrauterine AI via laparotomy (n = 9); 2 = sham TC AI + intrauterine AI via laparotomy using a proven laparoscopic AI instrument (n = 8); and 3 = sham TC AI + intrauterine AI via laparotomy using the modified TC AI catheter (n = 10).

bEach variable was evaluated on a per ewe basis.

cRecovery rates: [(embryos + ova) ( number of CL] ( 100.

dFertilization rates: [embryos ( (embryos + ova)] ( 100.

ePregnancy rates: (number of ewes with embryos ( total number of ewes) ( 100. 

Discussion


Previous studies indicate that TC AI is extremely difficult in ewes (reviewed in Eppleston and Maxwell, 1993). However, these studies did not incorporate methods for managing the physiological and anatomical limitations that the ewe cervix imposes. Results of the present study indicate that using a modified TC AI catheter allows the intrauterine deposition of semen either directly into the uterine lumen, via laparotomy and a small incision through the uterine horn, or transcervically without decreasing fertilization and pregnancy rates through d 3 of pregnancy. In addition, AI using an instrument designed to overcome the barriers associated with the cervix did not affect the number of ovulations, recovery rate of ova and embryos on d 3, and(or) number of ova and embryos.


Cervical manipulation associated with movement of an AI catheter through the cervix has been associated with reductions in pregnancy and lambing rates (Sayre and Lewis, 1997). These negative results have been attributed to the secretion of an unknown spermicidal compound in response to cervical manipulation (Hawk, 1983). Therefore, we postulated that, if cervical manipulation induced by moving a modified TC AI instrument through the cervix induced the secretion of a spermicidal compound, the effect would prevent fertilization. However, in the absence of a negative effect of traversing the cervix with the modified TC AI catheter used in this study, one may conclude that atraumatic cervical manipulation does not affect the events leading to fertilization and pregnancy through d 3. We believe that differences in results between this and previous studies are related to apparent decreases in cervical trauma, based on scores assigned to every TC AI, when we used the modified TC AI catheter.


We concluded from our present results that our modified TC AI catheter does not interfere with fertilization rates or pregnancy rates through d 3 of pregnancy. 

Implications


Transcervical artificial insemination in sheep does not seem to affect fertilization or pregnancy rates through d 3 if the cervical manipulation associated with traversing the cervix is done in an atraumatic manner. Therefore, a modified transcervical artificial insemination catheter that is designed to cope with the anatomical barriers presented by the sheep cervix should  allow us to expand  the use of transcervical artificial insemination procedures for sheep.
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