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1  | INTRODUC TION

Non‐surgical embryo recovery (NSER) by cervical route has been 
proposed to overcome the limitation of successive laparotomy 
procedures beyond animal welfare concerns. However, hormonal 
treatments for cervical dilation are necessary to produce efficient 
NSER. Our team's use of d‐cloprostenol, estradiol benzoate and 
oxytocin has led to the achievement of promising cervical transpo‐
sition and uterine flushing results in Brazilian native and Lacaune 
breeds (Fonseca et al., 2019). Previous studies demonstrated that 
some of the hormones used for cervical dilation (PGE2 and estra‐
diol) did not inhibit embryo development or metabolism (McKelvey 
et al., 1997) and had no effect on foetal viability and growth after the 
fresh embryos were transferred (Mylne, Dingwall, King, McKelvey, & 
Robinson, 1999). However, the viability of these embryos following 

different cryopreservation techniques has yet to be evaluated. Thus, 
this study aimed to assess the survival capacity of non‐surgically 
recovered and cryopreserved (vitrification or slow freezing) ovine 
embryos after fixed‐time transfer.

2  | MATERIAL S AND METHODS

2.1 | Experimental conditions

This research was approved by the Animal Care Committee of 
Embrapa Dairy Cattle (#2512100516/2016). The experiment was 
performed during the breeding season on a commercial farm in 
Soledade	de	Minas	(latitude	22°3′	S).	Animals	were	kept	in	collective	
pens and received a diet of two meals with mineral salt and water 
ad libitum.
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Abstract
This study investigated the feasibility of applying fixed‐time (cryopreserved) embryo 
transfer in ewes. Embryos (n = 106) were non‐surgically recovered from superovu‐
lated donors (n = 39) on day 6–7 after oestrus. Straws containing one or two embryos 
(morulae and/or blastocysts) subjected to either slow freezing (SF, n = 62) or vitrifica‐
tion (VT, n = 44) were randomly used within fixed‐time embryo transfer on Day 8.5. 
Recipient ewes were nulliparous (n = 58) bearing corpora lutea after synchronous 
oestrous induction protocol. The pregnancy rate was higher (p = .03) in SF (39.4%) 
than VT (16.9%) and survival rate tended (p = .08) to be higher in SF than in VT 
(25.8% vs. 15.9%). Lambing rates were similar (p = .13) between SF (20.9%) and VT 
(15.9%). Embryos recovered by non‐surgical route after cervical dilation treatment 
and later cryopreserved by either slow freezing or vitrification produced reasonable 
pregnancy rates after FTET.
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2.2 | Non‐surgical embryo recovery and 
cryopreservation

Lacaune donors (n = 39;	68.3	±	6.7	kg	of	body	weight,	3.5	±	0.2	
of	 body	 condition	 score	 and	 130.4	 ±	 5.4	 days	 in	milk)	were	 su‐
perovulated and mated. Embryos were recovered by transcervical 
method (Fonseca et al., 2019) 6–7 days after oestrus. Cervical dila‐
tion treatment was based on 1 mg estradiol benzoate (Sincrodiol®, 
OuroFino) and 37.5 µg d‐cloprostenol (Prolise®, Tecnopec) i.m. 
at 16 hr and 50 IU oxytocin (Ocitocina forte®, UCB, Brazil) i.v. 
20 min before NSER. Embryo morphology was classified accord‐
ing to the IETS. Grade I and II embryos randomly underwent ei‐
ther slow freezing (SF; Fonseca et al., 2018) or vitrification (VT; 
Gibbons, Bruno‐Galarraga, Fernandez, Gonzalez‐Bulnes, & Cueto, 
2019). The percentage of morulae and blastocysts transferred 
did not differ (p < .05, chi‐square test) in SF (48.4%–30/62 and 
51.6%–32/62) and VT (36.4%–16/44 and 63.6–28/44) groups, 
respectively.

2.3 | Preparation and evaluation of recipients

Recipients received intravaginal sponges for 6 days (60 mg medroxy‐
progesterone acetate, Progespon®, Zoetis), and 200 IU eCG (Folligon 
5000 IU®, Intervet) i.m. and 37.5 μg d‐cloprostenol (Sincrocio®, 
OuroFino) i.m. was administered 24 hr before sponge removal (Day 
0). Transrectal ultrasonography (M5VET®, Mindray– 8.0 MHz) was 
performed 24 hr before embryo transfer to detect the number and 
size of the corpora lutea (CL).

2.4 | Fixed‐time embryo transfer

Embryo transfer was performed using the semi‐laparoscopic tech‐
nique on Day 8.5 to the horn ipsilateral to the CL. After 24 hr fast‐
ing, recipients that presented at least 1 Cl (92%; 58/63) received 
one or two cryopreserved embryos (morulae and/or blastocysts) 
(Fonseca et al., 2018). Pregnancy rate (number of pregnant re‐
cipients/number of recipients receiving embryos) and embryo 
survival rate (number of embryos with heartbeat/number of em‐
bryos transferred) were recorded by ultrasonography on Day 31. 
Lambing rates (number of lambs born/number of embryos trans‐
ferred) were also assessed.

2.5 | Statistical analyses

Data of pregnancy, survival and lambing rates were analysed using 
SAS® program. The PROC GLIMMIX with binomial distribution 
and	logit	 link	function	was	used.	The	model	for	pregnancy	rate	in‐
cluded cryopreservation technique, type of transferred straw (1: one 
morula, 2: one blastocyst, 3: two morulae 4: two blastocyst and 5: 
morula and blastocyst) and number of CL as fixed effects. Values of 
p < .05 were considered significant and p < .10 a tendency. Data are 
presented as percentage and mean ± SEM.

3  | RESULTS

The number of CL per recipient was 1.3 ± 0.1 in SF and 1.4 ± 0.1 
in VT, and the number of embryos transferred was 1.9 ± 0.1 in SF 
and 1.8 ± 0.1 in VT. Regardless of the cryopreservation technique 
employed, the embryos that were recovered by non‐surgical method 
after cervical dilation treatment established and sustained pregnancy 
(Table 1). Lambing rates were similar (p> .05) between treatments; 
however, transfer of embryos from the VT treatment had lower 
(p < .05) pregnancy and tended (p = .08) to have lower survival rate.

4  | DISCUSSION

For the first time, we demonstrated that ovine embryos recovered 
by	NSER	(after	exogenous	hormonal	cocktail)	and	subjected	to	cryo‐
preservation can establish reasonable rates of pregnancy. The overall 
survival efficiency after cryopreservation was 21.7%, and VT group 
had lower pregnancy rate and tended to have lower survival rate 
than SF group. The survival rate of in vivo‐derived cryopreserved 
embryos by vitrification technique described in the existing literature 
is 32.0%–36.0% (Folch, Olivera Muzante, & Aguilar Gomez, 2000), 
41.2%–50.0% (Gibbons, Cueto, & Pereyra‐Bonnet, 2011) or 60.1%–
75.1% (Dattena et al., 2004). In the present study, the VT embryo 
survival rate was 15.9%, which is similar to the 22.6% rate that was 
recently reported for embryos recovered by laparotomy (Gibbons 
et al., 2019). However, our lambing rates (18.8%) were lower than 
the	62.9%	rate	observed	by	Dattena,	Ptak,	Loi,	and	Cappai	 (2000)	
and the 80.0% rate recorded by Naitana et al., (1995). One potential 

Cryopreservation technique Pregnancy (%) Survival (%) Lambing (%)

Slow Freezing 39.4 (13/33) 25.8 (16/62) 20.9 (13/62)

Vitrification 16.0 (4/25) 15.9 (7/44) 15.9 (7/44)

Average/total 29.3 (17/58) 21.7 (23/106) 18.8 (20/106)

p‐value .03 .08 .13

Note: Fixed‐time embryo transfer was performed on Day 8.5 after sponge removal; Pregnancy: 
number of pregnant ewes/number of recipient ewes receiving embryos; Survival: number of em‐
bryos with heartbeat/number of transferred embryos; Lambing: number of lambs born/number of 
transferred embryos.

TA B L E  1   Pregnancy, survival and 
lambing rates after transfer of embryos 
recovered by transcervical route and 
cryopreserved by either slow freezing or 
vitrification
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explanation for this discrepancy is that these authors only trans‐
ferred blastocysts that re‐expanded after vitrification/rewarming.

Similar pregnancy rates were obtained in the current study on 
SF embryos (39.4%) as those achieved in a previous study in which 
embryos were surgically recovered (34.8%; Green, Santos, Sicherle, 
Landim‐Alvarenga, & Bicudo, 2009). Establishment of pregnancy in 
ruminants depends on optimal interaction between the developing 
embryo‐conceptus and the maternal uterine environment (Randi et 
al., 2016). Early‐stage embryo‐transfer studies in sheep (Naitana et 
al.,	1995)	and	cattle	 (Rowson,	Lawson,	Moor,	&	Baker,	1972)	have	
demonstrated the need for a close synchrony (±24 hr) between the 
donor and recipient, relative to oestrous onset. Pregnancy rates 
following the transfer of Day 8 bovine embryos to asynchronous 
(Day 5) or synchronous (Day 8) recipients were 4.8% and 61.1%, re‐
spectively, highlighting the low tolerance for an out‐of‐sync uterine 
environment (Geisert et al., 1991). The current study employed the 
FTET	technique;	this	frequently	does	not	take	into	account	oestrous	
behaviour and ovulation, resulting in lower pregnancy rates in com‐
parison with when oestrous behaviour and ovulation are assessed. 
This negative effect of asynchrony between recipient and embryo 
transfer appears to predominantly impact the VT embryos.

In conclusion, embryos recovered by non‐surgical method after 
cervical dilation treatment and later cryopreserved are able to sus‐
tain a pregnancy after FTET, regardless of the cryopreservation 
technique used.
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