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Fig. 1. Precedures and significance of egg transfer
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Fig. 2. Hormonal treatments to induce superovulation in cattle(#2{L%, 1972)
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Fig. 3. Induction of superovulation with PMS and PGF,x(Chung, 1976)
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Table 1. Procedure of superovulation by treatment
with FSH and PGF,a

July July July July July Aug Aug Aug Aug
27 28 29 30 31 1 2 3 4

1 2 3 4 5 6 7 8 9
FSH FSH FSH FSH

AM AM AM AM H Br
5 4 3 2mg
PGF,«x

PM PM PM PM Br Ov
5 4 3 2mg

(Chung, unpublished)



Table 2. Ovarian responses in cattle treated with PMSG at various times of the estrous cycle and with

PGF.x days later

Day of cycle at time of PMSG treatment

Criterion of response 38

812

13 18

and/or

additional treatment No.

% No.

% No. % Beterener

animals responding animals responding animals responding

8 or more ovulations 32 3.3 58
6 or more eggs recovered 32 34.4 58
6 or more
fertilized eggs recovered 32 6.3 58
3 or more ovulations 16 17.5 58
Av
ovulation
rate

74.1 Phillippo and
60. 3 Rowson 1975
34.5
77.6 9 55.5
Av Av

ovulation ovulation
rate rate

Table 3. Analysis of superovulation, recovery and fertilization rates in gonadotropin-treated

prepubertal calves

Treatment?® Ovulations Recovered Fertilized Unfertilized
group X+S8.D. X+S.D. X+S.D. X+S.D.
PMSG 2.0+2.9 1.1+2.2 0.3+0.5 0.9+1.9
PMSG+LH 11.3+23.0 8.0+16.0 5.6+11.0 2.445.1
FSH 2.0+2.5 1.4+2.7 0.340.8 1.1+2.6
FSH+LH 21.94-28.0 10.9+13.1 3.6+4.1 7.34+3.7

» Seven animals per treatment group (Mickelsen et al.,

1978)

Table 4. Effect of repeat superovulation on the number of mature follicle and the rate of ovulation

Total No of No of mature Total No of

Superowulation - Average daye from No O Umate - follice —corpus Iitenm (UL
st treatment 15 310 20.7-+8.60 295 95.16
2nd treatment 98.8 15 301 20.1+8.42 286 95. 02
3rd treatment 137.3 12 175 14.61-4.24 165 04, 28
4th treatment 84.7 10 154 15.4+7.45 141 91.55
5th treatment 109.5 8 109 13.6+36.4 97 88.99
(Chung and Carmichael, unpublished)
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Table 5. Recent recoveries of embryos from superovulated cattle at surgery or slaughter

Embryos and unfer-

No ‘kCE(jl}ection 7‘(3\7u1atxons tilized ova recovered Embryos recovered
donors Av/ % Av/ % % Av/ References
flushed Day  Method Total flushed Total ovula- flushed Total total ovula- flushed
donor tions donor recovered tions donor

44 2—11 Surgery and 454 10.3 210 46.3 4.8 154 73.3 33.9 3.5 Betteridge and
slaughter Mitchell. 1974

10 3—6 Surgery 141 14.1 97 68.9 9.7 8 87.6 60.3 8.5 Elsden et al.1974

25 3—6 Surgery 462 18.5 184 39.8 7.4 166 90.2 359 6.6 Booth et al.1975:

90 2—9 Slaughter 549 6.1 364 66.3 4.0 243 66.8 44.3 2.7  Testart 1975
98(cows) 2—5 Slaughter 347 3.5 254 73.2 2.6 201 79.1 57.9 2.1 Moore 1975
23(heiters) 2—5 Slaughter 157 6.8 122 77.7 5.3 116 95.1 73.9 5.0 Moore 1975

147 2308 15.7 1411 6L.1 9.6 1235 87.5 53.5 8.4 Gordon 1976
21 2—7 Slaughter 182 8.7 91 50.0 4.3 38 41.8 20,9 2.3 Gordon 1976
34 10—16 Surgery 331 9.7 122 36.9 36 8 69.7 25,7 2.5 Gordon 1976
34 10—16 Slaughter 384 11.3 226 58.9 6.6 124 54.9 32.3 3.6 Gordon 1976
582  Usually Surgery — 10.15 — 59.67 — — 58.78 — — Shea et al. 1976-
27 7—12 Slaughter 264 9.8 165 62.5 6.1 114 69.1 43.2 4.2 Brand et al.1977"
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Table 6. Recovery rates for ova and fluid from superovulated heifers

Nonsurgical recovery (15)2

Surgical recovery (29)

Item I RO
Mean S.D. Range Mean S.D. Range
No. ova recovered/heifer 6.3 +4.4 1—14 6.2 +5.5 0—21
No. corpora lutea/heifer® 12.2 +4.9 122 9.9 +6.3 1—-29
Index of recovery of ova/ heifer(%)¢ 54 +29 13—100 58 -+29 0—100
Fluid inserted/heifer(ml) 933 +280 543—-1390 — — —
Fluid recovered/heifer(%) 92 +6 78—99 — — —
% Of recovered ova/heifer which were in:
1st flush 31 +31 0—100 — — —
2nd flush 27 +20 0—60 — — -—
3rd flush 17 +23 0—75 — — —
4th flush 4 +8 0—22 — — —
5th flush 21 +22 0—67 — — —

3 No. of heifers in parenthesis.

b No. of corpora lutea estimated by laparoscopy in 11 heifers and ny recta

(Rowe et al., 1976)

palpation in 4 heifers for

nonsurgical recovery and by visual inspection for surgical recovery.
¢ No. ova recovered +estimated no. corpora luteax 100.

Table 7. The effect of embryo quality on preg

nancy rate
Number of
Embryo Number of
Quality sg?lrsifg? red Pregnancies Percent
Good 1809 1272 702
Fair, Poor 694 380 55b
Totals 2503 1652 66

®b Pregnancy rates with different superscripts
are significantly different(P <. 05) (Schneider
et al., 1980)

" Table 8. The effect of embryo stage on pregnancy

rate
Number of
Number of

Stage embrycs . Percent

transferred Pregnancies
Early Morula 586 359 612
Late Morula 1178 792 67°
Early Blastocyst 600 402 67°
Late Blastocyst 139 99 71b
Tot als 2503 1652 66

#:b Pregnancy rates with different superscripts are
significantly different(P <. 05)(Schneider et al.,
1980)

7

c d

Fig. 7. Morphologically abnormal embryos. a* Tight
morula with oval zona; b, morula with
excluded blastomeres; c, irregular blastome-
res; d, morula with debris; e, loose blasto-
meres; f, irregular cell mass; g, vacuoles
in cytoplasm; h, cracked, empty zona pellu-
cida.(Sugie et al., 1980)
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Table 9. Effect of duration of storage on the
fecundation rate

Duration of No. eggs  No. Rate of
storage transfered pregnancy fecundation

1 19 10 52.6

2 243 122 50.2

3 237 96 40.5

4 145 61 42.1

5 57 16 28.1

6 21 8 38.1

7 8 4 50.0

Total 730 317 43.4
(average)
(&I, 1976)
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Table 10. Development of cow blastocysts in culture for 24 hours after cooling to 0°C.

St%%?ofgvc%gﬁglgeft %ité)lréa%i Development in culture after cooling
Age of embryo o No. No. partly No.
- Early Expanded 0°C degenerate developed normal(%
Day 6 6 2 min 5 1 6(50)
Day 7 12 2 30 min 4] 1 ~13(92)
Day 7 8 10 24 hr 3 3 12(67)
Day 7 11 12 48 hr 6 6 11(48)
(Trounson et al., 1976)
* In the four groups, 12, 2, 10 and 13 embryos, respectively, had been cultured for 24 hours to the-

blastccysts stage before cooling.



Table 11. Results of bovine embryo transfer following freeze storage at —196

Srfgfygf ggh:frerzlrberdyo tNrg‘nsoffer II;Ir%gr?afmcy glol'vi(r)fg References
Blastocyst 21 11 1 1 Wilmut & Rowson(1973)
Morula & blastecyst 23 17 6 — Bilton & Moore(1977)
Morula blastecyst 8 5 1 1 Moore & Bilton(1977)

8 6 4 4
Blastecyst 23 11 8 10 Willadsen(1977)
Blastocyst 46 35 13 — Willadsen et al.(1977)
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Table 12. Cattle blzstceysts frozen in 1. 5M DMSO/
PBS. Cooling/freezing: 1°C/min to —7°C,
seeding 0.3°C/min to —36°C, 0.1°C to
—60°C, LN2 —196°C. Thawing: 4°C/min
from --56°C to —10°C. Direct water at
20°C. Addition and dilution of DMSO:
Reom temperature

uurV1 o, Transf- Preg-
Frczen Thawed ved* 7% grred** pant o

Ampoule 41 41 30 73 19 9 42

* Evalustion after 4—8h culture
FCS at 37°C.

**% Surgical transfers. Flank ircision(Lehn-Jensen,
1986)

in PBS+20%

Table 14. Cattle blastocysts frczen in 1.5M DMSO/PBS. Cooling/freezing:

Table 138. Cattle blastocysts frozen in 0.5M DMSO/
1.0M glycerol/PBS. Cooling/freezing: 1°
C/min to —7°C, seeding 0.3°C/min to
—30°C, 0.1°C to —40°C, LN2 -196°C.
Thawing: 8°C/min from —35°C to —10°C.
Direct water at 37°C. Addition and dilution
of DMSO/glycerol: Room temperature

Frozen Thawed Survived* %
Ampoule 21 20 9 43
Straw 8 8 3 38
Total 29 28 12 41

* Evaluation after 12—24h culture in PBS+20%

FCS at 37°C. (Lehn-Jensen, 1980)
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1°C/min to —7°C, seeding

0.3°C/min to —30°C, 0.1°C/min to —40°C, LN2 —196°C. Thawing A: 80°C/min from —35°C
to —10°C. Direct water at 37°C, or B: Direct water at 37°C. Addition and dilution of DMSO:

Room temperature

Thawed Survived* % Transferred** Pregnant
Frczen A B A A B A A 7o
Ampcule 31 20 11 13 65 26 4 3 75
Straw 14 3 11 2 66 18 — — —
Total 45 23 22 15 65 23

* Evaluation after 4—8h culture in PBS+20% FCS at 37°C
** Qurgical trarsfers. Flank incisicn. (Lehn-Jensen, 1980)



Table 15. The effect of recipient synchrony on o} o] {EPp4S} FPR42] WHEANE 2T —F0t
pregnancy rate 7bg gk sk E12Rse] Z R4 ZHEL KT

Donor/ Number of yyber of Bh7] AElm 4R Ll ko= HAsA  FHRERY
Recipient embryos i)ﬁergn:;c?es Percent Ewa A5 dehdelh  whebad (Sl 4l
synchrony  transferred @ﬁ;@m o Lﬁ'] o }»\Alr/}-
B AbRE AR dar)h g
—12 475 312 662
) 488 o oo SHIE WEREE AD + debd, TR 1
112 593 362 61 S mRY s R4 BNkl BECT RIS
N i =] 3} E T {5)ul n
Totals 2556 1670 65 Bt 42ste BAE Iotssrt ﬁﬁﬁj— Hew

Teie] BEEMES AL 2o g Aelh
a:» Pregnancy rates with different superscripts are S REREE W SHEIIe TR MR
:igmlf;csgr)ltly different (P<.05) (Schneider et o oln FAEEAE BEo| ptiidsh SO BEE

' H1E A9 oz ML, BRY BHNE 2
o4 B apep b o] Ze odtd & gl vb w2 il BREE 4 3ol dle Aol {kIi4esh

Table 16. Time interval between injection of PGF,a and onset of estrus

G No. of Interval between PGF,a and onset of estrus (hours)
TOUp .

treatments  _j5  13—24 2536 37—48 49—60 61—72 73—96  >96
Donors
No estrogen 37 2,72 8.1 10.8 59.4 8.1 8.1 — 2.7
Estrogen 21 — — 14.3 47.6 23.8 9.5 — 4.8
Total 58 1.7 5.2 12.1 55.2 13.8 8.6 — 3.4
Recipients
No estrogen 32 18.8 — — 40.6 9.4 12.5 12.5 6.3
Estrogen 88 — 2.3 4.5 3.1 34.1 15.9 1.1 8.0
Total 120 5.0 1.7 3.3 35.8 27.5 15.0 4,2 7.5
All
treatments 178 3.9 2.8 6.2 42,1 23.0 12.9 2.8 6.2

s Percent of animals in estrus. (Cupps et al., 1973)

Table 17. Induction and synchronization of estrus after administration of prostagladin F,a in dairy cattle

Days to the onset of estrus

Treatment Animal Age Reproductive Ovarian
number  {(month) history condition 1 2 3 4 5 6 Negative
I 1 15 Heifer CL* 0
2 14 Heifer CL 0
3 30 Multiparous CL
4 46 Multiparous CL
5 32 Multiparous CL
6 18 Heifer CL 0
7 35 Multiparous CL 0
8 60 Multiparous CL 0
9 68 Multiparous CL 0
10 53 Multiparous CL 0
Total 10 1 5 2 2
* CL means palpable functional corpus luteum (Chung, 1979)
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Table 18. Recent results of surgical embryo transfers in cattle in which donors and recipients were

synchronous 1 day

Transferred
833’1:?; g:;bryos ?(Ie%ip- Pregnancies embryos Cridterial of Iiregnancy Reference
= . . : surviving and comments
(donor) recipient ients No. % No. %
4—5 2 11 10 90.9 10 45.5 Calving Rowson et al. 1969
4—7 2 32 22 68.8 36 56. 2 Calving (8 cases) Rowson et al. 1971
Slaughter d 63—90
(13 cases)
Abortion (1 case)
3—7 1.2 69 46 66.7 — — Calving and slaughter Rowson, Lawson, Moor
and Baker, 1972
48 1.3 31 27 87.1 33/43 76.7 In 23 slaughtered a 40 Sg;znan and Bechen.
1
4—7 1.2 378 220 68.2 203/362 56. 1 Singles{Palpation: Nelson et al. 1875
21/55 38.2 Twins lsee also Table 10
3—7 2 52 86 83.0 Slaughter d 27117 Sreenan and Bechan.
(39 cases), calving 1976
(13 cases): unsuccessful
transfers not enumerated
10—16 1 75 36 48.0 36 48.0 Palpation « 30 Betteridge et al. 1976
10—16 2 17 13 76.5 — —
4—7 1 68 36 52.9 36 52.9 Palpation d 50 ADRI, unpnblished
4—7 2.3 9 7 77.8 — —
5 1 2016 1167 57.6 1162 57.6 Palpation; selected Shee et al. 1976
(usually) morulae
5 1 239 131 54.7 131 54.7 Palpation; flank approach. Hansen. 1976
paravertebral anesthesia
5 2 48 36 75.0 55 58.3 Palpation d 45—69 Anderson et al. 1976
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Table 19. Rio vista embryo transfer production datz
from 1976 through 1978

Number

Year ?Eaﬁ?fzggcsl %Fenglrkx)ggxc?is Percent
1976 1959 1240 63
1977 2861 1851 65
1978 3094 1888 61

Totals 7914 4979 63

® The 1978 results include 568 embryos transferred
nonsurgically at a lower success rate(44%, 247
pregnancies/568 embryecs transferred). The
surgical rate was 1641/2527 for 65%. (Schneider
et al., 1980)

Fig. 8. Dagram of non-surgical techniques used
for ova transfer in cattle (Sugie, 1980)
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Table 20. Results of non-surgical embryo transfer in cattle

Embryos No.
Techn- Day of per recip.

Transferred

Pregnancies embryos

Criteria of

Comments References

ique transfer recipient fents  y o s%xxvmgb pregnancy
Simple 2—6 2.3 8 3 38 Calvings? CO, insufflation Rowson and Moor
pipette and 1 (1966¢)
rigid or abortion
flexible
6—9 1 20 7 35 7 35 Slaughter Control Lawson, Rowson,
after Moor and Tervit.
1975
3—5 1 10 1 10 1 10 3 months Control
6—9 1 10 1 10 1 10 CO, inflation
3—5 1 10 0 0 0 0 CO, inflation
6—9 1 20 8 40 8 40 Fluothane
anesthesia
3—5 1 10 1 10 1 10 Fluothane
anesthesia
4—7 1.4 14 6 43 9 27 1 slsaughter Testart. 1975
d 45:
5 calvings
5—-10 1 17 (11) (65) 3 18 Calvings and Bred recipients Testart. Godard
added 1 abortion Siour and du
Mesnil du Buisson.
1975
6—8 1 15 (10) (67) 7 47 Calvings and Bred recipients Testart. Godard.
added 1 abortion Siour and du
Mesnil du Buisson.
1976
4—7 1 42 10 24 10 24 Hahn et al. 1975
4 1 13 1 8 1 8
5—6 1 47 20 43 20 43
5—6 1 26 14 (G 3 12 Slaughter Bred recipients. Boland et al. 1976
added d 30.40 direct transfer
5—6 1 22 (15 %) 9 4 Bred recipients.
added after culture

in rabbit

Table 21. Pregnancy Rates from Non-surgical

Transfer of Bovine Embryos

Table 22. Pregnancy rates after surgical cnd
nonsurgical transfer

Treatment Numbers of Recipients® 9%Pregnant®
Morula 57 18
Blastocyst 38 21
Antibiotics 24 25
No Antibiotics 71 17
CL left 43 14
CL right 49 22
Technician A 22 27
Technician B 52 13
Technician C 17 18
Problem Transfers 7 0
Normal Transfers 88 20

(Bowen et al., 1978)
sum to 95 because
sufficient information was not recorded in several

a2 Numbers do not always
instances.

(x?) for any comparison (P>.05).

There were no significant treatment differences

Preé;liaint at 40 days—
Transfer Position of em-

Group technque bryo placemeot %8' %?eigﬁ-gé %
A Surgical High* 12/20 60
B  Surgical Mid + 9/20 45
C Nonsurgical Mid 15/20 75
D Surgical Mid 6/20 30+t

(sham nonsurgical)

* 2 to 3cm from uterotubal junction. + Approximate
region of external uterine bifurcation. ttz?=8. 04,
p<0.05 (Rowe et al., 1980)
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Table 23. Twin pregnancy rates following surgical embryo transfer in cattle

No. Nc. cva and site

recisients 4 C% trapsleic L Pl‘ii?f%isr

11 2 — 90. 9
15 2 — 65. 6
17 1 1 70.5
9 1 66. 6
31 1 1 87.0
55 1 1 70.9
19 M? 1 57.9
21 M2 1 66. 7
135 1 1 72.0
17 1 1 76.5
9 1 1 77.8
48 1 1 75.0

Twinning rate
of pregnant

Reference
recipients. %
0.0 Romson et al. 1969
50.0 Rowson et al. 1971
75.0
50.0 Tervit, Whittingham and
Rowson, 1972
68.4 Sreenan and Beehan, 1974
66. 6 Sreenan et al. 1975
27.3 Gordon. 1976a
64.3 Boland et al. 19762
71.0
— Betteridge et al. 1976
60.0
52.8 Anderson et al. 1976

! Recipients mated before transfer.

? Ova transferred to rabbits and then to mated recipient cows.
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Table 24. Non-surgical transfer results

No. Preg.  Twin Transferred

recip- o m‘\g)(;' OSTrSzilglesfer rate rate embryo

ients 14 (%) (%) survival(%)
*10 1 +CL  6/10(60) — 6/10(60)

**49 1 —CL 27/49(55) 12/27(44) 12/45(24)

* This group were non-inseminated
** This group were previously
(Sreenan, 1978)

inseminated
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Fig. 9. Expective procedures of embryo transfer in cattle (chung, unpublished)
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