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Abstract:

Three years of breeding, calving, and production records were utilized to evaluate a single injection
PGFgg system for estrous synchronization in range beef cattle. Reproductive performance, effects on
calf weaning weight, effects of two years sequential treatment and costs for PGFgct-Synchronized
(n=566) and non-synchronized control (n= 575) cattle were analyzed. Non-treated controls were
artifically inseminated (Al) 8-12 hours after first observation of standing estrus. Treated cattle received
PGF2a (25 mg free acid) either in the PM of day 4 (1975) or AM of day 5 (1976 and 1977) of breeding
unless they had been observed in estrus prior to those times. Inseminations to detected estrus continued
in treated cattle until 80 + 4 hr post-PGF2a when all remaining undetected animals were mass
inseminated and recorded as nonestrus bred. Breeding seasons consisted of 25 days Al plus 20 days
natural service (1975 and 1976) or 8.5 days Al plus 48.5 days natural service (1977). For two year
treatment analysis cattle were allotted to one of four treatment sequences: (CC) nonsynchronized con-
trol for two consecutive years; (CT) control in year I and PGF2a system in year 2; (TC) PGF2a system
in year I and control in year 2; (TT) PGF2a system for two consecutive years. Cost assumptions for a
10 day PGF2a and 21 day control system were $3.00/hr labor, $6.75/ unit semen cost, aid $4.50/25 mg
PGF2a (treated cattle only) Results demonstrated that Al first service conception rates for control
(62.9%) and treated (62.1%) cattle bred to an observed estrus were not significantly different, but were
greater (P < .01) than that for treated cattle bred nonestrus (12.3%). Reduced conception rate in the
non-estrus bred subgroup resulted in lower (P <.01) conception rates for all cattle in the PGF2a system
(38.3%) vs controls (62.9%). Considerable proportions (14.0 to 35.7%) of nonestrus bred cattle were
reinseminated three to four days after appointment breeding, indicating these cattle responed to PGF2a
but were bred too early relative to ovulation. Pregnancy rate at day 10 (PR10) of breeding for treated
cattle was greater (P <.01) than controls. Pregnancy rate at day 25 (PR25) and total pregnancy rate
(TPR) were not different. Pregnancy rate at day 32 (PR32) was higher (P <.01) in treated cattle
(65.9%) than in controls (56.7%) in the pooled analysis. A trend for an earlier (P <.05) average day of
conception in treated cattle was observed. In the two year sequential treatment study, PR10 for CC, CT,
TC, and TT were 21.1, 45.5, 24.8 and 43.7 percent, respectively, with CT and TT greater (P <,01) than
CC and TC. PR25, PR32 and total pregnancy rates were not significantly different. Comparison of a 10
day PGF2a and a 21 day control system demonstrated similar pregnancy rates but calves out of
synchronized cows were older (P <.01) and heavier (P <.10) than those out of control dams. However,
total breeding cost per treated cow ($12.48) was more than double the cost for controls ($6.12), despite
reduced labor cost in the PGFgct system.



STATEMENT OF PERMISSION TO COPY

In presénting this tﬁesis in bértial fulfiilment of the
requifements For an advancea degree.gf M;ntapa'Staté University,
I.agfee that tﬁe tibrary shall make. it freely:avgilable fof
inspec;ion.‘ 1 fu;thgr agree.théé perﬁission for extensive
copying of‘this thesis for schola%ly purposes may be granted
- by my majbr professor, or, in his absence, b&,fhéADirector ﬁf
Libraries. - It 'is pndgrstood tﬁat any co;ying or publicafion
‘of fhis thesis.fgr.financial gain shall nothbe alloweé witho;t,‘

my wrltten perm1331on

Slgnature_ C;AZﬂL£29/4Z;u)47§?i;Q<}¢km~

Pate G/ ‘// g/




EVALUATION OF A SINGLE INJECTION PGan

ESTROUS SYNCHRONIZATION SYSTEM

by

CHARLES KENT HIGGINS

A thesis submitted in partial fulfillment
-of the requireméents for the degree

of
MASTER OF SCIENCE
in

ANIMAL SCIENCE

Approved:

Gftaduate Dean”” ~

MONTANA STATE UNIVERSITY
' Bozeman, Montana

June, 1981




iii

ACKNOWLEDGEMENTS

The author.éxpresses appreciation to the committee members, P. J.
Burfening, R. W. Whitman;'anﬂ M. J. Watts for thhhghtful guidance and
assistance. Siﬁcere gratitude is extended to Df. E. L. Moody‘for
accepting individuals as they are and for providing'his g?a&uate
- students with the'oppértunitf to pursue special aréas of interest.
Thanks to Sue Wiléon and Evelyn Richard for typing the manuscript
several times and for ﬁﬂeir.friendship. Gratitude is expressed to
Bob Friedrich for his invéluable.éssistance with the statistical
analysis. Special thanks to éeveral of the inmates at the Montana
State Prison for their hélp with breeding.trials ;vér the years, wi;h
spécial aéknoﬁledgemént‘to J. R; Cunningham for providing top~notch
entertainment~and his unigque approach toAthé art of estrus detection.
Very special thanks to m& wife, Liz, for her invaluable support, her
big brown eyes,.her enchiladas, and her ability to put up with me and
'the doé. Finally, siﬂcere appreciation is expreésed to my folks,

Charlie and Hazel Higgins, for their support.




CHAPIER

TABLE OF CONTENTS

Vita. . . e e e . e e e .. e b e e e e e ‘..

"fAcknowledgements. e e e e e e e e e e e e e
"Table of Contents ... « « « «'v & & o & 2 & o &

List of Tables. . v + v v & o « W s e e e e
List of Figures.. . . . « . v o o ¢« o o ¢ v o o .
AbStract. ¢ ¢« 4 v e v et eM e e e e e e e e e e

Introduction. . . . « . « ¢ ¢ . .. o000 0.

Artifical Insemination and Its.Role in Herd
.Improvement . .. L 4 4 eie e e e et 44 .
1.1 Cost/Return Comparisons. . « « . « % .« .

Bovine Estrous Cycle. . . ¢« ¢« ¢« v v o « « . ..h'.
2.1 Sequence of Events . . v v « « o« 4 « o
2.1.1 Post Ovulatory CL Development
~and the Luteal Phase. ¢« e 4 e ..
1.2 Luteolysis: . . . 7. . + . .7 o
1.3 Events Leading to Estris and
Ovulation . . . . « « « ¢ « o« &

2.
2

ﬁdlé of PGF, 1in Bovine Reproduction; o a e & e

3.1 . Rof& of PGF, in Luteolysis. . . . . . ..
3.2 Phy31olog1ca% Response to .Exogenous PGan

3.2.1 TLuteal Tissue Response. . . . . &
3.2.2 Hormonal Response . ... . « . . .

3.2.3 Other Physiological Effects .'. .’

3.3 FEarly Stage CL of Pregnancy and PGFéa._;

Synchronization of Estrus.and Ovulation . .. . . .
LAl .Progesterone and Synthetic Progestagens. .
4.1.1. Progesterone Injectioms . . . . .

4.1.2 ‘Oral Progestins . . . . . . ... .

£.1.251 MAPY o wie v v e e . u

4.1.2-2° CAP. ~ . . ... L.

4,1.2-3 DHPA . . . . + v 0 e o«

4124 MGA. L. . . e ...

4.1.3 TIntravaginal Pessaries and Coils.

- 4.1.4 Subcutaneous Implants . . . . . .

4.2 Luteolytic Agents. B
.. 4.2.1 Estrus Response and Fertility

Follow1pg Single PG_F2 Treatment.

-
.

PAGE

ii
iidi

iv

vi

“viid

ix

14

17
18
23
23
24
26
27
30
31
31
35
35
37 .
38
‘39 .
40
43
45,

47




CHAPTER

- 4.2.2 Estrus'Response and Fertility

.Following Two Treatments With.
_‘PGF T

20,

. Progesterone - PGF, Combinations for Estrous

‘Synchroﬁizationa. e e e e e e e e

. Matefiaisudnd Methods . . .,.;. e e e e e e

Results and Dlscussion . . s e e e e
Two Year Sequential Treatment Study -

Ecogomiq Analysis-PGde vs. Control . . ..

T Comclusions ¢ . . v i W e e e e e e e

APPENDICES. v v v v 4 4 v 4 ¢ ¢ o s o o « v «
Appendix A. .. . oo e i e e e e e
Appendix B. . . . . . . o 0 v e 0 ve

LITERATURE CITED. v o v v « 4 4 v v s v v .

" PAGE

" 54

63
68

75
83

. 88

94

98
99

120

128




. vl
" LIST OF TABLES
TABLE o | - PAGE .

1 Estimated Cycling Rates (%) Based on Estrus
Detection Rates in Control (21 'days). and PGF

(7 or 8 days) Systems . . « « < v 4o v . s ? .. . 100
2 Cumulative Insemination Rates (%) at Day 8 or 9

of Breeding for Control and PGF2 ~Treated Cattle o

Bred at Observed Estrus LR { . s e e & CRETY |  lOll
3 ATl First Service'Conceptioanates (%) for Control,

Treated Cattle Bred at Estrus (PGF, -E), Treated

Cattle Bred Non-Estrus (PGF2 80),zgnd All Treated
Cattle (PGF —System) « & e . L N Y T Tt .102
4 Repeat Inseminations (%).at 104 to 168 hour
Post-;--PGF2 in Cattle Bred Nonestrus at 80-hour
Po’St“PGF a. . L] . - . . - [ L] L ] LR ) * [ . * » L L] 10'3
20, ] .
5 Total Repéat Inseminations (%) for Controls,

Treated Cattle Bred at Estrus (PGF, -E), Treated
Cattle Bred Nonestrus at 80-hours %?G a-BO) and
All Treated Cattle (PGF —System) During 25 days

Of AI . . L L e e e L I D S S T S D Y 104
"6 Cumulatlve Pregnancy Rates (%) -at Day 10, 25, and
‘ 32 and Total Pregnancy Rates for 1975 Vlrgln )
Helfers - L] . . * . . L[] L] ] ) L] L] [ ] ] - [ - [ [ ] a L[] 105 .l.
7 ‘Cumulative Pregnancy Rate (%) at Day 10 (PR10),

25 (PR(25), and 32 (PR32) and Total Pregnancy :
Rate for 1975 Cows. &+ & v v ¢ ¢ ¢« v 5 w6 4 ¥ e W . 106

8 Cumulative Pregnancy Rate (%) at Day 10 (Pﬁloy,"
- 25 (PR25), and 32 (PR32) and Total Pregnancy '
Rate for 1976 COWSs s o s .o R « & & 107
9 Cumulative Pregnancy Rate (%) at Déy 10 (PR10O),

25 (PR25), and 32 (PR32) and Total Pregnancy - .
Rate for 1977 Cows. [ [} @ L3 - [ ) ] » - » L[] . L] * - . 108 :




TABLE

10
11
12
13

14

15
16
17

18

19

20

vii

PAGE

Cumulative Pregnancy Rate (%) at Day 10 (PRlO),
25 (PR25), and .32 (PR 32) and Total Pregnancy . _ , .
Rate (TPR) for Pooled Years . . «. v v .t &« o o« o o . 109

Average Day. of Conceptlon for-Treated and Control
Cattle (Yearly Trials and Pooled) . . . . . .. .. 110

- Cumulative Pregnancy?Rates (%) at. Day 10(PR10),

25(PR25) and 32(PR32) and Total Pregnancy Rate (TPR).
Based on Values Observed in Year Two After Two Year
Sequential Treatment. O & N §

Average Weanlng Weight: (kllograms) Per Cow Exposed

For Breeding and Per Cow Weaning a Calf in Year

Two—Year Total Kilograms (kg) Weaned Per ch‘

' Exposed and Per Cow Weaning a Calf. . . .. . . . . ‘113

Average Day of Conception and Pregnancy Rate (Z)
of Cattle in a 10 Day PGF2 (PGF —10) ‘Versus 21

- Day Control (C-21) System ? e e e e e e e e e .. 114

Average Age at Weaning (days).and Average Weaning
Weight of Calves (Kg and 1b) resulting from PGF2
(10 days) and Control (21 days) System B S i 1

Breedlng Costs (Total, Per Cow’ Exposed Per
Pregnant Cow, and Per. Calf Weaned). for Control
(C—Zl) -and PGF (PGF2 ~10) Systems T A

Semen,_Labor, and PGF Costs as a Percentage of .
Total Cost'(TT) for P&%Qa-lo and C-21 Systems . . . 117

Breakeven Selling Price Per Pound Required to
Recover Additional Breeding Costs of PGF —10
System at 37 3% Pregnancy Rate. . . . . .. . . .. 118

Breakeven Selling Price Per Pound of Calf (P) -
Requ1red to- Recover Various Additional Breeding .
Costs Per’ Treated Cow (C) at Various Pregnancy g
Rates = . "¢ . Vv oo v e ey e s 19




FIGURE

4,1

6.1

Ab

viii -

LIST OF FIGURES

Basic Single Injection PGan Systems for:
Estrous Synchronization . V7. . . . . . . . . ..

Breeding Schedules for PGF2 and Control

Systems . . . v cih v w0 Y e e e e e e e e e e s

Breakeven Selling Price Per Pound of Calf (P)

‘Required to Recover Additional Breeding Costs

Per Treated Cow (C) at Various Pregnancy Rates. .

Expected Returns Per Treated Cow at,Various‘
Pregnancy Rates and Additional Breeding Costs
When Calves Sell @ .50/1b.. . . . . . . . . . .

Expected Returns Per Treéted Cow at Various
Pregnancy Rates and Additional Breeding Costs

‘When Calves Sell @ .60/1b.. . . . . . . . . ...

Expected Returns -Per Treated Cow at Various

Pregnancy Rates and Additional Breeding Costs ‘
When Calves Sell @ .70/1b.. « v v « v v o o« w o

Expected Returns Per Treated Cow at Various
Pregnancy Rates and Additional Breedlng Costs
When Calves Sell @ .80/1b.. « . . « «'v v v o o .

Expected Returns Per Treated Cow at Various
Pregnancy Rates and Additional Breeding Costs

When Calves Sell @ .90/1b.. . &+ v. v o« v & « o « o.

;mpacf of Calf Selling Price on Absolute Returns
and Rate of Return Per Treated Cow. . . . . . . .

PAGE
48
69

121

122

123

124

125

126

127"




ix
ABSTRACT

Three years of breeding, calving, and productioﬁ records were
utilized to evaluate a single injection PGF,, system for estrous- syn-
chronization in range beef cattle. Reproductive performance, effects .
on calf weaning weight, effects of two years sequential treatment and
costs for PGFy,-synchronized (n=566) and non-synchronized control (n=.
575) cattle were analyzed. Non-treated controls were artifically in-
seminated (AI) 8-12 hours after first observation of standing estrus.
Treated cattle received PGF,, (25 mg free acid) either in the PM of"
day &4 (1975) or AM of day 5 (1976 and 1977) of breeding unless they had
been observed in estrus prior to those times. Inseminations to de-
tected estrus continued in treated cattle until 80 * 4 hr post-PGFgq
when all remaining undetected animals were mass inseminated and recorded
as nonestrus bred. Breeding seasons consisted of 25 days AI plus-20
days natural service (1975 and 1976) or 8.5 days AI plus 48.5 days
natural service (1977). TFor two year treatment analysis cattle were
allotted to one of four treatment sequencesf (CC) nonsynchronized con-
trol for two consecutive years; (CT) control in year 1 and PGF)q
system in year 2; (TC) PGFpy system in year 1 and control in year 2;
(TT) PGF,, system for two consecutive years. Cost assumptions for a
10 day PGFgy and 21 day control system were $3.00/hr labor, $6.75/
unit semen cost, and $4.50/25 mg PGFy, (treated cattle only) Results
demonstrated that AT first service conception rates for control (62.9%)
and . treated (62.1%) cattle bred to an observed estrus were not signifi-
cantly different, but were greater (P < .0l) than that for treated
cattle bred nonestrus (12.3%). Reduced conception rate in the non- '
estrus bred subgroup resulted in lower (P < .0l) conception rates for
all cattle in the PGF,, system (38.3%) vs controls (62.9%). Con- '
siderable proportions (14.0 to 35.7%) of nonestrus bred cattle were
reinseminated three to four days after appointment breeding, indi-
cating these cattle responed to PGF,, ‘but ‘were bred too early relative
to ovulation. Pregnancy rate at day 10 (PR10) of breeding for treated
cattle was greater (P < .0l) than controls. Pregnancy rate at day 25
(PR25) and total pregnancy rate (TPR) were not different. Pregnancy
rate at day 32 (PR32) was higher (P < .0l) in treated cattle (65.9%)
than in controls (56.7%) in the pooled analysis.. A trend for an
earlier (P < .05) average day of conception in treated cattle was ob-
served. In the two year sequential treatment study, PR10 for CC, CT,
TC, and TT were 21.1, 45.5, 24.8 and 43.7 percent, respectively, with
CT and TT greater (P < .01) than CC and TC. PR25, PR32 and total
pregnancy rates were not significantly different. Comparison of a 10
- day PGF,, and a 21 day control system demonstrated similar pregnancy
rates but .calves out of synchronized cows were older (P < ,0l1) and
heavier (P' < .10) than those out of control dams. However, total
breeding cost per treated cow ($12.48) was more. than double the cost
for controls ($6.12), despite reduced -labor cost in the PGFg, system.




Introduction

Beef producérs in the United States have been reiuctant to
accept artificial insémination (AI) mainiy'due to.édded labor require-
ments associatgd with estrus detection and required changes in overall
management_practicesfj | |

Techniques for estrous synchronization have been extensively
studied during the 1as£ twé decades in atteﬁpts to reduce or eliminate
estrus aetection while maintaining normal fértility. frostaglandin
an (PGFZ&) has been among the most succéssful agents for this pur-
pose and is commercially available. However, data is scarce regarding
carryover effect of successive Yearé synchronization, effects on caif

weaning weight, and economic comparisons between PGF synchronization/

20,

AT and conventional.AI breeding systems. The objeétives of this study
‘were to determine'these_relationships by comparing a single injection

'PGF2 /AT system with a conventional AI system.
ol B , ;




Chapter 1
Artificial Insemination and Its Role in Herd Improvement

Tﬁe advent of AI was onelof the most iﬁportgnt contemporary dis-
coveries conrributing.to cattle improvemenr. The procedure has pro-
vided opportuqity‘for'progress by sevéral means. 'Potential for genetiq
progress has been enhance& through the availability of provenAAI
. sires. An inherent 1mprovement in herd 1dent1f1cat10n, record keeplng,
and other management practices has allowed producers to capltallze on:
that genetlc potential.

.Extensive evidence of increased use 6f AT and herd imérovement in
the dairy industry has been offered duriﬁg the last three decades. From
1951 to 1959, production trends of a welluranaged dairy cow population'.
in New York state sﬁowed a' superiority of 28 and 48 percént in milk
yield and butterfat production, respectirely, for artificially sired
cows ovér‘thOSe naturélly sired (Van V;eck and'Henderson, i963).

Blom (1968) documenred 35 and 46 percent increases in annual milk
producrién for Red Danish and Daniéh‘Friesian-breedé, respectivély,
during the reriod 1940-1965 in Denmark. Utilization of genetically'
superlor sires through Al increased breédlng values for Holstein cows
in first lactation from an average of 6 kllograms (kg) per year for
-1960—1965 to ‘28 kg per year for '1970- 1975 (POWEll et al., 1977)

Additional ev1dence of 1mproved productlon potentlal w1th AI was
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offered by Britt (1979) who reported 277 kg higher breeding values
for milk yield of sires produced by AIjsired'Holstein cows‘over
those produced hy naturally sired dams.in 1965. This adventege had
increesed to 527 kg by 1975. ﬁse of preven AT sires eoupled wifh
improved nutrition and management practices has resulted in greater

than 100 percent improvement in total milk production per dairy cew

‘since 1945 in the United States (U.S. Dept. Ag., 1979). .  In 1945

less‘than ene pefcent of lactating dairy cows inlthe U.S. were
artificieily breq as compared to an eétimeted 65 percent in.1980
(Ffeeman, 1980). Although not as well documented, beef
producers have realized improved production through use of

suberior AI sires. 1In Montana, AI sired steer calveé weighed 27 and 32

" kg more at weaning than naturally sired calves in 1961 and 1962.

(Mosher, 1964). 1In a Colorado beef herd, annual average weaning

weights improved 61 kg (16 %) during a six year period following

implementation of AI, with a 64 kg (24 %) increase in production

per animal unit (a.u.)(Syntex, 1976). On several Washington rarches -

AT sired calves averaged 23 kg heavier than naturally sired calves

(Rogere,.1973). In Wyoming, AL eire& cal&és weigheq 5.4 kg more at
weaning then naturally sired calves (Ste&ens,and Mohr, 1969);

Uee of AT in beef cattle has been limited, as lese than five
percent of U.S. beef cows are art1f101811Y bred (Beverly, 1978)

EVLdence indicative of the lack of top sire usé was. offered by
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Wallace (19805 who reported thaf of fspring of ﬁhe top 10 Angus énd
Hereford sjres based on number. of registergd progeny represented only
3.6 and 2.7 percent of total registrations, respectively.

Estrus detectién and associated problems have been'repeatedly
. cited as the_major deterrent to beef AI; Overempﬁasis of this problem
has perhaps masked other reasons for restricted Ai use. Producer .
resistance fo necessa;y changes in overéll management éractices may be
equally important (Tilton et al., 1973). Use of AI in the beéf indué4:
try has been largely limited to enterpriseg characterized b; small herd
size. Range operations characterized by low cow densities pef unit of
pasture land have made little use of AT. With introduction of Europeaﬁ
breeds in fhe late sixties and early seventies, ATl increased in popu-
larity by providing a means pf rapidly int*oduéing seedstock whose
offspring often commanded premium prices at tﬁat time (Black, ;972).
Lack of widespread ATl in range beef pperatioqshprompted résearchf
in estrous synchronization. An effective, economical méans qf con-
trolling . and grouping estrus.and ovulafion in range cows would likely
make beef AI more acceptgble (Britt, 1979).

Improved beef production resulting from AI has been partially
attributable to.factors other1than superior genetics; Shért breeding
and calving periods (i.e. 45 to 60 days) have enhanced reproductive
efficieﬁcy in beef herds (Roberts et al., 1970), provided-prbpér

" management was maintained (Wiltbank, 1974). Improved management
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necessary for quality AI has resulted in shorter breeding and ca1v1ng
seasons in beef herds. Between 1970 and 1975, AI management resulted
in a 46 percent increase in proportion of yearllng he1fers bred dur1ng
the first three weeks of the breeding season, subsequently resulting ~
in 65 pereent more- heifers calving during the first 21 days ef.calving
(Syntex, 1976). Pancake (1963) indieated thatAbetter management ot

the cow herd due to a progressive AI program resulted in 95 percent of

220 cows exhibiting estrus during a 25 day breeding period. Woodward.

(1963) reported 314"of 328 cows bred by AI in a 25 day breeding peri-
od.

First‘ser#ice preégnancy rates obtained in‘artificial nreeding pro¥
grams have variee with management and tecnnieian.skill; estimates range

from 25 to 95 percent, with averages of 60 to 70 percent (Gregory,.

19663 American Breeders Service, 1974:; Donaldson 1976; benaldson,

1977a).

1.1 Cost/Return Comparisons
Chanée in income resulting from any ppérationel transition in a
givenlenterprise hinges on 1) additional costs and redqcedﬂreturns or
income-reducing factors and 2) additienai-returns end reduced costs or
income increasing components (Herbst, 1976). Financial gain or loss
encountered from inplementation of an AI program iS‘depen&ent on tﬁo

broad factors; 1) change'in breeding costs with AI Versus natural ser— .
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vice .and 2) change in value of AI calves.j-Hiéhly accurate evalﬁafiéh
of cést—return &ifferences-would require use of individuai sires both
naturally and artificially within-the same herd (Tilton et al., 1973);

Results from 1imite& studies regarding economic comparisons of
natural apd artificial breéding vary wi&ely. Reasons for this varia- .
.tion include ranch size and geographicllocation, différences in semen
and labor chgrges, pefcentage calf crop,.ﬁse of sffaightﬁregdiﬁg vs.
crossbreeding systems, an& year differences which include selling
price variations (Herman,'i967; Stevens and Mohr, 1969; Learmonth,
1973, Roéers, 1973; Syntex, 1976, Tilton.et al.,- 1973; and Soreﬁsen,
1979). | |

Direct, a&ditional cost.factors.encountered in AT over those of’
natural serviéé indlu&é labor for estrus detection and insemination,
semen, fiéld tank rental and 1iquid nitrogen, bfeeding'sﬁpplies;
special facilities, and’occésional éxpense for high quality feed
during ﬁhe breeding séason'(Stevéns and Mohr, 1969 énd Rogers, 1973). -
Stevens and Mohr (1969) reported 12 of.37 commercial cow calf ranches
inIWyoﬁing had lower breeding costs pér calf weaned with AI versus
natural service; herds with lower costs had Higher detection and
conception rates. Some sources indicate that breeding COSﬁs per AT
calf are comparable wi#h natural serviée, with semen.and iabor costg

recognized as the two largest single items associated with AI




;
(Learmonth, 1973; Syntex,.l9?6, Tilton et al., 1973). Cbntrastingly,
Sqrénsen (1979) reported less cost per éow bred AI compared to natural
éervice when purchaée costs of bulls used for natural breeding vafied
from 400-1000 dollars per head.

Increased value of AI calyes primarily results frém price pre-
miums received and heavier weaning weights (Perry, 1968 and Steveﬂs
and Mohr, 1969); In the latter report with relatively low feeder calf
prices existing (< 30 $/cwt.), purebred and commercial ranches average
financial gain per AI calf weaned amounted to $30.02 and $3;31,
respectively, over those breeding via natural service. Herman (1967)

reported that 15 to 30 dollars per head increase in value of weaner

~calves could be obtained by AI use. Singletoq and Petritz (19755

estimated net economic édvantage per AI calf at $7.92.

0f significant imﬁortance, although difficult to accurately es-

. timate, is increased value of replacement heifers due to superior

genetic makeup. Wyoming'producer estimates of added value obtéined
per;AI replaéemént averaged $10.10 per head based on information from
37 comme?cial operations (Stevens and Mohr, 1969). These estimates
were derived from market sales information and eipresséd froducer
wiliingness to pay extra for AT heifers.

Additionql income may be derived from sale of calves and cull
cows from increased éow numbers made possible by reduced bull numbers.

Large ranches (> 750 a;u.) in Washington returned an additional 850
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dollars from sale of additional steer and‘heifer calves and cull cows
. during years of depres;ed cattle prices (Rogers, 1973). Redﬁced bull
maintenance expenselwas feported aé an importaﬁt contribﬁting faqtor.
in net returhé of ranches in the same study. Rogers (1973) sgated
that AI increased net ranch income by 3.2, 7.9, and 7.4 percent‘for
smallh(g.SQ a.ﬁ.),,medium-(i 356:afu.) ahd~largelfan§hes (< 754‘é.u.),
respectiyely. | |

The above.evidencé indicates that AI can increase.profits over
: those.froﬁ natural service in purebred and commerciél beef operations.
Good management and efficient, determined petrsonnel aré the keys to
this potential. Reported causes of dollar losses in beef cattle AI
programé involving over twelve thousand animals in order of importance
Wére 1nadequate esérus detecéion, reduced inseminator efficiencf,
inadequate nuffition, and infectious reproductive diseases (Donaldson,

1977a). All of these facdtors can be controlled by management.




Chapter 2

Bovine Estrous Cycle

The bovine feméle reproductive system undefgoes a rhythmical
change referre& to as the estrous cycle, which may be viewed as a
series of events dependent oﬁ neuroendocrine pathways for successful-
completion and repeatability. Ehdogendﬁs governing factors of repro-
duction include endocrine glands, reproductive hormones, target Qrgans
(i.é. ovary), and the nervous system.

Principal events.of tﬁe cycle-may be grossly divided into thqse
associated with follicular growth and those with growth of the corpus
luteum (CL). Weli—known periods of the 20-21 day cycle occurring in

a sequential manner are estrus (day 0-1), metestrus (2-4), diestrus

(5-17), and proestrus-(lS-ZO)ﬁ

2.1 Sequence of Events
The following review of cyclic sequences will consider post—
ovulatory CL development as the initial event. Use Qf any initial step
in description of sequential events of the cycle inevitably requires

explanation of occurrences immediately preceding that step.

2.1.1. Post Ovulatory CL Development
and the Luteal Phase
Days 2-4 (metestrus) following ovulation are characterized by

conversion of granulosa and theca interna cells to progesterone-
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secreting structures that eveéntually form functional CL (Manns and
Hafs, 19%6). LH is involved in this developmental period and evidence
indicates that cyclic—Amp mediates LH action in induciné luteinization‘
and progesterone synthesis (Espey, 1974). Following ovuiation, pro-
' gesterone levels rise gradually for two to three days coincident with
CL development (Cupps, 1972); with some reports of slight but distinct
depressed levels at day 4 of the cycle (Sprague et al., 1971 and
Hansel and Echternkamp, 1972), CL begln functlonal progesterone secre-
tion at approximately day 5. The principal functlon of the CL in
nonpregnant'cows is~control of the length of'diestrus (days 5-17)
(Melampy and Anderson, 1968). Elevated progesterone during this
period exerts negative feedback effects on the hypothalamo-hypophyseal
system thereby inhibiting episodic gonadotropin release (Lamming,
1973). sShort (1972) suggested that inhibition of'gonedotropin release
by progesterone might be mediated through suppression of the hppotha-
iamo—hypophyseal system's ability to respond to estrogen of follicular
' origin during the luteal phase. Progesterone concentrations in peri-
"pheral plasma and luteal tdssue generally parallel the growth cnrve of
the CL thboughout the 1uteal phase of the cycle, w1th peak levels
(3.9-8.4 ng/ml) occurring at days 14-16 (Zolman et al., 19743 Glencross
et al., 1973; Chrlstensen et al., 1974; Chenault et al., 1975) Re-
gulation of LH b1nd1ng sites controls progesterone production by the

CL and it is reported that LH may not autoregulate its own luteal
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receptors (Spicer et al., 1980).

Waves_of folliculéf growth occuf.duriﬁg.the lutea; phase with
‘reports of diphasic (Rajakoski,'l960) and/o; triphasic'(Bane and
Rajakoski, 1961) growth periods throughdut_the cycle. It has been
di;closea that often noted mid-cycle estfogén increases origingte from
an early wave (days 3-10) of increésed_éolli¢ular activity (Smith et
gl,; 1975), although these mid-cycle follicles undergo atresia and are,
lthereforé; not the ovulatory follicle for thaﬁ particular cycle
(Lamming, 1973). Dufour et al. (1972) reported that onl& after day 18
did the largest f&llicle ovuiate in a trial involving observation of
largest aﬂd second iargest follicles throuéhout the cycle. Ireland et
él, (1979) reéealed.extremely'high concentrations (12-72 ng/ml) of
estrogens in follicular fluid during days 5-10, suggesting that they
may play integral physiological roles in midTC9Cle‘leliCUlaf develop-~
ment. .

The physiological significance of temporary mid-cycle estrogen
peaks is uncertain. High progesterone levels during this period ;‘
apparently do not, prevent such a fiseaA Lamming (19735'COnjectured
that elevated eStrogén during the luteal phase ﬁight be useful. for
© uterine recepfivitf'of the embryo or féf transport of,the‘fettiliz¢d
ovum. Cupps (1972) recognized the large variations between cows and
befween-cycles with respect to increased estrogen during &iestfus and

éuggested a random pattern similar to that shown by FSH secretion.
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Concannon (1972) pqstulated tﬁgt this rise may initiate or precipitate
.normal luteolytic processes in thé cow. Cowley et al, (1979) reported
that midcycle follicles are important to initiation‘of luteolysis. It .
is suggested that.esfrédiol levels during diestrus mediate tonic FSH'
secrefion and subsequent follicular development and that this méchanism
inéreases LH receptor sites within the dvary to faqilitate luteotropic
mechanisms and ovulation (Cumming; 1975). 'Mid—iuteal estrogen peaks
reportedly correspond to occurrence of "short cycles" and ma§ reach
‘sufficient levels for expression of behavidral estrus (Sorenéen,

1979).

2.1.2., Luteolysis
The uterus plays a dominant role in.regulation of CL lifespén and
. cyclic periodicity thréugh lbpél release of a luteolytic Substange at
days 17-19 in the non-pregnant, normally cycling cow. HHysterectqmy
and,ovarién transplant studies with ewes indicate that uterine re-’
leasé of lutéolysin is 1§cal; Prolongation of CL lifespan was observed
when ewes an& cows were_hysterectomized kWiltbank and Casida, 1956)..
Unilateral CL regression has been observéd on thé side of the_conserve&
utering hérn in partially hysterectomized ewes (Inskgep and Butcher,
1966). - Cumming (1975) providéd‘the following evidence which indicates
that utergs and oyar& must bélin close prokimit& for normél luteolysis
in the ewe and cow: ‘1) uterine excision 'extends CL lifespan; 2) par-

tial uterine removal extends CL lifespan 'in proportion to the amount
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removed; this effect is confingd to the CL adjaceﬁt to the portion of
uterus removea; 3) transplantation of ovaries té other sites (i.e.
neck) within the‘body léngthens the éycle; 4) uterine transplantation
with ovary.remaining in situ results iﬁ prolénged CL life; 5) trans-
plantation of both‘ovary and uterus togefher as-a single unit of
tissue reéults in,normal cyclical function and length;AG) jinfusion and
cross—circulation expérimeﬁts demonstrate luteolysin in utero;ovarian

venous blood at the time of luteolysis.

Much evidence suggests that PGFé; is "the" luteolysin in cows
(as reviewed. by Stabenféldt_gglgl., 1978). Neurohormonal mechanisms
initiating uterine release of PGqu at days 17-19 are not Weli
understood, buﬁ estrogens appear té be involved (Inskeep,.1973).
Goldberg and Ramwell (1975) and Warren gﬁ_g&} (1979) reported that
"eétrogén appeared to stimulate uterine prostaglandin synthesis and
postulatgd that.rising estrogén levels from-grbwing follicles in late
luteai phase m&y initiate:the luteolytic mechanism. Mchackén et al.
(1972) reported that prostagléndin éeéretién is under estrogen iﬁflu—
ence.. Hanselland Echternkamp (1972) speculated that rises in plasma
" estrone obsérved priof to CL regression 'in cows might be iqvolvéd in
initiation of luteolysis, perhaps through its acfion on the endﬁme&
trium. Furthermore, estrogens involvement in luteolytic mechaﬁiéms are

supported by evidence that estradiol inject%ons cayse early regression

of CL in heifers with intact uteri (Wiltbank et al., 1961; Brunner et
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al., 1969; Watson et al., 1980).

Mechanisms of PGFZ&-indgced luteolysis are not as yet unequi—

_ vocably defined. Some plausible actions include a direct toxic effect

on the CL (Henderson and McNatty, 1975), and reduction. of ovarian

blood flow th&ough vasoéonstrictive properties (Goldberg and Ramwell,
1975). More detailed discussion of PGFZu and its effects is presented
in Ghapter 3.

PGFZa from the uterus via counter-current mechanisms (McCracken

et al.; 1972), whereby PGF, ' diffuses directly from the uterine vein

2q,
into tﬁe ovarian artery at days 17-19, cause CL regression and a
concomitant rapid decline in‘systemic.levels of progesterone (Robinson,
1977). Based on 1eveis of plasﬁa-progesterone,.no animal ‘had lost.
lutegal function by 5 days before estrus (Garverick gﬁ_gl,, 1971);
howévef, between day - 5 and - 4°a rebreséntafive grouﬁ of cows in

this étﬁdy ekhibited more fﬁan a 50 percent decrease iﬁ plasma pro-
gesterone. Other documentation indicates that peak progesterone

leveis decline by at 1ea§t 50 percent in 24-48 hours during luteolysis
(Henricks gglgl;, 1971; Wetteman égjgl,, 1972; Robertson, 1972;
Chenault_gglil.; 1975). These reduced progesterone levels may directly
stimulate gonadotropin release or remoye a hypothalamo-hypophyséal

block that permité release of gonadotrdpin during proestrus and estrus

(Bearden and Fuquay, 1980).

2.1.3 Events Leading to Estrus and Ovulation
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During proestrus (days 18—26), folliculer.growth is enhanced due
to progesterone withdrawal .following CL regression. Wise.gg_gé.
. (1980) reported that ovarian bieqd flow and progesterone chenges were
positively qbrreléted, with lowest blood flow-obsefved during pro~- .
estrus. With CL.demise and‘development'of fdllicles,~estrogen ie
'produced 1n s1gn1f1cant quantities (Wetteman et al., 1972), which 15
1mportant in onset of sexual recept1v1ty as well as initiation of
events 1ead1ng to preovulatory gonadotropin release (Manns and Hafs,
1976). Reciprocal changes in plasma levels of progesterone and es~‘
Erogen determine the appearance of behavioral estrus:and ovulation
(Shemesh g_t_g_l_ 1972).

It is geeerally accepted that the bre—estrus estrogen peak-trig—
. gers preovulatory‘surges of LH.and FSH from the pituitary. Rising
estrogen 1e§els evoke positive feedback effeets on the hypethalamo~
pituitary axis stimuiating GnRH release (Erb et al., 1971) which in tutn
~ cause LH and FSH release (Lamming et al., 1979 and Kesner and Convey,
1979). Pre-estrus estrogen peaks occur 12-24 hours prlor to estrus _'
onset (Christensen et al., 1974 and Smith et al., 1?75) and precede
pre;ovulatory LH and FSH releese which coincide with estrus onset.
(Sprague et al.,1971 and Chenaulf et al., 1975). Preovulatory gona-
dotropin surges are-usﬁaliy'of short duratipn,.usuaily reterning to

basal levels within 18~2& hours (Geschwind, 1972).
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Estrogen declines rapidly during estrus (Staigmiller et al.,
19795, usually returning to basal levels during that period. Sheﬁesh
gﬁ;gl,-(l972)\repo:t¢éjth§t maﬁy cows pérmitted mating at a time when
esfrogen'levels were at theiF lowest pointlduring estrus.

OVu;ation in the ;ow occurs approximateiy‘lo-lé hours following
estrus complgtion (Thibault' and Levasseur, 1974; Chenault et gll,
1975); Espey (1974) described'ovulation and follicular fubtureﬂ
During ovulation, appropriate LH and FSH sfimulation initiate a éub-
stantial inqrease in cyclic-Amp which result in significant elabor-
ation of a zymogen eniyme.(possibly collegenase). The‘connective
tissue in the follicular wall is progressively degrade& due to the
aétion of this enzyne which results in grbsS'teduction in tensile
strength. Tﬁe thin region at the apex of the-foilicle is mos£ sus;
ceptibie to disténsion under the stress of a small degree of intra-
follicular pressure,. with ruptﬁre imminenf as follicle Wallé dis-
sociate under this stress. Rondell (1970) reported tha; intrafolli-
cular pressure is not invoiVed in rupture of follicleé.‘

| If the preceding sequence of events fails to result in conception,

they will be repeated in the next estrous cycle.




“Chapter '3

Role of'PGFZG in Bovine Reproduction

Prostéglandiﬁs (PG‘S) afé 20-carbon hydroxyiated fatty acids con-
téining éyclopentane.rings at ¢—8 to C-12 (Hansel et al., 1976).
Ngturally occurring éG‘s aré all derivatives of ﬁrostanoiq acid, with
six different sefies (A,B,C,D,E,F) ekhibiting stfucfural differences
in the éyclopeﬁtane ring (Léhninger, 1977). Biosynthesis’of PG's
dinitiates with essential fatty écids, with PGFZa originating from
linoleic acid (Montgomery, 1977).

PG's were initally thought‘td,éfiginafe in prostate glands, hence
the term.pros;aglandin; Lauderdale (1974) reviewed evidence that the
compounds occuruiﬁ most mammalian.tissues. The same authqr further
indicated that bi&activity of fG's is primarily due to alferation of
smooth muscle contractility aﬁd moduiatioﬁ of.hormonal‘éctivity;

Babcock (1966) first suggested that PG might be the naturally
occurring uterine luteolytic factor iﬁ bovine femalesw Siﬁbg that.

“speculation, evidence that maximal PGF, levels occur in endometrium,

20,
ovérian venous plasma, and uterine fluids at dayé 15}to 19 of,Bovine
_estrous cycles (Shemesh and Hansel, 1975 and Lambthe et al., 1977}

couplg@ with documentation of exogéﬁous PGFZa—induced lutéolysis when
adminisfered during the luteal phase (days 5 tol17) of estréus cyceles
‘as ﬁreﬁiously discussed leaves little doubt’ of direct involvement of
PGF

P in normal CL regression'in cycling bovine females.
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3.1 Role of PQFZ'G in Luteolysis
Precise mechan;sms of PGan iﬂvolvemeﬁt in events of CL regres-
sion.have not been determined. Phariss 35_2;51(1972) outlined five

possible.mechanisms by which PCGF, mediates luteolysis.

20
The importance of hﬁpothalamié—hypophyseal'communicatién for
control ‘of ovarian acfivity and CL func;ién led to the hypothesis that
PGF, might initiate luteolysis by interfering/blocking normal luteo-
‘tropic function at the hypothalamus and/or pituitary. Phariss et al.

(1972) provided evidence that this is not the case in laboratory

rodents, but little information was presented regarding bovines. Low

dosages of PGF

20 when given systemically in the cow are ineffective

in cauging luteolysis but identical dosages administered.in the ovarian
artery cause CL demise (Lamond et al., 1973). Greene (1975) guggested' 
that if PGan mediate; luteolysis through. inhibition of.hyﬁothalamic/
hypophyseél control mechanisms then the process (1uteolysis).should'

occur throughdut the eétrous cycle. Although this theory is question-

able, exogenous PGF is known to cause regression of only functional

20
- CL (days 5 to 17). Previous discussion of local uterine control of CL
iifespan in tﬁe cow along with proof of rapid metabolic clearance of
?Gan ‘Kérim, 1975) suggests that the compound does not direct its
effects on.the hypothalamo-pitgitary axis in causing luteolysis.

Evidence of normal LH rélease following PGde (Chenault et al., 1975)

further disproves this postulate.
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Supposition that PGF, might cause uterine release of unidenti-

20

fied luteolysin/s (Phariss gﬁ_g},, 1972) was dispfoven upon demonstra-
tion_that e%ogenous PGan caﬁsed CL regression in hysterectomized cows
(Lavoie et al., 1975 and Stellflug et al., 1975).

Induced biochemical alterations in bovine ovaries/CL simulating'

f
a "toxic" effect is a possible mechanism of PGF., involvement in

2a
luteolysis (Phgriss et al. 1972). Henderson and McNatty (1975, 1977)

reportgd inhibition of progesterone synthesis by PGF2

cells in vitro. In the earlier report, these authors hypothesized

N in granulosa

that PGqu interfered with gonadotropin stimulation of adenyl cyclase
enzyme resulting in abolition of cyclic-Amp and, therefore, decreased

progesterone synthesis. The more recent report suggested a "see-saw"

antagonistic situation between ovarian receptors for LH and PGFZa'

It was postulated that saturation of LH receptors by LH may prevent

binding of PGF2 to its respective sites and, conversely, occupation
_ a : , : . .

of PGF, sites inhibits interaction of LH with its receptors. Evi--

‘dence of tight LH binding and a gradual dissociation (several days)
was presented. It was proposed that following prebvulatory LH surges,

saturation of LH binding sites occurs, thereby masking PGF receptors

20,

for a period of time. This représents plausible explanation as to why

PGFZa fails to cause luteal regression in bovines until approximately

day 5 of the cycle. Gradual dissocation of LH from its receptors

result in concomitant unmasking of PGF

9 TECEPptors causing - CL to
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become iﬁqreasingly susceptible to lytic action of - the compound. - These
theories are supported by earlier reports that relative binding of
PGan to bovine CL and luteolysis were associaged (Kimball and
Lauderdale, 1975) anq that'?szd may cause reduced gonadotropin binding
capacity of CL (Hichens et al., 1974). |

Evidence opposing LH saturation of luteal receptors in protecting
CL from PGan waé provided by‘Gonzales—Mencio et al. (1977) who noted
that LH infuéionsv4 hours prior to PGan én days 10 to 12 in heifers
failed to ovefcdme lytic effects. Although it seems possible that by
days 10 to 12 of the cycle the gradual dissociation mechanism of LH
from its ovafian receptors as previously descfibed ﬁight have progres-

sed to conditions of irreversible PGF, binding, no reference was made

20

in this regard. Additional opposition to an antiluteotropic action of

PGF « (within ovary) was offered by Hansel et al. (1973) who reported

2

luteotropic (increased progesterone synthesis) rather than luteolytic .

PGF, ~effects on bovine luteal tissue in vitro.

Aﬁother possible biochemical process of luteolysis induced by

PGF, 1is 1ysésomal digestion of-luteal cells. This has been demon-

2a
strated in ewes by McClellan et al. (1977), who reported structural

degeneration of luteal cells due to increased activity of lysosomal

enzymes during natural and exogenous PGF, -induced luteolysis. These

20

authors further indicated that activity of - 3B-hydroxysteroid de-

hydrogenase, an enzyme required for progesterone synthesis, declined
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. rapidiy following.exogenous PGFZa'
Reduced o#arianlblood supply due to.vasoconstrictive effects héé
begn postulated as another PGan 1uteolyfic mechanisﬁ‘(Phariss_gé'gl,,
1972). Nétupai and ekogenous PGan ;educeg.blood flow to CL—qontaining
ovaries in ewes (Niswehder et al., 1976). It was noted that CL receive
a majority of blood entering entire ovaries and that during regréssion,
along with reduéed-total blood volﬁmg, a shunting of blood wi;hiﬁ CL
aléa restricts quantity available to queal.cells. Chamley and 0'Shea | ‘ ‘
(1976).supp6rﬁed vascular cﬁanges within the ovar& as a compoﬂent of
PGF2a~induced luteolysis. Férd et al. (1977) reported that PGFZa
_cau;ed greater constriction of ipsilateral ovarign arteries than
contraiate?al-arteries apd that PGan ﬁbtentiates vasoconstriction by
facilitating release of norepinephriné from sympathetié nerve tefminals .
rather than acting directly on smooth muscle ceils.
Opposition to reduce& blood flow as a direct component in lute-
- dlysis‘was preéented by Fogwell et al. (1977) who showed total block-
agé of blood flow failed to result in luteal fegressioh.in-gwes.
Baird (as reviewed by Inskeep.and Murdoch, 1930) conclqded that reduc-
éién in blood flow may be a consequence éf rather than a éause fof CL
. demise.. -
Considering the ﬁresentéd.evidenge, it seems probable that PGqu

plays a multi-faceted role in luteolysis. Most tenable of these

. elements include 1) anti~gonadotropism vié receptor site competition
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2) initiation of histochemical regression by lysosomes 3) reduced
activity of enzymes involved in progesterone synthesis and 4) in-
duced alterations in ovarian/CL vasculature.

Measurement of PGF, in blood is difficult because of rapid

2q,
metabolic clearance and low concentrations; an alternative method has

been to quantify the primary PGF, metabolite (15-keto-13, l4—diﬁydro—

20
PGFZq)’ which has a longer half life than the parent compound
(Stabenfeldt éE.Ei:’ 1978). Blood levels of this metabolite are ele-
vatéd at the timeé of luteolysis (Peterson et al., 1974); and prelimi-
nary work indicates possible involvement in PGan—induced 1uteoiy$is
(Milvae and Hansel, 1980).

An aliernative hypothesis regarding CL regression is that en-
dometrial tissue exerts its 16ca1 luteolytic effects by providing the
CL with one or more precursérs (i.e. arachidonic acid) wﬂich are
‘ converted to PGFZa by 1uteai tissue (Hansel Eﬁ.éi:’ 1973). Hansel et

al. (1976) provided evidence that the bovine qvary can convert arachi-

donic acid to PGF o and that sufficient levels are produced to elicit

2
decreased progesterone and subsequent increased estrogen levels.
However, complete CL regressioﬁ did not occur in treated animals.
Inskeep and Murdoch (1980) reviewed evidence that arachidonic acid (10
mg) injections aﬁministéred into CL, follicles on ovaries with func-

tional CL, or into lumens of ipsilateral uterine horns failed to cause

" luteal demise; the authors concluded that conversion of a uterine
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compound to PGan by CL subsequently resulting in luteolysis seemed

unlikely.

3.2 Physioiogical Response to Ekogepous‘PGFZd
PGan'has'been administered via iqtrauterine, intravaginal, -

intraovarian, intramuscular, and subcutaneous routes.

.3.2.1 Luteal Tissue Response
Hafs et al. (1974).found that 70 percent of original 1utéa1
20Ldeposued

in ipsilateral horns of Holstein cows on days'7, 11, and 15 of estroﬁs

tissue volume disappeared.within 24 hours after 5 mg PGF

cycles, with a majority of the remaining tissue lost duriﬁg subsequent
24 hour periods. Luteal diameter (2.3 cm) in luteal phase heifers

' declined to 1.8, 1.2, and .6 cm at 1, 2, and 3 days foilowing intra-

? muscular injection of 30 mg PGFZa' Rate of luteolysis was retarded by

one day and was more variable in heifers receiving 30 mg PGan;

deposited intravaginaily.

20,

heifers between days 6 to 16 of estrous cycles caused CL

Subcutaneous adminisfration of 30 ﬁg PGF, -Tham salt to cycling

regreséion within two to four days after injection (Lauderdgle, 1972).
‘Louis et al. (1972) infused 5 mg PGF2a~Tham salt into contra-
lateral uterine horns of'cycliﬁg cows at day 11 of the cycle, résulting

. in decreased:lutéal diameter from 2.3 cm at treatment to 1.6 and .9 cm

at 24 and 48 hours later, respectively. In a éecpnd trial, heifers
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treated intravaginally with 30 mg PGF, on day 11 required 96 hours to

20,
exhibit comparable de%rees of - luteolysis.

Rowson.gg_gi,'(197g) demonsgrated that two 0.5 mg dosage;.PGFZG
24 hdurs apart déposited in'ipsilateral.ﬁorns resulted in 1uté61yéis;
single dosages of.i'mg similarly infused were 1ess'effecfive,

.-Singie intrauterine'désages of Z:mé‘PGFéa cauéed.compiete luteo-
" lysis in the cow (ﬁenficks gE;§l,; 1974, Fulka et al., 1975; Welch et
al., 1975).

Stéllflug'gﬁ_g}, (1975) reported that singlé IM injections of 30
© mg PGFéa—Tham salt or two 15 mg injections at six hour‘intervalslwere '
equally effective in causing 1uteolysig wiphin similar time periods
folloﬁing.treatment.

Tncidence of 1uteolysis_in'diestroﬁs 1éctating Holsteins adminis-

tered 15, 25, or 35 mg IM was not diffefent, but was greater than cbws

(Renegar et al., 1978).

g}VeP 5> mg PGFZa

3.2.2 Hormonal Response

Liehr et al. (1972) reported effects of PGF, on blood progester-

20,

one (P4) levels in beef heifers. Small dosages (500 ug) of PGan

administered ipsilaterally on 'day 5 failed to markedly alter blgod ?4
levels. Ipéilateral.infusion of 6 mg PGF, on day 9 of estrous cycles
reduced P4 to pondgtectable 1e§éls-within two days postetréatment; PAQ
_1eve1slin contralaterally treated'h;ifers remaine& relativeiy high;

Renegar et al. (1978) found that P, levels declined to less than




" lowing PGF

25
1 ng/ml within 24 hours after luteolytic dosages of PGF, (15, 25, and

35 mg).
Thatcher and Chenault (1976) characterized plasma progestins,

estradiol, and LH following either 30 mg intramuscular or 10 mg

" ipsilateral infusion of PCFZ& in cycling dairy animals. 'Progesfins‘

decliﬁed to basal 1§vels associated with CL‘demise Witﬂiﬁ 24.hours
post~treatment. Plésma estradiol increased linééfly by two-fold within
76 hours post—treatﬁent, indicative of follicular growth and maturation
following‘lutequsiéland'declining'progestiﬁs. Trgnsitor& plasmé LH
oscillatioﬁs.were observed during.the firét.two déys‘following PGFZG;
but normal ﬁrebvulatory surges occurred between‘72'and 96 hours fol-

These authors concluded that PGF, -treated animals

20" 20

. demonstrated variablity in hormonal .concentrations and precise timing

of physiolqgicalleyents, but all responding.ahimals'exhibited similar
sequences of hormonal events as animals undergoing natural luteal

regression. Although variations in precise onset of response have been’

“noted, other investigations substantiate normal hormonal patterns of

progesterone, estradiol, and LH following ;utéolytiC'dbsaggs of intra—

uterine and/or systemic PGF o (Nancarrow et al., 1974; Henricks et al.,

2
1974; Chenault et al., 1976; Smith et al., 1979). Fogwell et al.
(1978) reported that increases in both estradiol and LH are dependent
on declining progesteroné levels due to PGan-indhced effects, sug-

gesting an indirect effect of PGF, in eliciting these hormonal re-

20
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sponses.

Intramuscular injections of BOIﬁg PGan cgusgd a 2.5-fold increase
in blood prolactin within Egn minﬁtes of treatmént; with elevated
~ levels persisting for at least two‘hours (Hafs et al., 1974). Renegar
et al. (1978) stated that prolaétin increase& from 38 ng/ml to ﬁeaks«of
57, 84, and 95 qg[ml at 1.0 ‘hour aftéf 15, 25,:or 35-mg intramuscular
PGan,'respectively;.this péttérn suggests-é dose-response rélationshiﬁ
of PGqu and prolactin..‘Smaller dosage (5 mg) failed to markedls alter

prolactin levels. Louis et al. (1974) reported 5-fold increases in

20"

prolactin when heifers were given 15, 30, or 60 mg PGF
Rapid increases (74 %) in somatotropin at 0.5 hours fol-

lowing 35 mg PGF injections have been reported (Renegar gE_gl.,‘

2q
1978); lower dosages (5, 15, or 25 mg) did not greatly modify gréwth
hormone by 4 hours éfter treatment. Contrastingly, Hafé et al.

- (1974) feported 2.5, 7; and 26-fold increases in growth hormone within
30 minuteé after 15,'30, and.60 mg PGFZa injections, respectivelv; Qith
levels remainiﬁg above basal levels for at least. two hours.

Glucocorticoid levels increased lineérly to peaks after one hour

following 15, 25, and 35 mg PGF, (Renegar et al., 1978).

'3.2.3 Other Physiological Effects
Thatcher and Chenault (1975) reported that 33.5 mg PGFZa‘given
- intramuscularly caused no major alterations in blood pressure, heart

rate, and uterine .or aortic blood temperatures. However, identical
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dosages administered by intravenous jugular infusion over a 2 minute
period caused major changes in circulatory homeostasis and body temper-

ature.

3.3 Eérly Stége CL of Pregnancy and PGan
Documentation fegarding mechanisms of CL maintenance in early
bovine pregnancy is scarce. In view of this, reference will be made
to availéble knowledge_of these aspects in ewes, though it is recog-
nized that differénceslmay exist between_the two species. |
It is known that in the ewe (Moor and Rowson, 1966) and cow
(Betteridge-gs_gl,, 1978) the conceptus must be in-utero by day 13
and 16 after mating, respectively, for CL maintenance and continued
pfegnancy. Presence.of embryos at this time inhibits luteolysis in
the ewe and cow (Hafez and Jainudeen, 1974), despite evidence that
uterine venous PGFZu levels are at least as high in early pregnant as
in nonpregnant ewes (Inskeep and Murdoch, 1980).. This would indicate
that the conceptus produces or elicits action of some agent that
overrides luteolytic effects.of PGFZa'
benamur (1974) demonstrated that luteal mﬁintenance depends on
luteotropic support of hypdphyseal LH aside ffom antiluteolytic and/
or luteoéropic actions of the early conceptus in ewes. |

Another prostaglandin, PGE which elicits different effects than

2 5
PGan, was studied as a possible antiluteolysin in ewes. Luteolysis

has beeninhibited and/or postponed in nonpregnant ewes with PGE2
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(Henderson ggigl,, 1977). Lewis et al. (1978) stated that overall mean

conceqtrationé oﬁ bdth:PGEzg and PGan in plasma from utero-ovarian
:Vehous blood, endométrium, and ovarian arterial tissue Were-not éigni—
.fiéaﬁtly aifferent between pregnant and nonﬁregnant ewes .on day 14
post-estrus. quevér, blood concentrafipns of PGE, in'ovérian arteries
tended to. be less in nonprégnant than in pregnant eWe§ (P < .10). 'The

authors suggested that this may have been due to increased uptake and

transport of PGE2 to ovaries of pregnant ewes. It was further stressed

9 concentrations in other

that lack of significant differences in PéE
measured me&ia'between pregnant and nonprégnant ewes,did not rule out
that PGEZ'may be-an antilgtgqutic substance in ewes.

Godkin_gg_éljt(1978) provided evidence that ovine preimplantation
_embr&os producé a luteotropic agent which contributés to the maiﬂten-
ance_of’early pregnaﬁcy ig_ﬁigzg. It was féported théﬁ the ovine
embryoé ﬁroduéed a substance which d;rectly‘stimdlated progesterone
synthesis by both ovine and bovine CL, indicating that thelunideﬁti—
fied material is not species specific{

Ford 95 253 (1979).suggested that ;he bovine cdnceptﬁs may pro-
dﬁce or stimulate synfhésis of a factor which dilates_ipsilatefal |
utero-ovarian Qascﬁlature,.;hereby creaéing optimal condiéions'for
.ﬁregnancy. Blood flow to gravid uterine horns of bregnaq£ cows

exhibited a traﬁsient, dramatic increase.on days 14-18 after mating

whereas blood flow to n§ngravid horns remained constant. Blood flow
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in nonpregnant cows declined consistently within the same period.

This suggests that preimplantation bovine embryos ﬁay directly or

indirectly counteract vasoconstrictive effects of PCF and thereby

20
remove a plausible actioq of the compound in causing luteolysis as
discussed earlier. It was not suggested that the unidentified sub-
stance thought to dilate utero-ovarian vasculature might be PGEZ.
20,

PGFM) concentrations in

 Lewis et al. (1980) quantified PGE,

and the primary PGF
metabolite (13, 14-dihydro-15- keto—PGFz:
blastocysts and endometrium of day 16 ‘and 19 pregnant'cows‘ig vitro.

than either contralateral or

Day 19 blastocyéts produced more PGE2

ipsilateral endoﬁetrium on the same day“(P < .05)._ Produétiqﬁ of

- PGFM, 6n both days was.less from blastocysts than endometrial tissue
(P < .05). It was suggested that PG's are involved in blastocyst
development and/ér' iq‘maternal recoénitidn'of.pregn;ncy.

Other attempts to identify aﬁtilutéolygic“or lutéotfopic agents
‘originéfiné frqm'the conceptﬁs_or from ‘the uterus in‘resﬁonse to a
séiﬁulus frém the embryo are somewhat incoﬁclusivev(Cﬁenault, 1979;
Eley et al., 1979; Lewis et al., 1979; Godkin et al., 1980). | Per-

haps a .search for known PGF inhibitors such as indomethacin, (Karim,

20,

1975) would be'of'some value.




Chapter 4

Synchronization of Estrus and Ovulation

:Knowledge inphysiological mechapisms controliing eyéntS‘of.the
.estrqﬁs cycle has léd.to ﬁeans of artificiél control and potential
techniques for improvement of reproductive gfficiency in ;ommercial
beef herds. | | |

Naturél gnd syﬁthetié agénts used in syndhronizaﬁion of estrus and
ovulation précedures ﬁustlmeeé seﬁeral 6bviqué criteria ﬂefore they can
be qsefﬁl,fo beef ﬁr&dﬁcers.' Fébte (1978) reported that the;e com- ni
poﬁnds must: 1).effectively syncﬁrénize a 1érge portién of”estrbus :

.cycling females with noladVerse effec£.6n,fé££ility; 2) comply with ‘
iegislative.restrictioné governing their gse-in aﬁimals praduced for
humaﬂ coﬁsumption; 3)'be abbiicable with an acceptable amoupt'of
managemeﬂt efforf; 4)'provi&e_for én effective cbst/benefit ratio Ghen'
used under vafyiﬁg productién situatioﬁs, THe latter ié perﬁaps the
most important criteria to éhe_majority of-cgétlemen but jetihas
received least ;ttention.

'The many gdvan;ages_ofestrous sychronizétion are well recognized, .
but perhaps the‘most:important potenti;l‘benefifs for beef producers
are facilitation of AT (ﬁansel, 1967), potentially éhorter bree@ing
and subsedﬁent cal&ﬁng seasons . (Lamming, 19735 ana.ﬁniform calf cfops'.
(qute, 19785. An important, inherent advantage is that mgnégement -

requifed for successful programs forces closer attention to cattle and-
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overall production techniqugs. All of these factors can contribute

' to'more pounds of Ealf.weaned (Wiltbank, 1970).

| fwo:bésic apprqachéé'have been empléyed for synchroniziﬂg estrus
and ovulation in the bovine. The first involveé adminiétrafion of |
progesterone or synthetic progestagens which prevent estrué and ovula-
tion until CL.of.treated animals regress, .followed by withdrawal of..
freatﬁent and subsequent estrus and ovulation in a large prépqrtion
of treated animals at approximately the same time. The second.ap—
proach has relied on induction éf luteolysis Qia use -of éStrogens,

20

' to enhance synchrony with both approaches have involved use of ad-

oxyfbcin; anti-LH preparations, uterine irritants and PGF, . Efforts

ditional compounds such as estrogens and gonado;ropins. Both in
principle and practice, either basic method requires estrous cycling .

females in order to be effective.

4.1 Progesterone aﬁd Synthetic frogestagens
Progestiné have bgen'administerea in fee&, drinking water,
intravaginal pessaries and coils, intramuscular or subcutaneous
injéctions, and as subcutaneous implants. Reviéw‘of véfious progestin

compounds and routes of administration follows.

4.1.1 'Progesterone Injections
" Christian and Casida (1948) showed that progesterone (34) injec-

tions prolonged the diestrus phase of bovine cycles by preventing
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estrus and-ovulation. Heifers were injected daily (50 mg) over-a 14

day period followed by-cessation of suppressive treatment with a
majority of animals exhibitingleetrus within 5-6 days. Although
reasonable synchfohy was obtained,'no feftility data were reported.

Willett (1950) 1nJected 50-100 mg P4 dally beglnnlng on days 14—
15 of the cycle and continued treatment for 13-17 days. - Estrus
occurred, on the average, 5 days after completion of the injection
period. Eleven'pregnancies_resulted from twenty-two services at
synchronlzed estrus. | |

Ulberg et al (1951) conducted - trials to determine effects of
,varylng P4 dosages admlnlstered at different times within the cycle'
'and for varylng durations on folllcular development and onset of
estrus. Cycling dairy heifers received 50, 25, 12, 5 6.25 or 3 125

P

l mg P, in corn oil during 1n3ect10n 1ntervals ranging from a 31ngle

4
injection to 28 consecutive daily injections. The beginning of injec=
tion periods varied from day 15 of the cycle untdl the day:of eetros.A
Results'showed'that time intervals betweeo end of injections to estrus
onset (3-7 dafs) decreased as dosage levelldecreased. Iohibition of
folldcular‘developmeot was greatest in heifers receiving 50 mg P4 oo
day 15 of the cycle (vs. days 17-19). Daily dosages of 25 or 12.5 mg
usually prevented estrus and ovulatlon, but folllcular development was

not markedly affected Dosages of less than 12.5 mg/day had 1itt1e, if

any, effect on reproductlve parameters considered in this trial.
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'In a similar experiment Trimberger and H;nsel (1955) reported that
injected P4 (50, 75, .0r 100 mg/day), administered predominantly on tﬁe
15th day and qontinuing forhseven days, reéultéd'in acceptable s&n—
chrony but 50 percent of the dairy cows tréééed‘exhibited abnormal
‘ovarian conditions involving luteal devglbpment and e#tremély pﬁor-
conéeption ratés (;2.5 %) as éompared to céntiolé.

In an effort to improveffertility and éliminate daily handling
disadvantages required with a series ‘of injections, Nellor and Cole
" (1956) administered single injectiong.of P4 (560 mg) to beef heifers
followed 14-15 days later by single injections (750;2i40 1.U.) of
preénant mare serdm,gonadotropin (PMSG). PMSG served to enhance
'fpllicular development followigg f& withdrawal. " Estrus and.évulation
were well synchroniéed as 90 percent shoﬁed estrus within 1-4 days
after PﬁéG, but ;educed.conception (17%) resulted. In a similar
trial, Ray gg_gl,.(l96l)‘;eéorted more variation (2-38 days) in time of
estrus response'follqwihg PMSG anq.poo:‘fertility at synchronized .
breeding. " |

One hyﬁofheéis regafding reduced fertilify,at the'Syncﬁronized
estrus following ?AIinjeétions was an altereﬁ hormqne balancelrés&iting
from such treatment (Wiltbank et al., 1965). These authors suggested
that introduction of estrogen cancurréntly with P4 injections might
cause less disruptioh'and'thus improve fertility. Hereford heifers

received either 20 or 40 mg P4 injections for 18-24 days alone or in
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combination with 1n3ected estradiol 1evels ranging between 20—160 meg.
Synchronlzation varied from 17~ 100 percent with heifers show1ng estrus
within a 4 day period post~treatment, but fertility of all but one of
" the treated groups was lower than'controls;. Although one group of
heifers receiving 40 mg éh in combination with 80 mcg estradiol had
comparable fertillty with that of controls in a prellminary experiment
repetition of this same treatment regime did not result in acceptable
conceution rates and authors concluded that original.results were due
‘to chance. | |

Fertility at seeond post~treatment estrus following P4 injections
‘.is reportedly near normal, although synchronization at that time is
not as.compiete as that associated with first post—treatment estrus
(Hansel, 19595. In.an attempt to make the second post—treatmentf
estrus more utiiizable and.to reduce labor associated with frequent
handling in previousiy mentioned studies, Osland et al. (i970) adminis-

tered 750 mg P, on days 1 and 22 (day 1 = first treatment) followed by

4
750 1.U. PMSG on day 29 to Hereford.cows. .Preliminar& studies had
indicated that estrus.tended to be synchronized 8-12 days following a
single 750 mg. injection oflP4. Hunan chorionic gbnadotropin (HCG)
was administered on day 31 to some cows in. order to facilitate ovula—
tion following PMSG. Results showed that 74 93 percent of all treated

"animals exhibited estrus within five days.- Although one’ group, who

received P4 and PMSG only, had 50 percent AT pregnancy rates, all

treated groups had lower fertility versus controls., Incorporation of
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- HCG into the treatment regime caused de;rimental'effects on estrus
response and fertility. It.abpears that attempts at simpler.treatment
regimes ﬁere unsuccessful in this trial. - |

I,This early evidence shows that‘althqﬁéh P4 iﬁjectiﬁns alone or
in combination With‘estrogens and/or gonadotropins.haﬁe been Succéss—
fﬁlly.uSed in_synchroﬁizing estrus and ovulation; the observed 1owered
fertilit& at the initial'post—treatment estfus coupled with complexify
and/or scheddle of treatments ren@eréd these teqhﬁiques impractical for

commercial use.

4.1.2 Oral Progestins
Development of orally effective progestins in the. early sixties
was undertaken to alleViate Problems associated with daily P4 injec=
tions. Oral progestin most studied inciude medroxy-progesterone
acetate (MAP), 6~ch1o¥o—A6rdehydro—17-acetoxy progesterone (CAP),
dihydroxy-progesterone aéeEophenide (DHPA), and melengestrol acetate

(MGA)..

4.1.2-1 WMAP
' Genérally, MAP hés resulted in best synch£onization and highest‘
conception rates of all orally.administered‘progestins. MAP has
usualiy been fed for an 18—20 day pe;iod in concentrate rations,
‘f0110Wed by withdrawal of'suppressive compéund and subseqﬁent events

of estrus and ovulation.
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Hansel énd Malvep {1960) in preliminary trials reported effective
inhibition of estrus and ovulation during treatment in 32 Herefora
cows while feeding 500;968 mg MAP/head/day in four pounds of éoybean
meal for 20 days. Results showed that 50 percent of treated animals
exhibited estrus and‘ovulation within 3—4_days after MAP wifhdrawal.
0f 16 animals nof showing estrus, 13 (81 2) had ovulated as de-
fermine& by rectél palpation. All treatéd‘animals were artificially
bred, with one-half ?eceiving .5 mg estradiol to determine if such
treatment was needed to more closely resemﬁle normal patterns at
estrus. Conception rates (257) were equal in estrédiol treated
and animals not receiving an estrogen source. These low conception
rates and high incidence of ovulation without estrus were found later
to be related to ekcessive.MAP dosagés (Hansel et al., 1961).

Wiitbank (1970) réviewed results of extensive féed trials in-
volving a MAP-incqrporated feed supplement (RepromixR), which was
marketed for a short duration in the late sixties and early seventies.
Results indicated thaf first service conceﬁtion ratés were consistently
and significantly higher in non-treated con;rols than in cows and .
heiferg fed the supplement for recommended pefiods (18 days).

Estrogen has been combined with orally administered MAP in
treatment regimes designed to énhapce synchrony of LH release and
ovulation (Hansel and Schecter; 1972). Eighty-four c&cling Holstein

heifers received 160-200 mgVMAP/head/day‘for 18 days in drinking water
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followed by §ingle subcutaneous injections of estradiol - 17B(E28)
24-30 hours after MAP withdrawal. Inseminations were performed at two
preset intervals (20—24 hour post—EzB, and again 24‘hour§ later).
Large proportions of treated-animals exhibited estrus within a 24 houf
period following MAP cessation. AI conceptiqn rates in treated animals
(617%) repoftedly gompéred favorably with untreated Holstein

heifers; however these designated '"controls" were not originally a
part of the experiment but were simply animals'brea at the same‘loca—
tion at approximately the same time. in view of this defiéiency the
value of this particular trial is .questionable; but the unique exper-
imental design empioyea, i.e. MAP administered in drinking water and
suppprtive esérogen treatment, is notable.

Evidence clearly indicates that MAP effectivély synchronized
estrus and ovulation but reduced fertility at contrélled estrus was
the consistent result. Many trialé and results involving MAP similar
to those presented here ‘have been documented in akcomprehensive review

(Hansel, 1967).

~4.1.2-2 CAP
CAP, a mdfe potent oral progestin versus MAP, was usually fed at
the raté of 10 mg per animal per day for an 18 day period. Mést
reported trials indicate effective synchrénization of estrus and
ovulation but conception rates at synchronized estrus were generally

significantly less than controls or MAP-treated animals (Hansel et
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al., 1966; Hansel, 1967; Wagner et al., 1968).

Reasons for depressed fertility in CAP trials were not well de-
fined. Sawyer (1964) reported that CAP has a longer half-life than MAP
which might result in a longer and more variable period of inhibition

on hypothalamic centers controlling estrus behavior and LH release.

4.1,.2-3 DHPA

Wiltbank'gg_él;‘(1967) reported that 500 mg oral DHPA perldéy for
20 days sYncﬁronized.estrﬁs‘in 96 percent of beef heiférs within 48
hours of Qithdrawal. Esérus was 4.5 hours longer (P < .01) aﬁd was
more variable ip nontreated animals versus synchronized heifers.
However, following AT, 86 percent of controls versus 56 percent of
synchronized heifers had fertilized ova 48 hours post-ovulation (P <
.10). 1In a second trial, DHPA (400 mg) was fed for 9 days and treated
animals received 5 mg estradiol valerate injections on day 2 of
feeding. Sﬁpportive e;tradiol treatment failed to improve fertility
in treated héifers; pregnancy rates in treated and nontreated animals
at 34 days'baéed.on_rectal palpation were 36 and 50 percent, respec-
tively (P < .05). ‘

" ‘Lantz et al. (1968) used a similar 9 day DHPA (120 mg/day)
feeding regime and estradiol valerate (EV) on day 2 6f feeding, but
incorporated injections of HCG following EV on day 2 to fécilitate LH
release. HCG improved pregnancy rates in some heifers, but no statis-

tical analyses were. reported.
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DHPA alone or in combination with estrogens and/or gonadotropins

synchronizes effectively but trends for reduced conception rates in

treated animals categorize this compound with other progestins.

4.1.2-4 MCA

MGA is.reportedly'several hundred times as potent as oraliMAP
as measured by ovulation inﬁibition during treatment (Zimbelman énd
Smith, 1966),. .Ag with other oral progestins, conception and/or ferti-
lization rates in controls were generaliy significantly higher than
14-18 day MGA-treated animals (Zimbelman and Smith, 1966; Lamond
et al., 1971; Hill et al., 1971).

| Suggested reasons for poof fertility following MGA feeding include
abnormgl folliculaf development; alteration of precise hypothalamic
confrol mechanisms ﬁediating gonadotropin secretion, overflow of
‘gonadotropins resuiting in overstimulation of follicles following MGA
withdrawal (tamond et al., 1971), and ovulation failure (Hill et al.,
1971).

Aside from reduced fertility in treéted animals, estious control_
with oral progestins might not be accepted for use under range condi-
tions because of management effort required for lengthy feeding periods
(Hansel, 1967). Additiénally? problems arise in ensuring that animals
receive recommended dosages in group feeding situations (Manns and

Hafs, 1976).‘
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4.1;3 Intravaginal Pessaries and Céils
Need for more copvenient ﬁethods of progesfin adminstration led
to developmgnt of intfavaginal pessaries and coils impregnated with
synthetié progesterone for boviﬁe estrous cycle coﬁtrol.
Intravaginal pessaries (sponges) have been used successfuliy.fof

estrous cpntroi_in ewes (Robinson, 1967). Wishart and ﬁoskin (1968)

were among the first to report failure of some treated cows to retain

progestin imbregnaﬁed pessaries in synchronization trials involving
18-20 day treatments. Althoﬁgh acceptable synchronization was gen-
erally obtained with vaginal pessaries, most reportsncorroborate poor
retention of peésariés and reduced fertility'in animais treatgd for
18-20 &ays. (Scanion et al., 1971, and Sreenan, 1975).

Sreengn (1975) compared éstru; response and fer;ility following
long term (20 day) and augmente& short term (10 day)vpessafy treatment
in Hereford crossbred heifers. Heifers treated for 10 days were
treated with either 900 or 250 mg progesfefone pessaries, with both of
these groups receiﬁing 5 mg estradiol valerate injections at sponge
insertion to ‘facilitate regréssion of any active corpora lutea.-'
Resglts indicated thét 20 day treatments resulted in excelleﬁt syn-
chronization, but pregnancy faées were significantly lower in treated
than control animals. Reducing treatment length to 10 days_resﬁlted
in conception rates thaé were ﬁqt significanfly different between

treated (botﬁ 900 and 250 mg progesterone) and control heifers.
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However, a significantly higher degree of synchronization was observed

in'aninals receiVing the 1ower progesterone 1eve1.- Retention of
.pessaries in 10 day treated animals was 100 percent as’ compared to
79.9 percent in those treated for 20 days. =

Roche (l976a) was among the first to report stainless steel
coils coated with silastic rubber 1mpregnated with progesterone as an
effective route of administering the steroid for estrous synchroniza—
tion. . Retention after 18 day. treatment was over 90 percent. Qver 83
percent of treated animals were in heat on the second and third day
after coil removai with 50 percent conception. rates obtained in a
representative‘group. The author suggested that continuous slow re-
lease of progesterone from the coils With consequent enhanced oppor-
tunity for normal clearance rates from body tissues appears to simulate.
more closely the normal endogenous release rate of steroids from en-
docrine glands. |

.Retention tate of coils is reportedlp inversely related to their
respective diameter (Roche; 1976b). O'Farrell’ (1977) suggested that -
larger diameter coils (7 cm vs 5.cn5 cause greater irritation to
vaginai walls and:therefore more straining‘by cows in efforts to
expell the devices.

Roche et al. (1976) reported that non;return rates for controls
inseminated to an observed estrus and for 12 day coil plus estradiol

and progesterone treated animals bred by appointment at 56 hours
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following coil removal were not different.” These results and others
indicate that 12 day treatmené with progesterone cgils along with con~
current injections of estrogen and progesterdne does not adversely
affect‘conception rates in dairy (Roche 1976b) and/or beef (Roche et
al., 1977) animals. '

Roche (1978) stressed the importance of estrogen admiﬁistration at
" the beginning of'§ or 12 day.coil treatments for optimum synchroni-
zation. Follpwing-short—term progesterone treatment aloné, intervals
to estrus in dairy heifers is influenced by cycle étage at‘tfeatment
onseﬁ, with animals between day O and 3 shoﬁing greatest variatién in
response (Roche, 1974); With estrogén_édministrétion either alone or
in combination,ﬁith 200 mg progesterone injections af the time of coil
insertion, greater precision énd shorter intervals té estrhs were
observed after coil removal;

.Métﬁdd éf‘estrogen adminstration has been simplified by attacﬁing
a gelatin caﬁsule containing'the hormone to the inside Qf coils with
ﬁo appérent a&véfse effects on estrus response or fertility as compared
to injections (Drew et al., 1978 and Roché, 1978},

” Although effective cycle control and good fertility has been

achieved with progesterone—releésing-iﬁtravagiﬁal-devices, marketing
of the cpils in the near future does not appear féasiblg (Short and

Kir;coffe, 1980).
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4.1.4 Subcutaneous Implants

Development of subcutaneous implants containing progestins was
undertaken to insure consistent levels of hormone elption and provide
a simpler means of administration than injections, feeding, and pessary
routes.

Curl et al. (1968) first reported that administration of subcutan-—
eous implants containing the progestin norethandrolone (168 mg) for 16
&ays controlled estrus and ovulation in cows; first service conception
rates were lower in treated ;nimals (42.9 vs 75.0%). Wideman et al.
. (1969) reportedulower (P < .Oﬁ) fertility in heifers recelving 200 mg
norethandroione for 16 days than those receiving the same implant for
9 days plus an injection of estradiol valerate. It was indicated
that implants containing norethandrolone in bo;h the wall and lumen of
the implant more successfully synchronized estrusnthan implants con~
taining the active compound in the lumen only. )

Anderson et al. (1969) réported reduced variation in intervals to
ovulation in beef heifers receiving 2 mg estrogen injections at the
time of implant removal following synchronization with nofethandrolone
(9 days) and estradiol valera£e (5 mg - day 1). No fertility data’
were reported. '

Wiltbaﬁk et al. (1971) reported lower pregnancy rates in‘all
norethandrolone-estradiol vaierate treated cattle than in controls.

However, differences in pregnancy rates between animals receiving
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estradiol valerate plus the implant for. 9 days were not significant.
The same authors reported results from a separate trial in which
estradiol iﬁjections administered 24 hours after implant removal
culminated in 98-100 pércent of beef heifers exhibiting estrus within
48 hours. Animals treated in this mannef, however, hadvlower first
service pregnancy'rateé than controls (P < .05).

During the early seventies‘trials weré,carried out with another
subcutaneous.implant in combination with estradiol valerate'for estrus
synchronization. Five mg Norgestomet (SC 21009) iﬁ hydron polymer
implants placed midway on the back of the ear along with a 5 or 6.5
mg. injection of estradiol valerate on thé day of implantatioﬁ has
resulted.in effective synchronizatioﬁ 3-4 days following implant
removal ;nd éomparable fertility with contrql heifers (Burrell et al.,
1972 and Humphrey gE_gi., 19%7) and lactating cows (Whitman et al.,
1972). |

These early trials paved the way fér development of the Synchro— 
nate BR(SMB) treatment. SMB consists of an implant containing 6 mg
norgestoﬁet adminiétered for 9 days,comﬁined with an injection of 3 mg
norgestomet and 6 mg estradiol valerate administered at time of
implantation. The supportive injections of norgéstomet and . estradiol
serve to immediately elevate progestin levels and regress any active

corpora lutea, respectively. Conception rates in most trials'indicate
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SMB treated animals as comparable to those obtained in controls (as re-
viewed by Wiltbank and Spltzer, 1978) An add1t10nal advantage.of SMB’
is that 1t may induce cycl1c activity in some anestrus cows (Mares et
al., 1979, and Pexton, 1980) .

Improved fert111ty is reportedly possible when 24 or 48 hour calf
removal at the time of 1mplant removal is.combined with SMB (Peterson
et al., 1979 and Kaltenmback and Dunn, 1979) with efficacy of calf
removal thought to be related to cow condltlon at time of treatment
(Kiser 55_55?1979). Hopper et al. (1977) reported that 48 hour calf
.removal following SMB did ‘not improve conception rates over cowa
receiving 125 ug GNRH 30 hours after implant removal and bred 12, hours
after GNRH administration.

Although'SﬁB'has been.proven as an effective estrous synchronléer
and apparently has no detrimental effects on fertility, the'treatment

has not received FDA'clearance for commercial use as of this writing.

| 4.2 Luteolytic Agents
Induetion-of CL regression in ‘the bovine has been aocomplished bf
infusion or placement of irritants into the uterus and s&stemic.admini- '
stration of agents that‘have a 1uteolytie aotion; Most of these
'treatments were studled regardlng effects on cycle 1ength and ovarian
function rather than_efficacy for estrous synchronization. More
'importantly, these investigatlons‘contribuéed to knonledge:of local

. uterine control of.CL‘llfespan.
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‘Most luteolytié ggénts/trcutments were effective in regressing CL
of intact females only when ;dmiﬁistered wifhin early stagés (days 1-
7) of the estrous cycle? with inconsistent trends often noted. .Treat—
ments of this type include intrauterine devices (Hansel and Wagner,
I§60 and Héwk, 1968), anti-LH preparations (Snook et 3lm 1969), uter-
ine irritants.such as ﬁitrofurazone (Giﬁthér and Meckley, 1972) and
iodine.(Nakghara et al., 1971;'Seguin et al., 1974; Kindahl et al.,
1977) solutions; and oxytocin (Armstrong and Hénsel, 1959; Hansel and
Wagpér, 1960; Brunner gﬁ_gl,; 1969). |

Injections of.esfrone and estradiol have been demonstrated to
regress CL in heifers and cows (Loy et al., (1960); Wiltbank et al:,
1961), with estradiol reported as more effective in eliciting '
CL demise (Kaltenbach et al., 1964),_ Estradiol is apparently
~more effective at inducing luteolysis in later cycle stages
(beyond day 7) than agents previouslf discussed (Brunner-et al.,
1969). Pfoblems encountered with estradiol injections include incon-
-sistenéy in post;treatment'interﬁal to CL régression and incidence of
estrus and ovulation (Wiltbank et al., 1961), cystic ovaries and
luteinized follicles (Kéltenbach et al., 1964), énd poor conception
rates at estradiol-induced estrus (Wiltbank et al., i961). Estrogen's
supportive role in effective progestagen treatments (i.e. SMB) for
‘éstrous synchronization was previously discussed.

PGFéa has been most successful of all luteolytic agénts for use
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in estrous control; a natural PGqu product received Food and Drug
Administration clearance for commerical use in November of 1979 (Moody,

1980).

4.2.1 Estrus Response and Fertility Following
Single PGan Treatment

PGan,is luteolytic only when adminiétered to.estrous cycling
bovines during the luteal phase of the estrous cycle (days 5-16). On
any given'day, 75 to 80 percent of all estrous cycling animals in a
group are theorétically between days 5 and 21 of the cycle, assuming
random distribution of 5 percent cycling per. day. The remaining 20
to 25 percent afe within days 1-5. This latter group is of most
concern in single treatment PGFZa systems; cows between days 5-16 will
theoretically respon& to treatment and cows within days 17-21 should
show heat along with responding animals. | .
Systems for es£rous synchroniéatibn with.single injeétions of PGqu
have beén devised. Two basic schemes are described in Figure 4.1 that
follows. AbbreQiations of these systems will be used in the text for
convenience.

It was pointed out earlier that intrauterine édministfation of
PGan resulted in lutedlysis. ﬁowever, skillland patieﬁce required for‘
this route coupled with potential hazards of uterine infection or

damage suggests subcutaneous (SQ) or intramuscular (IM) injection would

be more acceptable to producers (Cummins et al., 1974).
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l.a. LAIE (injection at start of breeding; AI to observed estrus)

PGF
2a Estrus Detection and
I g AT
| i v B )
0 5 10

Day Of Breeding Season

- Fails to manipulate 0-5 day cows in a randomly cycling herd.
- Breeding periods indicated represent theoretical period of PGFZa

response; total AI period unrestricted.

b. L-AI-Appointment (injection day 0, breed at 2 preset intervals).

PGFZG /[-\_I\
0 > 10

Day Of Breeding Season

- Fails to manipulate 0-5 cows.
- Abbreviated systems in text:
L-AI-72, 96
L-AI-72, 90
L-ATI-70, 88
L-ATI-E
Figure 4.1

Basic Single Injection PGFZa Systems for Estrous Synchronization
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2.a. AI-L-AI-E (AI until am of day 5 - inject all not detected - AT)
PG
.Can
AL AT

BRBURGERERILE ARG GANRERE RE R
0 5 10

Day Of Breeding Season

- Allows manipulation of 0-5 day cows by permitting time for CL

development.

- Majority respond at day 8.

b. AI-L-AI-E-Appointment (AI until day 5- inject all not detected -

AI by estrus until preset appointment breeding).
PGFZu Appointment Breeding

P .
mmmzx:m\i__

0 5 10

Day Of Breeding Season

- Abbreviated systems in text:
AI-L-AI-E-72
ATI-L-AI-E-80

AI-L-AI-E

Figure 4.1 - Continued.
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Lauderdale (1972) reported that heifers in luteal phase of estrous
cycles showed estrus at-3 days (mean) following singie (SQ) injections
of 30 mg PGF, -Tham Salt. | | |

Stellflug et al (1973) réported significant differences (P <. .10)
in intervals to'éstrus onset (55 vs 50hour) in Holstein heifers fol-

lowing single (IM) injections of 30 or 60 mg PGF

-Tham salt.
20

Lauderdale et al. (1973) reported no significaht differences in’
AT pregnancy rates at 35 to 60 days after insemination among non-
treated controls and two PGan treated-groups (30 mg Tham-salt). One

treated'group received PGF, on day 0 of the breeding season and

20
animals were bred té'an observed‘estrus for 7 days (LAIE); the other
PGFéa injected group was identically treated. but was appointment bred
Vét both 72 and 90 hour post—PGan (LAT -72, 90). All animals were in
~ diestrus at the outset of the trial. Total AI pregnancy fates for
cbntrol, LAIE, and LAI-72, 90 groups were 58, 57, and 58 percent,
respectively. Controls in this study were heat detected and bred for

18-21 days; this indicates that more PGF, treated animals were preg-

20,
nant earlier in the breeding season than controls.

Lauderdale 25_213(1974) agsigned beef and dairy cattle to one of
three treatments at four different iocations. Non-treated controls
were heat detected and inseminatéd for 18-25 days. Two PGqu treated
groups (30 mg Tham-salt). were employed;'LAIE animals (PGqu—da§ 0)

were heat detected and bred accordingly during days 1 through 7, while
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LAI-72, 96 animals were inseminated at both 72 and 96 hours foliowihg

PGF, 1injection. Of .all PGF treated cattle exhibiting estrus, 92%

2a 2a

were detected by day 4 post-PGF Fertility was calculated based on

2a°
number pregnant[number inseminated (controis and LAIE) and number
pregnant/number responding (LAI—?Z, 90). 'Cows in the latter gfoup
were considered to have responded if dufing days 1 through 7 after
injection an estrus was observed or a CL was formed.asAdeFermined by
rectal palpation. ?regnancy rates calculated in this manner weré not
significantly different. Howevef, percent pregnant of total number-
assigned to each treatment was 42, 30, and 40 for controls, LAIE, and
LAI-72, 96, respectively. Althﬁugh this measurement reflects important
differences in estrus detection and conceptioﬁ rates, no statistical
analyses were reported for these values.

Oxender (1974) assigned crossbred cows with functional .CL as
determined by rectal palpation to control, LAIE,land an gpﬁointment
breeding group in which two inseminations at 70 and 88 hours (post-
PGan) were performed (LAI—76, 88). Pregnancy rates at 35 to 45 dgys
after insemination were not significaﬁtly different.

Doornbos.and Anderson (1979) examined estrus response and fer-
tility of lactating Hereford cows assigned to two PGan treated groups
an& one non-treated control group. All treatment groups were artifi-
cally inseminated duriﬁg a 45 day breediné program (no cleanup bulls).

Controls were bred to observed estrus throughout the breeding seasonj
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.one treated group was heat detected and bred during days'l;S of AI andn
all animals not bred by day 6 recelved PGF (1M, 25 mg free ac1d) and
"AT by estrus continued  (AI-L-AI-E); the third‘group recelved,ldentlcal
‘dosages of PGF2- on day 1 (LAIR). Percent.estrus response foilowing-u

PGF, and average hours to estrus were 44 52 and 41, 55 for AI-L-AI-E

20
and LAIE, respectlvely No significant dlfferences were‘observed in
first service pregnancy_rates'anong the three groups{. More (P‘?'.OS)
AI;LJAI-E cows (100%5\were pregnant at the end of breeding than
eontroli(90%) or LAIE_(S@%) animals. ﬂBoth'PGan - treated groupsﬁ
had higher pregnancy rates early.in the breeding season’(dayllZ)‘

.than oontrols . |

Lambert et al. (1975) reported eomparatlve fertllity results in
trials involv1ng v1rgin helfers and both early and late calving cows.

All animals were assigned to either a non-treated control or PGFZu (25
mg free acid) treated group. * ireated animals'Were bred. by estrus
2u;.A;

by estrus continued until 72 hours post~treatment when appointment

through day 4 at which time all those not'yet bred received PGF

breeding of all non-bred animals occurred (AI-L—AI~E—72) Breeding
- seasons cons1sted of 22~30 days AT plus 20 days of natural serv1ce.
Within each class of animals, no s1gn1ficant differences were seen in
total AI-pregnancy rates or total pregnanc? rates, However,‘signifi—'
. cantly more treated aniamls were pregnant'within'the_first 10 days of.

* breeding.
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Han and Moody (1979) reported oomparative reproductive performance

of lactating cows assigned to control, LATE, and AI-L-AI-E-80 groups.
The breeding season consisted of 9 days AI plus 48'days natural service
in all groups. Total AT pregnsncy rates were signifieantiy higher in
LAIE (42.1%) and AE—L-Ai—EfSO(Sé.AX) cows than in controls-(22.32); ‘No
significant diﬁferences in AT first service or total pregnancy rates
nere noted.. However, AT first sernice pregnancy rates of cows bred to

- observed estrus mas greatertthan those bred at‘86 hours post-PGqu
(non-estrus inseminations) within the AI-1-AT-E-80 system (65.0 vs.
21.4%; P < .001). Comparisons of treated groups (LAIE vs AI—L-AI—E 80)
revealed no 51gn1f1cant differences

Hanks et al. (1980) corroborated much lower AI conception rates .
in non-estrus bred cows (at 80 hrs ) than in those bred by estrus
w1th1n an AI-L-AI-E-80 breeding scheme (P < .0l).

Evidence suggests that first service pregnancy rates in cattle
'.bred to an observed estrus following single 1nJection PGF2 treatment.
is comparable with non—treated controls. Appointment breeding atlpre~
set intervals often results in breeding of anestrus and nonresponding
cows an& is a potential'costly mistake with single injection PGF

2a

schemes. Also, variation in time of estrus response following PGF2 in

other trials further indicates that breeding by estrus may be more

effective than appointment breeding in single injeotion schemes,
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4.2.2. Estrus Response and Fettilityu
‘ Foilqwing Two Tteatnents With ?Gan |
A disadvantage of -single tteatment with PGqu is‘that animais
within days 1 —.4 of.the estrqns cycle fail to resppnd; Dcnble injec;

tion systems involving administration of PGFéd (neturaL products anc
synthetic anelngues):lol— 12 days epartfneve been devised to'allcwl
manipulation of this group. | |
Estrous cycllng females respondlng to initial 1nJect10ns (days 5 -

16§'w111 have.passed_through 1nduced-estrus and formed a funttlonal CL
(days ? - 8) b& the second injection date 10 - 12 &ays 1ater. _Animals
not responding (days 1.- 4 and 17 - 21) will have formed a tegreSsable
CL 10 - 12 days later (will be at days 11 - l6 and days 7 - 10 of the.
cycle) Theoretically, all cycllng,anlmals‘should ‘be synchronlzable at
second treatment with such a 'scheme: |

" Thatcher and Chenault (1976),illusttated diffefencee in propor=
tion show1ng estrus after s1ng1e and double treatment with PGF (33.5
mg;Tham—salt). Cycling heifers were treated twice at a twelve day
_internal.‘ The distribution of heifers within various cycle stages
(days 0 - 5, 6 - 16, and 17 - 21) at the two 1n3ect10n dates was 51gn1—
.flcantly dlfferent (P < L01); 97 percent were. determlned to be in a
potentlally responsive stage at the t1me of the second 1n3ection (days

6 - 21). Proportlons of heifers expre531ng behavioral estrus after one

and two PGF2 injections were significantly different (60 and 844;
o
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respectively).' These figures indicate that approximately 13

" percent (97‘vs. 84) of those considered to be in-a:responsive.stage of
the cycle at the'second injection date failed to exhibit estrus. - |
Ellicott et al. (1975) compared first serrice.pregnancy rates of
~ non-treated control heifers and heifers receiv1ng PGF (IM 30 mg
Tham—salt) twice at -10 day’ intervals. Contyols were inseminated ac-
cording to estrus and treated animals were appointment bred 60 hours
Ifollowing second treatment, first service pregnancy rates for:controls
and treated animals were 62. S and 33 percent, respectively. These..
results represent outcome of a trial involving small numbers of ex~
perimental animals (15 controls and 16 treated) 'No statistical ana-
lyses were reported. | |
Cooper (1974) reported estrus‘response following two. 1njections of

ICI 80, 996 (PGF- analogue - 500 ug) . Dairy heifers were palpated and

-determined to be cycling prior to treatment assignment.‘ Proportions

. of treated animals show1ng estrus w1thin 48 - 72 and 48 - 96 hours

. following second 1n3ect10n were.90.1 and 98 percent, respectivelys'
Estrus response was reportedlyvearlier.and more closely synchronized
.after the second treatment than after the initial‘injection. This'
trend was, also observed in a- trial involving alseparate PGFZ"analogue
(ICI 79,939 - 500 ug) administered 10 days apart in dairy heifers.‘
(Dobson et al., 1975). Treated animals returned to estrus 48 - 96

hours following the first injection and 48 -,55 hours following second
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: treatment‘- Johnson (1978) suggested that this consistently observed
tendency for enhanced synchrony follow1ng second treatment (vs 1n1t1a1
treatment) 1s due to relatively more anlmals being at a comparable
'fstage of the estrous cycle at-the time of second treatment.' Animals
responding to initial inJections (days 5 - 16) are theoretically
grouped between days 7 and 10 by the time of second injection; thus,
more animals at second treatment are at.a a comparable stage of 1utea1
development than at first injection;

Hafs et al. (1975a) documented 1ntervals to estrus and subsequent
'l.fertillty of lactating crossbred cows (X 55 days postpartum) and v1rg1n o
Fr1es1an heifers treated w1th natural PGF (2x) 12 days apart. Gows |

were ass1gned to non-treated control and two PGF

oo treated groups‘(30

and 60 mg/injection). Heifers were divided -into control and three
PGFZQ treated groups that differed only in dosage 1eve1 adminlstered
(20 30, or 40 mg/1n3ectlon) All treated cattle were_inseminated at
both 70 and 88 hours following second treatment without regard to
estrus. Intervais'to estrus were not affected.by dosage administered'
in either:heifers.or CcOvsS; data for all.dosage levels were pooled on‘
this basis. " Ten of 59 (17 percent) heifers exhibited'eStrus'within
the first two days following initial "in.jections, ‘while none of 59
showed heat witbin 48 bours foilowing tbe second injection.“ﬂost
heifers‘(68lpercent) showed beat.on the third and fourth days foi—

lowing second treatment. Similarly, no cows: showed estrus within 48 -
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hours fOIdeing fhe seéondvinjection; thé'majority (62 percenfj were
‘in sténding estrgslon'éays 3 and 4 followipg‘secéﬁd'injécgion,: How=
ever, 28 and 23 percent of heifers and cows, reépectiveiy, showed heat
from 5 -'11 d;ys after -second treétment; this indicates‘muéh-vériation
in interval to'gsgrus following PQFéu.. Non;retﬂrn'ratés.fofﬁéoht;bl
(62 percent) and treated'heiférs (59 percent) were not &ifferent;ll
Calving rates fbf treéated and coﬁtrol cdwétwere‘identical (42 percent).

Hafsg é&_gl. (l9%5b) coﬁparéd'fertility.of non-treated goptfols gnd

" two groups of PGF treated animals. Treated cattle (either 36 mg

20,

PGF, or 0.5 mg ICI 80,9965 were inseminated either once (80 hours)_br

2a
twice (70 and 88 hours) after the second injection without regard to
heat periods. Pregnancy rates were based oﬁ pregnaﬁcy diagno;is.by'

' palpatibn or by.nonereturn tOTéStrUS. No significaﬁt différencés WeréT
:noﬁed in first service or total AI_pregpancy rates betweéen,cpntrolg

and treated'c;;tle,or between treated cattle inseminated by appqintmenﬁ

_either;bnce or twice. Feftiliéy of cattle treated with natural PGF,
. ér the analogue was not'differént. .

.Results of extensiVelfield trials“iﬁ?oiving ICI 80,996 (0.5 mg)

. édministgred twice at 1l déy interValéland éomparison qfléingle and
double insemination foliowing‘second injections have been publighed
(Cooﬁer et al., i976). Non-treated controls kbull bréd)‘aﬁd.treated

cattle (inseminated once at 72 hours or twice at 72 and 96 hours) were ' .

randomly assigned based on postpartum interval (cows) or age. and weight
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'(heifers) of 51gn1ficant 1mportance is that this trial was conducted
. undet commerlcal productlon conditlons rather than rigidly controlled
conditions Pregnancy rates of treated cattle (synchronized AI) and
controls (21 days natural serv1ce) were 44 (double 1nsem1nation), 36.1.
(31ngle 1nsem1nation), and 47. 3 (control) percent, respectively.
Differences between single and double 1nsemination groups were slgniw'
ficarnt (P < .001). This indlcates that tWO 1nseminations result in
better fertility than s1ngle 1nSem1natlons following ICI 80,966 (Zx)
when AT takes place at post-treatment intervals emploved in this
trial. These results agree with those of Schultz et al. (1977), who
'reported'signiflcant differences (P. < .05)'in pregnancy rates of'cattle
inseminated once at 72 hours (17.4 %) versus those bred either twice
at 72 and 96 houts 636.92) or.by detection1(38.8%) following.lci .

| 80,996 in trials conducted in the southern Unlted States.

- Controls in this trial also- had Slgniflcantly hmgher pregnancy rates
than 72 hour appolntment bred cattle at this location, Interestingly;-
the same authors reported no s1gn1f1cant dlfferences among all groups
of 1dentically treated cattle in Northern States. Other available
data (Esslemont et al» 1977) indicate no significant differences in
either first service or total pregnancy rates between animals bred by

‘ appolntment at 72 and 96 hours following two treatments of ICI 80, 996
and non-treated controls. |

Moody and Lauderdale (1977) compared fertility of non=treated
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control and two PGFZa - treated (2x - 25 mg Tham salt)Agroupsa Con-

tréls wére bred at,bbservgd hgat and treated cattle were bred either
bnge‘at 80 hours following second treatmen? or by &etecgiOn. First
ééfvice conception rates were sigﬁificanfly lower (P < .001) in
appointment bred animals (él%)~§han in controls (62%) of’treated, 
bred by estrus (59%)’catt1e; Analysis comparing first service
pregnancy rateé of only those gﬁpointﬁent'bredAanimalé observed
'in estrus within the synchronized AI period (days 2 - 5) with othér
groups also s.hbwkred lower (P < .001) ‘fertility‘for. timedainsémiﬁatéd
.animéls; this data éuggesté that interval ‘to est?us response following
double treatment with PGan may-be too variable to achieve aceceptable
aféffility and/or cost efficiéncy from a single appointment breeding
when éomparéd to AT by estrus. beai pregnancy rates at day 5 of AI
breeding (total AT 25 - 45 dayé) were higﬁer (P < .001) in both treated
groups than in controls; total pregnancy rates at‘déy 21 did not
differ (P < :05). |

Roche (1977) employed a double injection system (TCY 80,996) in=
volving a split iﬁsemination of tféated cattle: following iﬁitial
tredatment cows were bféd.aGGOTdiﬁg to estrus én&.thﬁéé failing to ve=
'”ﬁﬁﬁd-(ﬁﬁbf?d) were injéctéd'll days later and subsequently bred by ap=
A‘Péiﬁﬁmént at both 72 and 9§.h6urs following ?GFZG‘ ‘Thééé’énimaié wete
compared t6 non-treated controls. No.differences in fertility. were

" reported.
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' Burfening et al. (1978) assigned 193 lactating beef cows and 59
 v1rgin beef heifers to non-treated control and PGF (25 mg free acid
equivalent) treated groups. Controls were estrus detecged and bred ac;

cordingly. Treated heifers and cows were bred to an obsefved estrus

following initial PGF2 _treatméht those fa111ng to exhiblt estrus within ”.

the ensuing 11l days were reingected and appointment bred at 60 (heifersf
and 84. hours (cows) post- PGF2 + Pooled analysis (cows and heifers)
indicated f1r§t service conception rate was 16wef (P < .01) in appoint-
ment bred animélé than both cén;rols and treated cattle bred.byfestrus
after first injection. Pregnancy rates at the end of AI were 88, 86,
~and 69 percent for control, treated-bred by estrus; and treated-bred by
apﬁéintment grdﬁps. Due to fedﬁced fertility in'timed—inseminated éni—
mais within the treéted group,‘more controls were pregnant (P <\.QS)

20

cattle was due to inseminations too early or too late relative to ovula-

than PCF, - treated animals. Reduced fertility in appointment bred

tion, aﬁd breeding of honestrus.cattle which includes noncycling ani-
mals and those failing to respond to first treatment (not within days
5 ~ 16). Reduced fertility in appointment bred animals (double insemi—'
patibh @.72 and 96 hours) following inseminations by‘éstrus in similar
sﬁlit insemination trials has been reported (Fulka gg_gl., 19785.

" Additional hormone treatmeqf (i.e.'GnRH; estradiq1) following
PéFzm haé been‘investigéted_in attempts to reduce VQriability in the

intervals to preovulatory LH surge, estrus, and ovulation; 1f success-~
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ful, these combination treatments could- improve fertility_at single,

timed inseminations following PGFZQ.

Graves et al. (1975) reported that GnRH (250 ug) reduced variation N

in.intervals to ovulation in PGFZa treated. cows. Other trials in-.

volving GnRH (100 ug) following injections of PGFZ‘

fChenault,_1976) or"60 hours (Tohey and Hansel, 1975; Kinkie, 1976;

at 48 (Thatcher and

Burfening-et al., 1978) have resulted in somewhat inconsistent results;
there is an- apparent trend for no dramatic changes in fertllity fol— :

lowing PGF and.GnRH,comblnation treatments.

20

Inskeep et al. (1975) were able tolenhance synchrony of estrus in

PGF, treated animals by.administering 400 ug estradiol benzoate 48

20
hours following PGF2 . AWelch et al. (1975) reported that 400 ug
"estradiol benzoate reduced variation in 1ntervals to LH release and
estrus onset when adminlstered 48 hours’ post-—PGF2 : no differences in
conception rate were noted between animals receiving the combined treat-
treatment versus those receiv1ng only PGFZa.: Peters et.al (1977)

- reported that 400 ug estradiol benzoate signiflcantly (P < .05) in-
.creased precision of estrus synchrony when administered at either 40 or‘.‘
48 hours following the second of two PGF2 " treatments (25 mg free acid ,;
equivalent) " No significant effect on pregnancy rates was observed,

however, It was further indicated that double inJection systems of

PGFZa

resulted in no better fertility than single treatment, regardless
1f combined with estradiol or not. -




62
A.cgnsiderable Eédy of evidence shggests that ipferval'fo_eséfus
réspéﬁse folloWiﬁg the second qf two PGfZ; treétmenﬁs maylﬁe.poqxvgr-‘,
iabie,to expect opgimal conceptipn rates:a;:a siﬁgie,.timed inseﬁiqa4
tion. Some work éhows that fertility atrsuch-iﬁseminétions is compar- -
able with controls. .All pgrtinept literature eﬁpha;izes'thé iﬁporténqéi
‘ 2;. Other

work implies. that a'portion of potential respondents after .second

of estrous.cycling cattle prior fo'double treatﬁent with PGF

injectiqns'féii to‘éhSWIbeBavioral estrus (seélThatéhef and Chenualt,
1976);‘the§e may be silent ovulators. More critiﬁal.ﬁdrk to deéerﬁine[
proportidn’éf silent ovulatioﬁs‘aftér second treatment is.needéd to
detgfmine:if apﬁointment brqediﬁg; AI by detection, or éomé combination
of the two ;s desirable under éommercial'cénditionsﬂ Agteﬁtion'fo

variation in body size and condition-in such tridls will be importanf. .




Chapter 5

Combinations

Progesterone - ?Gan

For Estrous Synchronization

Considering that progestagens prevent estrus and ovulation and
PGFZd regresses functional CL, combination treatment mighf be expected
to allow manipulation of relatively ﬁore animals than single PGF2

) o

treatment alone. Progesterone implants, injections, and intravaginal

coils administered 5 - 7 days prior to PGF have been .used.in attempts

20

to prevent animals in late diestrus and proestrus from progressing into

is inefféc—
2a

the first one-fourth.of a new cycle (days 1-4) when PGF

tive. 'Wifhdrawal of prpéesterone.source near PGan injection permits
normal endocrine sequences to'occur and these animals ‘should fheore—
tigally exhibit estrus and o?ulation along with animals responding to
PGFja tregpment. Cqmbiﬁa?ion treatments of this kind.have been com-
pared to both single and double iﬁjection systems involvipg ﬁatural apd
synthetic PGan'
'Roché(19%6c) assigned fall calving Hereford crossbred cows with’
post-partum intervals of 46 - 160 days to one of three treatments: a)
. non—-treated controls were inéemina;ed according to detected estrus b)
two injections-ICI 80,996 either eleven or twelve days apart c) proges-
~ terone - impregnated intravaginal-coils-for 7 days plus éingie treat-

ment with 500 g ICI 80,996 at coil removal. Treated cows exhibiting -

"estrus or those secreting mucus-indicative of estrus were inseminated
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twice (at 72 and 96 hoers) follewing PGan. Significantly more treated
cows (P < ,005) were'pregnant.yithin the first 15 days of'breeding.than
controls. Pregnancy rates between the treated éroups wére not dif-
ferent.: Calying rates for cows inseminated on the'basis of.observed
.estrus were higher (P < ,025) than those‘bred oﬁ the basis of estrus
mucus. In a 51m11ar trial 1nvolv1ng sprlng calv1ng, lactatlng cows -and
identical treatments (descrlbed above), s1gn1f1cant1y higher (P < .05)

pregnancy rates weré obtalned w1th the progestagen plus PGF regimen

20,
(60%) "than with two treatments of PGF " (447) .

Chupin and Pelot (1976) compared efficacy. of SC 21009 1mplants and
ICI 80,996 alone or in combination, and AI by estrus or at predeter- |
mined times. Treatments were 1) SC,21009 implants (6 mg) for 7 - 11
~ days plus IM injectiops of sC-ilOO9 (3 mg) and estra@iol valerate (5
mg) at'implant insertion (SMB stanQard treatment), 2) Sb 21009 implaﬁt
fer 7 - 11 days' plus 500:ug ICI 80, 996.at implant removal, 3) two
treatments w1th ICI 80,996 10 - 12 days apart. Inseminations to
observed estrus resulted in hlgher calving rates for SMB (48 4/)
and ICI 80,996 (45.9%) when given alone than the .combined treat-
ment (35.6%); Inseminations at predetermined interrals post-
treatment (at 48 and 72 hours for SMB trested; at 60 and 84 hours for’
cembined and ICI 80,996 treated) resulted in noﬁ—significant'differ~
ences. N9n~treated controls performance Was'net_different from all

treated groﬁps. The lqwered calving rate (per cent AT of total.
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'treated) for the comblnatlon group resulting from AI ty estrus when
- compared to those bred at pre-determined times suggests that progeSd-
tagen pretreatment,may have suppressed behavioral estrus 1n_some cows.
Stauffer et al. (1976) assigned 155 Hereford.and Hereford X
Angus COns to one of tive treatments: 1)'SC'21009 (6 mé) implant for
8.days? 2) implant'plus PGF2 at implantation, 3) 1mplant plus PGF2 at’

implant removal; 4) implant plus PGFZ- at 1nsem1nat10n and 5) non-

treated controls. Dosage level for PGF, in all instances was 30

20,
mg/anectlon All 1nsem1nat10ns (17 days AI) were according to de-
tected estrus with a natural serv1ce cleanup perlod (42 days) follow1ng
AT, Conception,and pregnancy rates were based on calving date and

20, at

implant removal enhanced synchrony when compared to other treated

breed of calf (genetic narkersf. Results indicated that PGF

: groups as ev1denced by signiflcantly (P < ,01) less variation in the<
" interval to estrus (2 1 + .48 days). Conception rates were signifi-
cantly lower (P < .05) in animals receiving PGqu either at implantg
‘insertion (40%) or removal-(42%)‘than in controls (60%),'thosej
'receiving_the implant only -69%), and those recéiving I;GFZu
insemination. (56%). ‘Pregnancy rates at the end‘of Breeding_(AI rAbull)

at

were mot significantly different.
Chupin‘gt_al, (1977) reported more precise estrus synchfony in
5o = Progestagen (ICI 80,996 and SC 21009) treated

animals than in those receiving PGde (2%) only. Proportion of cows

combination PGF
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not'obsérved in estrus within 96 hour post-treatment was lower (P < .05) -
iﬁ the éombinétion - treated group. A higher (P < ;05) pregnancy
rate was obtained in the combination group with two insemiﬁations
post—-treatment (b& appointment)_thaﬁ with a single brgeding‘and was
also highér'(P < .05) than that obtained with two inseminations‘

following PGF treatment alone. The combination system resulting .

20

in best estrous synchronization involved.PGF, administration 48

20

hours prior to imﬁlant removal.
‘Moody et al. (1980) reported that 150 mg progesterone injections

administered at either 5 or 24 days prior to ?GF o (single treatment -

2

25 mg) did not improve pregnancy rates over those receiving PGF
only. However, there was a trend for more preciéion of estrus onset
following combined treatments.

The 1imited &ata regarding combined progesterone ~ PGF treatments

20

suggests that more precision in the interval to estrus onset may be

 possible with such treatment than with PGF, ' alone. More investi-

20, ‘
gation involving reasons.for depressed fertility obsefved in some
tfials and study of optimal times for appointmeﬁt breeding folloﬁing
combined treatment is.néeded. Some trials'sugggst that combined
treatment may resulf~in.fewer'cdws exhibiting estrus.tﬁan in those

treated with PGF, alone. Reasons for this apparent tendency were

20

not addreséed; it may be a result of residual progestérone inhibition

of estrus. More experimentétipn involving blood hotmone measurementg
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prior to, during, and after combined and PGF, - only. treatments may

v.explain this.




dhapter 6
vMaterials and'Metﬂods

Breeding, calving,'aﬁd pfoducfin records of estrous synchronization
trials_conduéted in cooperation with Montana State ?risdn Ranch during
spring 1975 through 1977 wére utilized as the data base. All yearly
breeding trials involved suckled cows (age 2 to 11 years) that were more
than 45 days ﬁostpartum. . One year (1975) also involved virgin heifers
12 to 20 months of ;ge. Lactating cowslwefe randomly assigﬁed to treat-
ments based gn previous calviﬁg dates; virgin heifers were assigned'
based 6n-birth date  (age).

Cattle were predominéntly Hereford aﬁd Hereford X Angus crosses and
were maqaged under typical Montana range ponditions. Alfalfa hay.was
fed aécordiﬁg to néed dufing the wintering period. During breeding all
animals were ‘run together on native rangé and were supplemented with
block Sait.. |

In each yeaf, cattle were assigned to'either a PGFZa or control
system (Figure 6.1). Qontrpls.were artifically inseminated (AI).8—12
hours after first observation of standing estrus.‘ Treateq cattle
received PGan (25 mg free acid-IM) either in the PM.of déy 4 (1975)-
of AM éf aay 5 (1976 and 1977) of breeding unless they had been ob-
served in estrus pfior to thoseitimes. Inseminations to detected
éstrus,céntinued in treated cattle until 80 + 4 hour post—PGan when
all femaining undetected animals were mass inseminated and recorded

as nonestrus bred. Breeding seasons consisted of 25 days AI plus 20.

Lova e,
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DAYS OF BREEDING SEASON PGF CONTROL

20 .
Oorl AM1 . Start estrus Start estrus
detection and detection and
AT AT
4 PM or 5 AM2 Single injection AT
PGan (to all not

previous observed
in estrus)

7 or 8 P.M.3 80-hr post—PGFéa- AT
nonestrus breeding
(insemination of
all not previously
. detected in estrus)
8.5 or 254 End Al End Al
(turn in bulls) (turn in bulls)
45 or 575 End of breeding End of breeding
(bulls removed) (bulls removed)

1bay 0 - 1975; Day 1 - 1976 and 1977
2Day 4 - 1975; Day 5 - 1976 and 1977
3Day 7 - 1975; Day 8 - 1976 and 1977
“bay 8.5 = 1977; Day 25 - 1975 and 1976
5

Day 45 - 1975 and 1976; Day 57 - 1977

Figure 6.1

BREEDTING SCHEDULES FOR PGqu AND CONTROL SYSTEMS
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days natural sérVice (1975 and 1976) or 8.5 days AI plu§.48.5 days-
naturéllservicé (1977). The trial involving virgin heifers (19755
commenced approximatelf 20 days pridr'to thét of thé 1éctating.cows.
Ail-initial AI sérvices weréiwith é{thef Hereford or Bla;k Angus semen,
' witﬂ individual AT bulls ran&omly assigned to‘tréatménts ééch &ear
Cattle oééerved in.est;ué yithiﬁ'lS days of an-initial AI service in
1975 and 1976 were Fe—insemingted Qith Réd’Angus éémén to pro?ide a
C genetic'mafker (ﬁair coéﬁ color) as an éid in détermining'the AT ser;
vice fesulting in concéption.  In 1977, all rebégt inseminations were
Iwith Red'AnguS semen élohg with ob;ervatioh'and recordiﬁg'of natural
serviée breeding dates for an aéditionai 12.5 days (21 days totél
estrus detection). .

Day of éonceptioﬁ:for-all cgttlehwés based on‘actual calving date
'minus ééS Hays {cows) or 280 days kbéiferéj base gestatibnllengths.
-Caléulated éonception dates failiﬂé:withiﬁ‘i 10 daysfof Al breediné
. dates weré considered as AI cdhcéﬁtions; Iﬁ a few instances this basic
guideliﬁe was altéred.based on birth-WeigHt, éég{‘and sire breed of
célff |

| COmbarative reproductivé performance of'non;yhchronized control
and tréated‘cétkig-brgd to an obsérved estrué or bred nonestrus at 80

‘hours post-PGF, was measured on a within years and pooled basis in

20
terms of the following:

1. - Cumulative insemination rate (%)'at day 8 or 9 ="
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number inseminated by day 8 or 9 of breeding X 100
total in group

(Note: Applies only to cattle bred to an estrus observed
prior to 80 hour appointment breeding.)

2. Al first service conception rate (%) =

number pregnant to first service
number of initial AT services

X 100

3. Cumulative percent pregnant by day 10 (PR10), 24 (PR25),
32 (PR32) and total pregnancy rate (TRP) = ’

number pregnant by nth day of breeding X.IOO
total in group

4. Average day of conception within breeding season.
5. Proportion . repeat inseminated (%) =

total number repeats X 100

. total in group

- Estrous éycling rate (%) estimates for each year were based on él day

cumulative estrus detection rates in control versus 7 or 8 day detection
rates in the treated group (number detected in respective group + total
number per group X 100).

For two-year treatment analysis, cattle were allotted to ome of
four treatment  sequences: (CC) nonsynchronized control for two con-~
secutive years, ﬁ = 128; (CT) control in year 1 and PGan gystem'in
year 2, n = 1163 (TC) PGan system in yea£ 1 aﬁd control in year 2,

n = 124; (TT) PGF, system for two consecutive years, n = 131. Data

20
was analyzed for individual two year sets (1975 and 1976; 1976 and

1977) and for the pooled two year componenté. Reproductive performance




72
was measured in térms~of'PR10, PR25, PRB?,;nd TPR and wefe'based on the -
respective rates obserVed'in the.second.year after two'yeaf'sequéntial
treatment.. Cumu;afive_pregngncy rates at.day 10, 25, and 32 were -
utilized t§.re§réseht ﬁroportion pregnant during the synchroﬁizéd
' period (day 10), a conventional_length AT program (day 25), and that
. rate'accounfing for ﬁregnancies resultiﬁg from conceptions‘one estroué
cycle following (20-23 days) the péak synchronizatiop.responéé perioé
‘in treated cattlé (day 32), ;espectively;

| Weaning performénee was evaluated in terms of 1) average unéd-
justed weaning weight (kiiograms) per cow exposed for breeding and per
cow weaniné a calf based on calf,weigh;s gaken_in the second &ear aftér
two year sequentialjtreatménf; 2) two-pear total unadjusted kg weaned
per cow exposéd,and per cow weaning a calf for two suceessive &éars.

-Pa;tial bﬁdgeting was utilized to cémpare poteﬁtial cost/return

differenceg between PGFéu and control breéding systems. Breeding cQsts
we;e.calculated for the first tén déys of breeding in the PGFZd system
an& the first 21 days in the control system using actual. results ob-
Itained in 19?5 Breeding trials. For.cost estimates the followingl
assumptions were made: |

1. Existing facilities (i.e. corrals, holding pens) were dde~
quate for either system.

2. Labor for heat detection and insemination costs 3.00/hour
(Watts and Downer, 1980). Heat detection and insemination
for control animals (21 days) aund the cattle in the PGF
system during days 1 through 6 of breeding required 8 wan -
hours/day. The labor requirement increased to 16 man hours
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per day during the peak response period (days 7 to 10) for -
cattle in the PGF2 system.

3. Semen cost per insemination was $6.75. This cost was based
on ‘the average cost per ampule of semen from two Angus and
two Polled Hereford bulls with ratios of 101 for 205-day
adjusted weight as listed by American Breeders Service in
1980. : - :

4. Cost for PGF . vas 4.50 per 25 mg dose (Upjohn Company
‘recommended price) ‘

5,  Bulls were turned out immediately following Al in both

_groups.
' ASSUMPTIONS FOR COST ‘ESTIMATION

Parameter . ' PGFZa—lO c-21
Labor .Cost/Hr. _ . $3.00 - . ~.$3.00
Total Man-Hours Required VT 168
Total Labor Cost . $336.00 . .$504.00
Semen Cost/unif ' $6.75 ‘ ~ $6.75

PGF, Cost/25 mg. 4.50 - -

A total of 555 animals were assigned to the PGF = 276) and

20 (@ .
control (n = 279) systems in 1975 breeding trials. Comparative repro=-

-dnctive performance of cattle in the 10 day PGF, system versus those

20,
in the 21 day control system was measured in terms of average day of
conception and pregnanc¢y rate as a percentage of the total assigned to

each group. Calves resdlfing from these pregnanciles were nombared in

terms of average age (days) at weaning and average weaning weight
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(pdupdsland kilagrams)g

ﬁreediﬁé costs per.cow ih'each syétem and breakeven selling_
pricéé required . to reccvér_éosts at the pregnancy rates achiebed were
‘calcﬁlated. Hypothetical pregnéncy rates reduired to recoQ;r addi-
tional breeding cdsfé ($5.25, 6.25 and 7.25 per céw) at-various calf
"selling prices (1 e. 50, 60, 70 80, and 90 cents/lb ) were formulated;_
The impact of calf selling price, pregnancy rate, ‘and additional

.breeding cost on returns per treated cow were also calculated._




Chapter 7

Results and Discussion

Estimated cycling rates based on detected estrus in non;reated
contrpls.(Zl days). and treated cattle (7 of 8 days) for individual and
pooled years are, shown in table 1. The 7-day (1975 virgin heifers and -
1975 lactating.cows) and 8-day (1976 aﬁd 1977 lactating cows) estrus
responseé in tre;ted cattle reflect differences in time of PGan
administration in yearly trials (PM of day 4 in 1975 and AM of day 5
in 1976 and 1977). Responses in the treated cattle include only those
obéerved in éstrus prior to the 80-hour nonestrus mass insemination.
Results indicated that more controls (21 days) were detected in estrus
than treated cattle in ali years except 1977, and this pattern was
reflected in.the pooleé analysis (61.6 vs. 52.7%, P < .01)..-The grend .
for‘higher detection rates (percent cycling estimates) in.cbntroié
may be due in part to onset.of postpartum.behavioral estrus in a pro-
portion of nonsyﬁchronized controls bétween days 8 and 21 6f breeding.
Casida et al. (1968) reported that as days postpartum inéreased,
incidence of behavioral estrus increased in beef cows. The observed

inconsistency (1977) in the data may have been due to a less intensive
natural service observation period (days 10 through 20) following AT
when compared with that associated with the synchronization‘aqd AT
period during days 1 through 9. Estimated cycling rate for treaéed

cattle in 1977 (68.2%) was greater (P < .10) than in other years,




. 76
while the estiméte fof 1975 cows (43.9%) was 1ower_(f < .10) thép all.
éﬁhers. .
Cumulative'inseminétion rates at'dany or 9 of breeding for

,qénfroi and‘tréatedvcattle gred.to an observed.estrus are displayed.
in table 2. Inseminétioﬁ raées for treated cattle are nuﬁerically

- identical.to es?imated cycling,rages (table 1).buf are repfesented as
.day 8 or 9 because inseminafion; of treated cattle detected in the Pﬁ
~of day 7 or:s ﬁere performed’ in tbe AM of tﬁe next day. -Due to syn-"
.ahroﬁizatioﬁ, more kP < le).cattle in thg PGF2a system than controls
‘.were insémina;ed within the first 8 ér 9 days of breeding .in each
breeding group and in the pooled an;lysié.

First sérvicé conceptionlrates for cbntrols, tfeated cattle bred
at observed estrus, tréatéd cattle bred nonestr#s at 804hours.poét~
PGFéa, an& allAtreated cattle are illuétrated in fable 3.1 ﬁirst
' service coﬁéepfion rateglfor control and treatéd cattle bred at ob-
‘serye&Aéstrus did fiot differ,(P'>l.10) but were highe? (P < .01) than

those for tréated cattle bred nonestrﬁs, thch agrees with results of
‘similar invéstigaqions (Han:and MOOdy,‘l979 and Hanﬁs 5E=§lf’ 1980).
Lowered conception.rates in the nonestrus bred subgroup may be at-
tribgtable to oﬂe.or more.of the followipg fac?prsé { 1) insemination
of anestrous céttle; (2) insemination of cattle failing to reépohd to
PGFéd; (3) failure t0'de;gpt’behddioral estfus in sb@e animé}é prior

to 80-hour post—PGFZa (Donaldson, l977)'aﬁd (4) cattle responding tb
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PGFZa but failjng to eghibitfbehavioral estrus prior to the 80~bour‘
appointmént breeding ‘and therefore were insgminated too earl§ or t&o
latg felati&e to 6vuiatioﬁ. Reduced conéepfion rate in nonestrus bred
cattle resultéd in Idwer.(P < .01) concepgion rates for the PGFZ@
system when compared to controls in all years except 1977. Although
controls (60.0%) had higﬁer conception rates‘than all trea;ed,éattle
(Sl.l%)‘in‘i977, thé difference was not significant (P > .10). |
ﬁecause more cattle were cycling in 1977 versus other years, re-
latively fewer cattle were anestrous at the time of the‘nonestrus
breeding in 1977 and proportionately ﬁore cattle conceived at the 80-
hour breeding fhan in' other years, although significant (P < ;10)
differences were limiped t6 the 1977 (21.4%) and 1975 (8.7%) com-

parison; first service conception rates for the.total PGF system -

20
(5151%) were higher (P < .10) than in other years; These da;é stress

the importance of estrous cycling cattle at the outset of breeding Zor

20,

Percent repeat inseminations at 104 to 168 hours pdst—PGF

successful PGF, synchroniztion and AI programs.

20
for cattle bred nonestrus at 80—hours'post—PGF2d is depicted in table

4. The proportion of nonestrus bred cattle observed in estrus and
repeét inéeminafed three to four days after the 80-hour breeding
ranged from 14.0 (1975 virgin heifers) to6 35.7 percent (1977 lactating
cows) and averaged 21.6 percent (ﬁooied)._AThese results indicate that

a considerable‘probortion of the nonestrus bred cattle responded to
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PGan but failed to exhibit estrus prior to the 80-hour breeding and
thus were inseminated too early relative to ovulation. The estrus

response period following single PGF treatment observed in this

20

study agrees with-other investigators (Donaldson, 1977b; Macmillan et

al., 1980) who reported that cattle responding to single PGan treat-

ment exhibited estrus for up to seven days. Significant year dif-
ferences in the percentage of treated, nonestrus bred cattle observed

in estrus and reinseminated at 104 to 168 hours post—?GFZG were ob-

served. 'Values~for 1977 cows (35.7%) were greater (P < .10) than for
1975 heifers (14.0%), 1976 cowé (17.3%),. and, pooled (21.6%) groups.
Because proportionately more animals were cycling‘in 1977,.relatively
more'cattle responded to treatment resulting in increased opportunity
for rebfeéding fhree to four days after the SO—hour appointment in-

seminations. For producers who choose to utilize the described PGqu

system, this suggests that as the proportion cycling increases the
greater the impact of the variation in the interval to onset of estrus

following PGF, with regard to semen requirements dﬁring the syn-

20

chronized period. .
Total percentage repeat inseminated for control and treated
cattle is shown in table 5. This data includes results of years

iﬁvolving 25 day AI periods (1975 and 1976). As might be exbected,f

more (P < .0l) cattle in the PGF system were rebred than controls in

20

each year, and this was largely due to repeats of cattle bred nonestrus
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at 80-hours post—PGan, although more (P < ,05) treated cattle bred to

" an estrus observed prior to 80 hours post-PGF, were rebred than

20
controls in each year. The proportion of nonestrus bred (47.8%) and

all cows in the PGF system (31.7%) repeét bred in 1975 cows was

20
greater (P < .0L) than in 1975 heifers and 1976 cows, despite the fact
~ that estimated cycling rates in treated cattle were lower (P < .10) in
1975 cows (43.9%5 (see table 15. 'Increase&.proportion rebred in

treated cattle may be explained by: 1).repeats (at 104~168 hours
post—PGan) in nonestrus bred cattle resppnding'to tfeatment but bred
too, early as discussed previoqsly; 2) repeaté in nonestrus bred cattle
that. resumed initial‘postpértum estrous‘cycles between appointment
breeding and day 25; 3) opportunity to rebreed cattle who may~have
éhottFéycled after.éynchronized estrus.

Data regarding first service conception rate and repeat insemi-
nations.suggest that producers‘éould substaﬁtially reduce semeﬁ costs
by inseminating only those cattle observed in estrus following single
PGan treatment in beris thaf are cycligg at fates similar to those

observed in this study. The presence of nbncycling cattle and vari-

ation in the interval to onset of estrus following PGF, are major

_ 20
obstacles eﬁcountered with the described PGan system involving non-
estrus inseminations at 80-hours post-treatment. The small percentage

of cattle that conceive nonestrus may not justify the semen wastage

and associated costs incurred due to these problems. The possibility,
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exists that some cows conceiving at nonestrus inseminations actually

were in standing estrus prior to 80-hours post-PGF N but were not

2

detected (Macmillan et al., 11980). Intensity of estrus beﬁavior
varies considerably when a large proportion of cattle ére in eétrus
as during peak synchronization pefiods (Refsal and Sgguin, 1980) and
this may have contributeq to.errors in estrué détection.

Cumulative prpgnéncy rates at day 10, 25, -and 32 and total
pregnéncy rates for controls, treated cattle bred at obéerved estrus,

treatéd cattle bred ndnestrus at 80-hour post-PGF, , and for all cat-

20

tle in the PGan system are shown in tables 6 through 9 (yearly

trials) and 10 (pooled). PR1O for cattle in the PGFZa system was

éonsistently greater (P < .0l) than for controls in each yearly
trial and in the pooled analysis. Table 10 demonstrates that

20
‘system (51.2 and 80.2%) versus controls (47.3 and 76.3%) but differ-

' PR25 and TPR tended to be slightly higher for all cattle in the PGF

ences were not significant (P > .10). Nonsignificant differences in
total pregnancy rates between control and treated cattle after a 45
day'breeding season observed in this study disagrees with results of
Lambert gg_gl,,_(l975, 1976). - PR32 for cattle in the PGFZa system
(65.9%) was greater (P < .0l) than for controls (56.7%) due to-natural
' service conceptions one estrous cycle (20 to 23 days) following syn-
chronized estrus (table 10). Within the PGFZu system, cattle bred to

an observed estrus had higher (P < .0l1) pregnancy rates at all periods
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éhan cattle bred nonéstrﬁé (table 105. Thé latter observation is due
to presencé of moncycling and infertile cattle in' the nonestrus -sub-
20 system. . |

In- 1977 tdtaL'pregnanéy rate fo? confrol (88.3%) aﬁd all treated

.lgrouplwithiﬁ the,PGF
éatfle-(94}3%) wasjhigheé (P < .05) than in all other yearé; ‘This
.oﬁservétion-is‘due to a highe£ percent cycliqg at the outset of . -
bréedipé as previousiy meﬁtiongd and a;sé because.ﬁf a 16nger (ﬂ.12
&ayg) totalibreedinglséason vérsus.otﬁer years. Ig lé75'cows (table:
7), the pregﬁancy rates at day 25 (46.3%); 32 (58;5%), and - total
'pfegpancy rates (81.0%) for all treated cattle were nonsignificantly
‘higher than contréls (42.1, 50.3; and 71.1%, respectively), deépite
the fact that the estimated cycling rate for treated (43.9%) cattle

" was lower (P < .015 than for épﬁtrols:(6l;6%)‘(éée table i). Tﬁis may
lindicate'that.efrors in.ésﬁrﬁs'detection may havé been grgater in '
t?eéted-cattle &ufing'tﬁelﬁeak response period (days 6 thrdggh,é) when
" compared with the 21 da?idetéct%on,period in controls, dgspite'the
'Likeiiﬁood ﬁhét.techﬁicians expected peak activity in éhe treateﬂ,
gfoqp two to fourvdayé following pGFZa' Time coﬁstraints éséociated
w@th heat detecfion and AI during. peak fespbnse in a.herd of ﬁhﬁs

size (n$323)_maylhé§e reducgd the intenéity of estrus detedtion
required t; identify submissivg cows and those who may not ﬁave}ex;

hibited signs of estrus as readily as other cows. This stresses the

' {mportance of adequate labor during peak response in synchronization




82
‘prpgrams.x In iarge herds, it may be necessary.to gather groups of
"active' cows and.deSignate individuale to observe estrus at the
corrals while others continue .to gather cows from pastures, thereby
1ncreasing the efficiency of estrus detection. The effect of herd
size on efficiency of estrus detection is'compounded by size and
workahility of pasturee and.facilities,

Average day of .conception for cattle in the PGF éyatem and

20,
contrels are shown in table 11. An earlier (P <".05) average day of
© conception for cattlelin the PGqu system Verses controis was.observed
. for 1975 heifers (5 days), 1976 cows (3 days), 1977 cows (3 days) and
pooled“érouﬁs (3 days). The earlier averaée conception datea (3 to5

.days)ﬂih these groups is due to significantly more cohceptith‘within
“the first ten days of'breediné as discussed previogsly.,'As with
other paraheters; the percent cycling rate. at the'outset'bf breeding
hae'profound effects’on the average day of conception. The lower'
percentage of cows detected in estrus in the’ treated group (43 97,
table 1) prlor to the 80—hour nonestrus breedlng in 1975 cows relative
to other years resulted 1n-the only case of hons1gn1ficant'dlfferences
(@ > 10) in averaée day of conceptlon. As'cicling rates increaée;
the hagnltude of the d1fference between average conception dates for
synehronized and conventionally inseminated cattle Should increase in

favor of treated cattle. Lambert (1977) demonstrated that cattle in a

-PGan system similar to that employed in this study conceived an
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average of seven days earlier.than controls.

Two Year Sequentlal Treatment Study

Cumulative preganacy rates at day lO 25, and 32 of breedlng and
total pregnancy rates based on values observed in the second year
after two year sequentlal treatment are shown in table 12.. Trends
observed in the 1nd1v1dual two year‘data sets (l975 and l976 1976 and
1977) were con51stent and therefore the data was pooled. |

Pregnancy rates by day 10 of breeding ln year two for;CC, CT,‘Té,
and TT were 21.1, 45.5, 24.8, and 43.7 percent, respectiyely, with Cl
and TT greater (P < .0l) than .CC and TC. No beneficial carryover‘ |
l effect of synchronization in the first year was evident in vien of
"similar PRlO for TT versus CT (45 7 vs. '45@5%, respectively),and TC.
‘versus CC (23.8 ¥s 25 lA, respectlvely) .Pregnancy rates'at'day 25
'and 32 and total ' pregnancy rates were not significantly different (P >

.10) among two year treatment sequences (pooled data), although PR32
for TT ( 72. 5/) and CT (71 5/) tended to be higher than cc (64 1%) and
TC. (62.9%). ThlS tendency is.due to opportunity for second serv1ce
conceptlons (TT and CT) approx1mately one estrous cycle (20 to 23
days) following peak synchronlzatlon (day 7' to 8) in treated cattle
‘during year two. Nonsignificant-(f > 10) differences inltotal preg-
H nancy rates for TT (80. 2/) and CC (80. 5/) after year £wo, observed in
the present study dlsagrees with the results of Greene et al (1977),

who reported higher (P < 10) total pregnancy rates after _year two for
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.cattle in an identical PGF2 system for-twovconsecutive years:than.for'
cattle in a nonsynchronized ‘control system for two successive years.
Lambert (1977) stated that higher total pregnancy rates for cattle in
an identical-PGan system versus controls could be explained by_the.
.'opnortunity for.treated cattle to.cycle.threé times rather than twe
times as is the case for controls during a 45;day breeding season.
However; only cattle exhibiting estrus within the firstlfour.to five
days of breeding prior.to PGFZa administration would have sufficilent
time to cycleithree times during 45 days aSSuming estrous cydlescwere
of normal duration, andlthis would apply tor both treated and non-
.treated cattie. Significant (P < ,05) differences in total pregnancy.
rates among two year data sets were observed with 1976 and 1977 data
| greater than 1975 and 1976 for Ccc (92.5 vs. 757), CT - (96 9 vss 72, 3/),.'
and T (96.6 vs. 75.24). Pregnancy rates in the’ early segment of the
breeding season (PRlOIfor CT and TT and  PR25 for all treatments) for
the 1976 and 1977 two year component were greater (P < 05) than that
for the 1975 and 1976 data. Again, these data collectively demonstrate.
. the'impact of a higher'percentage of-cowS detected in'estrus (2 cyeling)
and a longer breeding seaSOn in 1977. | |

Average weaning weight' (kilograms) per cow exposed for breeding
.and‘per cow weaning a-calf 'in the second year after two year sequenw

tial treatment are shown in table 13. Differences anong treatments in

average' weaning weight per cow exposed for breeding largely reflect




85
differences in total pregnancy rates among treatments in the second
year. In view of the tendency for nonsignificant differences in .

total pregnancy rates (table 12), no statistically significant dif-

ferences in weaning weights per cow exposed were observed. However,

cattle in TT conéistently weaned more kilograms of calf per cow ex-
posed (2.2 to .7.5 kg) than cattle in CC due to nonsignificant but
slightly higherltotal ﬁrggnancy_rates (1975 and 1976; 1976 and 1977)
and also due to significantly higher PR10 which likely fesultedﬂin

a relatively higher percentage of older calves in TT. Comparison of :

cattle synchronized in year one and nonsynchronized in year  two . (TC)

with cattle nonsynchronized in both years (CC) indicate no carryover
aanntagelof syﬁchronization in year one on Weaning weight ﬁer cow
exposéd. |

Among cows weaning a calf, average weaning weights in year two
largely reflect differences resulting from cattle becoming pregnant
earlier, calving earlief, and weaning older calves with heavier
average weaning weights. Althdugh a tendency for greater (5.6 kg)
average weaning weight per cow wéaningua calf was seen in TT (186.6
kg/cow).than in CC (181.0 kg/@ow) after pooled analysis, the means
wére not significantly different (P > .10). The tepdency for greater
average weaﬁing weights in cattle synchronized two yeérs in succession
veréus caftle nonsynchronized both years is likely due to increased

age of calves resulting from sigpificantly more (P < .10) conceptions
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w1th1n the first ten‘days of breeding in TT Althongh cows nonsyn—.
chronized 1n year. one and synchronized in year two . (CT) had greater
average weaning weights (3.1~tb 4.9 kg) than cows in CC'due .to higher
(r ‘-.Ol) PR10 in year -two, the means were not 31gn1ficantly different
(P S .10). These data 1ndicate that cattle synchronized in the second
year (CT and TT) weaned nonsignlficantly heavier calves than those not
..synchronized in year two (CC and TC) due to a higher percentage‘of
older calves. No s1gnificant carryover advantage of synchronization
-from year one to year two is apparent, Significant (P <”.Ol) year
effects in weaning weight per cow exposed'andlper cow weaning a calf
were observed, with the 1976,and 1977 two year'data set greater'than:
that for 1975 and 1976. More cycling cows at the outset of breeding in
: 1977 and subsequently higher PRlO and TPR versus other years resulted |
" in relatively more calves of greater age (increased weaning weight per
cow weaning a calf) and relatively more calves (increased weaning
:weight per cow exposed), |
Two-year total kilograms weaned per cow exposed for‘breeding and
per cow weaning a calf ‘are shown in table 14. There were'no sipnie-
ficant differences (P > .10) among treatment sequences in either two;'
year total kilograms weaned per.cow exposed oY per cow weaning a calf
'.However, cattle in TT weaned more kilograms of calf’ than those in CC.
(pooled data) primarily‘due-to.91gnificantly more conceptions within

. the first ten days’ of breeding. AlthoughlnonSignificant,-the 10 toﬂll




87
.- kilogram (22 to 24 pound) advantage in two yeaf total kilograms
weaned per cow weaning a calf observed in TT versus CC indicates an

important advantage of the described PGF system. This suggests that

' 20,
synchronization for two consecutive years with the single injection
1PGF2& system employed in £he'pr§sent stﬁdy may result in more pounds
of salable product for commeréiai beef producers over that obtainable
with two successive yeafs of conventional AT when the same sires are
used in each system. Cattle in TT weaned 6 to 8 kilogfams more per cow

weaning a calf than those in CT which may indicate a cumplativé
advaﬁtageldf.two successive years synchrbnization. However, fhis
observatiqﬁ must be approached with caution in view of non significant.
differences in weaning weights and variation in‘the raw data. Large
error ﬁean squares indicated that extreme variation in calf weaﬁing
Weighfs existed.- Significant fear effects were‘observed, with 1976
and 1977 results greater (P <.0l) than that of 1975 and 1976 for two
yvear total kilograﬁs weaned. Enhanced environmenfal conditions (i.e.
"easier" wintering period, earlier onset ofvgreen grass, etc) and
thgir potential positive effects on cow condition and percent cycling.
prior to bfeediné (Meacham gﬁ_gl,, 1979) méy have contributedAto
inéreésed weaning éerformancé of cattle in all treatment seqﬁenceé in

_the. 1976 and 1977 data.
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Economic Ahalysis—PGF vs. Control

2a
Average day of conception and pregnancy rate (%) for cattle in
PGFZQ (10 days) and coﬁtrol (21 days) systems during 1975 are depicted
Iin table 15. Results demonstrate that treated cattle (6.62) éonceived
approximately four days earlier (P < .0l) than controls (10.84).
Total pregnancy rates at day 10 in treated cattle (38.7%) and at day
21 in controls (35.8%) were not significantly different (P > .10),
which demonstrates that treatedlcattle exhibited comparable repro-
.~ductive performance (pregnancy rates)Ain-approximéfély half the time
.required in controls. waever, the pregnancy rates of both groups
.were rather lbw. |
Age at weaning (days) and averége weaning weight (pounds and

kilograms) of calves resulting from PGF and control systems are

2a
shown in table 16. éalves out of éynchronized cows were 7.7 days
-older (P < .0l) and 14.3 pounds (6.5 kg) heavier (P < .10) than those
out of control cows. Variation in gestation length may partially
explain why the difference in age at weaning (= 7 days) was greater.
thaﬁ the difference in average day of conception (= 4 days) bétween
control aqd treated cattle. Alternatively, it is posgible that this
discrepancy was due to grea;ment effects.

Comparativg breeding costs for the 10 day PGFZa (PGF2a - 10) and

21 day control (C-21) systems are deﬁicted in table 17. Total cost

and costs per cow exposed, per pregnant cow, and per calf weaned for




compared to $2045.25 in PGF

" higher for PGF

89
semen, labor, and PGFZa (PGF2d~lO only) were calculated. Of 279

control cattle there ‘were 178 inseminations in the first 2i days
resulting in a total semen cost of $1201.50 (178 X $6.75'='$1201;50)

2a~10 (303 inseminations X $6.75), in- .

dicating that total semen costs were 46 percént higher in treated
cattle. Semen cost per cow exposed ($7.41 vs. $4.31), per pregnant
cow ($19.11 vs, $12.02), and per calf weaned ($21.53 vs. $12.91) was

2a—10 than for C-21, with semen costs representing 59.3

and 70.4 percent (table 18) of the total cost of the PGF a—lo énd Cc-21

2

systemS,.fespectiver. ﬁigher semen costs are inherent with the

described PCF, system because all cattle (276) were inseminated at

20,

least once by day 7 and a considerable number (27) of repeats (re-

_sponding cows bred too early) on days 8 through 10 were required.

These data suggest that semen cost of the BGF system may be a pro-

20
hibitive factor when compared to the contyol system at the cycling
tates observed in thiS'study (= 55%) and that producers could reduce
semenn costs by elimination of the 80—hcurlnonestrus breeding and by
breeding only those cattle exhibiting estrus., This would reduce or
eliminate semen'wastage due to insemination of both noﬁcyéling cattle
and those bred too early due to variation in the interval to estrus
onset. Total labor cosé for PGdeﬂlo ($336.00) was 33.3 percent less =
than that fér C-21 ($504.00) due pfimarily to reduced total man=hour

requirements.' Since total labor cost Was_reduced in the synchronized
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system, labor cost per cow exposed ($1.22 vs. $1.81), per pregnant cow
($3.14 vs. $5.04), and per calf weaned ($3.54 vs. $5.42) was also
.less, with labor cost representing 9.8 and 29.6 percent (table 18) of
the total cost of the PGan—lO and the C-21 systems, respectivély.

The estimated total man-~hour requirements for PGFZa—lO'(llZ) and G-21
(168) in the present study afe similar to those reported by Donaldson

(1980) for a 10 day PGF system (100) and a 21 day conventional

2a
system (174). 1t is realized-;hat absolute man-hour requirements an&
laﬂor cost per hour employed in this study are not applicable for ail '
production situations due to a multitude of variables, but the com-
parative relatibnship between systems indicateS'tha£ total labor
requirements and associated coéts are less in a 10 day PGFZa

versus a 21 day conventional system under the assumptions of this

system

study. Two hundred thirty-six of the total group'in the PGFZa-lo

system received PGF2Q resulting in a cost of $1062.00 (236 X $4.50 =

$1062) representiﬁg 30.9 percent (table 18) of the total ¢ost. Total
breeding cost per treafed cow ($12.48) was more than double the cost
for control ($6.12) cattle.

Breakeven selling price/pouﬁd required to recover the additional
breediné cost per cow exposed at the average pregnancy rate (37.3%) of

the PGF —lb and C-21 systems is shown in table 19. Pregnancy rates -

2q

of PGF, -10 (38.7%) and C-21 (35.8%) were averaged (37.3%) to faci- .

litate calculation and was considered appropriate since the difference




‘ assigned for each system, which was 5.4 pounds in favor of the PGF, -

91
between systems was not significant (P > .10, table 15). Average

weaning weights of calves from the two systems were multiplied by fhe

average pregnancy rate to .arrive at pounds of calf weaned per cow

20,
10 system. The additional breeding cost per cow exposed (12.48.— 6.12

= $6,36) in the PGF a_lb system was divided By the additional pounds

F

‘of .calf weaned per cow exposed .(5.4) resulting in a $1.18/1b breakeven

seliing price. This indicates ﬁha; it would not be fossible to re-
cover additiongl breeding cospslgf the PGannlo'systeﬁ at -the preg-
nancy rates’achieved (37.3%) unless calvés could bé sold at $1.18/1b.
T;ble 20 and-Figure A.1 depicts breakeven selling price fequired-to
recover additional breeding costs ($5.25, $6725, and $7.25) per cow at

various pregnancy rates based on the actual difference in weaning

. weight of calves from the two syétems. This is an extrapolation from

‘methods and. results shown - -in table 19. These data demonstrate that as

pregnancy rate of treatéd cattle increases, there is a‘éoncomitant
aecrease in,fhe breakevén‘selling price per pound of calf at a given
additional breeding cost'when'weaniﬁg:wéight advantage of.célves is
14.3 pounds/calf. At the average pregnancy rate (37.3%) achieved in |
this étudy, b?eakéven selling price fof cal%es was $0.97, $1.16, and
$;;34 for additional bfeeding costs per cow of $5.25, $6.25, and $7.25,
respectively. Iﬁ_order to ‘increase pregnancy ra;es with the described’

PGF, -10 system, producers will: be Tequired to adjust management
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" factors conducive to an increase in percent cycling prior. to the

brge@ing season. Additionally, producers will 1ikeiy be able ‘to

reduce the additional breeding cost per cow énd thus reduce Bréakéven -

selling.priées by élimination of the nonestyps{ 80-hour éppoiﬁtment

breeding and iﬁsémination of énly those cows observed in estrus.'
Figures A,2 through A.6 depict expected rétﬁrns per éreatgd cow

at variouslpregnancy rates when additional breeding_costs éer cow

(85.25, $6.25, and $7.25) and calf prices (50,:60, 70; 86 and 90 cents

per pound).vary; The formula used to arrive at expected returns wés::

PWR-C = ED

where P selling price per pound

W = difference in weaning weight
(constant at 14.3 1bs)

R = pregnancy rate
C = additional breeding cost
ED = expected returns per treated cow

As might be expected, these data demonstrate that increased pregnancy

_'rates, increased calf prices, and decreased. additional breeding costs

elicit a positive effect on regurns per treated cow. When the vari-
able for éalf selling price was 50 cents/ib (figure A,Z), very little
opportunity for préfit was possible even ét the lowest ($5.2§) ad- |
ditional breeding cost, with a minimum pregnancy rate of f& percent - ‘
réquifed‘to recover that cost. When additional costs were increased

to $7.25 péf cow, even a pregnancy rateé of 100 percent would not allow

N
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recovery of breedlng costs at 50 cent calves.. HoweVer,'incréasing

calf prlces to 90 cents/lb (figure A. 6) increased the opportunlty for
profit, w1th minimum pregnancy rates of 41, 49,'and 57 percent re-
quired to recover éddifional breeding costs per cow of $5.25, $6.25,

and $7.25, respecti§ely. .The impact:of,higﬁep priced calves (90 vs.'.
70 and 50 cenfs/lb) ét'all pregnancy rafes‘and éddiéioﬁal costileyelé
gn feturﬁ/;ow is dep{cted in figure A.7, which is é composite 6f figures
IA.2,‘A.4,'and AL6.‘ This data illustrates that,';long with increased
abgolute returﬁs, rate of return/cow incfeases és'calf prices in—

crease.




Chapter 8

Conclusions

Assessment of. the feasibility of PGF, synchronization/AI pro-

2q
grams for commefcial‘beef herds must include the overall effect of a
'éqntrolled breeding program in a given operafion. As'with any en— |
deavor, there are trédéoffs involved in implemeniation of an estrous
-synchronization program. The present étudy indicatediﬁotential for
increased weaning weight of calves with a single injection PGFZ&
system due to significantly higﬁer pregnancy rates in the first ten
days of breeding when compared to controls. However, breeding costs
per cow were FWicehaslhigh fqr treated cattle due to diug and seﬁen

requirements for the described PGF, system invol&ing appointment

20
_breeding, despite reduced’ total man-hour requirements and assoéiated "
labor costs. Percent cycling, resulting pregnancy rates, and ad- N
ditional bféeding costs aiong with calf prices were emphasized as
factors affecting short~term economic fgasibility of the‘describea
PGFZa system; Resul;s sﬁggest that when calves ;re selling fbr*lesé
than‘60.cénts/lb, the opportunity for piofit from the ﬁse of the ‘10

day PGF, system even at high prégnancy rates (80 to 90%) is extremely

20,
limited under the assumptions of this study, The minimum pregnancy
rate required to breakeven at highest calf prices (90 cents/1b) and

lowest additional breeding cost pér cow ($5.25) was 41 percent.

' Bailie and Dury (1976) reported that pregnancy rates of 40 percent or
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more would be necessary under most commercial conditions to make
PGFZa—synchronizétion fgaéible. ‘Producers can'reduce breeding costs
by insuring that cattle are'cycling prior to tréatmenf and can further .
;educe costs Ey inseminating only those cattle showing estfus fol-
lowing ?GFZG (Smith and McMillan, 1978; Adkins, 1980). Identification
of esfrous c&cling égttle prior to treatment may be accomplished by
observation of herds for a minimum of‘21 déys prior to treatment,
which may involve.sﬁpportive use of gomer bulls fi;ted &ith chinball
markeré and/or various detection aids,_and by rectal palpation to
determine cattle with a functional CL. Palpation reportedly reduées
total cost of PGFZa syﬁéhronization (Canady and Copeland, 1978;

Adkins, 1980), but effectiveness is liﬁited by technician expertise
and CASt per cow. Furthermore, it-has been reﬁorted thaf palpation of
Aa corpus luteum iﬁmediately prior to breeding did not pfove that
cattle were regularly cycling, with evidence of corpﬁs.luteum fér-
mation in prepubertal heifers and postpartum cows before the oc-
currence of first-estrus (Miller, 1979 aﬁd Donaldson, 1980).

It is recognized that the cost assumptions employed in this study
are nof applicéble for éll situations because of the variability in
semen and labor costs. The labor cost (3.00/ﬁr) may‘be an uﬁder-
estimation for many producers, but this cost was based on the as-

sumption that estrus detection and insemination would be performed by

existing on-ranch help. As labor costs per unit time increase, the
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difference in labor gbst in favor'of the PGan system versgg conven-—
tional AI would be expécfed to increéée due to a substantial savingé
in'fotal mgn-hour_feqﬁirements based on the results of this study.
Furﬁhermore, produce;s will have oppgytunity to devote time and effort
to other éreaé.éf préductipn due to-reducea nuﬁBer of days work re-

.quired with a ten day PGan systém versus a conventional 1§pgth AI
program. | |

Handling of éow—calf pairs under range conditions is an imporfant
asPect when éénsidering implementaEion of PGan synchronizat;éﬁ.

" Cattle in siﬁgle—injeépion synchronization programs have to be handled
a minimum of one extra time when compgred'to conventional AI, and more
so if a double injecéiqn system and/or appointment breeding is uti;
lized. The negative effects of fhese éxtra handlings have not been
adequately investigated Qith regard to cow and calf performance.

Thefe is some evidence indicating. that "chﬁte stress" énd stress-—
reléted blood parameters (i.g. corticoids) may suppress: estrus (Hardin
et al., 1980) and reduce fertility (Cumming et al., 1976) following -

prostaglandin treatment.. PGF, -synchronization systems that minimize

2a
'.handlings of suckled cows may result in better performance, and will
be easier on man-and ﬁéast. |

| The pegk fééponse.period following ?GFz& reduires'optimal con;:
ditions for efficient heat detection, - Pfodﬁcers makinglthe transition

from conventional AI fo synchronization/Al may have to adjust pas-
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tures, facilities, and their own expectations to facilitate estrus
détection of responding cows. Since softing during peak fespénse may
be difficult; produ;efs_may want fo hold cows in small pastures or
drylot at this time. Herd size and temperament of cattie will dictaté
necessary changes;

Producers have expressed concern regarding labor intensity at
calving following successful synchronizagion programs. Due to vari-
ation in gestation length, cattle conceiving on a given day will calve
over a ten to fourteen day period, with a maximum of 25 percent
calving on any oﬁé day (Ruttle and Dunn, 1980). 'Estrous synchfbni—
zation may actually increase the efficiency of labor during ﬁeak.
calving periods if adequate breeding records are maintained.

Successful estrus synchronization with PGF, and potential for

2a

increased weaning weight can not be obtained without an important

prerequisite: estrous cycling cattle. This has been emphasized
time and again in the literature and was reiterated in the present
study. The semen wastage encountered with appointment breeding

following single PGF o treatment observed in this study and others

2
(Donalasoﬁ,1977b and Dailey et al., 1979) suggests that breeding

only those cows in estrus may be more cost efficient for producers

who choose to use a ten-day system.
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TABLE 1

Estimated Cycling Rates (%) Based on Estrus Detection Rates
in Control (21 days) and PGF (7 or 8 days) Systems

Treatment

Breeding Group : : 21 Day Control 7 or 8 Day PGF;&Z
1975 Heifers (74/120) 61.7% (62/112) 55.32
1975 Cows (98/159) 61.6° (72/164) 43.9"
1976 Cows ‘ (129/202) 63.9% . (104/202) 51.5°
1977 Cows (53/94)  56.42 (60/88) 68.22

Pooled . (354/575) 61.6> - (298/566) 52.7°

'17 day response .in 1975; 8 day response in 1976 and 1977.
2See text for significant year differences.

a’bMeans within rows bearing different: superscrlpts are significantly
different (P < .01).




101
TABLE 2

Cumulative Insemination Rates (%) at Day 8 or. 9 of Breeding

for Control and'PGde—Treated Cattle Bred at Observed Estrus
Treatment
Breeding - . Day Control- PGFéd

1975 Heifers '8 (26/120) 21.6° (62/112) 55.3°
1975 Cows 8 (39/159) 24.5° (72/164) 43.9°
1976 Cows 9 (62/202) 30.7° (104/202) 51.5°
1977 Cows . 9 (35/94)  37.2% (60/88)  68.2°
Pooled . (162/575) 28.2° (298/566) 52.7°

lSéé text for significant year differences.

‘a’bMeans within rows beariﬁg different superscripts are significantly

different (P < .01) g




" AT First Service Conception Rates!

_'TABLE»j

(%) for Control, Treated Cattle Bred at Estrus
(PGF94-E), Treated Cattle Bred Non-Estrus (PGFyy-80), and

~All Treated Cattle (PGF —System)

Breeding Group ' Confrol PGF2a4E PGFZa—SO ' ' PGan—System
1975 Heifers  (46/76) 60.5%.  (38/62) 6173% (6/50) 12.0°  (43/112) 38.4°
/1975 Cows (65/111) 58.6%  (44/72) 61.1% (8/92)  8.7° . (52/164) 31.7°
1976 Cows (96/140) 68.6>  (64/104) 61.5% (13/98) 13.3°  (77/202) 38.1°
1977 Cows (21/35) 60.0%  (39/60) 65.0% (6/28) 21.4°  (45/88) 51.1%
‘Pooled (228/362) 62.9%  (185/298) 62.1%

(33/268) 12.3°

(217/566) 38.3°

1See'text for significant year differences.

© a,b,c

*“Means within rows bearing different superscripts are significantly different (P < .01).

201
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TABLE 4

Repeat Inseminations- (%) at 104 to 168 hour'Posf—PGF2
' in Cattle]Brgd'Nonestrus at 80—hou:'Post—PGF2a o

No. .Bred - No. Repeats

. Breeding Group Nonestrus @ 80-hour = @ 104 to 168-hours ' Percent

1975 Heifers - 50 - ) 7 14,0
1975 Cows . 92 L a 26.1°°
11976 Cows R Y A X

1977 Cows 28 10 35.7°

Pooled L7268 - ss 2167

a,b,é

meaﬁs withéut a common:supérscript_are different (P < .10)




TABLE 5

lSee text for significant year differences,

b,
a,b,¢ dMieans w1th1n TOWS bearlng different superscripts are significantly dlfferent

(P < .10

Total Repeat Inseminations (%) for Controls, Treated Cattle Bred at Estrus (PGF2 -E),
Treated Cattle Bred Nonestrus at 80-hours (PGF,,—80) and .
All Treated Cattle (PGF &—System)ADurlng 25 days of. AT
. ' T AT . g 1
. Breeding Group Period Control PGF, -E PGF, -80" - PGF, -System
) ] 20 20 20 :
(Days) _ -
1975 Beifers - 25  (2/120) 1.7% (5/62) 8.1° (10/50) 20.0° (15/112) 13.4°¢
1975 Cows 25 (6/112) 5.4%  (8/72) 11.1°  (44/92) 47.8%  (52/104) 31.7¢
. 1976 Cows 25 . (5/202) 2.5% © (8/104) 7.7°  (26/98) 26.5°  (34/202) 16.8% .
. . .. h . ) &




TABLE 6

Cumulative ?regnancy Rates (%) at Day 10, 25, and .32 and
Total Pregnancy Rates for 1975 Virgin Heifers

Treatment PR10 PR25 PR32 TPR:
Control (18/120) 15.0%  (48/120) 40.0%  (56/120) 46.7%  (82/120) 72.5%
PGan.System . (46/112) 41.1b (54/112) 48.2% (69/112) 61.6b (87/112) 77.7ab
bred at ‘

observed estrus (38/62) 61. 3% (43/62) 69.4b (49/62) 79.0°

bred nonestrus

@ 80-hours - (8/50) 16.0%

(11/50)- 22.0°  (20/50) 40.0°

(54/62) 87.1

b

(33/50) 66.02

1

a

TPR = Total Pregnancy Rate in 45 days.

’b’cMeans within columns bearing different superscripts are significantly different

(P < .05). : :

G0T




TABLE 7

Cumulatlve Pregnancy Rate (%) at Day lO (PRlO), 25(PR25), and 32(PR32)
and Total Pregnancy Rate for 1975 Cows

. Treatment * PRIO - PR25 PR32 - PR
Control (27/159) 17.0%  (67/159) 42.1* - (80/159) 50.3%¢ (113/159) 71.1°
‘PGFZa System (62/164) 37.8°  (76/164) 46.3%  (96/164) 58.5%  (133/164) 81.0%

bred at ‘ . _ . ' o o o
observed estrus (44/72) 61.1 (49/72) 68.1 (55/72) 76.4 . (65/72) 90.3"
bred nonestrus ' co a . : Y T c L .

@ 80-hour (18/92) 19.6%  (27/92) 29.3°  (41/92) 44.6° (68/92) 73.9°

‘ Lrpr =.totél pregnancy rate

a,b,c,
. (P < .10).

in 45 days.

dMeans within columns bearlng dlfferent superscripts are

significantly different

90T




TABLE 8

Cumulative Pregnancy Rate (%) at Day 10 (PR10), 25(PR25), and 32(PR32)
and Total Pregnancy Rate for 1976 Cows

Treatment

PR10

- PR25

PR32

TPR;

Control

_PGan System

bred at
observed estrus

bred nonestrus
@ 80-hour

(57/202) 25.2

(86/202) 42:6°
(65/104) 62.5%

(21/98)y 21.4%

a

(32/98)

(99/202) 49.0%

(101/202) 50.0%

(69/104) 66.3?

32.6°

(122/202) 60.4%

(136/202) 67.3%°

(78/104) 75.0

a

(58/98) 59.2

. (67/98)

(146/202) 77.2°

(151/202) . 74.8%

(84/104) 80.7%

68.4°

1

TPR = total pregnancy rate in 45 déys._

a’b’cMéans within columns bearing different superscripts are sigﬁficantly different

(P < .05).

LOT
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TABLE 9

Cumulatlve Pregnancy Rate (%) at Day 10 (PRlO), 25(PR25), and 32(PR32)
and Total Pregnancy Rate for 1977 Cows

' Treatment ' PR1O PR25 PR32 TeR*
" Control - : .(27_/94)'28.7_a (58/94) 61.72 (68/94) 72.3%  (83/94) 88.32
5 SYStem | (48/88) 54.5° © (59/88) 67.0%  (72/88) 81.8%°  (83/88) 94.3%
bred at b ab Q.

observed estrus  (39/60) 65.0

bred nonestrus _ a
at 80-hours (9[28) 32.1

| (44/60) 73.3°

(15/28) 53.62C

. (51/60) 85.0°

- (21/28) 75.031

- (26/28) 92.9

(57/60) 95.0

a

1

~a,b,c
(P < .10).

_TPR =‘£otal pregnancy- rate in 57“dayé.-

*“Means within columns bearlng dlfferent superscrlpts are 51gn1f1cantly dlfferent

80T




- TABLE %0

Cumulatlve Pregnancy Rate (%) at Day ‘10 (PR10), 25(PR25), and 32(PR32)
and Total Pregnancy Rate (TPR) for Pooled Years

Treatment R PR10 - ‘_ PRQS : PR32 ,TPRl :
Control '(123/575) 21.4%  (272/575) 47.3%  (326/575) 56.7%  (439/575) 76.3°P
'PGFZQ System  ©  (242/566) 42.8°  (290/566) 51.2%  (373/566) 65.9°  (454/566) §0.2°

bred at

. observed estrus (186/298) 62 4 (205/298) 68.8° ~ (233/298) 78.2°  (260/298) 87.2°

bred nonestrus : a o c .. a. . b
at 80-hours (56/268) -20.9°  (85/268) 31.7 _i/(l40/268)“52.2 (194/268) 72.4

:lTPR_é See text for significant year differences.

. a,b,ce

"’ Means within columns bearlng dlfferent superscrlpts are 31gn1ficantly d1fferent
(P < 10)

60T
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TABLE 11

Average Day of Conception for Treated and Control Cattle
(Yearly Trials and Pooled)

_Average Day of Conceptidn (poc)

. Control ' - Treated
Breeding Group ' NO. . DOC: NO. DOC
1975 Heifers  ° . . 87 238 g7 18P
" 1975 Cows 113 30 133 18
1976 Cous 16 19® 151 16°
1977 Cows - 83 - 20 83, b
Pooled o 439 213 454 189

bMeans (DOC) within rows bearing dlfferent superscripts are signi—

ficantly different (P < .05).
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TABLE 12

CuﬁulativeiPrégnanqy Rates (%) at Day 10(PR10), 25(PR25) and .
" 32(PR32) and Total Pregnancy Rate (TPR) Based on.Values
Observed in Year Two After Two Year Sequential Treatment.

Data’ Treatment . PR10 PR25 PR32 er’
~ Component *  Sequence (No.) ¢3) (%) % . (%)
1975-1976 e 88' 26,12 47,7 . 56.8% 75,0
C T 83 42,12 48,1 66.35,  72.3
$$ 132 . gg.gb 49.4 61.6 76.8
| .6° 48,5 69.3 75.2
1976-1977 cc 50 27.52  69.9 ., 79.9 92,52P
: CT 33 54.5) 66.6  84.8 196.92
C 25 20.07  56.0 67.9 84.0.
T 30 60.0° " 73.3 83.3 96.6
Pooled cc 128 26,67  54.7 64.1 80.5
CT 116 45.7) - 53.4 71.6 79.3
TT 131 43.5° 54,2

lTPR_ Total Pregnancy rates in 45 (1975 and 1976) and 57 days
(1976 and 1977)

a,b,c

superscripts are significantly different (P < .10).

2See text for significant data set differences.

®Means within columns for specific data components with different
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TABLE 13

Average Weaning Weight (kilograms) Per Cow Exposed For

Breeding and Per Cow Weaning a Calf in Year Two

Datal

Treatment

.WW(kg)per WW(kg)per cow

Component Sequence . . (No.) Cow Exposed (No.) Weaning a Calf
1975-1976 cc 88 130.1 61 175.6

- CT 83 115.7 51 182.5

TC 99 126.0 65 181.9

TT 101 132.2 67 183.8

EMS® 7450.2 845.8
1976-1977 cC . 40 159.8 31 .193.9

CT .33 180.8 29 197.0

TC 25 143.5 17 188.9

TT 30 167.3 24 201.2

EMS® 6099.2 963.4
Pooled " cc 128 137.3 92 181.0

. CT 116 133.2 80 185.4

TC 124 131.6 82 184.8

TT 131 141.3 .91_ 186.6

EMS® - 7103.9 - 950.0
lSee te#t for significant data differences.
aEMS = Error mean square; DF 1975-1976 = 367,240

DF 1976-1977 = 124,97

DF Pooled

491,337
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TABLE 14

" Two-Year Total Kilograms (kg) Weaned Per Cow Exposed

and Per Cow Weaning a Calf

aEMS = Error meén square; /
- ‘ : - DF 1976-1977

See text for significant data set differences.

DF.1975-1976

DY Pooled

"

367, 240
124, 97
491, 337

Data1 Treatment Kg Weaned Per Kg Wéane& Per
‘Component Sequence (No.) Cow Exposed (No.) Cow Weaning a Calf
' 1975-1976 cc 88 304.9 F 6L - 363.1
cT 83 . 296.4 51 368.8
TC 99 302.8 65 366.9
T 101 304,2 67 374.0
eMs? - 11110.8 - 2449,2
1976-1977 &G 40 322.9 31 378.3
CT 33 . 358.1 29 380.7 .
TC 25 317.6 17 373.8 -
TT " 30- 346.7 24 388.8
ms® 9893.4 . 2488.5 -
Pooled cC 128 308.7 - 92 367.3
CT 116 312.9 80 372.2
TC 124 307.7 82 369.4
T 131 314.9 91 378.3 -
ms? 10802, 9 2460.5
1
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TABLE 15,

Average Day of Conception and Pregnancy'Ratel'(%)-of Cattle in a
10 Day PGF, | (PGdeflo) Versus 21 Day Control (C-21) System

- Average
Treatment No Day of Conception - Pregnancy Rate (%)
e21 . 100 10, 84% . (100/279) 35.8%
PGE, 10 107 6.62° © (107/276) 38.7%
lppegnancy Rate = No. Pregnant ____ ¢ 109

_ Total Number Assigned

a’bMeans within average day conception column afe significantly

different (P < .01).
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TABLE 16
Average Age at Weanlng'(days) and Average Weaning Wéight

of Calves (kg and 1b) resulting from PGF,; (10 days) and
' . Control (21 days) Systemsd

Average Weaning Weighf

Agé'at

Treatment N .- Weaning (Days) - ' Pounds o _ Xg |
c-21 93 . 208.1% 437,60 198.9°
PGF, -10 95 215. 8" 451.9% ' 205.4¢

25PMeans within age at weaning column bearing different superscripts:
are significantly different (P < .01).

¢s%eans w1th1n weanlng weight columns bearing d1fferent superscrlpts
are 31gn1f1cantly dlfferent (P < .10).




TABLE 17

Breeding Costs (Total, Per Cow Exposed, Per Pregnant Cow, )
~and Per Calf Weaned) for Control (C-21) and PGEéu (PGF2 ~10) Systems

Cost Pér

. Cost Per

Total

. Cost Per . -
Cow Exposed Pregnant Cow Calf Weaned-
Total . - ’ '
. System Cost ‘No. - 8 ~ No: .S No. ~ §
c-21 _ . .
Semen ©1201.50° 279 4.31 100 12.02° 193 12.91
Labor 504. 00 279 1.81 100 5.04 93 5.42
Total 1705.50 6.12 . 17.06 18.33
PGF, ~10 o -
" Semen 2045.25 276 7.41 107 19.11 .95  21.53
. Labor 336:00 276 1.22 107 3.14 95 3.54
PGFoy 1062.00 276 3.85 107 9.93 | 95 ~ 11.18
3443.25 12.48 $32.18 36.25

9TT
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TABLE 18

Semen, Labor, and PGFy Costs.as a Pefcentage of
Total Cost(%T). for PGan-lO and C-21 System

, - Semen " Labor . PGFy; -
System  Total Cost  Cost(3) 4T Cost($) 7T Cost($) 2T

c-21 1705.00 1201.50 - 70.4  504.00 29.6 - -

PGF, -10 . 3443.25 2045.25 59.3 336.00 9.8 1062.00 30.9
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'TABLE 19 '

. Breéakeven Selling Price Per Pound Required to Recover Additional
Breeding Costs of PGF, ~10 System at 37.37% Pregnance Rate.

: Avérége - ‘ Averagel . Pounds Calf Weaned
Treatment Weaning Weight . Pregnancy Rate . Per Cow Assigned
PGF, 10 451.9 - .373 . ~ 168.6
o : . _ _
c-21 437.6 373 . . 163.2
o ‘ . 6.36
5.4 1bs/cow weaning weight advantage = W =-$1.18 .

$6.36/cow additional breeding cost

-lAverage Pregnancy Rate = Average of PGFZu—lo and C-21 Systems (see
text). . ' ' ' '
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TABLE 20

Breakeven Seillng Price Per Pound of Calf (P) Required to Recover
Various Additional Breeding Costs Per Treated Cow (C) at Various
Pregnancy Rates

Pregnancy "Additional Pounds

where C

additional bfeeding cost.

P($)
Rate Weaned /Cow . @ C=5.25 @ C=6.25 - @ C=7.25
100 14.3 .37 4 .51
90 . 12.9 V41 .48 " .56 .
80 114 .46 .55 .64
70 10.0 53 .63 .73
60 - 8.6 .61 .73 .84
50 7.2 .73 .87 1.01
40 5.7 +92 1.09 .1.27
30 4.3 1,22 1.45 1.68
20 2.9 1.81 2.16 . 2.50
lpreakeven Price (P) =
) WR

W = average increase in weaning weight/cow.'
R.= pregnancy rate
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20 30 40 50 60 70 80 90 100
PREGNANCY_RATE_ (1)
Figure A.1 Breakeven Selling Price Per Pound of Calf

(P) Required to Recover Additional Breeding
Costs Per Treated Cow (C) at Various
Pregnancy Rates.
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16 |

+5 4
+4
C1-5.25
c2-6.25
+3 Cq=7.25
0% = Breakeven
+2

Z’(‘1 30 40 ')'U 6;) /0 80 90
PREGNANCY RATE (%)
Figure A.2 Expected Returns Per Treated Cow at Various

Pregnancy Rates and Additional Breeding Costs
When Calves Sell @ .50/1b.
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46
+5
+4
Cl-S. 25
+3 C2-6. 25
€y=7.25
O* = Breakeven
+2
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|
i
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-5
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7;1 30 40 50 60 70 80 0
PREGNANCY RATE
Figure A.3 Expected Returns Per Treated Cow at Various

Pregnancy Rates and Additional Breeding Costs
When Calves Sell @ .60/1b.
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Cl-S.ZS

C,=6.25 1

) C3'7.ZS

O* = Breakeven

-6

20 30 Y0 50 60 10 80 Yo

PREGNANCY RATE (X

Figure A4 Expected Returns Per Treated Cow at Various

Pregnancy Rates and Additional Breeding Costs
When Calves Sell @ .70/1b.





















































































