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Research Problems of Bovine Embryo Transfer

A Review of Superovulation —
B. S. Yang and K. S, Im*
Livestock Experiment Station, Seoul Nat’l University

Summary

The individual difference of superovulatory responses and inferior embryo quality in superovulated cattie

may cause disturbances in the endocrine profile, follicular steroidogenesis, nuclear maturation of oocyte, fertili-

zation and cleavage of embryos. However, the reasons why those disturbances are occurred were not unders-

tood. The methods of the improvement of superovulatory response and embryo production were the use of

anti-PMSG if PMSG used, pure FSH or controlled FSH-LH inducer, priming dose of gonadotropin in the

first few day of the estrous cycle and GnRH or analogue. However, all of the above methods were not red-

uced the individual differences but improved embryo production We must -continue the fundamental studies

to understand the mechanism.
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Table 1. Ovarian response and embryo production in superovulated cattle

Conado- No. of cows No. of Embryos
Total Reference
tropin Treated Responded* CL Transferable
PMSG 28 - 8174 6.0 + 6.4 33146 Monniaux et al.
FSH 30 - 111 £67 8.6 £ 6.7 141+ 43 1983
PMSG 10 - - 89 + 8.1 34+ 18 Kweon et al.
FSH 8 - = 6.8 + 6.0 34146 1987
PMSG 75 55 721475 44+ 47 23435 Yang et al.
FSH 80 71 9.2+ 63 6.6 + 6.8 31440 1990a
*Responded indicated the number of donors with more than 2 corpus lutea (CL)
Table 2. Results of embryo transfer in cattle
No. of No. of
Technique Rate (%) Reference
transfer pregnancy
2256 NS 1.670 65 Schenider et al. 1980
3980 NS 2,348 59 Hahn, 1984
7652 S 5457 71 Hasler et al. 1987
455 NS 152 33 Yang et al. 1990b
NS : non-surgical, S : surgical
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Table 3. Number of cows with normal (N) and deviating (D) plasma hormone

progesterone (P,) and Estradiol-17°(E,)

profiles of LH,

P, E,
LH N D N D
N5 1 3
D12 0 12 0 12
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Table 4. Steroid concentrations in follicular fluid from preovulatory follioles in untreated heifers

Time of Ovariectomy

Proestrus Estrus+15hr Estrus+24hr
Steroid conc. (ng/ml) (n=11) (n=8) (n=5)

Estradiol 1092.8 £ 64.7 176.7 + 80.8 895 £ 167
Estrone 519+ 66 168 & 4.6 1157+ 30
Testosterone 149.6 + 39.4 44+ 08 70 £ 22
Androstenedion 278.0 + 44.0 252+ 85 299 £111
Progesterone 246 + 33 67.7 £ 133 89.2 +124
Pregnenolone 400+ 31 213+ 52 162 + 11

8: The proestrus follicle was isolated for each heifer 24h after progesterone in daily jugula blood samples had decline

to 1>ng / ml and prior to LH surge. Follicle isolated after estrus were obtained 15 or 24h after the onset of estrus,
which corresponded to 13+0.9h and 19.6+0.7h (mean4+SEM) after LH surge (Fortune & Hansel. 1985)
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Table 5. Steroid concentrations in follicular fluid for perovulatory follioles of heifers primed for

superovulation

Heifer number

Proestrus Estrus+15hr Estrus+24hr

Steroid conc. (ng / ml) (n=+6 follicles) (n=7 follicles) (n=7 follcles)
Estradiol 309+ 51 308 £27 40 +1.0
Estrone 64+ 14 50+ 09 12 +£03
Testosterone 61+ 1.0 3505 92 +£23
Androstenedion 117+ 19 183+ 25 218 +£32
Progesterone 153.0 + 36.0 701 £ 65 201 £90
Pregnenolone 197 £ 134 13.0 £ 06 642 £ 10

2. Follicle were obtained after heifers 12h after onset of estrus (10.7+1.3h after LH surge). Heifers were treated

for FSH. (Fortune & Hansel. 1985)
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Table 6. Effect of interval from LH surge to time of collection the meiotic stages of bovine oocytes

matured in vivo

Animal Interval (hr) from LH Stage of nuclear maturation

number surge to collection ND GV MI MI
3n 8 4 - - 4
341 11 2 1 3 -
351 14 1 - 2 -
355 16 1 - 3 2
379 18 3 1 1 -
326 28 3 1 - -
370 No surge 2 - 2 -
383 No surge 1 - 3 -
321 No surge 2 - — 2

ND: degenerate or non-determined, GV germinal Vesicle,

—4—

MT ; metaphase T,

M1 : metaphase II.
(Goff et al, 1986)



Table 7. Nuclear maturation of oocytes in

largl (> 6mm) and small to medium size bovine folliculalr

collected 24hr after 20mg FSH-E(equine pituitary extract)

Diameter of No. of % each stage of nuclear maturation

follicles (mm) oocytes GV PM MT Ml Degt
> 6 31 194 6.5 64.5 6.5 32
3-6 100 82.0 2.0 7.0 0 19.0

GV germinal vesicle,

PM: per-metaphase, M T : metaphase I,

M1 ; metaphase [I. (More at al, 1984)

Table 8. Cytogenetic analysis of embryos produced by superovulation or natural ovulation

Stage Embryos . o
Ovulation Meiosis Fertilization Cleavage
(day) analysed

FSH 1* 15 6.6 20.0 0 King et al, 1985

FSH 2-3 13 0 30.7 0 King & Bettridge 1984

FSH 5=7 24 16.6 0 King & Picard 1985

FSH 7** 61 1.6 0 114 King et al, 1984

PMSG T¥* 17 11.8 235 King et al, 1984

PMSG 12-18 159 0 19 0 McFeely et al, 1968

Nat 12-16 12 0 0 0

: Fertilized in vitro **: Type C(poor) embryo

Nat: Natural ovulation (recited King, 1985)
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Table 9. Effects of progesteron (P,) leveis on the first treatment day on superovulatory response

P, level No. of P, No. of Ova and  Transferable Reference

(ng / ml) COWS (ng /ml) CL embryos embryos

Milk
< 8 21 37105 68+ 14 39112 14+ 04 Herrier et al, 1990
> 8 69 185+ 08 125+ 06 74+ 09 30+ 04

Total 90 150+ 09 105 £+ 06 6.0 + 0.7 27403

Plasma
<3 20 - 84+17 65+12 20+ 16 Goto et al, 1988
>3 20 - 17.7 £ 2.9%* 156 £ 3.1** 9.4 + 2.2%
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Table 10. Batch variation of FSH

o} slusld FSHe Hsteal2 e $:£¢ st
FSHe} LHE HaleAlol 39714 A 3 (hasophilic
cell)oll 4] o] AE B2 LHE o] g-845 o] glo
v e A} A Folgte Table 1094 Bz ups}
7o] batchel wlg}l FSHe] ¢ 342~6.82mg °F
2u]¢] ztolE Holm FH LHO 42 0.024~0
075mgo & <F 3uj2] zo]E Bl

Batch # FSH / mg LH/mg FSH /LH FSH / bottle % Armour std

A32202 342 0.024 142 92 65

550D86 6.25 0.066 9 168 55

552E86 4.23 0.075 56 77 50

574A89 6.82 0.057 119 178 54

(Donaldson, 1990)

ol2{gh Al# FSH7t LHel gt 2&’59] zfol = GEE AApshe glo] FAY A &S FIA
Table 11014 B vt} o] mats & Wrpdol A 71 Folekil AR Hr},
T & Aelrh fA FAE e 5 o rhE w3 ok Aelo) ofg 2g Y GnRHE Fo
¥F AT g a1 dlgol dojM LH gl ato] Q191 A9l LH 9§58 YoAX oo #H &S
A& FSH &2t 52 AA7F £ @] Aato] s A Y 224 Wubishet 5(1986) ol 2 dol
b e €5 Aok ES FSHO A z3]Ale| GnRHEZ %ojsld g, sladats 2 Fy el
gebE LHe| §gol olsh whu o] wE A mxe) ol viste] HeHoR FUsANT BT
Mg A §8% wHolzl 3lormg(Del Campo sl o} Savage 5(1987)0 ojsld 34 F3g<t
5, 1990) =% =W ¢ FSHe| LH &1 J=E 9} o4 g SN thao] FrhE AL
4 Azx3]AF 4 batch W& sobdE Su A U frel el Aol glithe Kate)h #o] HiuxE
o]2] ol & xgo| E HoE AEHC 7ol thae] zelzh AUk el#E o= olE

ololol = A A § &S FHAT = WY e Aol 10~155F2 AL 59 F$-E o] &3

Me gl Megde] gy 2718 E 3~4 Afolmg AL FAFE FAFE L FAAA
Q)oll o] PMSG ®+= FSHE A AMgjstal A4 2 ol A]7]e] el vQlE Hog A"
71 9~12%9) vhuj@ AHelE & wolm o gy olE mEb A A &g qlolMe
WS ol ote] gl whg 9 S Y 58S Z7} AgS Hgoerg F3% GnRH Hoq ois
ZAXNFHTE 2171 9dvi(Rajamahendrian 5, 19 He xR dvx dasichn Alggc, £33
87: Petr &, 1990) olel st J4 A= 2829 HH v xe 24 %7iskE s Foshe PGEa
gol e FAF AN &8 FQ AnE BPF] A Gg Rolste A wok 19 2~38 Uhrold
27|} GEE et BlHN dEY FE FU) Edst= 9 (Donaldson, 1983 #%AK%S 1981)%
Ao zA thfd Al AHE 328 g SRS Y 58S W AE F AL H2d
S A= Aoleh 2efv o] Wel o]t el XAl 9% vepvs LH %55 LH ant-
v dxe 4 ®k olde AV|m Fv AlA agonist & o4 &g & 4 LH #354]<l HCG
Fo024 dujd My wkgel Jwcs Hivh 2 Fojsh= 4y (Riegers, 1990°) 3% Abge] A o)+
Ae Ao EOHGraSSO 5, 1989) chufd AHeA| 4 A% chud xPA] AHEE & somatotroption
24AAE B o et 259 A7l st A & &M= AZ% bovine somatotrophing FSH



9} o] o] 85t Wil (Riegers, 19902 % d3s
Aok ey ofH A= olE BE Wl 9fste]
TR YF 7 FUANE F ANy AN
ol FolA] R dAolung FF £HT A
g WEe 718% 71297 oS ol &
o2 Atggrh

4

Iy

Aol FAe o)Al ¢lojA] XL thAlolR} 7}&+

& A2 E vl Mgl wE AT wo
7b A GAo £ATG MgHo R AikstA] X3
e dog AlgHD olzw 7H7<Il7u LS s
et grd daF FFo) £33 9 vl go] W
olfr 2 chuld Ao upe LH%’—Hl Gl ol

HEY derid S8 4 ol Wl o 9%
o4 % #43} BE oY 5 olel 8sle] dou
AR o1 o8 Forle sl Al
WA 2ok 2 @A ArEele £
& HUEEE FUAIE P02 PMSGE ol
¢ J$olt anti PMSG AHg, FSHE 88

= o

A%l LHS @go] 8& #43 FSHe| Ahg
WYEY) 2ol HOAT s2Eow AAY ok
Wy 2 GnRHE o] §sh: S ofd wsol
AEHol gt o RE WHEE TR A
g o FL aNE FUo Adze
wolt 54 Ballch. webd BF FHY 42
of it 71z AFE Falelelor AT

REFERENCE

Bouters, Von, R.,, 1. Moyaert, M. Coryn and M, Vand-
eplassche, 1983. The use of a PMSG antiserum in
superovulated cattle: endocrinological changes and
effects on Fiming of ovulation, Zychthyg 18:172-
177.

Calleson, H,, T. Greve and P, Hyttel. 1986, Preovulatory
endocrinology and oocyte maturation in superovul-
ated cattle. Theriogenology 25:71-86.

Calleson, H., T. Greve and P. Hyttel. 1987. Premature
ovulations in superovulated cattle. Theriogenology
28:155-166.

Dawson, F. L. 1975. Accuracy of rectal palpation in the
diagnosis of ovarian function in the cow. Vet. Rec.
96:218-220.

Del Campo, M. R,, F. Becerra, M. Gomazalez, B, D.

Murphy and R. J. Mapletoft. 1990. Superovuiation
in three different commercial pituitary extracts in
the cow. Theriogenology 33:308 (Abstr.)

Dhondt, D, R. Bouters, J. Spincemille, M. Coryn and
M. Vandor plassche 1978, The control of superovu-
lation in the bovine with a PMSG-antiserum,
Theriogenology. 9:529-534.

Donaldson, L. E. 1983. The effect of prostaglandin F,
alpha treatments in superovulated cattle on estrus
response and embryo production, Theriogenology.
20:279-289.

Donaldson, L. E. 1984a. Effect of age of donor cows on
embryo production. Theriogenology. 21:963-967.
Donaldson, L. E. 1984b. Cattle breed as a source of
variation in embryo transfer, Theriogenology. 21:

1013-1018.

Donaldson, L. E. 1984c. The day of estrous cycle that
FSH is started and superovulation in cattle. Ther-
iogenology. 22:97-99.

Donaldson, L. E. and D. W. Ward. 1986. Effects of
luteining hormone on embryo procudtion in super-
ovulated cows. Vet. Rec. 79:625-626.

Donaldson, L. E. 1990d. FSH-P(® batch variation.
Theriogenology 33:215 (Abstr.)

Fortune, J. E. and W, Hansel. 1985 Concentrations of
‘steroids and gonadotropins in follicular fluid from
normal heifers and heifers primed for superovulation,
Biol, Reprod. 32:1069-1079.

Goff, A, K,, T. Greve, D, Bousquet and W, A, King.
1986. Progesterone and luteining hormone profile
in heifers used as oocyte doner Theriogenology. 26
1577-586.

Grasso, F,, L. A, Guilbault, G. L. Roy and I. G, Lussier.
1989. UlFrasonographic determination of ovarian
follicular development in superovulated heifers pre-
treated with FSH-P at the beginning of the estrous
cycle, Theriogenology. 31:1209-1220.

Grere, T, H. Lehn-Jensen and N. O. Rasbech. 1979.

—8—



Morphological evaluation of bovine embryos recov-
ered non-surgically from superovulated dairy cows
on 64 to 74 A field study. Ann, Biol anim, Bioch,
Biophy. 19:1599-1611.

Hahn, 1984, Personal comm. cited from Greve, T. and
M. Del Campo, 1986. Embrya loss following embryo
transfer in cattle and swine. In: Embryonic mort-
ality in farm animals by Sreenan, J, M, and M.
G. Diskin, Martinus Nijhoff publishers, pp. 179-
194.

Hasler, J. F, A. D. McCaley, E. C. Schermerhorn and
R. H. FooDe. 1983, Superovulatory responses of
Holstein cows. Theriogenology. 19:83-99,

Hasler, J. F., A. D, McCauley, W, F, Lathrop and R.
H. Foote. 1987. Effect of donor-embryo-recipient
interations on pregnancy rate in a large-scale bovine
embryo transfer program, Theriogenology. 27:139-
168.

Heath, T, D, 1984. Selection and preparation of donors
and recipients In: Bovine embryo transfer workshop.
univ, Sydney 70:35-37.

King, W. A, 1985, Intrinsic embryonic factors that may
affect survival after transfer. Theriogenolays. 23:
161-174.

Kweon, O, K., Kanagawa, H,, Y. Takahachi, A, Miyam-
oto, J. Masaki, M. Umezu, S, Kagabu, Y. Iwqazumi
and Y. Aoyagi. 1987. Plasma endocrine profiles and
total cholesteral levels in superovulated cows, The-
riogenology. 27:841-857.

Maurer, R, R. and S. E, Echternkamp. 1982. Hormonal
asynchrony and embryonic development Theriogen-
ology. 17:11-22.

Monniaux, D,, D. Chupin and J. Saumande. 1983. Sup-
erovulatory responses of cattle, Theriogenology. 19
:55-81.

Moor, R, M, Th. A. M. Kruip and D. Green, 1984.
Intraovarian control of folliculogenesis: limit to
superovulation. Theriogenology 21:103-116.

Petr, J.,, Mika and F, Jilek, 1990. The effect of PMSG-
priming on subsequent superovulatory response in
dairy cows. Theriogenology. 33:1151-1155.

Rajamaberdran, R. S. Canseco, C. J. Denbow, F, C.
Gwazdauskas and W, E, Vinson, 1987, Effect of low

dose of FSH given at the beginning of the estrous
cycle and subsequent superovulatory response in
Holstein cows, Theriogenology. 28:59-65,

Rieger, D,, J. 8. Walton, M, L, Goodwin and W, H,
Johnson, 1990a. The effest of co-treatment with
recombinant bovine somatotrophin (r BST) on the
superovulatory response in Holstein heifer, Therio-
genolagey. 33:306 (Abstr.)

Rieger, D, J. S, Walton, W, H, Johnson and D, H. Coy.
1990b. The effect of treatment with an LH RH
antagonist on the quality of day-7 embryos collected
from supuovulated Holstein heifer. Theriogenology.
33:307 (Abstr.)

Savage, N. C, Howell, W. and R. J. Mapletoft. 1987.
Superovulation in the cow using estradiol-17 beter
or GnRH in conjunction with FSH-P. Theriogeno-
logy 27:383-394.

Schenider, H. J. Jr,, R. S. Castleberry and J. L. Griffin,
1980, Commercial aspects of bovine embryo transfer
13:73-85.

Stotts, J., T. Stumpf, M. Day, M. Wolfe, P. Wolfe, R.
K. ttok, M. Nielsen, G. Deutscher and J, Kinder.
1987, Luteinizing hormone and progesterone conce-
ntrations in serum of heifers administered a short
half-life prostaglandin (PGF,«) on long half-life
prostaglandin analogue (Fenprostalene) on days six
or eleven of the estrus cycle. Theriogenology 28:
523-529.

Wang, H, M. Wu, K, Xu, W, C. Hagele and R. J.
Mapletoft, 1987. Control of superoulation in the cow
with a PMSG antiserum Theriogenology. 27:291
(Abstr,),

Waubishet, A, Graves, C. N,, Spahr, S. L., Kesler, D. J.
and R, J. Favero. 1986. Effect of GnRH treatement
on superovulatory response of dairy cows, Therio-
genology 25:423-427,

Yang, B. S, S. J. Oh, S. H. Yoo, H. S. Lee, K. S, Im
and D, S, Sul 1990a. Embryo transfer in Korean
native cattle, 5th AAAP, Taipei. Val 3.: 373,

RS, RACR, SRS, TIRE, 1990b. kBE B

BE #1988 EBEREICLSYIO IPSREEO RIS
EREDRFF. 42:1123-1126.

ERFER, A B, FERE, 1978, 7 ¥ SISO A b



LU EM L BRI AWT, BERE. 49:236-242, . PGF,» &) $§8A7 30 BRI 5 2 278,
$BAR T, TELK, BEB—, Z@EEX, FE—M, 1985 B &E¥AmEE. 31:216-217.



