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This study assessed the feasibility of in vivo embryo production and nonsurgical embryo recovery (NSER) in
Morada Nova ewes (an endangered native Brazilian breed of sheep) subjected to different estrus synchroni-
zation and/or superovulation protocols. Ewes received intravaginal sponges soaked with 60 mg medrox-
yprogesterone acetate (MAP), which were kept in place for six (G6; n=12), nine (G9; n=12), or 12 (G12;
n=12) days. Half of the ewes in each group remained estrus synchronized only (syncy) and the other half was
superovulated (sov) with 133 mg porcine follicle-stimulating hormone (pFSH). There were no differences
(p>0.05) in antral follicle counts determined with ultrasonography 60 hours before MAP sponge removal (or at
the time of the first pFSH dose) among G6 (6.4+0.9), G9 (6.210.7), and G12 (5.5£0.6). Estrus responses and
NSER success rates did not vary (p>0.05) among the three progestin-treatment groups of ewes for either
estrus-induced or superovulated animals. The onset of estrus occurred 10—-12 hours later (p <0.01) in G9syncu
ewes compared with G6gyncy and G12gyncy, and the duration of estrus was ~ 19 hours greater (p<0.01) in
G9sov than in Gb6goy. The average duration of the NSER procedure was 32.6+ 1.3 minutes. At least one
structure was recovered in 85.7% of synchronized and in 87.5% of superovulated ewes. Viable embryo recovery
rates were also similar (p>0.05) for G6 (1.0+0.3 and 2.5+ 1.5), G9 (1.3+£0.5 and 4.8 +2.0), and G12 groups
(1.0x0.3 and 4.8 +2.3; estrus-synchronized and superovulated ewes, respectively). In conclusion, progestogen
pretreatment of different durations and NSER can be employed in Morada Nova ewes, resulting in reasonable
viable embryo recovery rates in both estrus-synchronized and superovulated animals. Therefore, both tech-
niques are suitable for use in commercial settings as well as small ruminant conservation programs.
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Introduction

B RAZIL, JUST AS many other colonized countries, has a
vast variety of naturalized animals, which have adapted
to its peculiar and diverse biome conditions. Due to their
impact on local economy and sustainable agriculture prac-
tices, several naturalized animal breeds were included in the
Conservation and Utilization of Genetic Resources program
founded by the Brazilian Agricultural Research Corporation
(Embrapa) in 1983.! The Morada Nova is one of the main

naturalized sheep breeds in Brazil and its genotype is
probably of African origin, with some contribution from the
Portuguese Bordaleiro breed.” Morada Nova sheep are
haired animals of a relatively small size (sexually mature
ewes reach body weight of 30-50kg), characterized by
moderate prolificacy (1.5) and good ability to produce meat
and hides even under unfavorable climatic conditions.’
Despite their importance for sustainable production sys-
tems,” indiscriminate crossbreeding due to general prefer-
ence of sheep breeders for more specialized breeds brought
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Morada Nova sheep to the brink of extinction.”*> In 2009,
the Morada Nova was added to the Embrapa’s genetic re-
sources conservation program, whose objectives entail the
creation of germplasm banks for endangered livestock
breeds and species.

Reproductive biotechnologies are pivotal tools for sav-
ing and maintaining endangered species.® Assisted repro-
ductive techniques, such as in vivo embryo production
(IVP), are essential to overcome the risk of animal ex-
tinction. These techniques accelerate the propagation of
herds, increase genetic gain from both males and females,
and the resultant embryos may be cryopreserved to create
germplasm banks. The female donors used for IVP are
typically subjected to superovulatory treatments conducted
in conjunction with an estrus synchronization protocol
using exogenous progestins (e.g., medroxyprogesterone
acetate—MAP). There is tremendous variability in ovarian
responses to estrus and ovulation synchronization proto-
cols in sheep.” In the past, our research team aimed to
establish the optimal duration of the treatment with
progestogen-releasing devices for estrus synchronization
and superovulation in Lacaune®® and Santa Inés ewes.'®
To date, however, there have only been three documented
attempts to perform hormonal superovulation in Morada
Nova ewes of either white!! or red'>!? variety, and all
those attempts used the long-term (14 days) progestogen
priming. Even though progestogen priming is essential to
synchronize estrus and ovulations and to reduce the incidence
of inadequate corpora lutea (CL) after mating, long-term
exposure (10-18 days) to intravaginal progestogen-releasing
devices may be associated with declining fertility in ewes.'*
Shortening the period of treatment with progestogen inserts
is also desirable because it reduces the loss of intravaginal
devices as well as the occurrence of vaginal discharges and
infections.'® In anestrus Saanen goats, the estrus synchro-
nization treatments using progestogen-impregnated spon-
ges inserted for 6, 9, or 12 days yielded similar results,'®
but such a comparative study does not exist for Morada
Nova ewes.

Although embryo collection in sheep is still done mainly by
laparotomy, there is a great deal of evidence to suggest that
nonsurgical embryo recovery (NSER) is equally efficient."”
When both approaches were compared, NSER has proven to
be equally or more effective in terms of embryo recovery rates
but significantly less stressful to animals than laparotomy.'®'?
Moreover, significant advances in the application of NSER
have recently been achieved in both nonsuperovulated (estrus-
synchronized) and superovulated Santa Inés,lo’20 Lac:aune,g’9
and Dorper ewes.?! In Morada Nova ewes, however, two
previous studies employed laparotomy'"'® and the only at-
tempt to use NSER for embryo flushing was unsuccessful.'?
Considering the present concerns about animal wellbeing,**2*
the development of efficient NSER in different strains of
sheep is of paramount importance.

As with other endangered breeds or animal species, both
the superovulatory regimens and embryo collection tech-
niques ought to be considered to effectively implement
embryo germplasm banking. Moreover, embryo recovery
from nonsuperovulated animals can also contribute to the
enrichment of germplasm banks.”>° Cryopreservation is
one of the best strategies for animal biobanking. Although
embryo freezing and storage are more expensive than
gamete preservation, the use of embryos is associated with
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accelerated breed reconstitution compared with that attained
using only semen.”’ Lastly, the use of less-invasive ap-
proaches is highly preferable in conservation programs of
endangered animals. Thus, the main goal of the present
study was to compare the ovarian responses and IVP em-
bryo yields in nonsuperovulated and superovulated Morada
Nova ewes subjected to either short- (6 days), intermediate-
(9 days), or long-term (12 days) progestin-based estrus
synchronization protocols and NSER.

Materials and Methods
General experimental conditions

The Animal Care Ethics Committee of Embrapa Dairy
Cattle (process: 2512100516) had approved this study. The
present experiment was carried out during the breeding
season (July to August) in Sdo Carlos, Brazil (latitude
22°01’S, longitude 47°54’W, altitude 850m above sea
level). Thirty-six clinically healthy, multiparous ewes and
four rams of Morada Nova breed (red variety) were used in
this study; no animal showed any signs of reproductive
abnormalities detectable with sonographic and gyneco-
logical/andrological examinations. The animals were kept
in paddocks of Panicum maximum cv. Aruana grass and
received daily rations of concentrate, according to their
nutritional demand. Mineral salt licks and water were
available ad libitum.

Experimental design

Estrus synchronization and superovulation protocols are
depicted in Figure 1, from 4 consecutive days (n=9 ewes
per day) with the same number of ewes of each progestogen
duration and a similar number of estrus-induced and super-
ovulated ewe for progestogen duration daily. The Morada
Nova ewes were allotted by age, weight, and body condition
score (BCS; 1=thin to 5=obese) to three groups (each
n=12) (Fig. 1). All ewes were fitted with intravaginal
sponges containing 60mg of MAP (Progespon®; Syntex,
Buenos Aires, Argentina) that were kept in place for six
(G6; age: 49.0+4.3 months, weight: 40.5+1.2kg, and BCS
of 3.3+0.1), nine (G9; age: 51.0£5.1 months, weight:
41.2+1.7kg, and BCS of 3.3£0.1), or 12 days (G12; age:
51.0+4.2 months, weight: 41.6+1.6kg, and BCS of
3.3%£0.1). The sponges were inserted and removed between
5 and 6 pm. The estrus-synchronized ewes (Gb6syncH,
G9syncn, and G12gyncn) received 200 IU of equine chor-
ionic gonadotropin for follicular growth induction and
ovulation (Folligon 5000®, MSD Animal Health, Cruzeiro,
SP, Brazil) intramuscular (i.m.) and 37.5 pg of an analog of
PGF2-0. for luteolysis (b-cloprostenol; Prolise®; ARSA
S.R.L., Buenos Aires, Argentina) i.m. 12 hours before MAP
sponge removal. The remaining animals (G6sov, G9sov,
and Gl2g50y) underwent superovulatory treatment with
133mg of porcine follicle-stimulating hormone (pFSH;
Folltropin®; Vetoquinol, Mairipord, Brazil), given at 12-hour
intervals in six decreasing doses (25-25-15-15-10-10% of the
total amount of pFSH), starting 60 hours before MAP sponge
removal. All ewes also received 50pug of gonadotropin
hormone-releasing hormone (GnRH) analog—gonadorelin
acetate, for induction of ovulation (Gestran®; Tecnopec,
Sao Paulo, Brazil) 36 hours after MAP sponge removal.
Estrus was detected twice daily, and the ewes were hand
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FIG. 1. Schematic representation of the experimental procedures designed to evaluate different progestogen-based estrus
synchronization protocols (short- [6 days], intermediate- [9 days], or long term [12 days]) in (A) estrus-synchronized only
(sync) and (B) estrus-synchronized and superovulated (sov) Morada Nova ewes. eCG, equine chorionic gonadotropin; i.m.,
intramuscular; i.v., intravenous; l.v., laterovulvar; MAP, medroxyprogesterone acetate.

mated by fertile rams. All ewes were bred at onset of estrus
and 24 hours later if they were still in heat (up to two
matings). At each estrus detection, the ewes that had not
been mated (e.g., starting estrus) were prioritized while
group of ewes starting estrus at the same time had the
second bred in inverted sequence of first mating. Rams
mounted one to four ewes daily for 4 days.

Ovatrian ultrasonographic evaluation

Ovaries were scanned with a portable B-mode scanner
(M5 Vet®: Mindray, Shenzen, China) equipped with a 7.5-
MHz transrectal transducer adapted for use in small rumi-
nants. Ultrasonographic examinations were performed in all
ewes 60 hours before MAP sponge removal (at the time of
the first pFSH dose in superovulated ewes) and 16 hours
before NSER to determine the number of visible antral
follicles and CL, respectively. Ovarian follicles were
grouped according to their diameters into: Class 1 (€2 mm),
Class 2 (2.1—3.0 mm), Class 3 (3.1-4.0 mm), Class 4 (4.1—
5.0mm), and Class 5 (>5.0 mm).28

NSER procedures

All mated ewes were prepared for the cervical dilation
protocol using both physical and chemical restraint as pre-
viously described.”” NSER was performed 6-7 days after
the onset of estrus. Cervical assessment, anesthetic desen-
sitization, clipping, and retraction were performed as pre-
viously described for Lacaune ewes.® After retraction, Hegar
dilators (size 3—4) were used to traverse the uterine cervix.
The “‘cervical map’’ depicting the location of all cervical
rings was recorded'’ and the time taken to traverse the
uterine cervix was recorded. The Hegar dilator was kept in
place for 30 seconds and then removed, and a sterile catheter
#8 equipped with a metal mandrel was inserted and used to
traverse the cervical rings. Each uterine horn was flushed
separately with successive injections and aspirations of a
total of 180 mL/horn of sterile phosphate-buffered saline
prewarmed to 37°C (plus 40 mL to wash the flushing ap-
paratus). All recovered structures, including unfertilized
eggs were enumerated for the fertilization condition (fer-
tilized and nonfertilized), and the embryos were classified
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based on their developmental stage (morulae to expanded
blastocyst) and quality (1 =excellent or good, 2=fair,
3=poor, and 4=dead or degenerated) as detailed by the
International Embryo Technology Society manual.*® Em-
bryos of quality 1-3 were cryopreserved by slow freezing
according to a method described by Figueira et al.,*' and
were added to the Brazilian embryo biobank for future use.

Study end points and statistical analysis

The following data were recorded at 60 hours before
MAP sponge removal (time of the first pFSH injection in
superovulated ewes): percentage of ewes with large antral
follicles (=5 mm in diameter); diameter of the largest follicle
(mm); total follicle count and number of follicles in dif-
ferent size classes per ewe (class 1: 1.0-2.0 mm; class 2:
2.1-3.0 mm; class 3: 3.1-4.0 mm; class 4: 4.1-5.0 mm; and
class 5: >5.0mm). Subsequently, the following data were
recorded or calculated: estrus response (number of ewes in
estrus/number of treated ewes X 100%); timing of the onset
of estrus (in hours, time from MAP sponge removal to estrus
detection); duration of estrus (in hours); number of CL per
ewe; percentage of ewes successfully penetrated and flushed
(ewes flushed/total number of ewes x 100%); number of CL
per flushed ewe; duration of the cervical penetration pro-
cedure by Hegar and mandrel/catheter (in minutes, time
from Hegar dilator or mandrel/catheter insertion to its re-
moval); duration of the uterine flushing procedure (in min-
utes, time from flushing catheter insertion to its removal);
duration of NSER procedure (in minutes, time from epidural
anesthesia to catheter removal/cervical unclipping); fluid
recovery efficiency (volume of fluid retrieved/total fluid
infused X 100%); recovery rate (total number of non-
fertilized eggs and embryos recovered/number of CL de-
tected with ultrasonography x 100%); embryo viability rate
(number of embryos with quality scores of 1-3/total struc-
tures recovered X 100%); successful recovery rate (number
of ewes with at least one structure recovered/number ewes
flushed x 100%); total number of structures (i.e., embryos
and/or nonfertilized eggs) recovered per ewe; number of
viable embryos (embryo quality of 1 to 3); and number of
degenerated embryos per donor ewe.

Data analysis was performed using the R software (version
3.6.1; the R Foundation for Statistical Computing). The
Shapiro-Wilk test was used to check the normality of the
residues and homogeneity of variance was assessed by Le-
vene’s test. Whenever necessary, the Box—Cox transforma-
tion of the original data was performed. Non-parametric
analyses were done using the Kruskal-Wallis test, Chi-
square, and Fisher’s exact test. Parametric data were analyzed
by analysis of variance followed by Tukey’s test for com-
parisons of individual mean values. Results are presented as
mean = standard error of the mean unless otherwise indicated.
The level of significance used for all analyses was 5%.

Results

Ovarian follicular profiles recorded at 60 hours before
MAP sponge removal in all ewes studied are given in
Table 1. No difference was observed (p>0.05) for any of
the parameters related to antral follicle population among
the three groups of ewes (exposed to progestin pretreatments
of varying duration).

ARRAIS ET AL.

TABLE 1. END POINTS (% OR MEAN = STANDARD ERROR
OF THE MEAN) RELATED TO OVARIAN ANTRAL FOLLICLE
PoPULATIONS DETERMINED ULTRASONOGRAPHICALLY
AT 60 HOURS BEFORE MEDROXYPROGESTERONE
ACETATE-SPONGE REMOVAL IN MORADA NovA EWES
THAT UNDERWENT EITHER SHORT- (6 DAYS, G6),
INTERMEDIATE- (9 DAYS, G9) OrR LONG-TERM
(12 DAYs, G12) PROGESTIN PRETREATMENT

End points G6 G9 GI2

Ewes with =5 mm 50.0 (6/12) 41.7 (5/12) 25.0 (3/12)

follicles (%)

Diameter of the largest 4.8+0.4 47+0.3 44103
follicle (mm)

Total follicles count 6.4+0.9 6.2+0.7 5.5%£0.6

No. of follicles
Class 1 (1.0-2.0mm) 2.3%£0.6 3.1+£0.7 1.3£0.3
Class 2 (2.1-3.0mm) 19404 1.1£0.3 1.9+0.5
Class 3 (3.1-4.0mm) 0.9%0.3 0.7+£0.3 1.21+0.3
Class 4 (4.1-5.0mm) 0.5+0.2 0.7£0.3 0.7%0.1
Class 5 (>5.0 mm) 0.7£0.3 0.6+0.1 0.3£0.1

Various end points obtained after MAP sponge with-
drawal in estrus-synchronized and superovulated Morada
Nova are presented in Tables 2 and 3, respectively. In estrus-
synchronized ewes, the mean interval from MAP sponge re-
moval to the onset of estrus was approximately 10-12 hours
longer (p<0.01) for G9gyncu ewes compared with the ani-
mals subjected to either Gbgyncy or Gl12syncn protocol
(Table 2). The duration of estrus was greater (p<0.01) after
the G9sov protocol compared with the G6goy protocol
(Table 3). All ewes, with the uterine cervix successfully
transversed with the Hegar dilator, could also be penetrated
with the mandrel/catheter and undergo uterine flushing. All
ewes in which cervical penetration with the Hegar dilator was
not possible, cervical clipping and traction could be performed
and the uterine cervix appeared relaxed, but a large mis-
alignment of the cervical ring was evident.

There were no significant differences (p>0.05) for any of
the variables related to estrus responses or the efficiency of
the NSER procedure among the three subsets of ewes varying
in the duration of progestogen exposure, in either estrus-
synchronized (Table 2) or superovulated animals (Table 3).
The end points were therefore pooled for all superovulated
(sov) and synchronized (syncy) animals, regardless of the
duration of MAP treatment, and presented in Table 4.

Discussion

This is the first report of IVP followed by NSER in a
naturalized Brazilian breed of sheep (Morada Nova) at the
risk of extinction.>™ Therefore, this study helped us gather
useful information on the outcomes of estrus synchroniza-
tion and hormonal ovarian stimulation protocols as well as
the feasibility of NSER in Morada Nova ewes. From all
indications, NSER is a valuable method not only for com-
mercial applications but also for the purpose of small ru-
minant conservation.

The onset of estrus was delayed in G9gyncy ewes com-
pared with the two other groups of estrus-induced Morada
Nova ewes. Harl*? reported that the short-term progestogen-
based estrus synchronization regimens were associated with
a delayed onset of estrus in ewes during the breeding season,
indicating the occurrence of a delayed and/or longer period
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TABLE 2. ESTRUS CHARACTERISTICS AND NSER RESULTS (% OR MEAN * STANDARD ERROR OF THE MEAN) RECORDED
IN MORADA NovA EWES SUBJECTED TO MEDROXYPROGESTERONE ACETATE-BASED ESTRUS SYNCHRONIZATION
PrOTOCOLS OF VARYING DURATIONS AND NONSURGICAL EMBRYO RECOVERY 6—7 DAYS AFTER THE ONSET OF ESTRUS

End points GO6syncn GY9syncH G12syncH
Estrus response (%) 100.0 (6/6) 83.3 (5/6) 100.0 (6/6)
Estrus onset (hours) 38.0+3.7° 48.0+0.0* 36.0+0.0°
Estrus duration (hours) 24.0£0.0 19.2+29 26.0+£2.0
No. of corpora lutea per ewe 1.8£0.3 [11] 2.8+0.4 [14] 2.0£0.3 [12]
Ewes successfully penetrated and flushed (%) 83.3 (5/6) 80.0 (4/5) 83.3 (5/6)
No. of corpora lutea per flushed ewe 1.8£0.4 [9] 2.8£0.5 [11] 1.8£0.2 [9]
Duration of the cervical penetration by Hegar (minutes) 5.8+2.2 2.8+0.9 2.0+03
Duration of the cervical penetration 2.2+0.5 2.3+£0.3 42+1.5
by mandrel/catheter (minutes)
Duration of uterine flushing procedure (minutes) 21.1+4.8 19.8+7.0 23.1£5.8
Duration of NSER procedure (minutes) 33.6+1.7 348+1.8 324132
Fluid recovery efficiency (%) 99.5£0.5 (97 to 100)  100.0£0.0 (100)  100.0£0.0 (100)
Recovery rate (%) 77.7 [7/9] 45.4 [5/11] 55.5 [5/9]
Embryo viability rate (%) 71.4 [5/7] 100.0 [5/5] 100.0 [5/5]
Ewes with structures recovered (%) 100.0 (5/5) 75.0 (3/4) 80.0 (4/5)
Ewes with viable embryos recovered (%) 80.0 (4/5) 75.0 (3/4) 80.0 (4/5)
Total structures recovered per ewe 1.4£0.2 1.3£0.5 1.0£0.3
Viable embryos per ewe 1.0+0.3 1.3+0.5 1.0£0.3
Degenerated embryos per ewe 0.4+0.2 0.0+0.0 0.0+0.0
Unfertilized eggs per ewe 0.0£0.0 0.0£0.0 0.0£0.0

Synchronization protocols consisted of 60 mg MAP intravaginal sponge for 6 (G6synch), 9 (G9syncn), or 12 (G12syncn) days plus 200
IU of eCG and 37.5 g of p-cloprostenol 12 hours before sponge removal; additionally, 50 pg of gonadorelin acetate was applied 36 hours
after MAP treatment. (), Number of animals or range; [], total number of corpora lutea or structures or their proportions.

*PWithin a row, mean with different letter superscripts differ significantly ( p <0.05).

eCG, equine chorionic gonadotropin; MAP, medroxyprogesterone acetate; NSER, nonsurgical embryo recovery.

TABLE 3. ESTRUS CHARACTERISTICS AND NSER RESULTS (% OR MEAN * STANDARD ERROR OF THE MEAN)
RECORDED IN MORADA NovAa EWES SUBJECTED TO MEDROXYPROGESTERONE ACETATE-BASED ESTRUS
SYNCHRONIZATION PROTOCOLS OF VARYING DURATIONS, HORMONAL SUPEROVULATION, AND NONSURGICAL EMBRYO
RECOVERY 67 DAYS AFTER THE ONSET OF ESTRUS

End points Gbg,, G5, Gl2g,,
Estrus response (%) 100.0 (6/6) 83.3 (5/6) 100.0 (6/6)
Estrus onset (hours) 22.0+2.0 16.8+2.9 26.0+3.7
Estrus duration (hours) 34.0+3.7° 52.8+4.8 40.0+4.0™
No. of corpora lutea per ewe 7.8+£2.8 [47] 12.0+1.5 [60] 11.5+£1.9 [69]
Ewes successfully penetrated and flushed (%) 100.0 (6/6) 100.0 (5/5) 83.3 (5/6)
No. of corpora lutea per flushed ewe 7.8+2.8 [47] 12.0£1.5 [60] 10.4+£1.8 [52]
Duration of the cervical penetration by Hegar (minutes) 47+1.1 22104 1.8+0.4
Duration of the cervical penetration 20+04 1.6+0.2 1.8+0.4
by mandrel/catheter (minutes)
Duration of uterine flushing procedure (minutes) 30.2+4.6 20.1£5.0 20.1+4.6
Duration of NSER procedure (minutes) 37.3£49 29.0£29 282+1.8
Fluid recovery efficiency (%) 99.0+£1.0 (94 to 100) 98.5%+1.5 (92 to 100) 100.0£0.0 (100)
Recovery rate (%) 44.6 [21/47] 66.6 [40/60] 65.3 [34/52]
Embryo viability rate (%) 71.4 [15/21] 60.0 [24/40] 70.5 [24/34]
Ewes with structures recovered (%) 66.6 (4/6) 100.0 (5/5) 100.0 (5/5)
Ewes with viable embryos recovered (%) 66.6 (4/6) 80.0 (4/5) 100.0 (5/5)
Total structures recovered per ewe 3515 8.0+2.7 6.8+29
Viable embryos per ewe 25%1.5 48120 48123
Degenerated embryos per ewe 0.0x£0.0 0.4x0.2 0.7x£0.7
Unfertilized eggs per ewe 1.0£0.7 2.8%+1.6 1.2+0.7

Superovulatory protocol consisted of 60 mg MAP intravaginal sponge for 6 (G6sov), 9 (G9sov), or 12 (G12goy) days with 133 mg of
PpFSH administered in six decreasing doses (25-25-15-15-10-10%) at 12-hour intervals starting 60 hours before MAP-sponge removal; both
200 IU of eCG and 37.5 pug of cloprostenol were administered 12 hours before the end of MAP treatment; additionally, 50 g of gonadorelin
acetate was applied 36 hours after MAP-sponge removal. (), number of animals or range; [] total number of corpora lutea or structures or
their proportions.

*®Within a row, mean with different letter superscripts differ significantly ( p <0.05).

pFSH, porcine follicle-stimulating hormone.
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TABLE 4. END POINTS (% OR MEAN * STANDARD ERROR OF THE MEAN) RECORDED IN MORADA NOVA EWES SUBJECTED
TO ESTROUS SYNCHRONIZATION PROTOCOL WITH INTRAVAGINAL DEVICES CONTAINING 60 MG
OF MEDROXYPROGESTERONE ACETATE FOR 6 (SHORT-), 9 (INTERMEDIATE-), OR 12 (LONG-TERM) DAYs Prus 200 TU
OF EQUINE CHORIONIC GONADOTROPIN AND 37.5 uG OF CLOPROSTENOL GIVEN 12 HOURS BEFORE AND 50 UG
OF GONADORELIN ACETATE GIVEN 36 HOURS AFTER DEVICE REMOVAL, FOLLOWED (sov) OR NOT (synchH)
BY THE SUPEROVULATORY TREATMENT WITH 133 MG OF PORCINE FOLLICLE-STIMULATING HORMONE,
AND NONSURGICAL EMBRYO RECOVERY (NSER) 6-7 DAYS AFTER THE ONSET OF ESTRUS

End points

Estrous response (%)

Onset of estrus (hours)

Duration of estrus (hours)

No. of corpora lutea per ewe

Ewes successfully penetrated and flushed (%)
No. of corpora lutea per flushed ewe

Duration of cervical penetration with the Hegar dilator (minutes)
Duration of cervical penetration with the mandrel/catheter (minutes)

Duration of NSER procedure (minutes)

Fluid recovery efficiency (%)

Structures recovery (%)

Ewes with successful structures recovery (%)
Total structures recovered per ewe flushed
Unfertilized eggs

Nonviable embryos

Viable embryos

Embryo viability (%)

SYNCH Sov p
94.4 (17/18) 94.4 (17/18) n.s.
40.£1.8 219+1.9 <0.001
233+1.2 41.6+29 <0.001
2.2+0.3 [37] 10.4+1.3 [176] <0.01
82.3 (14/17) 94.1 (16/17) n.s.
2.1+0.2 [29] 99+1.2 [159] <0.01
3.6x09 3.0£0.5 n.s.
3.0+£0.6 1.8+0.2 <0.05
33.5+1.3 319423 n.s.
99.8+0.2 99.2+0.6 n.s.
58.6 [17/29] 59.7 [95/159] n.s.
85.7 (12/14) 87.5 (14/16) n.s.
1.2+0.2 59+1.4 <0.01
0.0£0.0 1.6+0.6 <0.05
0.1+0.1 0.4%+0.3 n.s
1.1£0.2 39+1.1 <0.05
88.2 [15/17] 66.3 [63/95] n.s.

(), number of animals; [] total number of corpora luteal/structures or their proportions. The pFSH was administered in six decreasing
doses (25-25-15-15-10-10%) at 12-hour intervals, starting 60 hours before device removal, and NSER was performed 6—7 days after the

onset of behavioral estrus.
n.s., not significant.

of antral follicular maturation. Since ultrasonographic ex-
aminations did not reveal any differences in antral follicle
populations among the three groups at 60 hours before
sponge removal, this difference is most likely due to subtle
dissimilarities in follicular estrogenicity.* It is feasible that
dominant antral follicles in G6gynchy ewes were recruited
from the first ovarian follicular wave emerging after sponge
insertion.** These follicles could still be in their growing
phase around the time of MAP sponge withdrawal, which
resulted in the earlier attainment of estradiol threshold
heralding behavioral estrus as compared with G9SYNCH435
Moreover, the duration of behavioral estrus was longer in
G9Y9s0v compared with Gb6goy superovulated ewes. This fact
could also be attributed to the stage of dominant follicle
lifespan at which MAP sponges were removed and numer-
ically (p>0.05) greater numbers of potentially estrogenic,
ovulatory follicles in G9soy (12.0 CL) than in G6ggoy (7.8
CL). Nevertheless, our present observations indicate that
short-, intermediate-, and long-term estrus induction proto-
cols can all be used in cyclic Morada Nova ewes.

The average flushing efficiency as well as viable embryo
production and recovery rates for nonsuperstimulated Morada
Nova ewes were comparable to those recently reported in
synchronized Santa Inés**?°>° and Lacaune ewes.® Consider-
ing the low level of NSER invasiveness (e.g., compared with
laparotomy'?), the use of this method permits frequent embryo
recoveries in Morada Nova ewes following estrus synchroni-
zation. NSER can be successfully performed in non-
superovulated Morada Nova ewes yielding, on the average, one
viable embryo per ewe without the need for food and water
deprivation, in animals restrained in a standing position, and in
the presence of other animals. Clearly, nonsuperovulated ewes
can be an additional source of valuable genetic material, with

the ewes subjected to estrus synchronization and NSER being
returned to the breeding flock, without any adverse effects on
their fertility and overall health status.”'

The mean number of viable embryos per donor ewe in the
G9sov and G125y groups of the present study (~35 viable
embryos per flushed ewe) was similar to that recovered by
laparotomy from superovulated Morada Nova ewes (4.9-5.6
viable embryos per flushed ewe'''?). This is highly encour-
aging and warrants further trials and ultimate implementation
of hormonal superovulation combined with NSER in Morada
Nova ewes and other endangered small ruminant species.

All Morada Nova ewes, in which the cervix could be
penetrated with the Hegar dilator, could also be penetrated
with a mandrel/flushing catheter. Both penetration tests have
been performed after estrus synchronization to select animals
that are suitable for NSER after hormonal superstimulation.®®
It is worth noting that the present Morada Nova ewes are
the second breed of sheep for which NSER was successful
in 100% of animals, as reported for superovulated Lacaune
sheep.’” In earlier studies, the percentage of estrus-
synchronized ewes successfully penetrated with the mandrel/
catheter was lower compared with that penetrated with the
Hegar dilator (by 5% in Lacaune ewes,”’ by 3% in Dorper
ewes,21 and by 40% in Santa Inés ewesm). The main reasons
for impeded or incomplete cervical penetration in ewes are
the lack of sufficient cervical dilation and/or anatomical
problems that hinder visualization, clipping, or retraction of
the os cervix by an operator. A high degree of cervical ring
misalignment can typically be observed in the ewes that
cannot be penetrated with the Hegar dilator. In the past, some
sheep successfully penetrated with the Hegar dilator could
not be penetrated with the mandrel/catheter probably because
the latter is less rigid than the Hegar dilator.?%*!
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As expected, the superovulatory treatment in this study
resulted in nearly five times more ovulations and yielded
approximately four times more viable embryos compared
with the estrus synchronization regimen. However, since
cervical penetration and uterine flushing were feasible in
both subsets of animals, it is evident that embryo recovery
can successfully be performed in estrus-induced and su-
perovulated ewes using NSER. Embryo collection from
nonsuperovulated animals can be preferred in some in-
stances (e.g., due to limited cost or availability of animal
facilities for housing the donor ewes throughout the period
of hormone administration). NSER is less invasive an ap-
proach compared with laparotomy and hence is a better
option in terms of maintaining animal wellbeing.'®' Sim-
ple anesthesia/analgesia protocols and short period of re-
cuperation post-treatment make NSER a valid alternative to
surgical procedures for embryo recovery in small ruminants,
especially during the conservation programs with limited
numbers of available animals. The entire NSER procedure
does not require animal fasting, can be performed in under
30 minutes by experienced/trained individuals, and after the
procedure all ewes can return immediately to their routine
management conditions. The most recently updated report
on Animal Production and Health/Cryopreservation and
Genetics Recourses (FAO)38 does not recommend NSER for
sheep and goats. This was based largely on the results of
earlier studies indicating that NSER was less effective in
terms of embryo recovery rates and that embryos collected
by NSER resulted in lower pregnancy rates per transferred
embryo than those achieved with surgical transfer. How-
ever, more recent studies in Santa Inés, *1%2%293¢ Dorper, 2!
and Lacaune ewes,®” as well as in dairy goats®*** have
shown that: (1) in a vast majority of estrus-synchronized or
superovulated ewes and goats, NSER resulted in the re-
trieval of at least one viable embryo; (2) embryo flushing
efficiency was similar to that achieved with laparotomy;
and (3) NSER was more suitable a technique with regard to
animal wellbeing concerns.'® The current study using
Morada Nova ewes fully confirmed those earlier observa-
tions, reporting 85.7% or 87.5% of ewes with at least one
embryo recovered and an average of 1.1 or 3.9 viable
embryos recovered per donor ewe for estrus-induced and
superovulated animals, respectively. Finally, the FAO re-
port®® also emphasized the risks of disease transmission
associated with embryo transfer. However, the potential
risk of Caprine Arthritis Encephalitis Virus (CAEV)
transmission was reduced with the use of NSER and NSET
compared with laparotomy, probably due to the 10-fold
greater virus dilution factor (400 mL flushing media used
for NSER vs. 40mL of holding media used for laparo-
scopic deposition*'**?). Collectively, NSER has the mak-
ings of the technique to provide more suitable solutions for
other genotypes of endangered sheep and goats as well as
for wild-living animals.

Embryo quality is of primary concern during the appli-
cation of assisted reproductive techniques. Our group has
recently reported satisfactorif Jpregnancy rates following
the transfer of either fresh®** or cryopreserved (slow
freezing; ***°) small ruminant embryos collected by
NSER. The success of slow freezing has also been con-
firmed by molecular approach for sheep embryos.46
Therefore, the embryo preservation protocol used in the
present study was based on that developed originally for

goat embryos,*® and is currently used for all breeds of
goats and sheep under the aegis of the Brazilian Embryo
Biobank coordinated by Embrapa.

Conclusion

Results of the present study have indicated that either
short-, intermediate-, or long-term progestogen-based estrus
synchronization protocols can be efficiently applied before
embryo recovery using NSER in both synchronized and
superovulated Morada Nova ewes, paving the way to their
implementation in biodiversity conservation programs.
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