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Simple Summary: In ovine species, transcervical artificial insemination is not easy to apply, due to
the tortuous lumen of the cervix that does not allow the passage of routinely used catheters. Moreover,
the quality of frozen—thawed semen in small ruminants is poor and these factors negatively affect
the wide spreading of superior genotypes. The aim of this study was therefore to preliminarily
test three newly designed insemination catheters, with bent tips of different lengths, in terms of
reproductive performances in pluriparous ewes inseminated with frozen-thawed semen. Afterwards,
the outcomes of insemination with the best performing catheter were compared to those obtained in
ewes previously submitted to surgical incision of cervical folds, a technique that allows transcervical
intrauterine deposition of semen. The results obtained indicated that a catheter with a bent tip of
5.0 mm allowed deep and fast intrauterine insemination, leading to pregnancy rates similar to those
obtained following surgical incision of the folds. Further tests on the efficiency of the catheter are
needed in field conditions and on a larger number of animals to assess the feasibility of the method
in wide commercial insemination campaigns.

Abstract: In ovine species, transcervical artificial insemination (TCAI) is limited by the poor quality of
frozen—-thawed semen and by the convoluted cervical lumen hampering the passage of inseminating
devices. The aim of the study was to test the efficiency of three newly designed catheters with bent
tips of 3.5 mm, 5.0 mm or 8.0 mm in terms of reproductive performances (experiment 1) and to
compare the results of TCAI with the best performing catheter of experiment 1 to those obtained in
ewes submitted to surgical incision of cervical folds (SICF) prior to insemination (experiment 2). The
following parameters were assessed: time to pass the cervix; depth of cervical penetration; site of
deposition of semen; pregnancy (PR); and lambing rates (LR). The results of experiment 1 indicated
that the 5.0 mm tip catheter resulted in deeper and faster TCAI and higher PR and LR compared to
3.5 mm and 8.0 mm tip catheters (p < 0.05). In experiment 2, TCAI with the 5.0 mm catheter did not
differ from TCALI after SICF in terms of depth of semen deposition, time to pass the cervix, PR and
LR (p < 0.05). In conclusion, the use of a catheter that allowed transcervical uterine deposition of
semen without excessive manipulation led to satisfactory pregnancy rates.

Keywords: fertility; cervix; ovine; insemination gun; TCAIL frozen-thawed semen

1. Introduction

The ovine cervix is characterized by a very narrow and misaligned lumen delimited
by funnel-shaped folds that protrude caudally and are often in an eccentric position [1,2].
This peculiar anatomy makes the passage of an artificial insemination catheter difficult,
often almost impossible, and contributes to the limited diffusion of transcervical artificial
insemination (TCAI) in the ovine breeding system. Moreover, it needs to be pointed out
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that, apart from the cervical barrier, another significant restricting factor is represented
by the low resistance of ram semen to cryopreservation. In ovine species, a relationship
between the depth of penetration of the cervical lumen and the fertility rates achieved was
reported in 1994 by Eppleston et al. [3]. The site of deposition of frozen-thawed sperm deep
in the cervix (beyond the 3rd—4th fold) leads to consistently higher fertility rates compared
to deposition at 1 cm depth in the lumen [3]. These observations are supported by the
poor pregnancy rates obtained when frozen-thawed semen is deposited in the external
os of the cervix, ranging from less than 5% [4,5] to 36% [6]. The problems related to the
cervical barrier and the poor fertilizing ability of frozen—thawed semen in ovine artificial
insemination have so far been overcome by laparoscopic Al (LAI). This technique has been
widely used in recent decades since it allows direct uterine deposition of frozen-thawed
semen via laparoscopy. The fertility rates range from 60% to 70% [5,7-9]. Nevertheless,
it needs trained veterinarians, anesthesia and expensive equipment to be performed and
it should be considered as provisional until an efficient TCAI technique is developed (as
reviewed by [10]).

Basically, an optimal TCAI should: (i) allow deep cervical or uterine deposition of
semen; (ii) be easy and fast to perform; (iii) be respectful of animal welfare; (iv) require
inexpensive instruments; and (v) be applicable in field conditions.

In the past, different approaches have been attempted to improve the performances of
TCAI but, although some of them appear convincing and successful in terms of fertility
rates, none has had a wide in-field application. Recently, our research group presented a
technique for surgical incision of cervical folds (SICF) that allowed us to achieve fertility
rates comparable to those obtained with LAI [9,11] using frozen—-thawed semen. Although
it is a promising technique, to be performed once in the lifetime of the animal, it is a surgery
that requires veterinarian skills and, as suggested by the authors, it should be devoted
to small nuclei of selected high-value ewes. Among other methods, the use of drugs
(hormones [12-18], chemokines [19], myorelaxants [20], hyaluronan [21], beta-adrenergic
blocking agents [22]) and the design of inseminating catheters [23-25] associated with
manipulation of the cervical canal (i.e., Guelph System [26,27]) have been investigated.
Since hormones are in general expensive and, according to consumer demand, animal
production should slowly move towards drug-free alternatives [28], the focus on the design
of devices that could trespass the cervical lumen with no traumas on surrounding tissues
could be the key to overcome the limitations of TCAI Therefore, the primary objectives of
the present study were to evaluate the reproductive performances of ewes inseminated
with frozen-thawed semen in two sets of experiments: (1) preliminary testing of three
different devices for transcervical insemination and (2) comparing two different TCAI
techniques (i.e., the newly designed device and transcervical insemination following SICF).

2. Materials and Methods
2.1. Experimental Design

All experimental procedures were carried out under European regulations on the care
and welfare of animals in research and were ethically approved by the Organization in
Charge of Animal Welfare and Animal Testing (Organismo Preposto al Benessere Animale
ed alla Sperimentazione sugli Animali—OPBSA) of the University of Sassari (protocol
number: 26064). All animals were fed hay and concentrates, and water was provided ad
libitum. The experimental design is represented in Figure 1. A total number of 95 pluri-
parous Sarda ewes (3—4 years old and about 45 kg live weight) were randomly assigned to
two different experiments. In experiment 1 (n = 36), three different catheters for TCAI were
tested, and in experiment 2 (n = 59), two different TCAI methods, insemination with the
best performing catheter of experiment 1 and insemination following surgical incision of
the cervical folds (SICF), were compared.
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Figure 1. Design of the two experiments. Abbreviations: N = number; D = day; TCAI = transcervical artificial insemination;

SICF = surgical incision of cervical folds.

2.2. Estrous Synchronization

In all experimental animals, synchronization of estrous cycles was achieved by insert-
ing intravaginal progestagen sponges (Crono-gest 20 mg, Intervet Italia S.r.1, Segrate, Italy)
pre-treated with antibiotic powder (Izoaspersorio, 1zo, Brescia, Italy) for 12 days and inject-
ing IM 300 IU of PMSG (Folligon, Intervet Italia S.r.], Italy) at the time of sponge removal.

2.3. Semen Collection and Preparation

Ejaculates of three adult Sarda rams of proven fertility were collected by artificial
vagina. Only samples having a concentration of at least 3 x 10° spz/mL and mass motility
>3 (score from 0 (no waves) to 5 (vigorous swirling waves)) were further processed. Semen
was pooled and extended at 30 °C with Tris-EY (egg yolk, 20%) supplemented with 6%
glycerol to reach a final concentration of 400 x 10° spz/mL. Extended semen was gradually
cooled from 30 °C to 4 °C in 5 h and loaded into 0.25 mL straws (insemination dose:
100 x 10° spz/straw). Straws were then exposed for 7 min to LN, (liquid nitrogen) vapors
at 5 cm above the surface, plunged in LN; and then stored until use. Post-thawing motility
was assessed by CASA (Computer Assisted Sperm Analysis, IVOS, Hamilton Thorne,
Biosciences) in a straw from each batch. Semen with >45% progressive motility was
considered suitable for insemination. At the time of insemination, thawing was performed
at 37 °C for 30 s.

2.4. Experiment 1

The experiment was carried out on 36 pluriparous Sarda ewes randomly allocated to
three different groups (n = 12). Following synchronization of ovulation, 58 h after removal



Animals 2021, 11, 3348 40f12

of the sponges, ewes were submitted to TCAI using three different insemination catheters.
All the inseminations were performed by the same professional.

Catheter Design

Catheters were composed of a stainless-steel tube 28.5 cm long with an inner diameter
of 3.5 mm, containing a Cassou insemination gun for small ruminants (IMV Technologies,
L’Aigle, France) fitting a sanitary sheath (Figure 2A). One end of the catheter had a screw
system that kept the Cassou gun secured (Figure 2B), while the other end was composed of
a modified epidural needle (J 14 G) with a 45° bent rounded atraumatic tip of different
lengths: 3.5 mm, 5.0 mm or 8.0 mm (Figure 2C).

AN TTRAER,

Figure 2. Cont.
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Figure 2. (A) Tools used for transcervical artificial insemination. From top to bottom: Bozeman forceps for cervical retraction;
Cassou insemination gun for small ruminants (IMV technologies, France), inserted into the insemination catheter, composed
of a stainless-steel tube (length: 28.5 cm, inner diameter: 3.5 mm); (B) detail of one end of the catheter fitted with a screw
system to keep the Cassou gun secured; (C) detail of the other end composed of a modified epidural needle (& 14 G) with a
45° bent rounded atraumatic tip of different lengths: 3.5 mm, 5.0 mm or 8.0 mm.

2.5. Experiment 2

The experiment was carried out on 59 ewes allocated to two different groups: n = 30
were inseminated using the catheter that in experiment 1 yielded the best performances;
n = 29 were previously submitted to two incisions of cervical folds [9,11] and transcervically
inseminated. These ewes were the same subjects used for the study published by Pau et al.
(2019) [11]. Briefly, surgery was performed within 24 h from lambing and after confirming
expulsion of fetal membranes. Following mild sedation and epidural anesthesia, ewes
were placed in dorsal recumbency with the hindquarters slightly elevated, and the external
os of the cervix was localized by the aid of a speculum inserted in the vagina. The most
external fold of the os was grasped with a Duval forceps and the whole cervix, fold by fold,
was gently retracted caudally up to the vaginal vestibulum until complete exteriorization.
Afterwards, each fold was incised dorsally and ventrally. Local antibiotic treatment was
provided, and the extruded folds were gently repositioned. Ewes were kept under post-
operatory observation for 24 h.

2.6. Ewe Restraint and Cervical Manipulation for TCAI

For transcervical insemination, animals were placed in a cradle in dorsal recumbence
and the vulva and perineal area were carefully rinsed. The cervix was located by the
insertion of a vaginal speculum fitted with a light source and the external fold of the
os was grasped with the aid of Bozeman forceps. The cervix was then gently retracted
caudally and positioned to allow proper manipulation with the modified tip fitted on the
stainless- steel tube. During cervical manipulation, semen was thawed and loaded on the
Cassou gun. Once the site of deposition of semen was reached, the gun was inserted into
the stainless-steel tube and secured, and insemination was carried out. Ewes previously
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submitted to SICF were inseminated using a commercial Al catheter for small ruminants
(Cassou mini-pistolet for ovine-caprine, IMV Technologies, France).

2.7. Data Collection

In experiment 1, the depth of penetration through the cervical lumen was assessed
by reporting the number of cervical folds overcome by the three catheters (1st-2nd folds;
3rd—4th folds; 5th—6th folds; in utero; Figure 3A-E). For both experiments, the time taken
to trespass the cervical lumen was recorded and data about site of deposition of semen (in
cervix vs. in utero) were collected. Pregnancy rates (pregnant ewes/inseminated ewes)
were assessed by transrectal ultrasound (MyLab One, Esaote, Genova, Italy) on day 30
after insemination and lambing rates were also recorded.
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in utero

Figure 3. (A) Cervix of a pluriparous Sarda ewe characterized by 5-6 cervical folds that protrude
into the cervical lumen; position of the 5 mm tip catheter when semen was deposited beyond (B) the
first two folds; (C) the 3rd—4th fold; (D) the 5th—6th fold; (E) in utero.

2.8. Statistical Analyses

Collected data were statistically analyzed using STATA 11.2/1IC (StataCorp LP, College
Station, TX, USA) by the chi-square test or Fisher’s exact test to determine the effect of the
three catheters (experiment 1) and of the two insemination techniques (experiment 2) on
depth of cervical penetration, site of deposition of semen and pregnancy and lambing rates.
The significance level was defined for p < 0.05.

3. Results
3.1. Experiment 1

The results of experiment 1 are summarized in Tables 1-3. The device used for TCAI
had a significant effect on all the measured parameters (i.e., time to reach the uterus, depth
of semen deposition, pregnancy and lambing rates; p < 0.05). In general, TCAI with the
5.0 mm tip catheter resulted in higher pregnancy and lambing rates compared to the 8.0 mm
tip catheter (p < 0.05), while there was no significant difference compared to the 3.5 mm tip
catheter (Table 1; p > 0.05). However, the 5.0 mm tip catheter allowed deeper and faster
deposition of semen compared to the other two devices (Tables 2 and 3; p < 0.05).

Table 1. Pregnancy (PR) and lambing (LR) rates of ewes submitted to transcervical artificial insemi-
nation by three different catheters.

Insemination Ewes PR LR
Catheter Type (%) (%)
8.0 mm 12 1(8.3)2 1(8.3)2
5.0 mm 12 7 (58.3) b 7 (58.3) P
3.5 mm 12 2 (16.6) @b 2 (16.6) @b
Total 36 10 (27.7) 10 (27.7)

Different superscripts (@P) indicate within column significant differences for p < 0.05.
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Table 2. Pregnancy (PR) and lambing (LR) rates in relation to the site of semen deposition in the cervical lumen using three
different catheters.

Site of Semen Deposition

Insemination 1-2 Folds 3-4 Folds 5-6 Folds In Utero
Catheter Type Ewes PR LR Ewes PR LR Ewes PR LR Ewes PR LR
(%) (%) (%) (%) (%) (%) (%) (%)
8.0 mm 2 0(0) 0 (0) 52 1(20.0) 1(20.0) 4 0 (0) 0(0) 12 0(0)? 0(0)?
5.0 mm 0 - - ob - - 3 0(0) 0(0) 9b 7(77.8)° 7(77.8)®
3.5 mm 0 - - 42 0(0) 0 (0) 5 1(20.0) 1(20.0) 32 1(33.3)2 1(33.3)2
Opverall 2 0(0)* 0(0)* 9 1(11.1)* 1(11.1)* 13 1(7.7)% 1(7.7)* 12 8 (66.7) Y 8 (66.7)Y

Different superscripts indicate within column (®P) and within row (*¥) significant differences for p < 0.05.

Table 3. Pregnancy (PR) and lambing (LR) rates in relation to the time taken to reach the cervical lumen using three
different catheters.

Time to Reach the Cervical Lumen

Insemination <10s 10-30s 30-60 s >60s
Catheter Type Ewes PR LR Ewes PR LR Ewes PR LR Evwes PR LR
(%) (%) (%) (%) ¢ (%) (%) (%) (%)
8.0 mm 0? 0(0) 0 (0) 1 0(0) 0 (0) 0 0(0) 0(0) 112 1(9.1) 1(9.1)
50 mm 4b 3 (75.0) 3(75.0) 3 3 (100) 3(100) 2 1 (50.0) 1 (50.0) 3b 0(0) 0(0)
35mm pab 1 (100) 1(100) 0 0(0) 0 (0) 2 0 (0) 0(0) 9a 1(11.1) 1(11.1)
Overall 5 4(80.0)%  4(80)% 4 3(75.0)% 3 (75.0) % 4 1(25.0) % 1(25.0) 72 23 2(87)7 2(8.7)7

Different superscripts indicate within column (*?) and within row (*¥?) significant differences for p < 0.05.

The site of deposition of semen, measured by the number of overcome cervical folds,
had a significant effect on pregnancy outcomes (p < 0.05). Most of the ewes inseminated
with the 5.0 mm tip catheter directly in the uterine lumen were pregnant (77.7%), while
none of those that had semen deposition in cervical lumen were pregnant. Using the
8.0 mm tip catheter, the only pregnant ewes had semen deposited beyond the 3rd—4th
cervical fold. Deposition of semen with the 3.5 mm tip catheter led to 16.6% pregnant ewes,
depositing semen beyond the 5th—-6th cervical fold (1 = 1) and in utero (n = 1) (Table 2).

The time taken to reach the cervical lumen affected pregnancy and lambing rates
(p < 0.05). Overall, when insemination took more than 60 s, pregnancy rates were signifi-
cantly lower (p < 0.05). In most of the ewes inseminated with the 8.0 mm (91.6%) or the
3.5 mm (75%) tip catheter, the procedure lasted more than 60 s and led to low pregnancy
rates (9% and 11%, respectively). Conversely, insemination with the 5.0 mm tip catheter
allowed faster semen deposition: 33.3% of ewes were inseminated in less than 10 s and
most of them (3/4 ewes) were pregnant and lambed regularly (Table 3).

3.2. Experiment 2

Results of experiment 2 are summarized in Tables 4-6. In general, no significant
differences in pregnancy and lambing rates were found between ewes inseminated with
the 5.0 mm tip catheter and those inseminated after SICF (Table 4; p > 0.05).

Table 4. Pregnancy (PR) and lambing (LR) rates of ewes inseminated with two different methods for
transcervical artificial insemination (TCAI).

Transcervical Artificial Ewes PR LR

Insemination Method (%) (%)
Catheter 5.0 mm tip 30 19 (63.3) 16 (53.3)
Surgical incision of cervical folds 29 23 (79.3) 21 (72.4)

Overall 59 42 (71.2) 37 (62.7)
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Table 5. Pregnancy (PR) and lambing (LR) rates in relation to the time taken to reach the cervical lumen using two different
methods for transcervical artificial insemination.

Time to Reach The Cervical Lumen

Transcervical

Artificial <10s 10-30s 30-60 s >60 s
Insemination
PR LR PR LR PR LR PR LR
Method Ewes (%) (%) Ewes (%) (%) Ewes (%) (%) Ewes (%) (%)
Catheter 5.0 mm tip 11 8 (72.7) 6 (54.5) 11 11(100) 10 (90.9) 4 0(0) 0(0) 4 0(0) 0(0)
e e
urcfffjmgff‘sl‘g‘s‘ ° 17 14 (824) 14 (824) 6 6 (100) 5(83.3) 5 3 (60.0) 1(20.0) 1 1 (100) 1 (100)
Overall 28 2(786)  20(714) 17 17(100)  15(88.2) 9 3(33.3) 1(11.1) 5 1(20.0) 1 (20.0)

Table 6. Pregnancy (PR) and lambing (LR) rates in relation to the site of semen deposition using two
different methods for transcervical artificial insemination.

Site of Semen Deposition

Transcervical
Artificial In Cervix In Utero
Insemination PR LR PR LR
Method Ewes (%) (%) Ewes (%) (%)
Catheter 5.0 mm tip 4 0 (0) 0 (0) 26 19 (73.1) 16 (61.5)
Surgical incision of
corvical folds 4 1(25.0) 1(25.0) 25 22 (84.6) 20 (80.0)
Total 8 1(12.5) 1(12.5) 51 41 (80.4) 36 (70.6)

Time taken to reach the cervical lumen was not affected by the method of insemination
(Table 5; p > 0.05). Reaching the cervical lumen with both insemination methods took less
than 30 s in most of the animals. In four ewes submitted to SICF, semen was deposited
in the cervix as it was impossible for the catheter to reach the uterine lumen in <60 s,
resulting in one pregnancy (Table 6). Using the 5.0 mm tip catheter, in four ewes, semen
was deposited cervically in >60 s, resulting in no pregnancies.

4. Discussion

The results presented in this report indicate that the design of an insemination catheter
with a bent tip of 5.0 mm was successful in allowing deeper and faster transcervical in-
semination with frozen-thawed semen in Sarda ewes. The pregnancy and lambing rates
obtained using this catheter were comparable to those obtained by insemination following
SICF and, in most of the ewes, semen deposition occurred in the uterus. In ewes submit-
ted to SICF, the overlapping of cervical folds that hampers the passage of routinely used
inseminating devices is avoided by dorsal and ventral incisions of each fold. This proce-
dure allows a smooth and atraumatic penetration of the cervical lumen and intrauterine
insemination, obtaining pregnancy rates that are easily comparable to those deriving from
laparoscopic Al [9]. We have sufficient evidence in the literature demonstrating that in
ovine species, the closer the semen is deposited to the site of fertilization, the higher the
pregnancy rates [3]. This is supported by the satisfactory pregnancy and lambing rates
obtained by laparoscopic Al [3] or by TCAI following SICF [9,11]. With both techniques,
the cervical barrier is bypassed, and the deposition of frozen-thawed semen is intrauterine.
However, these techniques are invasive and require anesthesia, proper training of the
operator is mandatory and, in our opinion, they should be gradually destined to lim-
ited nuclei of animals for genetic selection. Nevertheless, the influence of the depth of
semen deposition by TCAI on pregnancy rates has been questioned by several authors.
Among others, Kumar et al. [29] reported no correlation among depth of insemination with
frozen-thawed semen on pregnancy and lambing rates.

In the literature, several research groups designed catheters for enhancing fertility
rates following TCAI and, among them, many authors reported that using catheters
with bent tips allowed deeper penetration compared to straight ones [2,23,26]. Alvarez
et al. [23] used a catheter with an eccentric bent tip of 6.0 mm, similar to the one used in
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the present experiment, and reported pregnancy rates of around 45% using chilled semen.
In contrast, our results showed that inseminating ewes using the catheter with the 5.0 mm
bent tip led to higher pregnancy rates (around 63%), although frozen-thawed semen was
used. Besides small differences in the design of the catheters, the discrepancies in the
results could be attributable primarily to the different techniques used to perform the
insemination: the gentle cervical retraction exerted in the present experiments allowed
deep penetration and semen deposition. Alvarez et al. [23] did not use this technique and
reported semen deposition as deep as possible in the cervical lumen. Moreover, breed
differences in the weight and size of the animals chosen for the experiments may have
influenced the morphometry of the cervical lumen, significantly affecting the depth of
cervical penetration [2,12,30,31]. Another crucial factor affecting the outcomes of TCAI
in ewes is the age of the inseminated animals, more precisely intended as number of
parturitions. Changes in the morphology and the complexity of the cervical lumen in
mature pluriparous ewes have been previously described by several authors [1,2,31]. Prior
to the present trials, the ewes lambed 3 to 4 times and we can therefore hypothesize that
cervical folds underwent mechanical stretching, making the lumen less convoluted and
allowing deeper passage of the inseminating catheter.

A further advantage in the use of the newly designed catheter could be that cervical
manipulation was carried out with the tip of the catheter fitted in the outer stainless-
steel tube, and that the Cassou gun was inserted at a later stage, when the site of semen
deposition (cervical lumen or uterus) was reached. In this way, semen was thawed and
loaded in the Cassou gun during cervical manipulation. This procedure may have limited
the decay of the quality of thawed semen, easily damaged by cryopreservation, shortening
the time between thawing and deposition in the female genital tract.

The time taken to reach and possibly pass the cervical lumen is the indirect measure
of the amount of manipulation of the cervix that, if prolonged, could potentially affect the
success of the insemination method. Excessive cervical manipulation induced tissue dam-
age, with release of local prostaglandins and recall of neutrophiles, altered the composition
of cervical mucus and the uterine micro-environment, leading to pregnancy failure [23,32].
Therefore, the less the manipulation, the higher the chance of having pregnant animals.
In both experiments, we observed that when cervical manipulation took more than 30's,
pregnancy rates were low, ranging from 8.7% to 29.0%. This was in agreement with
what has been previously published. Alvarez et al. [23] reported successful pregnancy
rates when TCAI was performed in less than 10 s and conversely, when penetration took
more than two minutes, pregnancy rates dropped, and the technique becomes practically
unfeasible [33-35].

5. Conclusions

The site of semen deposition and time taken to pass through the cervical lumen are
essential parameters for the assessment of the feasibility of an insemination technique. In
light of these observations, the design of a bent catheter with a 5.0 mm blunt tip allowed
fast and deep transcervical insemination in pluriparous Sarda ewes, achieving satisfactory
pregnancy rates. The results obtained are comparable to those obtained by techniques such
as SICF or LAI that ensure uterine deposition of semen. However, further tests on the
efficiency of the catheter are needed in field conditions and on a larger number of animals.
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