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Abstract

Artificial insemination (Al) in sheep presents variable results, especially when combined with estrus induction
treatments during the anestrous period. Alternatives for obtaining better results without significantly altering
the costs of hormonal protocols are essential because of the importance of this biotechnology in production
systems. One alternative that potentially meets these requirements is double-Al. Therefore, this article aims
to review the literature on double-cervical Al in sheep and identify gaps in existing knowledge. Double
cervical superficial (CS) Al with frozen-thawed (F.T.) semen after estrus detection significantly increased
pregnancy rates (PR) in most (6/8) evaluated studies, with an increase of 7 to 34.2 percentual points (p.p.),
compared to single Al. Regarding fixed-time Al (FTAI), all studies used fresh (F) or chilled (C) semen, and no
positive effects were observed for double FTAI in most cases (8/9). Most studies have not applied current
estrous synchronization protocols and insemination doses. Therefore, further studies are needed to
evaluate the potential benefits of double FTAI, especially using F.T. semen in combination with hormonal
protocols and insemination doses aligned with current practices.
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Introduction

Artificial insemination (Al) is an important reproductive biotechnique for ruminant
production systems and an excellent tool for producers seeking genetic improvements in their
herds (Alvarez et al., 2019). This technique can be combined with hormonal treatments to
synchronize estrus and ovulation, which allows for fixed-time artificial insemination (FTAI)
(Abecia et al., 2012).

The use of hormonal treatments for cyclicity induction and Al has several advantages, such
as the resumption of cyclicity in sheep’s seasonal anestrus, programming of mating and
lambing periods, and providing adequate climatic and nutritional conditions for ewes and their
offspring. Additionally, treatment with equine chorionic gonadotropin (eCG) can increase the
ovulation rate and the number of lambs (Menchaca and Rubianes, 2004).

Al in sheep presents variable conception rates, which are mainly related to the difficulty in
depositing semen in the uterus owing to the tortuosity of the cervical canal (Fair etal., 2019).
Laparoscopic insemination, an expensive technique for intrauterine semen deposition, is typically
recommended for high-value frozen semen (Alvarezetal, 2019). In sheep farming, cervical
superficial (CS) insemination is the primary method, wherein semen is deposited to traverse the
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Double artificial insemination in sheep

cervical canal to the uterine lumen. The CS route is mainly indicated for Al with fresh or cooled-
stored semen and can be performed after estrus detection or at a fixed time (Gibbons et al., 2019).

Although the CS Al is a simple, quick, and low-cost procedure, the results can vary
significantly. Factors such as nutritional deficiencies, low body condition scores, poor semen
quality, and animal management can compromise the results. Furthermore, inadequate
hormonal protocols and asynchronous ovulations can negatively affect conception rates
(Abecia et al., 2012; Gibbons et al., 2019).

A potential strategy to increase pregnancy rates obtained with CS Al is to perform double
insemination, which is based on the deposition of two doses of semen in the female
reproductive tract within a short period to increase the likelihood of fertilization. Asynchronous
ovulation negatively affects fertility obtained through Al techniques, as the semen deposited
in the female reproductive tract gradually loses viability over time. Thus, a second Al would be
beneficial because it could provide viable sperm closer to ovulation (Salamon et al., 1979).
Therefore, this review aims to report and discuss the data present in the literature on the
application of double CS Al in sheep, identifying gaps in existing knowledge about this practice.

Double cervical superficial artificial insemination

Double Al in sheep can be performed after estrus detection or after estrus and ovulation
synchronization treatments using progestogens, eCG, and prostaglandin F2 alpha (PGF) analogs. In
addition, Al can be performed at different intervals ranging from 3 to 24 h between inseminations.
Such variations can affect reproductive efficiency and will be discussed in detail in this review.

Double artificial insemination after estrus detection

The use of double Al has been reported since the early 1970s (Table 1). Salamon and
Lightfoot (1970) were the first to report double insemination in ewes. Their findings indicated
an increased lambing rate among ewes subjected to this technique using CS (38.8 vs. 22.6%).
The insemination interval using frozen semen was approximately 12 h. Interestingly, the
authors reported an acceptable lambing rate (LR; 39.7%) after a single Al with a reduced
number of sperm cells (80x10°).

In a study with a similar experimental design, Salamon (1971), the LR in ewes subjected to
two CS Al with an interval of 10 h was higher than that in the group that received a single Al,
regardless of the use of fresh or frozen semen. Visser and Salamon (1973) evaluated different
diluents using F.T. or fresh semen. They observed an increase in the LR of ewes subjected to
double CS Al (with an interval of 8 h between Al) compared to the group that received a single
Al. However, in both studies, the authors used a high number of sperm cells (150x108).
Therefore, performing two Al would likely be unfeasible under commercial conditions.

Visser and Salamon (1974) hypothesized that the benefits of double Al were associated with
the greater number of spermatozoa deposited in the female reproductive tract. They observed
that a single Al with a higher number of spermatozoa at the inseminating dose also led to an
increase in lambing rates. For instance, when inseminating doses containing the same total
number of cells for both single and double Al (180 x 108 or 90 + 90 x 10° motile spermatozoa)
were compared, there was no difference in the LR, suggesting that the increase in reproductive
rates observed in other studies was related to a greater number of sperm cells (Salamon, 1977).
In agreement with this hypothesis, Mufioz et al. (2002) using F.T. semen after estrus detection
did not observe a significant increase in the PR after double Al, which may be explained by the
high number of cells (200 x 10°) used in each Al.

It is important to consider that these studies were performed during the 70's decade and
used semen frozen in pellets. Jhaetal. (2020) performed estrus detection after a
synchronization protocol using two doses of a PGF analog. They did not observe any
differences in the PR of ewes inseminated with single or double Al (insemination interval: 6h).
Als were performed via the CS route using the same total number of motile spermatozoa
(200 x 10%in Study 1 and 100 x 10° in Study 2). This study used a small number of animals (18

Anim Reprod. 2025;22(2):e20240055 2/8



Double artificial insemination in sheep

to 24 ewes per group) and no significant difference was observed, even with a numerical
increase of 9.4 and 12.5 p.p. in pregnancy rate after double Al.

Table 1. Reproductive results obtained from single or double insemination in sheep based on the detection

of estrus.
Double Al (h) Results (%)
Hormone
Author 3 ) %
Treatment x10 2" Al Single Al Double Al
A )
226 38.8
Natural estrus F.T. 150 1-15 115 13-27 12 16.2 <0.01
Salamon and (31/137)  (50/129)
Lightfoot (1970)" 397 53
Natural est FT. 80 115 1415 1327 12 133 <0.05
aturatestrus 46/116)  (61/115)
N.E. or 2nd 42.9 59.5
FT. 150 12 115 1025 10 16.6
post IVD (33/77)  (47/79) overall
N.E. or 2nd 69.1 78.6 <0.02
F 150 12 115 1025 10 10.5
post IVD (47/68)  (55/70)
Salamon (1971)« NE ond 409 o5 1
.E.0r Zn . .
FT. 150 12 12 11412 10 14.2
post IVD (38/93) (54/98) overall
N.E. or 2nd 39.1 50.5 <0.02
FT. 150 12 12 1112 10 11.4
post IVD (36/92)  (48/95)
229 57.1
2ndpost VD FT3 180 115 115 823 8 342
napos ©®/35)  (20/35)
Visser and 35.3 54.5 overall
2ndpost VD F.T3 180 115 115 823 8 19.2
Salamon (1973). <@ POS (12/34)  (18/33) <0.007
54.3 77.1
2nd post IVD F 180 115 115 823 8 228
ndpos (19/35)  (27/35)
19.4 353
2ndpost VD FT. 90 12-14 12-14 2325 11 15.9
ndpos (7/36)  (12/34)
297 57.6
2ndpost VD FT. 180 12414 12-14 2325 11 27.9
Visser and P (11/37) (19/33) overall
Salamon (1974)- 30.8 37.1 <0.01
2 VD FT. 12414 12-14 2325 11 7.
nd post 90 3-25 (12/39) (13/35) 0
342 545
2 VD FT. 1 12414 12-14 2325 11 20.
nd post 80 3-25 (13/38) (18/33) 0.3
90 vs. 311 34.1
2ndpostivD  F.T. sseqs 121412142325 m Soo 30
180 vs. 46.5 489
sal 1977} 2ndpostivD  FT. 12414 12414 2325 11 24 NS
alamon (1977) - 2nd pos 90+90 (20/43)  (22/45)
360 vs. 55.6 55.8
2ndpostVD  FT.  SAUC 1214 1214 2325 1 ol L 02
Salamon et al. 34.6 55.2
2ndpost VD C 150 12-14 12-14 2426 12 206 <0.001
(1979) ndpos (72/208)  (112/203)
| MPA (12d) FT. 200 18 3 6 3 205 20 15
Mufioz et al.
u(;géze)oa MPA(12d)  FT. 200 18 6 12 6 205 318 113
MPA (12d) FT. 200 18 12 18 5 205 217 12
Simonetti et al. MPA (14d) + 64.4 67.7
F 300 7411 34 - 8-9 30  >005
(2002)- eCG(4001U) (67/104)  (42/62)
Paulenz et al. 56.8 61.6
Natural est C 150 1224 1224 - 24 48 =006
(2003)- aturatestrus (150/264) (183/297)
16.7 26.1
2% PGF FT. 200 12-18 10-12 16-18 6 9.4
X @424)  (6/23)
Jha et al. (2020) ® ; Py >0.05
2x PGF FT. 100 12-18 10-12 16-18 6 2125
X 0/18)  (3/24)
| | Natwralestrus 200 516 5416 2940 24 34(8/23) 43(6/14) 9.0 !
Palacios et al.
aé("zcg’zsz‘; @ Naturalestrus  C 200 <5 <5 <29 25 37(4/11) 40(4/10) 3.0 Oi’%ras
Natural estrus  C 200 1624 16-24 4048 24 42(9/21) 42(5/12) 0.0 '

Al: artificial insemination; p.p.: percentual points; N.E.: natural estrus; MAP: medroxyprogesterone acetate; IVD:
intravaginal device; eCG: equine chorionic gonadotropin; PGF: prostaglandin F2a; IU: international units. Symbols in the
author's column: +Studies that evaluated lambing rate; *Studies that evaluated fertility rate; 0Studies that evaluated
pregnancy rate. *Different diluents, no diluent effect. Semen: fresh (F); chilled (C); or frozen-thawed (F.T.). Inseminating
dose (x108) of motile sperm. The time intervals correspond to the moments of insemination after estrus detection.
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Other hypotheses have been proposed to explain the increase in LR after double Al.
Salamon et al. (1979) suggested that the second insemination occurred more synchronously
with the time of ovulation. In fact, an increase (20.6% p.p.) was observed in the LR of ewes
inseminated twice with cooled-stored semen compared with ewes subjected to a single Al
Corroborating this finding, Paulenz et al. (2003) reported an increase in lambing rate in ewes
inseminated twice with cooled-stored semen.

Palacios et al. (2022) proposed that double insemination using chilled semen could be a
viable alternative to enhance pregnancy rates in sheep raised in organic farming systems,
where hormonal treatments are prohibited. CS Al was performed in naturally cycling ewes at
three different moments: 5 h, 5-16 h, and 16-24 h after estrus detection. After 24h, the ewes
were inseminated again, and no increase in PR was observed in any group. This study has
limitations: a reduced sample size (range, 10-23) and insemination with a higher sperm
concentration (200 x 10°). Therefore, these limitations must be considered when evaluating
the feasibility of double Al.

Simonetti et al. (2002), using progesterone and eCG for estrus synchronization, followed by
estrus detection, did not observe differences in lambing rates between ewes inseminated once
(7-11 h after estrus detection) or twice (3-4 h after estrus detection and 8-9 h after the first
insemination). The authors reported high PR (64.4 and 67.7%), but unfortunately, they used an
extremely high number of sperm cells (300 x 10°) in each Al, which may explain the absence of
a significant increase in PR after double Al.

Most studies that performed double Al after estrus detection demonstrated increased
pregnancy or lambing rates, especially in studies using F. T. semen. Although double CS Al
could be considered an alternative to laparoscopy, studies evaluating the possibility of
reducing the number of cells in CS dose insemination should be performed. Furthermore, the
intensification of sheep farming, the search for a reduction in the number of animals handling
and the need to keep rams or teasers on the property make estrus detection a limiting factor
for Al applications. Thus, studies seeking to improve estrus and ovulation synchronization
protocols are essential for disseminating other biotechniques. Double FTAI could represent an
alternative for synchronized ewes, as it does not require estrus detection and reduces the
number of semen collection and insemination procedures. It is also a low-cost alternative for
increasing herd reproductive efficiency.

Double artificial insemination at a fixed time

The success of a FTAI protocol depends mainly on the proper control of the time of
ovulation and Al. Therefore, it seems logical that performing two FTAIs could bring benefits by
increasing the chances of fertilization. In a study using ewes synchronized with two applications
of PGF analogs, double FTAIl increased the PR compared to ewes that received a single Al (60
or 66 h). However, there was no benefit from Al performed at 56 h (Table 2; Acritopoulou-
Fourcroy et al., 1982). These results suggest that the positive effect of double Al depends on
the timing of ovulation(s), which is difficult to predict, especially when ovulation inducers are
not used. Therefore, performing a second Al could represent a viable alternative to ensure less
variation in the PR when conducting PGF-based FTAI.

A study using double administration of PGF and fresh semen (150 x 10° motile
spermatozoa) did not observe advantages in the use of double FTAI (44 and 68 h after the
second PGF) compared to single Al (44, 54 or 68 h after the second PGF; Burutaran et al., 2024).
A high PR was obtained with both single (64.1 to 66.7%) and double (73.8%) FTAI.

Double Al did not increase the LR in animals subjected to long-duration progestogen-based
protocols (12-14 days), with or without eCG (500 IU), and using chilled semen (450 x 10° motile
spermatozoa) (Langford, 1982, 1986; Langford et al., 1982, 1983). Notably, these studies used
an inseminating dose with a total number of cells four times higher than the conventionally
used dose; therefore, the eventual benefits of the two FTAls may have been underestimated.
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Table 2. Reproductive results obtained after single or double FTAI in sheep.

Double Al (h) Results Obtained (%)
Hormone em, '"S-Dose Single Al Int Double # P
Treatment T (x108 a a Y )
¢ ) Al (h) 12 Al 22 Al ) Single Al Al ) Vel
Smith et al. (1978) FGA +eCG (500Ul) C 400 56 48 58 10 77 602 11.5 <0.01
' (66/92)  (56/93) ’ ’
54.8 61.9
2x PF F 1 1 7.1 .
o | x PFG 60 56 56 66 0 (23/42)  (26/42) 0 >0.05
critopoulou-
37.5 61.9
Fourcroy et al. F 160 60 56 66 10 (12/32) (26/42) 244 <0.05
(1982) 30.8 61.9
F 160 66 56 66 10 (12/39) (26/42) 31.1 <0.05
FGA (12d) + 67.0 61.0
eCG(5001U) ¢ 430 >4 >4 60 6 14/21)  (11/18) 6.0
67.0 61.0
- >
C 450 57 54 60 6 (12/18) (11/18) 6.0 >0.05
37.0 61.0
C 450 60 54 60 6 (7/19) (11/18) 24.0
Langford (1982)+ 1o 330
FGA (12d) C 450 54 54 60 6 2/18) 7721) 22.0
11.0 33.0
4 7 4 22, A
C 50 5 5 60 6 2/18) 7/21) 0 >0.05
26.0 33.0
4 4 7.
C 50 60 5 60 6 (5/19) 7/21) 0
FGA (12d) + 55 56
C 450 54 54 59 5 1.0
eCG(500uU1) (26/47) (30/54)
Langford et al. 73 69
C 450 55 55 60 5 -4.0 >0.05
(1982)+ (35/48)  (34/49)
67 76
C 450 56 56 60 4 (31/46) (34/45) 9.0
30mg FGA (12d) + 52 70
>
eCG(5001U) ¢ 450 = = €0 > (11/21) (14/20) 18.0 >0.05
10 11
30mg FGA (12d C 450 55 55 60 5 1.0 >0.05
Langford et al. 8 (12d) (2/20) (2/19)
(1983) 40mg FGA (12d) + 69 80
CG(5001U) C 450 55 55 60 5 (9/13) (8/10) 11.0 >0.05
20
40mg FGA (12d) C 450 55 55 60 5 31(4/13) (2/10) -11.0 >0.05
30mg FGA (14d) + 39 27
4 -12 .
eCG(5001V) ¢ >0 = = €0 > (37/96) (27/99) >0.05
Langford (1986)- 40 FGA (12d) + 68 69
mg
C 450 55 55 60 5 1
eCG(5001U) (79/117)  (29/42)
MPA (9d) + 44.6 50.9
F 500 36 30 42 12 6.3 0.05
. eCG(6001V) (25/56)  (29/57) g
Fukui et al. (1991)¢ 500 P4 (9d) + 166 0
mg .
>
eCGIE00IL) F 500 36 30 42 12 27158)  (30/60) 34 >0.05
MPA (6d)+ 34.7 23.4
- <
Menchaca et al. PGF+eCG (2501U) ¢ 200 48 48 >4 6 (17/49) (11/47) 1.3 <0.05
(2005)° 10.6 23.4
<
C 200 54 48 54 6 (5/47) (11/47) 12.8 <0.05
66.4 73.8
>
2x PFG (15d) F 150 54 44 68 24 (83/125)  (93/126) 7.4 >0.05
Burutaran et al. 64.1 73.8
F 1 44 44 24 .7 >0.
(2024)° >0 68 (82/128)  (93/126) ° 0.05
F 150 68 44 68 24 66.7 738 7.1 >0.05

(84/126)  (93/126)

Al: artificial insemination; p.p.: percentual points; MPA: medroxyprogesterone acetate; FGA: fluorogestone acetate; eCG:
equine chorionic gonadotropin; PGF: prostaglandin F2q; IU: international units. Symbols in the authors column: «Studies
that evaluated lambing rate; *Studies that evaluated conception rate; ¢ studies that evaluated pregnancy rate. Semen
(Sem.): fresh (F); chilled (C). Inseminating dose (x10°) of motile sperm.
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Fukuietal. (1991) used protocols with medroxyprogesterone acetate (MPA) or
progesterone IVDs for nine days, associated with eCG (600 1U), and observed no difference
between single and double insemination, with an interval of 12 h. Again, the high number of
cells used in Al does not match current practices.

Menchaca et al. (2005) evaluated the association of double insemination with short-
duration P4 protocols, with PGF at IVD insertion and eCG (250 IU) at device removal and did
not observe a difference in the pregnancy rate at 35 days, using an interval of 6 h between
inseminations (48 and 54 h after IVD removal). The pregnancy rates in the study were lower
(10-35%) than expected (35-60%), regardless of treatment, suggesting that other variables may
have interfered with the results. Some authors have also reported lower pregnancy rates in
ewes subjected to double FTAI, attributing this result to the possible impact of the stress
caused by additional handling (Smith et al., 1978). However, only two of the nine studies
reported a negative effect of double FTAI on PR.

These studies indicated no benefits of applying double FTAI, especially when high PR was
obtained in the single FTAI group. Considering the need for extra labor and animal handling of
both ewes and rams, double FTAI was not indicated. None of the studies in the literature have
used ovulation inducers such as hCG or GnRH. Therefore, the additional use of ovulation
inducers may increase the chances of fertilization after performing one or two FTAIs. Better
control of the time of ovulation can reduce the number of sperm cells at insemination doses.
However, these hypotheses still need to be tested.

Conclusion

The results reported in the literature regarding double CS Al after estrus detection and
double FTAI are contradictory. It was observed that double CS Al using F.T. semen after estrus
detection significantly increased the PR in most studies. No positive effects of double FTAIl have
been reported in most studies. Therefore, further studies are necessary to increase the
potential benefits of double FTAI, especially when F.T. semen is used with hormonal protocols
and Al procedures aligned with current practices. Furthermore, future research should
investigate the factors contributing to the inconsistent pregnancy rates reported in the
literature, such as the interval between inseminations, the use of ovulation inducers, and the
impact of additional handling on animal stress.
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