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World embryo production in cattle

20x10° -
18x10° -
16x10° -
14x10° -
12x10° <
10x10° -

8x105

6x10°

4x105 -

2x105 4+°

MOET vs IVP:
Bovine world embryo production
2002-2021

Year

Figure 2. Number of bovine embryos [in vivo derived (IVD), in vitro
produced (IVP), and total] recorded in the period 2002-2021



Sheep embryo production

in 2021

Table 10. Sheep: in vivo derived [IVD] and in vitre produced [IVP] embryo collections and
transfers in 2021

98.5%
are
MOET

Region/ IVD Embryos IVP embryos
Cou ntry Flushes Embryos Embryo transfer Donors | Oocytes | Embryos Embryo transfer
Fresh Frozen Fresh Frozen

Domestic Foreizn Domestic Foreign

Europe

Greece 3 13 0 0 0 0 0 0 0 0 0

Romania 2 27 27 0 0 0 0 0 0 0 0

Russian Fed. 0 0 0 o 1,878 0 0 ] 0 0 0

Serbia 4 32 0 6 1] 0 0 0 0 0] 0

Spain 33 320 0 60 0 18 384 180 0 0 0

UK 167 993 27,593 641 0 0 0 0 0 0 0

Total 209 1,385 27,620 707 1,878 18 384 180 0 0 0

N America

Canada 24 76 28 414 6 0 0 0 0 0 0

Mexico 83 589 224 125 0 0 0 0 0 0 0

USA 1,623 9,619 7,462 768 0 156 1,620 446 353 93 0

Total 1,730 10,284 7,714 1,307 6 156 1,620 446 353 93 0

Oceania

Australia 2,924 @ 19,536 859 0

Total 2,924 21,@8 19,536 859

S America

Brazil 918 7636 5902 1311 0 0 0 0 0 0

Total 918 7,636 5902 1,311 0 0 0 0 0

GrandTotal | 5781 | 41,183 | 60,772 4,184 1884 | 174 2004 626 353 93 0




Goat embryo production
in 2021

Table 11. Goats: in vivo derived [IVD] and in vitro produced [IVP] embryo collections and
transfers in 2021

64% are
MOET

Region/ IVD Embryos IVP embryos

(:(;)untmr Flushes Embryos Embryo transfer Donors | Oocytes | Embryos Embryo transfer
Fresh Frozen Fresh Frozen

Domestic Foreign Domestic | Foreign

Europe

France 0 0 3 0 0 0

Spain 48 648 200 25 504 268

Total 48 648 0 203 0 25 504 268 0 0

N America

Canada 15 43 4 0 0 0 0 0 0 0 0

Mexico 0 0 0 0 0 25 312 87 87 0 0

USA 1,199 @ 9,131 417 0 942 22,175 @ 4,026 1,489 0

Total 1,214 8689 9,135 417 o| 967 22487 6087 4113 1,489 0

Oceania

Australia 189 1,856 540 0 0 0 0 0 0 0 0

Total 189 1,856 540 0 0 0 0 0 0

Grand Total 1,451 (11,193 9,675 620 0 992 22,991 6,355 | 4,113 1,489 0

~(.1




Small ruminant particularities

-

Ewes have long (4-8
cervical rings), rigid, and
tortuous cervix

Kershaw et al., 2005



Al techniques in small ruminants

Laparotomy

Lopyrin and Loginova, 1958;
Salamon and Lightfoot, 1967;
Silla et al., 2021



Al techniques in sheep

most widesprea‘d

Laparoscopy

Killen and Caffery, 1982;
Maxwell et al., 1984;
Rocha et al., 2022

Pericervical/vaginal

Photo provided by Alejo Menchaca
Lopyrin and Loginova, 1958;
Salamon and Lightfoot, 1967;

Menchaca et al., 2005



Al techniques in sheep

Transcervical, usually with cervical

traction O A B

Fig. Histological sections of the vaginal fornix and
cervix submitted to immunohistochemical staining
by reaction with PGP-9.5 antibody. Black arrow =
nerve terminations; Straight line = epithelium;
Wavy line = loss of connective tissue.

Nerve terminations?



Table 1. Studies conducted in
sheep aimed at increasing the
penetrability of the uterine
cervix during transcervical Al
procedures.

Guelph
system

(Candappa & Bartlewski, 2011)

Efficiency (%)

Breed/Parity Strategy/Hormonal protocol  Intrauterine penetration Pregnancy Overall outcomes Ref
eference
Treatment*  Control*  Treatment® Control*
Suffolk, Dorset,
Chs:;ggb?eugfolk Guelph system of Al (different
) N specula, forceps, instruments; ) . . ] Halbert et al_,
Le;g?i?r,aﬁ:;m dorsal recumbeney restraint + 82 (73/89) ND ND ND High uteigfv?;,r:?:gacttl%?] by using 1990
o cervical traction)
Hampshire
cross/multiparous
4 Higher pregnancy when Al was
sgm?gﬂ;r;ge Guelph system of Al 54 (49/90) ND 80 (72/90)AB ND intrauterine, compared to mid H""?‘;gueg -
cervical (88 x 57%)
. Flexible catheter (designed to When depositing small numbers
Rambouillet and s - Wulster-
crossbreds/ 3:‘3;:26:3? ii%orse'i'rzrl‘og‘;'ﬁ ND ND 5 (5/99)8 ND e Spe”l‘(‘)r'; rZ?:g‘ig Eﬁgnancy Radcliffe et al.,
multiparous }gun P 2004
Rasa DARIO avoided visual cervix
Antiretrograde flow device for B 5 injuries, decreased retrograde Macias et al.,
Arag_onesaf sheep cervical Al (DARIO) L L Tz lhe dUsdnED flow de visu, and increased 2017
multiparous o
fertility rate
Facilitated the transcervical
Sarda/ o i o passage and intrauterine semen Pauetal,
multiparous Surgical incision of cervical folds 90 (35/39) ND 72 (28/39) ND deposition, resulting in pregnancy 2020
[ate similar fo LAL (72 vs 70%)
Dorset, OT allowed a greater cervical
Rambouillet, N . penetration, but fertility was not Khalifa et al_,
Hampshire, and 200-600 USP OT (i.v.) TT (33/43) 0 (0/15) ND ND assessed 1992
Suffolk/diverse
OT and cervical manipulation
Crossbred/ . 51 (28/59)* 66 (36/55)* both decreased fertilization rate  Stellflug et al.,
multiparous 2 LB B e NP with LAI with LAI (47 vs 59%) and the former 2001
affected fertility after LAI
Welsh Mountain, ) Cervical relaxation was enhanced
lle-de-France Sl R ND ND by the presence of a ram but not
e et ! 2 mg misoprostol, PGET (i.c.) ND ND ove 173 TR LT Falchi et al.,
: 2 mg oF SH + 300 IU OT (i.c.) Yy any drug 2012
Romanov and Ram effect ND ND
Sarda/multiparous
Rideau Arcott x Guelph system of Al + 5:&?:?: ;:]:rtém;;?,fﬁ:g:i&e Bartlewski and
Polled Dorset/ controlled slow-release vaginal 90 (36/40) 75 (30/40) 3 (140 8 (3/40)° e sﬁmilar TR Candappa,
multiparous inserts of PGE2 (Cervidil®) e | naney 2015
Welsh Mountain/ 2 mg oFSH (i.c.) 100 (9/9) taciﬁg’t‘gg 253:&3;2:?;‘:;2? oyt Leetnongdee et
multiparous 1 mg misoprostol, PGE1 (i.c.) 100 (9/9) ND ND ND their combination had no benefit al., 2007
Rideau Arcof, 5 ug human interleukin-a 8 Croy et al
Rideau Arcott x ”g aginal Suppository) 40 (2/5) 0(0/2) ND ND Not sufficient to relax the cervix 15'999 .
Suffolk/multiparous g PP ry
Increased the rate of ewes in
Kivircik/ - AE & Wwhich deep penetration of cervix  Gundiz et al.,
T 0.5 mg carazolol (i.m.) 0 (0/150) 0 (0/150) 63 (95/150) 57 (85/150)» was achieved (48 vs 33%), but 2010

did not affect lambing rate

Abbreviations: i.v. = intravenous; i.c. = intra-cervical; i.m. = intramuscular; N/D = not determined; Al = artificial insemination; LAl = laparoscopic Al;
OT = oxytocin; oF SH = ovine follicle-stimulating hormone; PGE = prostaglandin E; USP = units of oxytocin.

*Treatment: strategy/hormones applied to enhance cervical penetrability; Control: respective controls for the tretament applied; ( ) number of

animals;
A: frozen-thawed semen.
B: chilled semen.



Pregnancy rates after Al

deposited in the cervical os (~ 30 vs. 75%)
- Exact cause of impaired F/T sperm cervical transit? (Salamon and Maxwell,

raVaVaWaWll

Q/[Pregnancy rates are generally lower when F/T rather than fresh ram semen is}

Q/[Cryopreservation-induced alterations in seminal plasma molecules (proteins, Iipids,}

and RNAs) (Reviewed by Fair et al., 2019; Warr et al.,
2022)

Abril-Parrefo et al., 2021



Al techniques In goats
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:mbrapa Al technique

Intrauterine Al was more Cervical transposing was
frequent (P<0.01) in Plu more time-consuming
(100%; 32/32) than in Null (P<0.01) in Null (44 s) than
(70%; 23/33) Plu (21 s)

Table 2

Pregnancy rates (%) according to the local of semen deposition in estrus-induced Saanen goats artificially inseminated (Al) 51-54 h after sponge removal and receiving 1 mL 1
saline (CONTROL) or 50 mg Flunixin-Meglunine (FLUNIXIN) i.m. at the time of Al -

Depth (cm) CONTROL FLUNIXIN Total P value
0cm (0/pericervical)' 50.0 (1/2) 0.0 (0/3) 20.0 (1/5) -

1-2 cm (1/Superficial cervical)’ 0.0 (0/1) 0.0 (0/1) 0.0 (0/2) -

2-3 cm (2/Initial cervical)! 1000 (1/1) 0.0 (0/1) 50.0 (1/2) -

3-4 cm (3/Intermediate cervical)' 100.0 (1/1) 0.0 (0/0) 100.0 (1/1) -

5cm (5/Uterine)! 62.9* (17/27) 35.7° (10/28) 491 (27/55) 0.043
Total 62.5% (20/32) 303 (10/33) 46.1 (30/65) 0.009

() Number of females pregnant/Number of females inseminated.
2bpercentages with different superscripts within a row differed (Chi-Square test).
! Cervical rings surpassed/locale of semen deposition.



Table 3
Intervals {(mean = S0 from first detection of different cervical mucus types to the onset
of behavioral estrus or ovulation time in Toggenburg goats subjected to the estrous in-

duction protocols with a 6-day progestagen treatment plus d-cloprostenol and different
gonadotropins administered 24 h before sponge removal [Experiment 11,

Cervical mucus (types) Time (hours)

Estrous onset rulation time
Crystalline (1) =496 = 105 =448 = 169
Crystalline /striated (2] =20 = 8.0 =348 = 1.5
Striated (3] 139 = 77 =185 = 7.7
Striated fraseous (4) 300 = 103 =19 = 6.8
Caseous (5) 41.3 = 144 91 = 9.5

The negative values indicate that the specific type of cervical muous was observed before
the onset of estrus or ovulation. Pz 0.05.

Embrapa Al technique /
cervical mucus



Cervical mucus

Fig. 1 Cervical mucus types of Santa Inés ewes hormonally induced to
estrus.



Pregnancy rates — Embrapa Al technique

=8
(=



Results of our Al technique in commercial systems

oy

Anmnais do XXIII Congresso Brasileiro de Reproducdo Animal (CBRA-2019); Gramado. RS. 15 a 17 de maio de 2019.

Recent advances in goat artificial insemination in Brazil
Recentes avancos da inseminacdo artificial de caprinos no Brasil

Jeferson Ferreira da Fonseca® * Vitéria de Oliveira Machadoz, Maria Pia S.L. Matos de Pﬂii‘ﬂs,

Olivardo Fac(]], Joanna Maria Goncalves 501123—Fﬂbjﬂ]14

y
dairy goats.

(n=> 2500 goats)




[ Al in 60 goats, in }
<2h

Photo provided by Jeferson Fonseca



‘mbryo collection techniques in small ruminants

Laparoscopy most mdesprea‘d

Laparotomy




mbryo collection techniques in small ruminants
(O

Non-surgical embryo recovery
(NSER)

Nonsurgical embryo collection in goats treated with prostaglandin F2alpha and
oxytocin

LR. J. Pereira, B. Sohnrey and W. Holtz

J Anim Sci 1998. 76:360-363.









Donor selection
[Primary criteria for selecting donors for MOET }

 (Genetic/economic value
 Responsiveness to SOV

For NSER

4 Q/,ll\void nulliparous )
BCS should be intermediate (not too thin, but not

o obese)

\__ Post-partum ewes between 100 and 150 days




Donor selection

PhD Student: PhD student:
Juliana Dantas Lucas Figueira

Cervix rectilinear, intermediate, and highly

Sensibility: 85.7%; Specificity: 66.6%;
Accuracy: 80%




Donor selection

PhD student:
Jenniffer Dias

Fig. 4. Vaginoscopy in ewes showing total vaginal speculum introduction and complete cervical ostium visualization (A). Vaginal speculum positioned into vestibulo
before hvmenal prega (B).






on-invasive method to assess SOV responses

Can we replace the pre-collection laparoscopy by an US }
evaluation?

Anicrol ebore s e\/er\/one’s Lusiness!™
Sy A ‘ A w -" \\

www.?]'yxccana&a,c om



n=75 ewes; n=150 ovariesl:,hD student:

Pedro Pinto

CL SENS SPEC VPP VPN Kappa ACR
0.98 0.93 0.91 0.99 0.95 0.89
0.98 0.94 0.89 0.99 0.95 0.84
0.95 0.95 0.88 0.98 0.95 0.75
0.86 0.96 0.83 0.97 0.94 0.67
0.67 0.96 0.74 0.95 0.92 0.61

a H~h WO DN =



Mé @ Cervical dilation treatment

. eeqa for cervical dilation betore embryo recovery, especially in]
sheep

. The hormonal protocols were based on the mechanisms of natural
cervical ripening (estrus and pre-parturition)

Review under preparation
(Dias et al.)



Table 3. Studies conducted in goats that were subjected to hormonal
cervical dilation protocols prior to NSER.

Efficiency (%)
Breed Category Hormonal Protocol Cervical penetration® Embryo recovery™ Reference
Canindé  Multiparous . 100 (11/11) 35 (37/1086)
37.5 pg d-cl tenol i.mJ(—16 h to NSER F tal. (2021
Moxoté  Multiparous Hg d-cloprostenol i.m.( ° ) 100 $12/12) 53 (88/167) onseca et al. (2021)
Saanen  Multiparous 37.5 pg d-cloprostenol i.mJ(-12 h to NSER) 100 (g1/21) 71 (121/170) Maia et al. (2020)
Saanen  Multiparous 30 pg d-cloprostenol i.m. (-12 h to NSER) 100 (10/10) ND Fonseca et al. (2013)
Toggenburg Multiparous 125 ug cloprostenol i.m. (-24 h to NSER) 100 (18/18) ND Amorim et al. (2011)
Saanen  Multiparous 50 pg cloprostenol i.m. (-24 h to NSER) 62 (B/13) 53 (50/94) Lima-Verde et al. (2003)
5 mg dinoprosti.m. (=16 h) + 1 IlU OT i.v. (-0 h) 100|(7/7) 91 (82/90)
Boer Multiparous 5 mg dinoprost i.m. (-8 h) + 1 IU OT i.v. (-0 h) 100)(6/6) 91 (48/53) Pereira et al. (1998)
5 mg dinoprost i.m. (-0 h) + 1 IU OT i.v. (-0 h to NSER 100}(6/6)

Abbreviations: NSER = non-surgical embryo recovery; ND: not determined; OT = oxytocin; i.m. = intramuscular; i.v.

*Donors successfully penetrated and flushed x 100/donors with corpora lutea at NSER.
*Number of total structures recovered x 100/number of corpora lutea per flushed female.

In goats, only PGF2a

52 (28/54)

intravenous.



D-cloprostenol GnRH (pm)
(37.5 pg) (25 pg)

VY

D4 D5 D6 D7
(pm)(am/pm)(am/pm)(pm)

1 2and 34 and5 6doses

(37.5 pg - 12 hours before NSER)
pFSH (133 mg) m ‘_
[ I

6 D7 D8 D9 D10 D11 D12 D13 D14

{ ) Lf_f f

Estrus/mating Nonsurgical Embryo
(ami/pm) Recovery

{ |

Ultrasonography (D0 and D13)

D-cloprostenol




Efficiency (%)

Breed Parity Hormonal Protocol Cervical Embryo Reference
1 mg EB i.m. + 37.5 pg d-cloprostenal L.m. (-16 h)
and 50 1U OT Lv. (-20 min to NSER) 64 (9/14) 83 (80/37)
Crossbreed A "
) 0.5 mg EB im. + 37.5 pg d-cloprostenol i.m. (—16 h) )
{La-:aulzzsx} Santa  Diverse and 50 1U OT L. (20 min to NSER) 83 (10/12) 107 (89/83) Dias et al. (2023)
0.0 mg EB i.m. + 37.5 ug d-cloprostenol i.m. (=16 h)
and 50 1U OT Lv. (-20 min to NSER) 30 (9/10) 60 (55/31)
. 1 mg EB im. + 37.5 pg d-cloprostenol L.v. (-16 h) o
Morada Nova Multiparous s e 86 (25/29) 71(176/248)  Oliveira et al. (2022)
Morada Nova Multiparous 94 (15/16) 99 (135/136)
santa Inés Multiparous | 1 mg EB i.m. + 37.5 ug d-cloprostenol i.m. (~16 h) 90 (17/19) 83 (209/252) Fonseca et al.
and 50 1U OT Lv. (20 min to NSER) (2021)
Somalis Multiparous 94 (17/18) 57 (101/178)
) 1mg EB i.m. + 37.5 pg d-cloprostenol Lv. (=16 h) .
Morada Nova Multiparous o 50 10 OT Ly, (20 i 1o NSER) 94 (16/17) 60 (95/159) Arrais et al. (2021)
n L]
N . 1 mg EB im. + 37.5 pg d-cloprostenol L.v. (-16 h) o
[able 2. Studies conducted in  seeme s | 1m0 o s4 o) o Ot 2
) 1 mg EB i.m. + 37.5 pg d-cloprostenol Lv. (-10 h) Figueira et al.
sheep that were subjected to ... ‘o | s e, O I
. 1 mg EB i.m. + 37.5 pg d-cloprostenol Lv. (-16 h) Figueira et al.
Lacaune Diverse and 50 IU OT Lv. (~20 min to NSER) REE A ERIPRR), (2020b)
] n | ]
1 mg EB i.m. + 37.5 pg d-cloprostenal L.m. (—16 h)
hormonal cervical dilation D - TR RS B e
. orper ulliparous 0.5mg EB i.m. + 37.5 pg d-cloprostenol i.m. 93 (11112 29 (923 fas etal. ( )
protocols prior to NSER. (-61)an501UOT . (-20minto NSER) (e oz
0.0 mg EB i.m. + 37.5 g d-cloprostenol im. (-16 h)
and 50 1U OT Lv. (~20 min to NSER) 83 (10112) 53 (10119)
1mg EB i.m. + 37.5 yg d-cloprostenol L.v. (=16 h) =
I : (12/21) ND ]
. ) d 50 1U OT Lv. (~20 min to NSER
Santa Inés Multiparous an LV. (=20 min to ) Prellwitz et al.
1 mg EB im. + 37.5 pg d-cloprostenol i.v. (-16 h) 57 (12/21) ND (2013)
and 50 U OT i.v.g. (—20 min to NSER)
1 mg EB i.m. + 37.5 pg d-cloprostenol L.v. (~16 h)
X ) and 50 U OT Lv. (-20 min to NSER) 82 (1) ND Fonseca et al.
Santa Inés Multiparous 20194
1mg EB i.v.g. + 37.5 pg d-cloprostenal Lv. (—16 h) 80 (8/10) ND ( )
and 50 1U OT Lv. (—20 min to NSER)
1mg EB i.m. + 37.5 yg d-cloprostenol L.v. (~16 h)
and 50 1U OT i.v. (-20 min to NSER) e ND
1 mg EC Lm. + 37.5 pg d-cloprostenol Lv. (~16 h)
and 50 1U OT i.v. (~20 min to NSER) ) ND Conseca etal
Santa Inés Multiparous 1 mg EB i.m. + 37.5 pg d-cloprostenol Lv. (10 h) 39 (5/13) ND (2019c) '
and 50 1U OT Lv. (-20 min to NSER)
L 0.0 mg EB i.m. + 37.5 pg d-cloprostenol L.v. (10 h) 27 @111 ND
Abbreviations: NSER = non-surgical embryo recovery; ND = not determined; EB = estradiol benzoate; EC = estradiol cypionate; OT = oxytocin; PGE and 50 IU OT iv. (-20 min to NSER)
= prostaglandin E; i.m. = intramuscular; i.v. = intravenous; i.v.g. = intravaginal; .v. = inlaterovulvar,
*Donors successfully penetrated and flushed x 100/donors with corpora lutea at NSER (%). 200 pg misoprostol i.v.g. (PGE1 analogue)
“Number of total structures recovered x 100/ number of corpora lutea per flushed female (%). (=5 h to NSER) 67 (20/30) ND
Santa Inés Muitiparous 100 IU OT Lv. (15 min} + 100 pg EB Lv. 90 (27/30) ND Leite et al. (2018)
200 pg misoprostol iv.g. + 100 IU OT i.v. (—15 min)
and 100 g EB Lv. (-12 h to NSER) 83 (25/30) ND
Dorper Multiparous 200 pg misoprostol i.v.g. (-5 h to NSER) 95 (55/58) ND G“ggg;‘ al




Cervical dilation
treatments

PhD Student:
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Arvical dilation protocol - NSER in different breeds

Brazilian naturalized sheep breeds | l Brazilian naturalized goat breeds |

Canindé Moxoté
(n=15) (n=15)

Morada Nova Santa Inés Somalis
(n=20) (n=20) (n=20)

I Estrus synchronization protocols |

| Superovulation |




Dorper Ewes
n=36

NSER

37.5 pg d-cloprostenol i.m. ;§

No SOV

0.0 mg (GOEB; n=12) i
0.5 mg (GO.5EB; n=12) gstradlol benzoate
1.0mg (G1.0EB; n=12)|| "™

L —

16 hr before NSER

300 IU of eCG i.m.

removed or

(dilation

reduced
treatment) for Dorper

()
/ ,” ] 50 U of oxytocin i.m. }‘#
MAP sponge (60 mg) | 20min
Day -9 Day -1 Day 0 Da|y7 Day 8

PhD student:
TABLE 1 Summary (mean = SEM or Jenniffer Dias

%) of the cervical penetration attempts
and embryo recovery procedures in
pluriparous Dorper ewes who received
different concentrations of oestradiol
benzoate 16 hr before non-surgical
embryo recovery (NSER) in a cervical
relaxation induction protocol

Oestradiol benzoate dose (mg)

End Points 0.0 0.5 1.0

Number of animals 12 12 12

Mean number of corpora lutea/ 2003 hl?} 21+0.3(21) 1.7+0.2(20)
ewe*

Hegar transposing successful (%) 100.0 (12/12) 91.7 (11/12) 100.0(12/12)

Duration of Hegar dilator 42+0.3° 1.7+0.3° 1.6:0.3"
transposing (min)

Number of cervical rings 73+03 74+0.3 77104
transposed

Duration of mandrel/catheter 2.410.5° 1.6+04% 1.3:0.5°
transposing (min)

Duration of flushing (min) 19.2+1.2 214+14 18.6x1.1

Total duration of procedure (min) 254+16 240+1.6 216+12

NSER success (%) 83.3(10/12) 91.7 (11/12) 100.0 (12/12) I

Fluid recovery efﬁciencv (%) 98.0+£20 99.0+1.0 970 1.6

Ewes with at least one structure 70.0(7/10) 60.0 (6/10) 58.3(7/12)
recovered (%)*

Average structures recovered* 1.0+£0.3 09+0.3 0.7£0.2

Structure recovery (%) 52.6(10/19) 39.1(9/23) 40.0 (8/20)

Post-flushing fertility (%) 90.0 (9/10)* 36.4 (4/11)8 58.3 (7/12)%8

a,b Means with different superscripts within rows differed (Tukey's test; p < .05).

A,B Means with different superscripts within rows differed (Fisher's exact test; p < .05).
() The values into the parenthesis indicate number of corpora lutea, animals or structures.
*Only ewes successfully flushed and with at least one CL counted.



Cervical dilation protocol — Does EB affect embryo
viability?

PhD student:
A) BG0.0 mG0.5 . .
a0 Jenniffer Dias

Embryo in vitro survival (%)

BAX BCL2 PRDX1 HSP90 NANOG OCT4
Genes

6 aGo.s mGlo

52 (13/25) 60 (15/25)

bundance (AACt)
(¥
(=]

~ 57.5%
50 (12/24) 54 (13/24) S o]

Malawhn

BAX BCL2 PRDXI1 HSP90 NA\O(J OCT4

54(13/24) 58 (14/24) | ™o

Relati




NSER technique

Cervical dilation

‘ Sedation + Analgesia>

w’ (hyoscine-N-butylbromide,
t—y(EB + PGF + OT) sodium dipyrone and
\acepromazine maleate)
(PGF)
local anesthetics . .
. . : Restrained in an (elevated) cart
(epidural and pericervical gauze)




NSER technique

Collin speculum Pozzi forceps Cervical traction Hegar dilator

NSER Mandrel removal Catheter stiffened with a metal mandrel



Embryo collection techniques: efficiency of each one?

Laparotomy

Duration time
Fluid recovery %
Embryo recovery %
Nb of structures collected

NSER
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NSER technique — welfare?

We assessed physiological, endocrine,
biochemical, and behavioral parameters

during

and after

the

collection

procedures

Effect of embryo collection procedures, evaluation time, and their interactions on welfare parameters in Santa Inés sheep submitted to the cervical dilation hormonal protocol.

Parameter Embryo collection procedures P-value or significance

LP SEM TC SEM ECP Time ECPxTime
Rectal temperature (°C) 38.09 0.10 38.28 0.09 0.039 <0.0001 <0.0001
Heart rate (bpm) 98.04 269 91.64 248 0.010 <0.0001 0.037
Total protein (g/dL) 5.81 0.22 6.04 0.22 0.060 <0.0001 NS
Serum albumin (g/dL) 210 0.23 231 0.23 0.014 <0.0001 0.064
Serum globulin (g/dL) 3.72 0.07 3.74 0.06 NS <0.0001 NS
Glycaemia (mg/dL) 70.51 3.34 7274 3.06 NS <0.0001 <0.0001
Cortisol (ng/mL) 3234 269 29.52 223 NS <0.0001 <0.0001

All data are presented as LSmeans. LP, laparotomy; TC, transcervical procedure; ECP, embryo collection procedure; ECPxTime, embryo collection procedure by time inter-

action; SEM, standard error; NS, non-significant.
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[ Data on non-surgical embryo transfer (NSET) are }
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Non-surgical embryo transfer (NSET)

Table 1. Records from recipient goats that received embryos by non-surgical transfer (via transcervical)

Number of corpora lutea 3 2 1 2 8
Ovary / uterine horn Left Left Left Left -
Embryos transferred Mc-1* BIl-1+Mc-3 Bl-1+Mc-3 BI-1 A
Survival rate (%) 0.0 (0/1) 100.0 (2/2) 50.0 (1/2) 0.0 (0/1)  150.0 (3/6)

* Ear-tag number of each recipient. * Embryo morphology and quality. ( ) Number of embryos.

Table 1
Univariate and multivariate analyses for the pregnancy rates of recipient goats subjected to non-surgical embryo transfer.
Univariate model Multivariate model
Variable Total Positive (%) OR (CI 95 %)~ P-value OR (CI 95 %) P-value
Embryo stage
Blastocyst 11 7 (63.6) 5.5 (1.2-25.6) 0.02 3.5 (0.6-19.3) 0.15
Morulae 25 6 (24.0) 1.0 1.0
Embryo quality 0.05 0.27
1 14 8 (57.1) 11.97 (1.2 121.7) 0.03 7.24 (0.6 82.5) 0.11
2 12 4 (33.3) 4.48 (0.4 48.9) 0.21 4.30 (0.4 48.7) 0.23
3 10 1 (10.0) 1.00 1.00

Multivariate model: Score test (p-value = 0.053); Hosmer and Lemeshow test (p-value = 0.34); Breslow-Day-Tarone test for homogeneity of OR (4.72; p-value =
0.094).

“ OR: Odds ratio; CI: Confidence interval.

verall pregnancy Ing rate was

32%, representing an embryo survival
rate of 36%
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Final considerations

« Continued improvements are required to guarantee that the application of non-surgical
AI/MOET is safe and maximizes the productivity outcomes in goats and sheep

« Regarding Al, its recent progress has been rather slow and the techniques used are
generally like those developed in the last decades

« Considering the animal’'s well-being, the NSER method is a viable alternative to
laparotomy and laparoscopy, which are more invasive but still predominantly used
worldwide, possibly due to a lack of sufficient NSER training opportunities
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NSER practical courses abroad

Spa'\(\

pet



UFF, Niterdi, Rio de Janeiro
* Dr. Felipe Zandonadi Brandao
* Dr. Ribrio Ivan T. P. Batista
* All colleagues and students

Embrapa Caprinos e Ovinos
 Dr. Jeferson Ferreira da Fonseca

UNESP, Jaboticabal
* Dra. Maria Emilia Franco Oliveira

UECE, Fortaleza
* Dr. Vicente José de Figueiredo Freitas
* Dr. Luciana Magalhaes Melo
* Dr. Agostinho Alcantara-Neto

UENF, Campos dos Goytacazes
* Dr. Angelo Burla Dias

UFRRJ, Seropédica
 Dra. Andreza Amaral da Silva

INRA Nouzilly, France
* Dr. Pascal Mermillod
* Dr. Marie Saint-Dizier

Universidad de Montevideo, Uruguay
* Dr. Rodolfo Ungerfeld

Acknowledgements

joannavet@gmail.com

MACNPq

Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico

Instagram:
v anva ] o FE






UFF, Niterdi, Rio de Janeiro
* Dr. Felipe Zandonadi Brandao
* Dr. Ribrio Ivan T. P. Batista
* All colleagues and students

Embrapa Caprinos e Ovinos
 Dr. Jeferson Ferreira da Fonseca

UNESP, Jaboticabal
* Dra. Maria Emilia Franco Oliveira

UECE, Fortaleza
* Dr. Vicente José de Figueiredo Freitas
* Dr. Luciana Magalhaes Melo
* Dr. Agostinho Alcantara-Neto

UENF, Campos dos Goytacazes
* Dr. Angelo Burla Dias

UFRRJ, Seropédica
 Dra. Andreza Amaral da Silva

INRA Nouzilly, France
* Dr. Pascal Mermillod
* Dr. Marie Saint-Dizier

Universidad de Montevideo, Uruguay
* Dr. Rodolfo Ungerfeld

Acknowledgements

joannavet@gmail.com

MACNPq

Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico

Instagram:
v anva ] o FE



