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ABSTRACT-
r' 

Pb.D. Rajadur~i Rajamahendran Animal Science 
(Reproductive 

ROLE OF .OVARIA~ STER.OIDS -ON Physiology) 
EST RUS CONTROL IN BOv.I:NE 

A simple and inexpensive vaginal device consisting of ' 

silastic tubing containing progesterone and estradiol-l7~ was 
c 

develoP7d to control estrus ,in cycling heifers. More than 90% 

of the beifers retained the device and_t~ere was precise syn-

chronization of estrus after removal. 

Effects of silastic vaginal device containing either 

estradi~1-l7~, pro~,sterone or progesterone + estradiol-17~ on 

estrus and LB relea~e were studied in six ovariectomi~ed heifers. 
. . 

Results showed that progesterone blocked estro~en induced estrus 

and LH release. 

Influence of progesterone priming on induction of puberty 

was studied in 32 beifers. The results demonstrated that pro-

gesterone pretreatment increased the re~nse to an ovulatory 

stimulus. 

~ffects of silastic vaginal devices containing either 

progesterone, progesterone + estradiol-l7~ or no steroid on , . 

progesterone and' estrogen éytosol receptors in target organs 

were studied in Il prepuberal he~fers. A significant decrease 

in:~terine estrogen receptors occurred in steroid treated 

heifers. Specifiè proge'sterone and est~ogen recepto,rs wer~ 

dembnstrated in anterior pituitary and hypothalamus but no 

difference was observed in receptor. concentrations. 
,-
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~SUME 

Rajadural Rajamahendran 

) 

ROLE DES STEROIDES·OVARIENS SUR 
LE CQN~ROLg DE L' OESTRUS CHEZ" 

LES BOVINS 

~ootéchnie 
(Physiologie <le 

la Reproduction) 
1 

~e contrôlé de l'oestrus chez les g~nisses cycliques a 
êt~ ~valuê grâce ~ un nbu~eau dispositif intrav~ginal simple et 
non dispendieux, fait de tube silastique contenant de.la'pro­
gest~rone et de l'oestradiol-17~. Ce dispositif'a ~t6 retenu 
par pius de 9.0% des suj'ets et, a:pr~s son retra'it., la syndhroni­
zation de l'oestrus. s'est avér6e pr~cise. 

b' • 

Les effets de ce dispositif contenant soit de l'oestra­
diol-17S, de, ia' progest~rone DU en combinaison sur l'oestrus et 
la' secr~tion de LH obt êtê ~tudiês.chez six g~nisses ovariecto­
mis~es. Comme les r~sultaés le montrent, la progest~rone a 
blogu6 l'oestrus induite par l'estrogêne et la ·secrêtion de LH. 
1" ~ 4 

L'influence de la progest~rone sur-l'initiation de la 
pubert~ a êtê analys~e chez 32 çênisses'. Les r~sul tats d~mon­
trent l'a~gmentation de la r~ponse ~ un 'signal ovulatoire sui-' 
vant un p+"~traitement ,avec de la proge13têrone .. 

i , 

.~ , Les effets du dispositif intravaginal soit vide ou avec 
de la progest'êrone, ou de la progest~rone et d',oestradiol-17S 
sur les rêcepteurs cytoplasmiques des organes c~bles pour 
l'estrog~ne et la progestérone ont ~t~ êvaluês chez Il qênisses 
pr6pup~res. One dimin~tion significative dqns les r6cepteurs 
estroq6niques ut~rins s'est rnanlfest~e che~ les sujets traitês 
avec les stêroides. Des r~cepteurs sp~cifiques pour la pro­
gest~rone et l'estrogêne ont ~té trouv~s dans l' aé1~nohypophyse 
et l'hypothalamus. C pendant, aucune diff~rence n'a pu être 
~tablie. dans le Qombr de ces r~cepteurs. 

/ 

/ 

',' 

! 
1 '. 



1 
i' 
1 , 

1 
i 

, 

l , 

, t 

-, 

.~OLE OF OVARIAN STEROIDS ON 
ESTRUS' CONTROL IN BOVINE· 

" 

. , by 

Rajadurai Rajamahendran 

• 

" 

A thesis submitted' to the Faculty of Graduate Studies and 
Research' ~n partial f~lfillment of the requirem~nts,for 

the degree o~ Doctor of Philosophy 

Department of Animal Soienoe, 
Macdonald' Campus of MCGi!'! Univ:ersity, 
Montreal, Quebec;, Canada •. 

'rfil 

o Rajadurai Rajamahendran 

", 

• ' )4 

August 1976 

, ; 

1 
1 
~~ 

.1 
j 
~ • 
j 



• 1 ., 

· Suqqesteq 

/ 
t 
Il 

/ 

\ 1 

/ 
, 

1 

;1 

1 

! r 

, . 
! 

( 

(' 
l' 

" / 
• 1 

short.title 

( 

EST RUS CONTROL 
! 

f 
l' 

/ , 

--
~) 
\..: 

-=--~ 

:... 
"-

'. 

, . 

IN BOVINE 

RAJAH 
,.. 

(} 

) 



" 

~ .. 

.... 
. -

".. 

-il; 
1;'1,' 

\ 

.. 

" 

, 
\' 

" 

'" 

} 
..-. 

DEDlCATEb TO MY MOTHER . . . 

,.-

,'," '1 .... 

" 
J • 

,', 

" 

'11 

\ 

t. 

\. \ 
l 
1 

1 
l 

i 
j 



, . ~ 

: , 

." 
~ 

, ' 

-
u • -

. ' .. 
~C~NOWLEDGEMENTS 

~ ;1., 
. ' 

: - . \ '. 
\ 

'\ 

.' , , 

.:, f 

, . 

l wish to expre~s my ,sincer~,gratitude to my,advis~r, 
~, " • J <, • 

Dr. R. D; Baker, for his.guidance,·encour~gement and criticism ... 
. ." 

-. ,-

", 

during this' research and the p aration~o,f this thesls. 

sp~cl.al apprecl.a t~o ~ ," ate "~xtended to Dr •. l'. Ci. . ? , ~ ,al'IC 

Laguê· for his kind assis~~~~~ 'in' th 'developmé~t' of radiolmmuno-' 
• ,', ~";,-.j • 

assay for progestérone and estradiol-l'7~;" Dr. M. Lis for h~s 
t ... " ,t>" 

........ 
expert 'guidance 

<. 

in, s'teroid bin~:Ung a~say. and br. P.A. Martin 
, 
,\ 

, <. . 
oriti~lsrn in the p~eparatio~ of .t:his tÏlesis., for his helpful 

, 
The gcholarship'qranted'by the Canadian I~ternational 

, ' 
Develop~nt.Agency, study leave from the University of Sri-Lanka 

, ''-' ' ' 

, ", 
and r~search funds from the Quebec Agriculture, Research Council are 

acknowledged wi th thanks. -

• Thanks are also expressed ta rny cplleagues,for their 

'assistance; Mrs. S. Falcon and Mrs. L. boull for their help wi th ' 

horme,ne ana'lysis: Mis. J. Vauthier for typing this thesis; and 

MX. R. ,Channon for the photographs. 

Finally,but not the lea~t, my sincere thanks to ~y wife, 

'. 
Patluna,' for her' patience~ inspiration and excellent figures 

appear-ing, in this thes~s~ / 

vi 

, ! 

! 
l 
l 



. 

" 

l , 
1 

, .. 

, 

~ , 

, . 1 . 
-

~ 

• 1 

. .,. , 
;;. 

• 

". 

t (~ 

Name 

Permanent 
Address 

Date of Birth -

, . 
CU~CULUM VITAE 

Rajadurai Rajàmahe~dran. . -

"Mahes Vasa" t Navaiy South, , 
Manipay, Sri-Lanka. 

JUly 19, 1944 

~lace of Birth - Jaffna, Sri-Lanka 

Marital Statua - Married - two chi14ren' 

. '.-

,1 

/ 
/ 

, ; 

r 

110" ~ f) 
- Formal Education 

, . 

Experience 

March 1969 to 
October 1910, 

Novernber 1970 
to August 1972 

September 1972 
to present' 

Profeasional 
Societies 

. .., 

University of'C~ylort, S~i~Lanka 
B.V.Sc. October, 1968 

McGill University, Montreal, Quebec 
M.Sc. November 1974 

"Governmertt Yeterinary Surqeon, 
'Department of Agriculture, 
Sri-Lanka 

Assistant Lecturer in,Applled Animal Physio~ 
logy, Faculty of Agriculture, -University of 
ceylon, Sri-Lanka. 

Graduate student, Department of Animal Science, 
McGill University. 
Colombo Plan Scholar - on study leave from the 
University of ceylon, Sri-Lanka. 

, , 

Society for the Study of Reproduction 
American Society of Animal Science 
Canadian Soeiety of Animal Science 

vii 

, 

", 

J ( 

.. 



i 
l, 

! 

•• 
, 

; d .. ft' b 1 1 

/ 
. " 

"'')' '. 
Papers Published 

t'J • f • 0 ~; 

Bake;". R.D. and ~jamahentiran, a.,'. i97,3. Induction of estrua 
ovulation and ferti'lit'y in~ prepuberal gilts .by a single 

• -.', 1 -

injection of P1j!S,ç;, BCG, and PMSG.:BCG combina,tion. Can. 
J. Anim •. Sci. f 53: 693:-694 •. 

Rajamabendran, -R., Ï"orgrave, '.L." .Lac:;piê" P. C •. and Baker, R.. D. 
1975. Control of èstruS' in heifera with intr~vaginal 
progesterone devices.'! can. J." Anim ... Sei'., 55: 787. 

" : '""- '" J 

, 

, . Râjamahèndran, R., Bedirian, K.~., Laqu·ê, ,P. C. and' Bake%', R. D. 
1976.' Luteolytic a~tivity of-a synthetic prostaglandin 
a~d PGF2a in, heifera.

1 
p .. rO$tagl.andins~ 2: 14~-lS3 •. 

, . . \ .... ) . . 
. RajainahendraR, 1l.,' Laque, , P. C. and' Baker, 'R.I>. 1976., Plasn:ta 

- 1 

prOgesterone levels in cyclirig .~nd· ,q6nadotropbin­
prostaglandin-ireated helfera.!' can_ J. ~im. Sei., 56: 
37-42. J • 

. ., , 

viii 

5· ., 



" 

-
" • h Il' • L4J4 

• ,. 

TABLE .OF ...cONTENT.S 

ACKNOWLEDGEME~S ........... ., ............. .. , ............ . . .. 
CURRICU~ VITA~ ............. ., ..... -........... ,. ........ . 

n G 

LIST OF TABLES ................................................ 
LIST OF FIGURES .................................... .. .. . . . . -" ~ 

INTRODUCTION ... tI ........................................ " •••••• 

LITERATÙRE RÈVIEW . . . . . . . . . ........ . -.................... . 
E!l{PERlMENTS AND RESULTS ••• ~ • ~ ••••••••••••••••••••••••••• 

'", 

Experirnent 1. Effeet of Progesterone 'prirning on 
Ind'uetion of ES~rus, OVulation and cyclic Activity 
in Prepuberal Heif~rs ••••••••••••••••••• • •••••• 

o 

Int;roduction .......................................... . 
Materials and Methods •••••••••••••••••••••• ~ •.• 
Preparation and Insertion o'f Oevieès ••••••.•••• 
Blood Samples ........................................... . 
Hormonal Treatment.Post Deviee Rernoval ~ ••••••••••• 
Radioimmunoassay for 
Statiatieal Analy~es 
Resulta •••••••••• 

Progesterone •••••••••• . . . . . . . 
.................................. 

\ 
•• ir .............................. . 

Experiment II. Effect of Silastic vaginal Deviee Con­
taining progesterone and Proges~erone + Estradiol~ 
l7~ on Estrus control, OVulation and Fer~ility in 

. 1" 'f Il Cyc .1ng He~ ers ••••••••••••••••••••••••••••••••••• 

Introdu ction .............................. ~ .... _ ..... . 
Materials and Methods ................................. 
Preparation and Insertion of Deviees •••••••••••••• 
Radioimmunoassay for Progesterone and Estradiol-17~ 
Results .................................. . ..... . , 

ix 

) Î 

' ........ &! TI. 1 1 I~ 

t LI .... Ir .. 

/ 

Page 

vi 

vii 

xii 

1 

6 

29 

29 
30 
33 
34 
34 
35 
35 
36 

42 

o 42, 
44 
45 

046 
51 

IR If. mlh~ 

.' J 



1 

\ 

./ 

o 

.-
, . , ~ 1 

" Il r f rt 

!l • 

6 \ 
r; 

Tab~f:! of Contents' (contéi > . 

Experiment ~II. Effect of Silastic'Vaginal·Device 
Containing Estradiol-17~i ~rogesterone ahd Pro~ 
gesterone + Estrad~ol-17~ on Estrus and LH 

11 

" 

Release in OVarieetomized Heif~rs •••.• ~ ••••••••••• 

lntroduction •••••••••• i .. ·'.0 •. • .. • •.• • .. • .......... .. 
~aterials and Methods ............................. . 

, ' .. ~ (1 • \ 

.prepàratio~, Insertion pand Removal of the vaginal 
Deviees.. • •••••.••.•••••••••••••••••••••••••••••••••• 
Blood~Samples and Estrus Det~ction •••••••••••••••• 
Serum Progesterone, ~Estradiol-ly~ and LH Analyses • 
StatiaticaloAnalyses •••••••••• ~.~ •••••••• ~ •• ~ ••••• 

• 'l!! 1 • 
Resu! ts ........................... _ •• , ••••••••.•••••• 

\ 

Experiment IV. Effect of Silastic vaginal Deviee 
Containing Prog'esterone i}nd Progesterone' + Estra­
diol-17~ on the presencè or Cytoplasmic'Estrogen 
and Progesterone receptors in target organs •••••••• 

. -, Introdu ct10n ..................... ~ ................. . 
Materia~ls and ~ethods ............................. . 
Vaginal Peviees .•••••••••••••• J ............... _._ •••• 

Slood Samples and ~strUs Detection •••••••••••••••• 
Steroid Receptor Assay •• i •••••• ~ ••••••••••••••• • J • •• 

Preparation of the cytosol •••••• ~ ••••••••••••••••• 
Binding As say • ~ ......................... ~.n. •••••••••.• 

"Statistical Analyses •••••••••••••••••••••••••••. : •• 
Results ••••••••••••••• ' ••••••••••••••••••••• h ....... . 

DISCUSS ION ..................... le .................. _ ~ •••••••• 
• ~ 1 d (l 

CLAIM OF ORIGINALITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . 
o _ 

REFERENCES • • • • • • • • • • • • • • • • • • • .. • • A • • • • • • • • • • • • • • • • • • • • • • • 

APPENDIX TABLES • v \ 
• • • ~ • • f • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • 

,x 

• 
.' 

\ 
\ 
\ 

Page 

58 

58 
60 

60 
63 
63 
64 
64 

74 
75 
76 
76 
77 
78 
78 
80 
80 

--,----

1. nu 

93 () 

110 

111 

." 



, " 

l, . ' • ,'-

f 
;~.~. 
i;;~ . 
.':,-

t· .). 
1 ... 
,"', 

Table 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

, 0 

.' 
, ,-

LIST OF TAl3LES 

d d 

Mean estrus response, ovulation, !nd serum pro­
gesterone concentration of progesterone primed pre­
puberal heifers to saline, estradiol-l76 (5 mg), 
PMSG (500 ru) and GnRH (100 llg) ....•.•..•...... '" •• 

Effect of stage of cycle at the time of insertion 
of progesterone + estradiol-17a vaginal device on 
estrus response and ovul~tion in cycling heifers •. 

Estradiol and progesterone protein,binding proce-
dure. Assay design .....••.•.•.•....... ~ .......••• 

Variability in serum Ln concentration in preptiberal 
heifers treated with control, progesterone and pro­
~sterone + estradiol-17a si1astic ~aginal devic: . 

Effect of progesterone and progesterqne + estradiol-
176 device treatment on uterine, ovarian, adrena1 
and anterior pituitary weig~ts in prepuberal 

Page 

41 

55 

79 

86 

he ifers ............................................. 88 

Effeet of progesterone and proges~erone + estradiol-
178 va~inal deviee treatment on the presence of 
estrogen and p,rogesterone reeeptor sites in the 
uterus of prepubera l, hei fers .•..•..........•..... : 89 

Effeet of progester9ne and progesterone + estradio1-
178 vaginal deviee' treâtment on the presence of 
estrogen and progesterone receptor sites in the 
posterior hypothalamus of pr~puberal hei~ers .•. •.• 91 

Effect of progesterone and progesterone + estradiol-
178 vaginal device treatment on the presence of 
estrogen and progesterone receptor sites in the 
an.terior pi tuitary of prepuberâl heifers •.••.•.... 92 

9. Effect of progesterone and progesterone + estradiol-
178 vaginal deviee treatment on the presence of' 
estrogen receptor sites in the anterior hypothal-
amus of prepuberal heifers •.••.••••.•.••.•••.••••. 92 

J 
xi 

,. 

o 



" 

" ; 

, 
" 

;. 

" , 

r. 

r, 
(~ . 

. " 

o 

• 

- --
, , 

" ' 

, 

... • • alM 
_____ ~. __ ~~._. ________ ~ ______ n_I __ • __ ......... ____________ .. ,i.U_Il .. 

LIST OF' FIGURES 

Figure 

1. Illustration of devices used in Experiment 1 ..... 
2. Mean serum progesterone before, during and after 

insertion of"a single subcutaneous ("A"r, double 
subcutaneous' (IIB"), vaginal ("C") or Abbott's 
(" D~') progesterone- devices in pJ;epuberal heifers • 

1 

3a. ilastic vaginal devfce cont~ining progesterone + 
;tradièl-17~ and equipment used for insertion of 
he device ...................................... . 

iagramatic representation of the bovine repro­
ductive tract with silastic vaginal device in 
position ... ,. ..................................... . 

~ 

4. Mean serum progesterone before, during and after 
insertion of silastic vaginal device containing 
progesterone in cycling heifers ••••••••••.••••••• 

S. Mean serum estradiol-l7~ (E) and progesterone (p) 
before, during and after insertion OT silastic 
vaginal device containing progesterone + estradiol-
17~ in cycling heifers ••••••••••••••••••••••••••• 

6. Diagramatic representation of'silastic va9inal 
devices containing progesterone, estradio~-17~ and 
progesterone + estradiol-17~ ••••••••••••••••••••• 

7. Mean serum estradiol-l7~ in ovariectomized heifets 
treated with vaginal Gevice containing PFogesterone 

( g~' (::i~a~~~~~:?~ .. (~! ,~~. ~~~~~~~~~~~~.~. ~~~~~~~~:~ 
8.~Mean serum progesterone in ovariectomize~ pe~fers 

treated with v~ginal device containing p~gester.­
one (P), estradiQl-17~ (E) or progesterone + estra-
diol-17j3 . (P+E) ~ ••••..•....••... "' .••.•.••...•.••• -J. 

'9.. Mean, sèrum LB in ovarièctornized heifers treated 
with va9inal device containing progesterone (p), 
estradiol~l7~ CE) or' ptpgesterone + estradiol-17~ 

Page 

32 

38 

48 

48 

S3 

57 

62 

.ç;; 

69 

( P+ È ) •••••••••••••.•••••••••••..•••••••••• ' • • • . • • • • • ' 72 

xii 



.' 

Figure 

10. 

i , 
! 
1 11-

1 
1 
J 
~ 
~ 
r 
~ 

1 
~ 't 

- . 

~ 

, ... -
" , , 

List of Figures (contd) 

Mean serum estradiol-17a in prepuberal heifer,s 
treated with vaginal device containing no steroid 
(Ch 'progesterone + estradiol-176 (P+E) or pro-

Page 

gesterone {P) ... ~ .•..•.•.•.•..... .• -.. , . • . • . . . • • • . .82 

" 
Mean sérum progesterone in prepuberal heifèrs 
treated with vaginal device containing no steroid 
(C), progesterone + estradiol-17e (P+E) or. pro-
gésterone (Pl. .................................... 851 

o 

'J 

• 

. xiii 

" . 

-, 

--

. . 

1. 



- -., , , 
•••• · •• g_h.M .... ____ ~ __ ~ ________________ ~ ________ ~ __ ~,~~ ____ ~ __ .. __ ..................... '1' ' 

0' 

... 

INTRODUCTION 
-, 

The development of artificial methods for regulating the 

estrous cycle in various species of farm animaIs has long been 

a goal of animal physiologists. This regulation of estrous 

cycle or synchronization causes many females to eXhibit estrus 

pn the same day or within"a period of two to three days. Effec-

tive methods for controlling the time of estrus and ovulation 

~ in bovine would have several practical and experimental appli-

cations •. 

Estrus control in bovine will likely find its greatest 

application in the commercial beef operation. The difficult 

task of heat detection while cows are on pasture has practi­

'i 
cally prevented the use of artificial insemination. However, 

estrous ~ynchronization in large groups of cows will result in 

more widespread application of artificial insemin~tion in these 

operations. In the dairy industry estrus control will prob-

ably be used mainly to breed a group of heif~rs on a single 

day. This will enable more heifers to be bred artificially 

and will reduce the number bred naturally, while on pasture, by 

bulls of questionable genetic merit. Increasing the size and 

efficiency of dairy operation has encouraged the practice of 

raising large numbers of replacemerit heifers as a speciallzed 

operation. Development of successful methods for synchronizing ~ 

1 
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estrus is expected to accelerate this trend, since it will make 

it'possible to market groups of beifers bred to calve.on given 

, / ' 
Another important reason.for syn~rO?iZing estrus in 

dates. 

bovine would be to reduce the spread of parturition dates, 

espécially when followed.by methods designed for the induction 

of parturition. This would reduce the labor required for calv-

ing, and would increase the efficiency through the feeding and 
. 

handling of uniform groups of growing and finishing animaIs. 

Specialized raising and feeding areas could aid in the pre~en-

tion and control of disease, especially in young calves. 

One af the rnost important applications of estrous syn-

chronization in the bovine is to increase the efficiency of 

ernbryo ~ransfer. A close synchronizati0n of the estr0uS cycles 

of the,donor and the recipient animal is essential to obtain 

successful pregnancy following transfer. 

Many procedures are available tQ synchronize estrus in 

cattle. Rernoval of the corpus luteum by manipulation of the 

ovary through the rectal wall results in estrus and ovulation. 

This rnethod is not used , 

of adhesions around the 

routinely b')cause of th,e high incidence 

oviduct and excessive haemorrhage after 

removal of the corpus luteum. The other procedure involved the 
, 

use of progestina to prevent estrus and ovulation until aIl 

corpora lutea have regresse~. progestins have been administered 
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in the feed, drinking wate4 as subcutaneous and vaginal tampons. 
, 

Best synchronization res~lts have been obtained by treating with 

human chorionic gonadotrophin, estradiol benzoate or gonado- \ 

trophin releasing hormone after the termination of progestin 

treatment. However, the conception rate following the synchro-

nized estrus are 10 to 15% below that of control animaIs. 

,Recently it has been reported that use of short-ter.m 

progesterone + eâtrogen combination treatment. to synchronize 

estrus in bovine has improved the fertility rates. Further 

work is necessary in this regard to develop a satisfactory 

~ treatment regimen involving progesterone and estrogen to syn-

ta chronize estrus in bovine and become practical to the live­

stock producer. Furthermore, the rolé of progesterone in the 

o 

control of estrus and ovulation in bovine is yet to be identi-

fied. 

The other major approach to ~strus synchronization is 

to cause rapid luteal regression by prostaglandins, particularly 

prostaglandin F2a (PGF2a ). Practical application of.PGF2a to 

synchronize the estrous cycle in domestic animaIs has~een 

attempted in many laboratories. Studies in cattle indicate'''-

that administration of PGF2a between day 5 and 16 of the cycle . 
causes most of the animaIs to come into estrus in about 72 

hours post-treatment. Fertility follo~ing treatment is reported 

to be normal. Double ipjections of prost~glandins F2a given 
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Il or 12 àays apart were able to synchronize aIl heifers, in­, 
cluding those between day 0 and 4 of the cycle. In spite af 

-- , 

4 

/ 
the encouraging synchronization results, PGF2a has known side ,/ 

effects and hence it may not be the drug of' choice for estrus 

synchronization in cattle. 

Puberty is an important reproductive phenomenon in dairy 

and beef heifers. With increased emphasis on breeding heifers 

to calve at two years of age, extreme delays in reaching puberty 

will have a detrimental effect on breeding efficiencY. There 

is increasing evidence that heifers bred ta cal~e'just at two 

years of age produced more calves in their life time than 

those calving first at three years or aIder. To rnaxirnize effi-

ciency and profit, heifers must reach puberty early and be 

cycling during the breedins season, hence induction of puberty 

by hormonal manipulation is indicat~d. 
~ , 

Induction of' puberty in prepuberal heifers will find 

its greatest application in ov~'transfer. It has been shown 

that prepuberal calves respond to superovulation treatrnent 

better than cycling ànd pOst parturn cows~ however, ~he recovery 

~nd fertility ~ate seems to be low. This has been attributed 

to peor reproductive tract development. Therefore, by inducing 
5 

b t · ( . fI" hl' pu er y 1n super~or ema es uS1ng o rmo na treatrnent, 1t may 

be possible to obtain a much greater number of offspring by 
, 

ova transfer. Furthermore, progeny testing of females could 
.. 

• 

/ 

, 
; . 
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be achieved at a much earlier age. 

Many attempts have been made to develop a satisfactory 

treatment, using different cembinations of steroid and gonado-

trophic hormones to induce puberty in prepuberal heifers. To . 
~ 

date, short-term progestagen implant treatment coupled with 

an injection of estrogèn has given the best results. Further 

work is necessary to develop a simple, reliable and satisfac-

tory hormonal treatment to induce cyclic activity in prepub-

eral heifers. 

In the field of research, the hormonal i~duction of 

puberty offers a very useful tool to-study the hormones in-

volved in the onset of natural puberty. Studies on induction 

of puberty and hormonal concentrations at onset of natural 

puberty strongly suggest that progesterone is involved in the 

final events leading te puberty in bovine. The mechanism of 

its action is yet to be determined. 

• 

" 
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Bovine females first exhibit estrus at 8-18 months of 

age- when they weigh about 250 kg. There is a wide range in 

phas'es called proestrus, est"rus, metestrus and di estrus. Pro-

estrus is characterized by'increase in follicle size, thicken-

o ing of vaginal wall and increased uterine vascularity. Estrus 

is a per~od of receptivity to the male and lasts for 18-24 hr 

with sorne variation arnong breeds. ovulation occurs spontaneous1y 

about 10 hr after the end pf estrus (CUpps .!lŒ al., 1969). Met-

estrus is the post-ovulatory phase during which fé rrnat ion' of 

corpus luteum takes place. Progesterone, a hormone sec:c-eted by 

the corpus luteurn, prevents occurrence of further heat periode ... 

Estrus does not occur so long as an active corpus luteum ie 8 

present. Diestrus is the short period of quiescence between 

estrç)Us cycl~s. 

MOst of the early work reported on the control of estrus 

utilized dal1y inj ections of progesterone (Christian and Caslida 1 

6 
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1948; Wi11et, 1950: Ulberg ~ al., 1951; Hansel and Trimberger, 
< 

1952: Dziuk, 1966). The duration of the treatment lasted 13 t 

18 days. About 48 to 72 hrs after cessation of progesterone 

treatment estrus began with ovulation occurring 36 to 48 hrs 

later (Dziuk, 1966). Ne110r and Co~e (1956), in an attempt to 

overcome the practical disadvantages of daily injections, re-
t 

ported that a single injection of 560 mg progesterone in starch 
!' 

emu1s~on, fo11owed in 15 days by a single injection of 750-2140 

lU of equine gonadotropnin (PMS), resu1ted in 90% of the nor-

ma11y cycling heifers showing estrus 1-4 days after PMS injec-

tions. 

A wide variety of petent ora11y active compoun~s inhibits 
fk 

estrus in bovine (Baker and coggins, 1968; Dhindsa et ~., 1967: 

Fahning ~ âi., 1966; Menge and Christian, 1968~ O'Brien and 

Zimb1eman, 1970: Wiltbank and Kasson, 1968; ârtd others). Ora11y 

administered medoxy progesterone 17-acetate (MAP), when given 

dai1y at 1eve1s of 180-200 mg, was effective in inhibiting estrus 

and ovulation (Hansel and Ma1ven, 1960: Dhindsa et al., 1967). 
, --

Chlorrnadinone acetate (CAP) was' equa11y effective wh en only 10-

20 mg was administered daily (Wagner ~ al., '196B). A third 

compound, me1engestro1 acetate (MGA), was even more patent 

ora11y and the. effective dose was as 10w a. 0.5 mg daily (O'Brien 

and Zimbleman, 1970; Roussel and Beatty, 1969: Smith and Zimb1e-

man, 1968). Six-methyl~17-acetoxy progesterone (Repromix) when 
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'fed twic~ daily at a dosage leve1 of 180-400 mg also success-
1 

ful1y inhibi ted estrus (Zimbleman, 1963; Nellor , 1960) • 
j 

High 

cost of feeding ~ormones,. variability in estrQ~s re$Ponse and 

the practical problem of feeding large number of anima1s in a 
'-

8 

herd resulted in oral administrations of hormones being imprac-

tical for the p~oducer. 

A great deal of effort has been expended to develop a 
t ' 

subcutaneous implant or vaginal pessary that would allew for 

passage of constant and continueus amount of progeatagen for 

the duration of the cycle. Dziuk et al. (1968) used silicone 
, --

subcutaneous implants to control estrus in ewéS. The implants 

were i~pr.egnated with melengestrol acetate (MGA) and kept in 

place under the skin ofaxilla for 14 to 45 days. Ninety-five 

per cent of the estrous cycles wère inhibited and 75% of the 

ewes were in estrus between 36 and 54 hours after implant re-· 

Moval. The conception rates and number of Iambe born from ... 

treated ewes did net differ from controls. The use of MGA 

imPlants in cattle have also been reported (Lauderdale et al., 

1972 )." In a group of 32 heifers which had the implant in place 
. 

sub~taneous1y for 14 daysl 87.5% were in estrus two te six 
\ . 

days after implqnt removal. Less precise synchronization was 

obtain~d if the implants were in place for 28 days. Est~s was 

also successfully eynchronized using subcutaneous implants coh-., . 

taininq Norethandrolone (NILVAR) (Wiltbank et:. al.,' 1971) and .. -- , 

-, 

.1 
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progesterone (Roche, 197~). In spite of the high success rate, 

the large surface area required to release sufficient progester-

one to block estrus in cattle does not favour their widespread 

use. 

Robin~on (1964,1965) reported synchronization or estrus 

and ovulation in sheep fol1owing remova1 of intravaginal sponges 
. 

impregnated with 17a-acetoxy-fluoro-11~ hydrQxy progesteronè 

(cronolone). Further work (Robinson, 1967) has shawn that this 

techniquè enables simple and precise control of ovarian func-

tion in sheep. ' The retention rate of. intravagina1 sponges in 

cows and heifers has be~n variable (carrick and She1toh; 1967~ 

Wishart and Hoskin, 1968: Scan10n ~ al., 1972: Sreenan, ~974) 

and is therefore impractical for estrous synchronization in cattle. 

However, silastic vaginal coils containing progesterone have 

been spown to suppress estrus and ovulation in catt1e arid the 

retention rate was reported to be excellent (Mauer ~ al., 1975: 

Roche, 1975) • 

In an attempt to achieve a more precise synchronization 

or and ovulation following progesterone treatment, various other 

hormones were administered afte~ termination of progestin 

treatment. Baker and Coggins (1968) injected 1000 lU of HC~ 

into beef heifers 48 hours after the last 6 chloro-17 acetoxy 

progestero.ne (CAP) treatment and observed no significant effeet 

on the i~cidence of estrus or conception compared to those with 
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c 

CAP alone. Wiltbank ~_ al. (1971) inj~cted 2 mg of estradiol-

17 S into beef hei'fers 24 hours after removal of :implants con-

taining Norethandrolone (Nilvar) and found that 100% of the 

animaIs came into estrus wi thin a 48-hr period and 100% ovulated 

within a 36-hr period after implant removal. Similar synchroni-

zation results were obta,ined by Hansel and4 Schechter (1972) 

using MAP and estradiol benzoate. Mauer ~oal. (19~5) injected 

100 ~~ of gonadotrophin releasing hormone (GnRH) 30 hrs fol1ow-

ing 21-day pro~sterone treatment and observed 90% ovulated ' 

within 69 hrs after withdrawa1 of progesterone treatment: They, 

reported a conception rate equa1 to or better than the same 

number of contro1s fo'llowing proges,terone and GnRH treatment. 
~ 

In spi te of the successful synchronization observed, the 
4-

/ 

ferti1ity rate fo11owing synchronized estr~s was reported to be 

variable and gene~a11y low (Hanse1, 1967; Joh1e, 1972). The 

reduced fertility has been attributed to changes in qua1ity and' 

quantity of cervical mucus (Johnson and Ulberg, 1:965; Hill et al., 

1971), changes in body temperature (Johnson and Ulberg, 1965; 

Long ~ al., 1969'), cha,nges in time required for speim capaci ta-

tion (Lauderdale and Erickso~, 1970), histologica1 changes in 

endometrium (Wordinger et al., '1971), a1tered transport of ova 

through the oviduct (Read and Rich, 1972, change~ in the cyto-

.. 1 h .. ) f 1 ( 
chem~ca c aracter1st~cs 0 granu osa ce11s Kruip and Bra~d, 

. 
1975), high prog~sterone concentration threeCJr four days before 

\ 
,L._I .,~ '~--r-~ ___ • _._-+, ....... , .... __ .-_ •• 11_1 ----... _tIlllWIllll~/Q';Q1t .... 
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synchr.onized ~strus (Henricks' et al., 1970;' Britt and Ulberg, 

197,~) 1 and higher es,trogen" ~~ge at synchtoni,~ed estrus than that 

observed in untreateq, cows at the,tim~ of estrus (Hackett et al., 

1972). 

• o 
Fertil{ty rat~ comparah1e to contraIs was obtained'irt . . 

héifers s;ynchronized by 'feeding, a progestage;n for 9 days and. 
, . 

, , 

injecti,ng e,stradio.~-3.7g. on the 'se~!ond day of progestagen treat-

ment (Wiltbank and Kassan, 1968). Estrogen was àdmi~istered to' 
/ • 1._ 

, cause early regression' (Wiltbank et al., 1961"; Kaltenbach et al., ,-- --, -

1964) progesterone 0 t:o black estrus and oVU1'at.io,n (Hanse1, tl. al., 

Lamond,,/1964) ~ sim1.larly, high fertility' rate has also been 

reported by using short term (9-12) days) subcutqheOUS p'rogestagen' 

10 

implant treatment and an injection of estrogen at i~sertion (Roche, 

. ' 
1974; Wi1tbank and Gonzale'z-l>adi11a; 1975). 

The results with estrogen, progesterone sequential treat-
.. . 

ment are encouragihg. One possibility of overcoming 'the practical 

-. 
problem of using subc~tane9us progestagen implant and an injection 

,-
of estradiol benzoate is to develcip a short term vaginal dev~ge to 

~ , 
"~ , 

release estradiol for the first two 'days of treatment and pro-
. 

gesterone for a period of 9-12 days. " ,,' 

.' 

," 
, ' ' ~ \ 

AnotherO app'roach ta eS,trous synchronization 1S to cause' 

rapid luteolysis b~ prostaglandih F2a (PGF2q ). Administratibn 

of PGF2a to cows between day 5 and 16 of the estrous cycle was 

fo1lowed by a deërease in serum progesterone (Louis et al., 1973; 

... --~,,- -------.l...-_~----'-1:a::-.-,.-~'''::-.~--------------...''''''' .... ' ---

, 
' .. 

" 
~ 
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Rajamahendran et al., 1976) and returned to estrus within 72 

hrs (Rowson ~ al., 1972; Lauderda1e, 1972; Louis et al., 1973: 

Inskeep, 1973: Rajamahendran et al., 1976). The fertility fo1-

lowing induced estrus appears to be normal (Rowson et al., 1972: 

Inskeep, 1973: LaudQrdale et al., 1974). A m~jor prob1em in 

this treatment is that cows in first five days of the cycle do 

not respond to PGF2a • Double injeètion of prostaglandin 10-12 

days apart without reference to previous natural estrus resulted 

in the majorjty of animaIs returning to estrus 48 ta 72 hours 

c 
after the second injection and the fertility based on smaii 

number of animaIs appearect to be normal (Cooper and Furr, 1974; 

Lquderdale, 1974; Rajamahendran and Baker, 1975). 

"1-

Any consideration of the capabilities and limitations of 

estrogen plus progesterone method for cycle regulation needs to 

be prefaced by a consideration of current knawledge of b100d 0 

hormone levels in normal animaIs. Severa1 features of the. 

data relate directly ta èstrous cycle control techniques. 

Plasma lutenizing hormone (LH) concentrations remain relatively 

low during the part of the cycle when plasma progesterone con-

centrations are high and relative1y large peaks of short dura-

. 
ti9n in plasma LH occur at about the time of estrus (Hen~icks 

et al., 1970; Snaak et al" 1971: Echternkamp and Hanse1, 1971). 

o Three peaks in plasma estrogens are seen during the cycle in 

.the cow (aenricks ~ al., 1971; Echternkamp and Hansel, 1971) 

Q 

""4t~·""~-:"""'~---~--_''''--''_''·''·!!'_''''''I.'''M_R •• 1 .... - ____ ....... ____ ••• ' _._ ... ~-__ ... _____ ... a' _.1.7ii1"~, 
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and eaeh peak seems related to a period of aceel~rated follicu-

o 
lar growth. One peak oeeurs early in the .cycle and before plasma 

progesterone levels rise appreciably: another oceurs after plasma 

progesterone declines and is probably a refle~tion of growth of 

the ovulatory folliele. The third peak appéars just prior to 

corpus luteum regression. These data emphasize two things -

(a) the cent,ral role of plasma progestefone levels in control- ~ 
1 

1ing the estrous cycle of normal animaIs; and (b) the possible 
~ 

l 
1 

ro1e of estrogen in corpus 1uteum regression. 
j 

The ro1e of estrogens and progesterone in corpus lutetim 

function in the bovine has been examined by many workers. 

Greenstein et al. (1958) first reported that estradiol inj~ted 

daily on days 2 to 12 inclusive of the estrous cycle caused 

early regression of the corpus luteum. wiltbank et sl. (1961) 

verified this observation and stated that single intramuscular 

injections of as litt1e as 5 mg of estradiol valerate or 25 mg 

of estrone wou1d cause early corpus luteum regression. ~ Re-

cently it has been reported (Lemon, 1975) ~hat estrogens show 

a variety of effects on the bovine corpus luteum depending on 

the stage of the cycle at which they are administered. Luteal 

regression was observed only during luteal phase. Exogenous 

administration of progesterone early in the cycle before pro-

o gesterone rises, also shortens the length of the estrous cycle 

an~ reduces corpus luteum weights in ùhe GOW (Harms and Malven, 

---------------------------7~L··~----~~----~~----.. ~ ...... --......... ~.f ••. 



! - --,. 
, g.II'* •• _J.I1 ...... II!!I!II'!li ___________ '-______ ~~...::....._.:.. ____________ - _______________ _ 

e 

14 

1969: Ray ~ al., 1961: Woody ~ al., 1967). It was observed 
. 

(Hanns and Malven, 1969) that progesterone injection~ had to be 

started on day 1 and continued unti1 day 3 for maximum effec-

tiveneas. If progesterone injections were not started unti1 

day 2, the in~ections had,to be oontinued beyond day 3, in order 
r 

to shorten the cycle 1ength. Woody and Ginther (1968) a1so 

showed that there was greater redu~tion in estrous cycle length ..... 

when progesterone injections were started on the day of estrus 

than when started two days 1ater. 

The sync;hronization of estroûs beh~vipur with ovulation 

ia neeessary for ferti1i~ation and establishment of suecessful 

pregnancy. From extensive studies in the ovariectomized ewe 

(Robinson, 1959: Scaramuzzi, 1968;1971); it is now understood 

that both progesterone and l7~-estradiol play an important 

ro1e in the induction of èstrous bel1aviour. Progesterone priro-
~ 

ing in the ovariectomized ewe has been shown to reduce the 

median 'effective dose of estro~~ necessary to induee estrous 

behaviour (Robinson, 1959), to decrease the time between injee-

tion and onset and to increase the duration of estrous behaviour 

'(Scararnuzzi, 1971)'. H~wever, if levels of progesterone remain 

e1evated at the time of estrogen surge, estrous behaviour is 

comp1etely inhibited (Robinson, 1959: Sport et al., 1973). The 

progesterone b'lock of estrous behaviour ia mQst likely at the 0 

hypothalamic level, because estrousbehaviour can be induced in 
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estrogen-treated castrated fe2a1es regardless of the presence of 

pituitary gland (Astwood"and Dempsey, 1941;'"Dey-et al., 1942). 

Since 1uteini~ing hormone (LH) h~s been often suggested 

to be,the pituitary hormone directly responsible for ovulation 

in the cow, considerable interest oentered on the ro1e of pro-

gesterone and estrogen in the release of La. Several resear-

chers (Howland ~ al., 1971 ~ Hobson and Hansel, 1972; Short et 

al., 1973~ Hausler and Malven, "1976) were able t~ reproduce the 

1 
plasma preovulatory LH surge in the ovariectomized, cow by ad-

- J 

ministration of estradiol. Intramuscular injection of 400 ~g. 

of estradiol benzoate resulte~ in LH sur~e appr~~imate1y 42. 0 

hr post-injection (Hobson and Hansel, 1971). An unpnysiological 

dose of 10 mg l7~-estradi~1 resu1ted in an La surge 20-26 br 

post-injection (How1and ~ al., 1971~ Short ~ al., 1973~ 
o 

Haus1er a,nd Malven, 1976), which may indicate J,that latent period 

to be dose dependent. A large number of similar experiments 

conducted in monkey (Karsch et al., 1971), rat (Ferin ~ al., 

1969) an~ sheep (Gording et al., 1969; Scaramuzzi et al., 1971) 

have given simil~r r~su1ts. 

Additiona1 support for an est~gen stimulated LB release 

can be inferred from plasma estrogen concentrations (Echtern-

kamp and Hansel, 1971; Henricks ~ al., 1971: Christensen et 

Al., 1971) and urinary estrogen excretion values in the cow 

e 
(Garverick ~ .s.!., 1971). Echternkamp and Hanse1 (1971)1 

~- , 
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observed a rise in estradiol and estrone values prièr to estrus 

with the maximum mean valu~ at estrus. A La peak occurred on 

the day of estrus. Henricks ~ al. ( 1971) measured total estro-

gen in samp1es co11ected twice daily four days prior to estrus, the 

~vels are in agreement with the previous investigations. Christ-

ensen ~ al. (1971) also measured total estrogen in bovine b100d 

at ~our-hour intervals and found estrogen levels highest approx-

imately 24 hours before the LH peak. Garverick ~ al. (1971) 

reported an increase in the urinary excretion of estradiol~l7a 

in the"cow'two to three days prior to'estrus with the peak value 

occurring on the day of estrus in most instances. 

The mechanism of action of estrogen in gonadotrophin 

release is not weIL understood. Estrogen increas~s LB release 

in the ewe (Radford,et al., 1969i Caldwell et al., 1970). The 

latter workers provided additional evidence that estradiol was 

essential for inducing the LH surge, sinee animaIs immunized 

against estradiol-17~-hemisuccinyl-BSA did not show any peak 

of ~ fo~~o~ing the' injeétion of l7a-estradiol. "Evidence for 

hypothalamic control of luteinizing hormone via the action of 

luteinizing hormone releasing fa~to~ on the anterior pituitary has 

been reported in the rat (Schneider and McCann, 1970), sheep 

(~eeves ~ 21., 1971)· as w~ll as co~ .(aackett and Hafs, 1969). 

However, the·~~teS of action of estrogen o~ LH re~ease are ·not 
... 

wall defined, but- ~t appears to have- an action on both 
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! 
hypothalamus and anterior pituitary 1evel as indicated by the 

presence of specifie binding s~tes in bath pars distalis and· 

• 
anterior hypothalamus (Kato and villee, 1967) of the r~. There 

is also evidence that estrogen receptors exist bath in the hypo-

thalamus and anterior pituitary. Thus tritiated hexostrol was 

shown to be concentrated ~n the anterior pituitary o~ goat and 

sheep (Galscock and Hockstra, 1969). Although uptake of estro-

gen by the hypbthalamus is quite low relative to that by the 

pituitary, investigation by both biochemica1 (Kata and villee, 

~ 

1967; Parkev and Mahesh, 1976) and autoradiographie methods 

(Stumpf, 1968) demonstrated rec~tpr sites for estradiol in the 

hypothalamus. 

The role of progesterone in the control of estrus and 

ovulation is not we11'defined in the bovine. Earlier studies 

indicate that progesterone may be involved in the induction of 

aS;trous behaviour, LH re1ease and ovulation in the cow. The 

above view i8 based on the presence of progeste~one in bovine 

follicular f1uid near the I,time of ovulation (Edgar 1 1963), while , . 

the injection of 5-15 mg of progesterone at ~he beginning of 
. 

estrus significantly hastened the time of ovulation. Later 

studies (Stabenfeldt et al., 1969 ~ -f.tenricks ~ al., '1970: I<azama' 

and Hansel, 1970; Katangolle, 1974) have failed to establish'a . ' 

preovulatory progesterone rise in the çow. In contrast Ayalon 

and Shemesh (1974) recently reported a preovul~tory rise of 
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plasma progesterone in bovine. 

Exogenous administration of progesterone to cycling cows 

(Hobson and Hansel, 1971) and ovariectomized cows (Short ~ al., 

19931, Hausler and Malven, 1976) did not have any influence on 

blood LH levels. Hansel and Mal~n (1970) suggested that êbe 
"t 

decline in progesterone to less than 1 ngl.ml of plasma is essen-

tial for the occurrence of preovulatory rise in LH in cycling .' 

cows. This is based on the observation in cows with an ex-

tended cyc~e (25 days) where the preovulatory LB rise did not 

oceur until after progesterone values declined below this level. 

The mechanism by which progesterone inhibits ~strus, LH release 

~nd ovulation in the bovine is not clear. It has been observed 

that progesterone will inhibit estrogen mediated LH release in 

intact ewe (BoIt ~ al., 1971), ovarièctomized ewes (Scaramuzzi 

~ al., 1971; Diekman and Ma1ven, 1973) and ovariectomized 

monkeys (Yamaji et al., 1970), which suggests that progesterone 

inhibits ,the effect of estrogen on inducing LH release. In 

support of this mechanism in bovine Hobson and Hanse1 (1970) 

observed that ~strogen-induced LH release was inhibited in 

luteal phase heifers. However, others (Short ~ sl., 1973; .. 
Hausler and Malven, 1976) failed to inhibit e~trogen-induced 

LB release with progesterone in ovariectomized heifers. In 

view of the conflicting results, further work is necessary to~ 
.define the mechanism of progesterone action in the control ~f 

-, 
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estrus and ovulation in the bovine. One way of testing wou1d 

be to attain a continuous physiologica1 plasma estradiol and 

progesterone level in ovariectomized heifers and to observe 

whether progesterone is able to overcome .the LB release induced 

by estradiol. 

, Puberty in farm ànima1s has been defined in a number of 

ways. Marshall (1922) used the criterion of occurrenèe of 

"those constitutional changes whereby the two sexes become 

fully differential". Crew (1931) pointed out puberty and sex-

ual maturity were not the sarne. In agreeing with this view, 

Asdell (1946) defined puberty as the time at whicn reproduc-

tion first becomes ~sible and sexual maturity as the time 

the animal reaches its full reproductiv~ ca~acity. Studying 

the effect of constant environmental temperature on appearance 

of puberty in beef ~eifers, Dale ~ al. (1959) meaeured puberty 

by the appearance of persistant structures,- follicles and CL 

on the surface of the ovary by rectal palpation. Others (Rey-

nolds et al., 1963: Wiltbank et al., 1959; Kaltenbach and -- -,,-
Wiltbank, 1962; Bellows et al., 1965) determined age and weight 

<" at puberty in heifers w,ith res,pect to the first ovulatory estrus, 

while Hawk et al. (1954) considered puberty in Holstein heifers 

on ~he ~sis of firet estrus. Manifestat;ion of eetrus a,lone 

does not indicate that reproduction ie possible; ovulation and 

development of functional corpus luteum must follow such an 

-, 
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estrus at whieh the animal exhibits her first ovulatèry estrus. 

Therefore, puberty in heifers should.be viewed as the age and 

weight at whieh the animal exhibits her first ovulatory estrus. 

"-
In the prepuberal heifer follieles are formed before 

puberty, but they do not mature and rupture unti1 puberty is 

reached (Hammond, 1927). Attainment of puberty in heifers is 

affected by breed (Jobert, 1963; Reynolds, 1963; plasse et al., 

1968), level of nutrition (Jobert, 1963: wilt~anket al., 1969) 

and environment (Dale et al., 1958;1959; Plasse et al., 1968). 

Unlike most mammals heifer ealves respond to the administra-

tion of ovarian and gonadotrophie hormones virtually from , 

birth (Casida et al., 1943; Rowson, 1951; Marden, 1953 and --
others). This indicates that puberty might be influeneed by 

hormone treatment. The understanding of the hormonal stàtus 

of the prepuberal bovine is neeessary to achieve this objective. 

~ \ 
Desjardins and Hafs (1968) have ttudied the pituitary 

'? 
of folliele stimulating hormone (fSH)' and,luteinizing .1evels 

hormone (LH)'of heifers from birth to puberty. Their results 

show that puberty is assoèiated with decreased,levels of pit­
<1 

J ~ 

uitary LH followed by an a1most,eontinuous inereased level 

towards the next estrus. Pituitary FSH content decreases re-

• 

lative1y less tban and somewhat before LB during the week before 

estrus. 

• (, 
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Changes in the plasma prbgesterone concentration were 

~ 
studied in heifers at puberty (Donaldson ~ al., 1970). Plasma 

- ,.-

progesterone concentra~ion of 12 cycling beifers in which estrus 

was not previously been detected, ranged from 0.3 to 3.9 ng/ml 

when the first blood was obtained. Seven of these heifers did 

not have a CL at palpation and five of the seven heifers had 

high plasma progesterone concentrations. They suggested that 

at puberty, first estrus was preceded by partial luteinization 

of the follicle rather than by ovulation without estrus and 

formation of CL. 

Serum LB and prolactin were measured in heifers bled 
.- , 

monthly from seven months of age until first estrus (Swanson 

~ al. / 1972). LH concentration increased as the first estrus 

app~oached, then declined, being lowest du ring mid-cyc~ro-. 

lactin levels before first estrus were higher than during sub-

sequent cycles. 

The interrelationship in levels of serum LH, FSH, GnRH, 

prolactin, estradiol-17~ and progesterone occurrin~ in the blood 

of heifers before and at the onset of puberty was recently re-

ported by Gonzalez-Padilla et al. (1975). _ They made the follow-

ing observations - (a) There were no marked changes in FSH, pro-

lactin or GnRH concentrations as puberty approached or during the 

first cycle. (b) During the prepuberal period LB concentration 

fluctuated markedly with an average concentration higher than 
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that observed during the first cycle. ln addition to pubertal 

peak of LH (day 0), each heifer showed another peak of La Of 

similar duralti<;>n and magnitl,ld'e between days -11 to -9. (c) Con-

centrations of estradiol-17~ were high (about 20 pg/ml) prior 

to ~ay 40, then decreaSed gradually for three to four days to 
f 

a level that was rather constant through the remainder of the . 
sampling periode There was no elevation of estradiol-17~ as soc-

iated with LH peak. (d) Progesterone concentrations were very 
" , 't 

low in the prepubera'i period (0.3 ng/ml), but there were two 
. 

distinct elevations in every heifer before day O. The return 
. 

of the first elevation to baseline concentration was always 

foilowed by the first peak of LH, while the second peak pre-
~ 

ceded the pubertai peak of LB. 

To symmarize~ the hormonal changes,occurring at puberty 

in heffers have been presented (Desjardins and Hafs, 196B; Don­

aldson, 1970; SWanson ~ ~., 1972; Gonzale!-padilla ~ s!., 

1975). Resulta suggest there are decreased levels of pituitary 
, ~ 

LH,and a correaponding increase in serum LH concentration 

as the first eatrus ~ppr9ached. Pituitary FSH concentration 

decreases at puberty but no marked change occurred in the 

blood. GnRH concentration in blood did not differ at puberty. 

Leveis of estradiol were high 40 days prior to Qnset of puberty 

then gradually decreased to a level tbat was rather constant 

until puberty was reacbed. No elevation in estradiol 
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concentration was 'associated with pubertal peak of LB. There 

were two distinct elevations in progesterone concentration 

b~fore puberty. The réturn of the concentration was always 

followed by a peak of LH. These observations indicate that 

progesterone ,is invqlved in the final events leading to puberty. 
\ 

. The subject of induction of ~berty in heifers has re-
. 

ceived great attention during the past fifteen years. Howe~, 

!le (1962) first showed ,that estrus and ovulation can be in-
, , 

"duced by progesterone-PMSG-aCG ... treatment. Using 'Vario~s com-

binations of progesterone, estradioI-17~,PMSG and RCG by in-

o 
jections to induce estrus and ovulation in six-month old pre-

puberal calves, the same authors observed inconsistent results. 

and BCG caused hyperfollicular development. Hawever, pre-

treatment with progesterone reduced the number of small follieles 

and increased the nu~ber of medium and large size fallicles and '~ 

in sorne cases caused ovulation. Estradiol-17~, fol1owing PMS~ , . 
, . 

suppressed follicula~ growth. Similarly Neville and Williams (1973), 

using varibus combinat ions of estradio1 and PMSG in yearling 

heifers primed with progestagens fo~ either 9 or 18 days, ob-

served inconsistent results. Estrus occurred in 50 to 100% 
" 

of the treated heifers and conception rate was very low. 

Arije !!al. (196'~ reported a treatment regime in which Here­

fo~d heifers, aged 256 to 296 days, were pretreated with a 

s~bcutaneou,s implant containing 200 mg progestagen for 15 days 

------------------------...... --.. L~~~------______ ........ _'.d' ............... ~ : 
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before PMSG administration. In addition, estradiol-l7~ was in-

jected to some, heifers at the time of insertion of implant, sorne 

were injected at the time of PMSG injection and the rest re-

ceived both'at insertion and PMSS admini~tration. The p~rcentage 

of heifers 'ShOW~ng-estrus)~nd ovulation w;re' 78, 60 and 50 f~r 

progesten-PMSG, estradiol-progesten-PMSG and estradiol-progesten-

PMSG-estradiol, respectively. 
... 

Induction ,of puberty in 14-15 month old Angus heifers 

with progesterone-estrqdiol combination was recently reperted 

(Gonzalez-padil1a et aL, 1975 )-. They observed that progest:èr-

one treatment a1~me did not induce estrus nor caused a signifï-
~ 1 

~ 

~nt a1teration in serum'LH and FSH concentration. Injection 

of estradiol-17~ alone resul~ed in estrus behaviou~ and an LB 

1 
peak, but none ovu1ated. In heifers receiving estradiol-17~ 

48 hours after progesterone injection, onè out of four heifers 

showed heat, al1 had LB peaks and three out of four heife'rs 

developed C.L. These authors also reported othat , fertile estrus 

in 12-14 rnOnth old prepuberal heifers could be achieved by 

treating them with either ~(a) single intramuscular injection 
1 

of estradiol valerate plus ~ mg of progestagen (Nor~estomet) at 

time zero, and a nine-day treatment of ear implant containing 
,~/ 1 . ' 

Norgestomet7 or (b) daily injection o~ progesterone fo~ four 

days plus 5 mg of estradiol va1erate on day lof' proqestèrone 

injection and ~ mg of estradiol valerate two daye after 

. '\ 

li li 



{J 

•••• 

o 

·Ù 

- • 

> Q • 1 

, ' 

• t 1 

-
1 .,,\ 
, , -

- ." 

25 

termination of progesterone inj'ection. More than 90% of- the 

heifers treated ~xhibi~ed estrus four d~ys after imp~ant removal. 
- ~ 

They also obtained ~ fertil~ty rat,e of about 60% with treatment 
, , 

"a" in an extensive field trial. 

Using various treatment negimenswith GnRH and with or 

without PMSG, it was observed (Mellin e~ al., 1975) that GnRH .. , _ ......... 

alone genera11y stimu1ated fOllicu~ar growth iri calves but in 

Most instànces àid'not result in ovulation. However,.Gn~ did 
, ' 

induce ovulation in aIl PMSG primed calves. 

A' review of existing'literature indicates that çyclic 
, 

activity can be induced in prepuberal heifers Qy proper combi- -

nation of hormonal tr~atmerits.·From al1 reports it also can'be 
-t- ' 

seen that increased length of 'progestagen'administration 

(priming) had an âdvantage in the induction of estrus and ovu-

lation. The recent report (Gonzale~-Padilla et al., 1975) on 

t'he inH~.'iatioJ;) of fertile estius in prepuperal heifers using 
< , 

estrogen-progestagen cèmbination treatment i8 very encouraging. 

'-

However, the heffers used in their study were about 12 to 14 

months of age and it May be that their treatment May not be 

effective in heife~s far from reaching puberty. Therefore, 

further research is indicated to develop a satisfactory treat-

ment fo~ the initiation of cycli~ activH:y in prepuberal he~,fers. 

The hormonal events associated with natural onset of 

pu~~rty a~e weIl documented in rats c~mpared to other 

• 

1 b J 
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species. In rats, administration of estrogens (Ramirez and 

Sawyer, ~965; Smith and Davidson, 1968) and aromatizable andro­
a 

gens (Knudsen and Mahesh, 1975) advanced the onset of puberty. 

presl et al. (1969) reported an increased serum level of estra-

. 
diol near the time of puberty on the female rat. Evidence for 

secretion of es~rogens on ~ay 32 of life in female rats was 

obtained on the basis of increased uterine weight, changes in 

-~endometrial luminal epithelium, etc. (Knudsen et al., 1974). He 

suggested that this secretion of estrogens presumabty triggered 

first ovulation on day as and occurred prior to measurable 

increase~ in serum FSH and LH. The mechanism by w~ich steroids 

may modulate the secretion of gonadotrophin is not knoWh. It 

has been demonstrated by the work of several investigators that 

both the anterior' pituitary and hypothalamus possess cytosol 

J 

receptors for estradiol. A decrease in cytoplasmic receptors 

for estradio1 in the hypothalamus, pituitary and uterus of the 

rat has~een demonstrated after a single injection of estradiol 

(Cidlowski and Muldoon,1974; Sarff and Gorski, 1971; Mester and 

Bauliue~ 1975). An enhanc~ment o~ pituitary responsiveness to 

exoge~ous LH-RH on proestrus in the rat has been demonstrated 

(Aiyer and Fink, 1974). 
. ~ 

This i-ncreased responsiveness has been 
~ 

correlated with depletion of cytoplasmic estrogen receptors of , . 

the pituitary and hypothalamus (Greeley ~ ~., 1974;1975).' 

~ -
EvÏ:dence presen~ed here suggests that estrogens serve as the 

f 
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primar~trigger for setting up the sequence of events leading 

to puberty in the rat. 

Studies on the induction of puberty and the blood hor-

mene concentration profile at the onset of natural puberty in 

pr~puberal calves suggest that progesteron~ may be involved in 

the final events leading to puberty. In determi~ing the value 

of progesterone as an aid in inducing estrus and ovulation in 

anestrous ewes, Robinson (1959) indicated that progesterone. 

conditioned receptors in higher centres to respond to low levels 

of estrogen. One possible way by which progesterone may influ-

encè the final event leading to puberty in prepuberal heifers 

is as follows. Short term progesterone priming may increase 

the cytoplasmic estrogen receptors at the anterior pituitary 

and/or hypothalamus. This in turn will ihcrease the sensiti-

vit y of the receptors for blood estradiol, resulting in deple-

tian of cytoplasmic estradiol receptors, which in. turn initi-

ates gonadotrophin surge and ovulation. 

The present study had four main objectivks. The first 

-'", 

was to develop a relatively simple device to administer pro-

gesterone continuously in prepuberal heifers and to induce 

estrus, ovulation and cyclic activity in these progesterone 

primed heifers with l7~-estradiol, PMSG or GnRR. The second 

a 
objective was to develop progesterone and progesterone + estra-

diol-l7~ silastic vaginal device to induce ~strus, ovulation 

J 

1 
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and fertility in cycling heifers. The third objective of this 

stUdY was to determine th~ interaction between estrogen and 

progesterone in eliciting estrus response and LH release in 

ovariectomized heifers. Fourthly the effect of short-term 

progesterone and estradiol plus progesterone on the presence 

of cytoplasmic progesterone and estrogen receptors in hyPothal-

mus, anterior pituitary and reproductive organs were studied in 

prepuberal heifers. 

1 

-, 
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EXPERIMENTS AND RESULTS 

EXPERIME~ I. EFFECT OF PROGESTERONE PRIMING ON 
~ INDUCTION OF ESTRUS 1 OWLATION AND 

. CYCLIC ACTIVITY IN PREPUBERAL HEIFERS 

Introduction 

A review of existing 1iterature indicates that cyclic 

. activity can be induced in prepuberal heifers by proper combi-

nation of hormonal treatment. However, a satisfactory and re-

1iable method is not yet available to induce cyc1ic activity. 

From aIl reports,it al~o can be seen that an increase in the 

length of 'progestagen administration (priming) had an advantage 

in the induct~n of estrus, ovulation and cyclic activity in 

prepuberal heifers. Daily injections and oral administration 

~f progestagen are not practical. In 1966, Dziuk and cook re-

ported that steroids pass through the wal1s of silicone rubber 

tubing. Steroids administered continuously from silastic 

implants provide biological effects at a lower dose ra~e than ~ 

i 
oral administration (Kincl and Rudel, 1971). 

The obj~ctives of this experiment were to study the 

effect of sprface area and, route of administration of silast,ic 

devices -containing progesterone àn concentrations of serum pro-

gesterone, and to induce estrus, ovulation and cyc1ic activity 

fOllowing progesterone priming with estradiol-17~, pregnant 
29 
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mare serum gonadotrophin or gonadotroPhin'releas1tg hormone in 

prepuberaL- heifers. 

Materials and Methods 

Thirty-two prepubera1 heifers, six to eight mbnths of 

age and weighing approximately 250 kg, were used. .The experi­
\ 

/ 

ment was conducted during two seasons. The first group of 16 
. 

heifers was treated during winter (January) in tie stalls with 

artificiÎ.al 12 hr light and 12 hr darkness'. They were fed al 

maintenance ration of grain and hay. The second group was 

treated during summer (July). These heifers had free access to 

pasture and were supplemented with grain. AlI heifers were pal-

pated rectally prior to the commencement of treatment and none 

were cycling. 

Four heifers in each group were randomly allocated to 

one of the following four treatments. 

Treat-A- Sin9le silastic tubing (surface area=60 cm2 ) con-

taining 1 gDof prog~sterone inserted ~ubcutaneously. 

Treat-S- Double silastic tubing (surface area=120 cm2 ) con-

taining 2 9 of progesterone inserted subcutaneously. 

Treat-C- Double silast!c tubing (surface area=120 cm2 ) con-

taining 2 9 progesterone and tied toge~her as shawn 

in Figure 1,' and inserted intravaginally. 

Treat-D- Silastic rubber impregnated with 6.6% progesterone 

1 _ 



,. 

Figure 1. Illustration of devices used in Experiment 1. 
~ 

A. Single silastic tubing containing 1 gram 
of progesterone (surface area = 60 cm2 ). 

B. Double silàstic tubing containing 2 gram 
of progesterone (surface area = 120 cm2 ). 

C. Double si1astic tubing co.ntaining 2 gram 
of progesterone and tied together (surface 
area = 120 cm2 ). 

D. Abbott's coil - silastic rubber irnpreg­
nated with 6.6% progesterone (surface area 
= 210 cm2 ). 
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(surface' area=210 ~~) and inserted intravaginally. 

preparation and Insertion of Devices 

33 

Treatment "A", "B" and "Cil devices were made using si li-

cone rubber tubing with an inside diameter of 0.79 cm and an 

outside diameter of 1.27 cm (Dow Corn~ng, Silastic No. 60l~50l). 

The tubing was cut into 15 cm 1engths, sea1ed at one end with 

medical adhesive (silastic brand, Dow corning) and allowed to 

harden for 12 hrs. One gram of progesterone (Sigma) dissolved 

in ether was then poured into each tube. The ether was allowed 

to evaporate and the open end was sealed with medica1 adhesive. 

Abbott Laboratories kind1y supplied the devices for treatment 

"n". The deviee consisted of a eoil of stainless steel covered 

with silastic rubber irnpregnated with 6.6% progesterone. The 

devices used in each treatment were weighed prior to insertion. 

Subcutaneous devices were placed caudal to the shoulder 

joint, one on each side in treatrnent "B II
• The area was clipped, 

scrubbed and a dis infectant was applied before making an inci-

sion in the skin. With'the aid of a trocar the device was in-

serted leaving a string which was attached ta the device pro-

the incision. The incision was c1osed~with silk 

sutures. Deviees were removed by making a small incision and 

pulling t attached td the device. Intravaginal devices 

were inse the vagina with a plastic speculum and 

-,. 
In'-' 
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plunger. The external genita1 area was scrubbed and a disin-

fectant was applied before inserting the device. The devices 

were removed by pu1ling the string attached to the device. The , 

devices used in each treatrnent were left in place for a period 

of 20 days. Following remova1, devices were cleaned, dried and 

Blood Samples 

Ten ml of blood was collected from'the jugular vein at 

0600 hr, 1200 hr, 1800 hr and 2400 hr on day -l,l, 4, 8, 12~ 

1 
16 and 20 (day 0 = day of insertion of device). Blood samples .. 
were a1so co1lected at 1200 hr on day l, 2, and at 6, 12 and 24 hrs 

after rernova1 of the device. The b100d samples were centri-

fuged and the serum was stored at -20o C in small aliquots until 

assay. Haematocrit values from 0600 hr, 1200,hr, 1800 hr and 

2400 hr samp1es collected on day -1, 4, 8, li, 16 and 20 in . , 

sixteen heifers, treated in January, were determined by micro-

capillary tube rnethod. 

Hormonal Treatment Post 
Deviee Removal 

Immediately after removal of the device the heifers were 

pa1pated and on. heifer in each of the four treatment groups 

received saline, 5 mg estradiol-17~ (Sigma), 500 lU of pregnant 

'mare serum gonadotrophin (PMSG, Ayerst Laboratories) or 100 j..lg 
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of gonadotrophin releasing hormone (GnRH, Abbott Laboratories). 

The heifers were observed frequently for estrus, with àn aid of 

a vasectomized bull and Kamar heat mount detectors. All the 

heifers were palpated for the presence of a corpus luteu~ (·CL) 

eight days after device rernoval. Heifers with palpable corpus 
1 

i r .,.,., i 

luteum were also bled on day 8, 13, 18 and 23 days after removal 
ll- i 

of the device. 
.(, 

These heifers were observed for signs of est;is 
f 

during the sampling period and rectal palpations were also done 

at day 23 after removal of device to assess ovarian activity. 

Radioimmunoassay for Progesteront 

The radioimmunoassay as described by Rajamahendran et 

al. (1976) was used to quantitate serum progesterone in heifers 

with a slignt modification. After extracting with petroleum 

ether, the serum portion was frozen at -20°C for one hour and 

the solvent (extract) was decanted into assay tubes. The pro-

Q 

gesterone antibody was kindly supplied by Dr. K. Roberts of the 

University of Montreal. 

Statistical Analyses 

li' 
Progesterone data were analyzed statistically as a split 

split plot experiment in a completely randomized design. Seasons 

were considered as mainplot units, day time combinat ions were 

considered as subplot units and treatments as sub-su1;>plot units.' 

The means were analyzed using LSOo (Steel and Torrie. 1960). 
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Resulta 
JI 

The mean concentration of serum progesterone before, dur-

ing and after the 20-day progesterone treatment period is" shown 

in Figure 2. The pretreatment values were not different (P'" O. 05) 
< 

among treatment groups (0".6 ng/ml). In treàtment "A" heifers, 

) 
the serum ~rogesterone rose to a maximum value of 1.6 ng/ml one 

day after insertipn of the device. This value was higher (P < 0.01) 

than pretreatment concentration and lower (P < 0.05) than for 

heifers in treatments "B" ~ "c" and "D". Thereafter the serum 
') 

progesterone remained constant on day 2 and gradually dec,lined 
Q 

during the sampling period and reached pretreatrnent values eight 

days âfter inserting the device. 

Mean serum progesterone in treatmept Il B" heifers was 

elevated to 3.0 ng(ml on day 1. This value was 'higher (P < 0.01) 

than pretreatment concentration and that observed in treatment 

"A" heifers, lower (P<0.05) than for heifers in treatment "0", 

but did not differ from treatment "c" hei1;ers. Serum progester-

one in treatment "B" heifers thereafter decreased gradually 

during the sampling period and reached a value of 1.5 ng/mlon 

the day devices were removed. Progesterone decreased signifi-
. 

cantly (P < 0.01) 24 hours after removal of the device. The mean 

concentration'of se.rurn progesterone following treatlnent "Cil fol-

lowed a similar pattern as in treatment Il Bit. However, the 
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Figure 2. Mean serum progesterone before, during ~nd after insertion of a 
single subcutaneous (liA") 1 doub,le ,subcutaneous (ltBn ), vaginal ("cn ) 

or Abbott·s (1t D") proqesterone devices in prepuberal heifers. n = 
_ eight heifere pér treatment. 'D-l = day before insertion of the 
devices. Deviees were removed on D20- Analtsis Df variance of 
eerum progestérone showed_that pragesterone concentration varied 
with' treatment- (P<O.Ol) and dayof the treatment (P<'.9;Ol). 
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concentration of serum progesterone in treatment f'e" was siightly 
. . 

higher on day 1 (3.3 ngÎml) and dây 8 (2.2 ng/ml) and slïghtly 

lower puring the remainder of the sa~ling period, than for 
/ - , 

treatinent "B" heifers. Ih treatment "C" serum progesterone also 
"'f' , ' 

, declined (P< 0.01) 24 hours after removaJ :of the device. 

-
Fdllowing treatmént 't-D tf the"' mean concentrati9n of sérum 

progesterone was elevated to a maximum value of 5.7 ng/ml on, 

day 1. This value 'was higher (P < 0,,01)' than pretreatment levels 

and the comparable values {day l sample~ for tFeatm~nts "A", 

, ~ 

"~" and "Cil treate<il heifer~. After 'this maximal increase in 
.. 

f 

'proge.sterone, the concentration of serum progesterone declined 

gradually and reached 2.3 ng/ml at the time the device was re-. 
. ' 

moved., This concentration of 2.3 ng/ml was significantly 
, f 

(P< 0.01) higher than the corre~ponding values for'treatments 
J 

liA", "B", and "C" •. Ih trèatment "0", ,as in treatment "B" and 

Ile Il , a eignificant (P < 0.01)" decrease in ;serum progester0!le 
, 

was observed 24 hours after rernoval of the device. 

Analysis of variance of serum progesterone, from blood' 

1 
samples obtained on day -1, 4, 8, l~, 16 and 20, showed that 

progesterone' concentration varied wit:h tr-eatment (P -< 0.01) , 
o ' 

wi th 'the day of the treatment (P < 0.01) and time of the d~y 

{P·<O:OI).~roughout the ~reatme~t period highest p~ogesterone 
, f' 

concentration was obgerved, in t:reatment "0" heifers and lowest 

in treatment 
'!W' 

"Ali heifers. 'No differènçe was observed between 

, > ,~ 
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treatment "s" -and "e" heifers. The highest progesterone con-

centration (2.1 ng/ml) was observed at 0600 hr and the lowest 

Q 

(1.7 ng/ml) at lBOOhr. However, no difference (P>0.05) wa!3 
'" '3 

observ~d in the progesterone concentration between 1200 and 

2400 hr (Appendix Table 3B).Analysis of variance also showed 

day by treatment (P'< 0.01), day by. time (P <. O. 05) and treatment 

time (P <: O. 01) interaction: Analysis of variance of bematocrit 

values for heifers treated in January revealed that hematocrit 

values were not affected by day or time of the day but they were 

affected by treatment (Appendix Table 3e). 

AlI heifers were palpated on day 10 of treatment and 

at removal of the device to evaluate the uterine and ovarian 

activity. The uterus and ovaries were larger at this time 

(day 10) than pretreatment. Heifers in treatrnent "B,II, Ile" and 

" 
"D h had an enlq,rged turgid uterus and enlarged ovaries cornpared 

, Q 

to treatment "A" heifers during treatment and after removal of 

the device. Subcutaneous and vaginal devices were aIl retained 

by the heifers •. A whitish yellow discharge was observed du~ing 

the treatment period from aIl heifers in treatment "c" and tlD". 

The devices from these heifers were coated with whitish yellow 

mucus at removal. 

None of the heifers treated with saline, PMSG or GnRS 

following treatment "A" exhibited est rus or ovulated; Howeve~, 

rx;th hei~ers, treated with es.tradiol~17,~ were hyperactive qnd 

' .. ~ 
'" ." 
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showed standing estrus 48 hours post-injectiorr, but neither ovu-
1-

lated. Hence data on "B", "c" and "0" heifers were combined to 

give six heifers per stimulation group (Table 1). 

Table 1. Mean estrus response, ovulation, and serum progest­
erone concentration of progesterone primed prepuberal 
heifers to saline, estradiol-17~ (5 mg), PMSG (500 ru) 
or GnRH (100 ~g). 

" Parameters Treatment 
Saline Estradiol-17ê PMSG GnRH 

Total no. of heifers 6 6 6 &6 

No.-exhibited estrus 0 3 6 2 

No. ovulated 0 2 6 2 
, 

Mean No. of ovulations 0 1 2 .. 5 1 

Mean serum progesterone (ng/~l) 
after removal of device 

D8 1.8 2.8 1..9 
D13 3.7 5 .. 6 3.8 

DIS 3.9 ,5.4 3.9 
D23 2.0 4.6 2.0 

No. returned to estrus 20-22 ,1 1. 1 
days after ,induced estrus 

0 .. 

Of the saline, estradiol-17~, PMSG' and GnRH treated heifers 

0, 3, 6 and 2 showed ,estrus and 0, 2, 6 and 2 ovulated, respec-

tively. One heifer in each of estradiol-17~, PMSG and GnRH 

treated group ret~rne~ to estrus 20-23 days after induced estrus. 

Estradiol-17~ treated he~fers eXhibited estrus approxim~tely 24 
, 

ho~rs '\earl.i,er than PMSG or GnRH treated heifers. The 'rang,e and 
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mean of ovulations in heifers receiving PMSG was 2 to 4 and 

2.5 ovulations. In aIL groups the mean concentration of serum 

progesterone tended to increase during sarnpling period (Da' D13' 

DIa' and a decline in concentration was observed on D23 • The 

mean serum progesterone tO\lowing PMSG treatment on DS' D13 , 

D18 and D23 were higher (P<O.Ol) than that of estradiol-1713 or 

GnRH treated heifers. Oneoheifer in each group had serum pro-

gesterone less than l ng/ml on day 23., Except for these three 
e 

heifers others had palpable CL on this date. 

EXPERIMENT II. EFFECT OF SIIASTle VAGINAL DEVICE 
CONTAtNING PROGESTERONE AND PRO-

o , 

GESTERONE + ES~RADIOL-17~ ON 
ESTRUS CONTROL, OVUIATION AND 
FERTILITY IN CYCLING HEIFERS 

Introduction 
~ 

The widespread application of ~ontro1 of esttus in 

cattle using progesterone requires a pract~cal method Qf admin-
ù 

istering the steroid. Exogenous administration of progesterone 
, . 

to cows for the duration of a cycle contro~s estrus an? ovula-' 

tion, with ~st animaIs showing ~strus two to five days post-

progesterone withdrawal (Lamond, 1964). This method has been 

used wide1y but the c~ception rate at the reau1tant'estrus has 

been low (Hansel,' 1967 J • Ferti1i ty rate comparable to control.s • 

was obtained when heifera wère synchronized by feeding a pro-

gestagen for nine days and inje9ting estradiol valerate onl the 

-,-

1 JI.II ••• 
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second day of progestagen treatment (Wiltbank and Kasson,' 1968). 

Progestagens have béen administered in the feed, in the drink-

ing water, as injections or in implants. Practical prohlems of 

feeding, injecting or implanting progestagens can he overcome 

hy intravaginal devices containing progesterone. Intravaginal 

pessaries have been tried in cattle but a variable retention 

rate has been reported (carrick and Shelton, 1967~ Scanlon et 

al., 1972~ Sreenan, 1974). 

In the previous experiment vaginal silastic devices con-

.taining progesterone were used to maintain serum progesterone 
, 

greater than 1 ng/ml until removal. The serum progesterone 

profile during the estrous cycle in the bovine (Henricks et 

al., 1971. ~ Wettemann et al." 1971; ~jamahendran & al., 1976) 

indicates that estrus and ovulation occ~rs- only after t~e,serum 

progesterone declines to less than 1 ng/ml. The objectives of 

this experiment were to determine the effect of Ca} silastic ' 

vaginal device containing progesterone f@r 12 days plus an in-

jection of estradiol benzoate and progesterone at insertioh on 
'" ' 

estruà, ovulation and serum progesterone; (b) the stage of the' 
a 

estrous cycle at the t~e of insertion of vaginal'device con-

taining progesterone + estradiol-17~ on estrus response and ' 

). -ovulation.; and (c) silastic vaginal d~ce c~ntl:dning progest-

c:> erone t estradiol-17~ on estrus response, ovulation,ferti1ity, 

serum-progesterone abd estradiol, in cy~ling heifers. 

'. 

111 • 
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Materials and Methods 

The 59 Holstein heifers used were 16 to 18 months of age 

and weighed 280-380 kg. The heifers were maintained in a feed 

lot and were fed corn silage. AlI heifers except two had estrous 

cycles of 20 to 22 days and rectal palpation revealed the pres-

ence of normal ovaries and genita,l tracts. Mounting behaviour, 

Kamar heat mount detectors and rectal palpation of the t~acts 

and ovaries were used to assess 'the onset of standing estrus 

and ovulation. 

Group l 

At zero time, 24 cycling he1fers received an intramus-

" cular inj~ctioh of 200 mg of progesterone and 5 mg of estradiol 

benzoate in corn oil and an ,intravaginal devicè containing pro-

gestero~e. The vaginal device remained in the vagina for 12 
o 

, days. The estrus response was determined during and after re-

.. 

moval of the d~viêe. Reproductive tracts were examined at 

removal and eight days tater. Serum progesterone concentration 

was determined fro~ 10 ml blood samples obtained from six 

f 
heifers at zero time and 12 hours later. Otheroblood ~amples 

were ta~en on days 1, 2, 4, 8, 12 and 24 hours after removal 

of the device. 

Group II 

Vaginal devices containing progesterone + estradiol-l7~ 

. , 
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were inserted and maintained for 12 days at known stages of 

the estrous cycle. Eight heifers received devices between days 

o to 4, 5 to 15, and 16 to 20 of the estrous cycle. Heiférs' 

were observed for estrus d~ring and after removal of the deviee. 

AlI heifers were palpated at eight days after removal. 

Group III 

At time 0, a progesterone + estradiol-17~ vaginal device 

was inserted into ~he vagina of Il'cycling heifers. Two of 

these heifers (Nos. 277 and 278) had cystic ovaries and were 

given 100 ~g of GnRH 48 hours before inserting the vaginal , 
devicé. Twelve days later the devices were removed. The 

o 
heifers were observed for signs of estrus "during and after 

removal of the device. AlI heifers were inseminated with 

frozen semen whether or not they exhibited estrus 56 hours 

after removal of the device. In order to determine the serum 

estradiol-17~ and progesterone profile, 20 ml of blood from the 

jugular vein wére obtained from six heifera at ~24 hr, 0 hr, 

12 hr, days l, 2, 4, 8, 12 and 24 hours after removal of the 

b device. 

Preparation and Insertion of Deviees 

Vaginal devices were made using silicone rùbb~r tubing 

o \ '.. . with an ~nternal d~ameter of 0.79 cm and an ekternal diameter of 

1.27 cm (Dow Cornin9, Silastic No. 601~501)~ The tubing ~as 

'). 
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eut into 20 cm lengths, sealed at one end with silicone medica1 

adhesive and a1lowed to ha rd en for 12 hours. One gram of pro-

gesterone dissolved in ether was poured into each piece of tub-

ing. The ether was evaporated and the other end was sealed with 

silicone medical adhesive. The two pieces of tubing were tied 

together to make the vaginal device (Figure 3). The total sur-

face area of each ~agina1 device was 160 cm2• Progesterone + 

estradiol-17~ devices were prepared in the following manner. 

Ten mg of estradiol-17~ were rnixed with approximately 1 ml of 

silicone medica1 adhesive. The estradiol-17~ mixture was used 
, 

to coat about 40 crn2 of the four ends of previously described 

progesterone vaginal device. The device was inserted into the 

vagina with a plastic speculum and plunger (Figure 3). The 

device was removed by pulling on a string attached to the device 

and left protruding f.rom the vu1va. 

Radioimmunoassay for Progesterone and 
Estradiol-171! 

Setum progesterone was measured by the procedure described 

in Part I. The radioimmunoassay as described by Korenman ~ al. 

(1974) was ~sed with sorne modifications to quantitate serum 

estradiol-171! in heifers. AlI solvents used were reagent grade 

and purified before use. The estradiol-1713, antibody was kindly 

supplied by Dr. G.D. Nisewender of Colorado State Univérsity, 

Fo~t Collins, COlorado. It was used' at a dilution of 1:8,000 

IIUI • 
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Figure 3a. Silastic vaginal device cbntaining-progester­
one + estradiol-17~ and equipment used for 
insertion of the device. 

Figure 3b. Diagramatic representation of the bovine 
reproductive tract with silastic vaginal device 
in position. 
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in 0.1% gelatin buffer (0.1 M phosphate, pH 7.4). The sarne di­

luent was used for preparing estradiol-17~-2,4,6,7-3H (20,000 

DPM!O.OS ml). Labelled steroids were obtained from New England 

Nuclear corporation. Estra~iol-17~ standards were prepared in 

benzene:rnethanol, 9:1. AlI the above solutions were stored at 

The detailed procedure consists of the following steps. 

The serum sample (1 ml) was extracted with 6 ml of freshly 
... 

opened anhydrous diethyl ether in a lS x 125 mm Teflon-lined 

screw cap extraction tube (Kimax brand). The mixture was,shaken 

on a horizontal Eberback shaker for 10 minutes and then centri-

fuged (1,250 g) for two minutes. After extracting, the serum 

portion was frozen at -200C overnight and the solvent (extra,ct) 

was decanted into assay tubes (12 x 75 mm). The tube was then 

evaporated to dryness under a gentle stream of nitrogen in a 

sand bath at 400C. ' The tube was rinsed down with 0.1 ml of meth-

,anol. The following standards were.prepared in duplicate, 0,5,10, 

20,..- 40, 80, 160 and, 320 pg in[ 0.1 ml benzene':methanol. The 

extracted samples and the sta~dards were evaporated to dryness. 

To the tubes was added 0.2 ml of phosphate bUffer, 0.05 ml of , 

,3H estradiol-17~ (20,000 DPM) and 0.05 ml of antiestradiol-17~ 

(1:8000). The tubes wère vortexed for five seconds and allowed 
, 

to stand at 40c overnigqt. Fol1owing this incubatiQn, period,' 

0.5 ml' of freshly prepared dextran coated charcoal was added to 

/ 
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separate the bound and unbound fractions. The tubes were vor-

texed for five seconds and allowed to stand at 4°C for 15 rnin-

jutes, centrifuged at 1,250 g for 20 minutes at 4o c. The super-

natant was dec~nted into scintillation vials to which 10 ml of 

toluene:BBS-3 solution (Beckman) (3.8 litres of to1uene, 18.95 g 

of PPO, 378.9 mg of POPOP and 100 ml of aio-Solv BBS-3) was 

added and mixed. The radioactivity was counted in a liquid 

scintillation system (Beckman LS~235:counting efficiency for 

3H, 70%). 
" 

Each vial was counted t~o ti~es in a row for,lO rnin-
, 

utes. The second reading was always used for computation: The 

estradiol-17~ level for unknown serum samples,were èonvert~ ta 

from counts per minut~by the use of a computer prograrn (David, 

1974) • 

The radioirnmunoassay was validated for the estimation of 

estradiol-17~ in bovine se;um. _In order to assess the specifi-

city of the assay, estrone, progesterone and corticosterone stand-

ards at/co~centrations identical to estradiol-17~ standard~ were 

assayed using estradiol-17~ antibody. No binding was observed. 

Using the sarne antibody England ~ àl. (1974) also ~eported low 

cross reactivity of estrone, estriol, progesterone, corticosterone 

and other related steroids. Accuracy of the estradiol-17~ assay 

examined throughout the range of 10.320 pg/sample showed no sys-

tematic error. The quantity of e~tradiol-17~ estimated by assay 

showed a close correlation (r=0.99,b=0.52) ~ith the expected values • 

., 

" 
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Thé inte;na1 standard· (40 pg/sample) inc1uded in eac~ assay 

gave consistent resu1ts. The inter- and intra-assay precision 

(6.8 and 7.2%)were satisfactory for physiological studies., The 

sensitivity of the method (5 pg/sample) was'adequate for analysis 

of estradiol-17~ in l ml serum~ 

Results 

Group l 

Twenty-one out of 24 heifers retained the device for 12 
, 

days. out of three heifers which lost the vagi,nal device, two 

of them were in estrus -during the' tréatment period and had CL 
. 

at the time of removâ1. ,Twenty out of 21 heifera which retained 

th~ device were in standing estrus within 48 hour~ after removal 

of the device. The mea~ intérv~1 from the rernoval of the.device 
. -

to the onSet of estrus was 30.4 hours. AlI 20 heifers which ... 
exhibited estrus'''"had palpabl~ CL eight d~ys aft.er removai of 

the device. The he!fer which fai1ed to' eXhibit estrus after 

removal did not have a palpable CL.~ , . The ~ean conientration, of i 
. ~ \, 

se~m progesteron'e at, time z~ro wa.s 4.'8 ng/ml. This was 'signi~· 

ficantly. (P< o. Ol~ low~r' than' 12,.1 ng "obsetved i2 hours· later • 
" 

'(Fiçhlre' 4). After "12 more' hours progester<;?ne concentr~tiC?n 

deci~ned' sharply' '{ p < o • .oi;~ . Thêreafter, progesterone' déclin~d' 
, ' . 

slowly reaching a mean levei 1.1 ng on the day th~ devices were 

removed. " There was a significant decrease in concen~ration of . . 
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o 

progesterone 0.6' ng/ml 24 hours after the device was removed. 

Eighteen heifers returned to estrus approximately 21 days after 

first treatment estrus. 

Group II 0 

Twenty-one out of 24 heifers retained the device until 

• -
removal (Table 2). Tpe other three heifers, one treated on 

" day 0-4 ~nd the othersOon day 16-20 of th~ estrous cycle fai1~ 

to rètain thé device for 12"hours. 
o 0 

AlI heifers tre~ted betweeri 

< 

day 5-15 ~xhibited estrus w,ithin 48 hours of removal of the 

device. The Mean interval from the time the device was removed 

te .the ~nset of estrus was 42.0 hours. One héifer in each of' 

the remaining groups failed'to exhibit estrus. For here the 
~ 

mean interva1 fro~;~emova1 of the vaginal device to estru$ was , 

39.3 and 36.3 hdnrs respective1y for heifers treated on day 0-5 l 

and 16-2~. Statistical a~a1ysis (t test) revealed no signifi- ,) 

cant(P> O. 05) difference in the time of interval to estru's 

~ong treatment groups~ AlI heifer& which exhibited estrus 
, 

'after device removal had palpable CL eight days after the 

devices were removed.' 
o 

Group III' 

Bafore insarting the·device ~he ~ean ~~ncentration o~ 

serum pr0g~steron7 was 2 ~ 7 ng/ml {Figurf.!! ~}, p;cogest'erone~­

c$ntration rose' to a max~mum of 5;9 ng/ml twelve bours after 



· -Ua. sa_sua $Oli l, W bal il il 8. ·'11'.' , 

o 

,0' 

55 

,Table 2. Effeot of stage of cycle )t the tirne of insertion of 
progesterone + estradiol-17~'vaginal deNice on estrus 
response and ovulation in cycling heifers. 

Parameters 

No. treated 

Heifers ~etaining device 
for' 12 ' days 

No. exhibited estrus 

Mean interval to estrus 
in hours 

No. ovulated 

s'tage of the Cycle 
Dax 0-4 Day 5-15 Day 16-20 

8 8 8 

7 8 6 

6 8 5 

39.3 ' 42.0 36.3 

6 8 5 

insertion of the device. A sharp, decline (f.( 0.01) in pro-

gesterone concentration was observed on'day 2 compared ~o the day 1 

ojampie (2 .. S 'Vs '-'.6 nq/ml). Thereafter, the prOgesterone decreased 
b 

gradually to 1.3 ng/ml at the time of removal of t~e device on 

day l,? Twenty-four hours after removal of' the device l there 
n , 

was a significant decrease in progesterone concentration (O.6 

ng/11'Il) • The mean concentration of -s,érum e,s~radifl-17 f3 a,~ the 
, , , 

tirne of insertion of the device was ~.9 ~/lI\l.', Mean ,serum 

estradiol 12 and, 24 hours post-insertion of 'the devic~ was 29.5 

and 27.2 pg/ml, respective1y. This cQncen~ration was approxI­

mately rive-foid greater tha;; pretreatmen't con~ent:rati'on. 

Estradiol declined to pretréatment concentration (7.4 pgtml) 
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day~ after insertion of the device and remained fair1y constant 

until day 8. A slight increase in serum estradiol was observed 

at remova~ of the device on day 12. Nine ,out of Il heifers were 

in standing estrus 36 hou~s after removal of the device. None 

of the heffers eXhibited estrus during the treatment periode 

Five of the nine he~fers returned to estrus between 17-22 days 

after the synchronized estrus. Four heifers were diagnosed 

prègnant by rectal palpation 45 days after insemination. The 

twoOheifers which failed to exhibit estrus after device removal 
. 

(Nos •. 277 and 278) had cystié ovaries at the timè of palpation 

• 45 days post-insemination. 

EXPERIMENT Ill. EFFECT OF SILASTIC VAGINAL DEVleE'­
CONTAINING ESTRADIOL-17~, PROGEST­
ERONE AND PROGESTERONE + ESTRADIOL-

17~ ON ESTRUS AND LH RELEASE ,IN 
OVARIECTOMIZED HEIFERS 

Introduction 

Many workers (Hobson and Hansel, 1972;' Short et al., 

1973: "ausler and ,Ma1ven, 1976, and others) were able to repro-

~uce the plasma pr~ovulatory LH surge in the ovariectomi~ed 

cow by the administration of estradio1. An injection of 2 mg 

of estradio1 can induce estrus behaviour and LB surge in.pre--

puberal heifers (Gonzalez~Padilla ~ alw, 1975). These reports 

suggest that estrogen may trigger an acute release of LB in 

bovine. Additional support for àn estrogen_s~imulated LB 
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release can be inferred from plasma estrogen concentration 

(Ecternkamp and Hansel, 1971: Henricks et al., 1971; Christen-

sen et al., 1971). 

The'results of the previous experirnent and other repOrts 

indicate that progesterone will block estrus and ovulation in 

catt1e. The mechanism by which;progesterone inhibits estrus 
o 

and ovulation is not clear ~n cattle. It has been observed that 

progesterone will b10ck estrogen mediated LB release in intact 

ewes (BoIt et al., 1971) and ovariectomized ewes (Scaramuzzi 

~ al., 1971). In support of ~his mechanism tn cattle Hobson 

and Hansel (1972) observed that estrogen-induced LB release was 

o inhibited in luteal phase heifers. However, othe~s (Short ~ 

al., 1973~ Hausler and Malven, 1976) fai1ed to inhibit estrogen-
o 

induced LH release with progesterope in ovariectomized heifers. 

In view of the confli'cting results further work is necessary to 

define the mechanism of progesterone aètion in the control of 

estrus and ovulation in catt1e. 

The objectives of this experiment were to determine the 

ef~ect of silaatic vaginal device containing es~radiol-17~, 

'progeste~one and 'progesterone + estradiol-17~ on estrus response, 

serum progesteron~ estradio1 and LB in ovariectomized 

heifers. 

o 
\. 
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Materials and Methods 

Six heifers 18 to 2~ months of age and weighing about 
, 

450 kg were ov~riectomized about 21 days oefore the commence-

ment of the experiment. The heifers were housed indoors 'and 

" were fed on a maintenance ration of grain and hay. 
, '. 

The heifers were assigned randomly to one of three 

treatments during t~eatment periods A, Band C. During period 

A, two heifers ~ere treated with progesterone vaginal device 

("P"), two heifers with estradiol-171l vaginal deviee (ifE") and 

the remaining two heifers 'with progest~ron~ + estradiol-l7~ 

vaginal devlce (" P+E" } • During the period Band C the treat-

60 

ments were'altered so that each heifer had the chance to receive 

al~ three treatmen;ts. " The devices were left tn the vagina for 

.12 days during each trèatment period. The interval between 

treatments was seven days. 

preparation, insertion and 
Removal of the Vaginal Deviees 

Progesterone and progesterone ~ estradio~1713 vaginal 

devices wereoprepared as described in part II. Estra4iol-17~ ... 
vaginal deviee was made by mixing 10 mg of estradiol-l713 with 

1 ml of silicone Medical adhesive and eoating it around the 

ends of vaginal deviee described in part II (Figure 6). The 

approximate surface area of estradiol eôating was about 40 cm2~ 
" 

The three types of devices were autoclaved and weighed before 
f 



l'" " _1. 
r 

f , ~ 1 

,--------

; f ~ 

- , 

Figure 6. Dia9ramati~ represèntation of silastic 
vaginal dé~iees containin9 progesterone, 
estradiol-17~ and progesterone + estrad!6l-
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insertion. The devices were inserted into the vagina with the 

help of a plastic sp~culum and plunger. Twelve days after ,in-

sertion the devices wer~ removed by pulling on a string attached 

, to the device and left protruding' from the vulva. Following 

removal, devices were cleaned, dried and weighed. 

Blood Samples and Estrus Detection 

Blood samplés (20 ml) were obtained, from the Jugular 

vein before insertion at -24 hr, 0 hr, and at 4 hr intervals 

from the time of insertion to 36 hours post-insertion of the 

vaginal device. Thereafter, blood s~les were obtained on 
, 

days 2, 4, 8, 12 and 24 hours post-device removal. The serum 

was transferred in small aliquots and stored in the freezer at 

-200C until assay. 
, 

The heifers were observed closely for signs of estrus 

at eacb bleeding period and throughout the experimental periode 

A vasectomized bull and Kamar heat mount detectors were used to 

assess the onset of standing estrus. , 
Serum Progesterone, Estradiol-17a 
and IH Analyses 

Serum progesterone and estradiol-l7~ were measured by 

the procedures described in parts l and II. Dr. Gordon D. 

Nisewender of Colorado State University, Fort Oollins, Colorado, 
u 

kindly analyzed the serum samples for LH. 

--, 
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Statistical Analyses 

Serum hormone data were analyzed statistically as a split 

split plot experiment in a completely randomized design. Per-

iods were considered as main plot unit. Blood sampling times 
... 

were considered as subplot units and treatmentsoas sub sub plot 

units. The rneans were analyzed using LSD (Steel and Torrie, 

1960) • 
Results 

The mean estradiol-17~ concentration in serum collected 

24 hours before and just prior CO hr) to insertion of steroid 

vaginal dévice was not different among treatrnent groups (Fig-

ure 7). The rnean serum estradiol remained relatively constant 

throughout the sampling period in ,"P" treated heifers (5.1 

pg/m! ),. Serum estradiol, four hours after insertion of vaginal 

device, was about 40.9 and 32.1 p<J/ml for "E" and "P+E" treated 
~ 

beifers, respectively. Theae concen~rations were greater than 

(P<O.Ol) pretreatment concentration and aIl concentrations for 
, 

"P" treated heifers. After serum estradiol in "E" treated 

heifers reached a maximum concentration, estradiol-17~ declined 

steadily and reached 12 pg/ml 16 hours after insertion of the 

vaginal devièe. Thereafter, the mean estradiol in these heifers 

remained constant for the remainder of the sarnpling period. In 

two of these "E" treated heifers serum estradiol declined to 

pretreatment leveI 28 hours after insertion of the device. In 

; ; lUi 
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Mean serum estradio~-17~ in ovariectomized heifers treated with 

vaginal device containing progesterone Cp), estradiol~17~ {E)-~r 

progesterone + estradiol-17~ (P+E). 0 = time of insertion of the 

devices. n = six observations per treatment. Analysis of vati~ -

ance of serum estradiol-17~ showed that, estradiol concentration'" 

varied with treatment. Highest concentration was observed in 

heifeTS treated with E device and which was significantly dif,fer-

o. 

~nt from that observed with P (p.c 0.01) and P+E (P < 0.05). Values .,.:~, 

for the rest of the sampling period appear in Appendix Table 5 • 
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f·P+E" treated heifers -t'he maximum concentration. of' estradiol-, . 
f • 

17(3 occurred at 4 hours and dec1ined·significantly (P<O •. Ol) to 

7.4 pg/m1 at 20 hours and.therèafter eatradiol concentration 

remained constant~ 

" \ 
Mean progesteroné 24 hours before and just prior (0 br) 

. 
to the insertion of the device was not different among treatment 

.. 
groups (Figure 8)~ ~erum progesterone of heifers treated with 

< 
0. 

litt! device remained at about 0.5 ng/m1 throughout the samp1i~g 

periode The mean serum progesterone four hours after insertion 
a 0 

of .rp", deviqe was 
, 0 ' 
increased (p< O. 01) relat:ive to compa.rable 

, , 

mean for liE" treated he:lf,ers, 3.9 vs 0.5 ng/ml. The maxil'ftUm 

Cl ~~ncentrati6n of serum progest~rone occurred in "pit tre'ate,d 

heifers e1ght hours after insèrtion ai the d~vige. Thereafter 
, 

the concentrati~n .dèclined gradually during the sampling p~riod 

and X'èàched 1.3 ng/m1. at dèvice remova;L on day 12. A signifi-. , . .. . 
cant (p < 0.01) decline in SeX'um progesteX'one was obsE!rv'.ed in 

, , ,:1 

- Il ~JI treated heifera 24 hours atter rernoving ,the device. The' 
1 • 

, " 

mean serum pX'ogesterone in "P+E" treated heifers showed a simi-

lar pattern as in Il pli ,treatment. However" the maximux;n proges;t-

érone concentration in Il P+E fi treated heifers was obsemTed four 
() 

ho~rs after insertion of the device. 

Pretreatment LH concentration ranged from,5-~ ng/ml •. In 
• ' & o hèifers treatea with "P" and IIP+E" no change was .observed in 

, 
serum LB during the sampling period (Figure 9). However; 1 a 

.. 
, , , 
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Mean, sewm 'prOg'ester,?ne in, 'ovari-ec.tomized heifers treated' wi th 
. vaginal device cont:aining progesterone (P), estrad-io'~-17~ (E) or 
progea~erbne + estradio~-17~' (P+E). ~ 0 = time of insertion of'tlie 
deVices., n = six obserVations per treatment." Analysis of'pro; 

. g~àterone datà shQweq. progesterone' in serum was similar '( P > 0 .. qs ) 
following treatment with silastic vaginal d~vice ~ontaining Pot, 
P+E~ Values' for the rést of the sampling period.appèar in . 
Apperidix Table -6. -.:.,' 
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slight (P>O.OS) dec1ine in LH concentration was observed at 

four and eight hours post deviçe insertion in heifers treated 

with "P+E" and "P", respective1y. In liE" treatèd,heifers a1so 
1 

a slight decline (P> 0.05) in serum LH was observed four hours 

after insertion of the device. Thereafter in "E" treated 

heifers serum LH increased and reached a maximum concentration 

of 32.7 rlg/m1 16 hours after insertion of the device. After 
o 

the maximum concentration a significant (P..( 0.01) decline in 

serum LH was observed 24 hours after inserting the device. 

Four heifers in "E" treatment exhibited another maximum. con-

centration on day 2 and day 4 after device insertion. The 

serum LH in "E" treated heifers declined to pretreatment con-

centration eight days after insertion of the device.' 

Ana1ysis of variance of serum horm6ne data showed that 

period did not affect the response.' Ana1ysis revea1ed a sig-

nificant ·treatment effect oh levels of serum estradiol and LSD 

showed that the release of estradiol from estradiol-17~ device is 
, 

higher (PO(; 0.01) than that released by "P+E" device. Analysis 

of variance of'estradiol concentration also showed a signifi-

cant (P -< O. 01) treatment x time interaction. Ana1ysis of pro-

gesterone data showed that progesterone in serum was similar 
. . 

CP> 0.05) fo1lewing treatment with· tlp" and "P+E II device. How-

ever, analysis showed a treatment x time interaction (p -< 0.01) • 

Serum progesterone in heifers treated with IIp+E II was greater 

. \ 
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Figure 9. Mean serum LH in ovariectomized heifers treated with vaginal device 
containing progesterone (P), estradi~1-17~ ct) or progesteron~ + 
estradiol-17~ (P+E). 0 ~ tLme of insertion of the devices~ ·n = 
six observations per treatment. ,Analysis of variance of LB showed 
that the LB concentrat~oI) in E device treated heifers wàs signi-fi-
'cantly (P < 0.01) higher than P or P+E device 'treated lÎ~Uers. . 
Values for the rest of the samp.ling period appear in Appendix Table. 7. 

:' , 
';. 

li 

~ 

... 

·1 

" 

-; ... 

~ ~ " . 

( 

l· 

$ 

i 

" 



-, 
, 

72 

o LH (nD/mi) 

, -

"" 
, , 

::r: g f ::0 en 
\ 

1 

""1 
::0 
0 
3: 

c 
rr1 
< 

l' 1 ri , . 
'(\ tT1 

Z en 
rr1 

~ --:---~ 

5 Q 

2; 

1 
1 v '" 

f" 
f, 
! 

L ' .. ro 
1 

" 1'1"'0 i 
+ ! 

" '" i 
. i 

-
." 

"> 

• 
" 

• 
0) 

" 1 

1 

4 
, 
J, 

"" " 

.,' 



.' . 
" 

III!m:imœ. ah 1.' 

o 

o 

,." 

- - , 
AI. 't 1 MU.' III J' hllllll.' 

" 1 
1 

73 

(P -< O. 05) at four hours, after insertion of the device and lower 
o 

,(P ~ O. 05) on days 4, 8 and 12 of~ the sampling period compared 

ta heifers treated with "p" device. Analysis of va~iance of 

La concentration revealed that the LH concentration in "E" 
a 

treated heifers was significantly higher (P ~O. 01) than for the 

"pli and "P+E" treated heifers. No difference (P> 0.05) in œ 
t 

conc~ntration was observed between "pli and "P+E" treated heifers. 

AlI heifers treated with liE" device exhibited standing 

estrus. The onset of estrus from the time of insertion of the 

de'vi~e, rangeq from 18 te 26 hours. 'l'wo heifers treateq during 

period A h~d shorter interval ta estrus.compared to other 

hei,fers. ~o; the '~P+E" treat'ed heifers also exhib~ted sli.ght 

manifest'a~ion of estrus 24 hours after device insertion during 

period A. 

AlI heifers retained the vaginal device .for 12 days 

" , 

except fa~ one hei~er that e~elled the dev~ce on day 8 and 10, 

during period C. The,device was clean~d and f~insèrted w~thin) 

half an hour after expulsion. A whitish yellow vaginal mucus 
, 

diseharge was ob~erved during the treatment period in 25% of 

the heifers. When the devices were removed they were coated 

with a thick whitish yellow mucus. The amount of steroi~ re-

~eased from the devie~s was-estimated by weighing the devices 

-before and after insertion. No difference in weight was opserved 
f,.. ' 

in' "E" devie'e. A difference in weight of approximately 0.5 g 

J 
\ 

~ , 



-, 

bd .. * •• 1 f '1IJ1 1 ., 1 A" 2. 71. 

74 

was observed for "pli aJ;ld "P+E" device. This indicates that an 

average of 0.5 9 of steroid was released during the 12-day per-

iod by both fi p fI and "P+E" devices. / 

EXPERIMENT IV ~ THE EFFECT OF SIIASTIC VAGINAL DEVICE 
CONTAINI~G PROGESTERONE AND PROGEST-

J ERONE + ESTRADIOL-17~ ON THE PRESENCE 
OF CYTOPLASMIC ESTROGEN AND PROGEST­

ERONE RECEPTORS IN TARGET ORGANS 

Introduction 

Studies on the induction of puberty and the blood hor-

mone concentration profile at the onset of natural puberty in 

prepuberal heifers suggest that progesterone may be involved in 

the final events leading to puberty. In determining the value 

of progesterone as an aid in inducing estrus a,nd ovulation in 

ane,,:;trous, ewes, Robinson (1959) indicated that progesterone con-

ditioned receptors in higher centers to respo,nd to low levels 

of estrogen. One possible way by which progesterone may influ-

- 0 

ence the final ~vents leading to puberty ~n heifers is as fol-

lows. Progesterone priming may increase the cytoplasmlc estro-

'gen receptors at the anterior pituitary and/o~ypothalamus. , 

This in turn will in~rease the sensitivity of the receptors ' 

for blood estradiol, resulting in depletibn of cytoplasmic 
{) 

estradiol receptors, which in turn initiates gonadotrophin 

surge and o~lation • 
. '\ 

The objectives of this exPeriment were to study the 
, '.."., ~ ~ 
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influence of silastic vaginal device containing either progester-
~ 

\ 

one, progesterone + estradiol-17e or no steroid on serum hormone 

levels and the presence of cytoplasmic estrogen and progesterone 

receptors in the hypothalamus, anterior pituitary and reproduc-

tive organs of the prepubera1 heifer. 
""" 

Ma terial sand Method s 

Eleven prepuberal Hereford-Holstein heifers, 18-21 weeks 

of age and weiçhing approximately 135-200 kg, w~re used. They 

~ere housed indoors and fed on a maintenance ration ot gra;n and, 

hay. They were. pa.lpa ted rectally prior to the commencement of 

treatments and none wer~ cycling. 

( lî 
The heifers were allocated at random to the fOllowing 

treatment groups. Three heifers were treated with silastic vag-

nal device containing no steroid and were designated as controls 

("C") • Four heifers were treated wi th silas tic vaginal device 

containiqg 2 9 of progesterone ("Pli). Four heifers were treated 

) 

with silastic vaginal device containing 2 9 of progesterone and 

10 mg of estradiol-1713 ("P+E"). Five heifers, one from "c" and 

two each from "P" and I1P+E I1 were slaughtered 48 hours after 

ihsertion of the device. In the remaining six heifers, the 

device was 1eft in place for a period of 12 daYSi they were' 

o 
slaughtered 48 hours after removal of 

, , 

L 
1 
, 
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the device. 'Immediately after slaughter,the ,uterus, ovaries, 

adrenals, anterior pituitary, anterior hypothalamus, posterior 

hypothalamus, portion of cortex tissue, portion of mammary 

tissue and portion of liver were removed, weighed and placed on 
.. 

ice in a 40 C room. 

Vaginal Deyices 

Silastic vaginal devices containing progesterone and 
t.. 

progesterone + estradiol-17~ were prepared as described in 

part II. Control devioe had the sarne surface area as others 

without any steroid in it. 

Blood Samples and Estrus Detection 

Blood samples (20 ml) from the jugular vein were obtained 

at ~24, 0, 6, 12, 18, 24, 30, 36, 48 hours and 2, 4, 8, 12 

days after insertion of the device (0 = time of insertion). 

othe~ blood samples were taken 6, 12, 24 and 48 hours after re-

moval ot the device. Serum samples were stored in aliquots at 
1 

-200c u~til assay. Serum p~ogesterone and estradiol-17~ were 

determined as described in parts l and II. Serum LH was 

'kindly assayed by Dr. G.~ewender of Colorado State University, 

Fort Collins, Colorado. 

Heifers were observed for signs of estrus during the, 

treatment period, with an aid of a vasecto~zed bull and Kamar 
~ 

heat.mount detectors. 
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Steroid Receptor Assay 
o ,The steroid binding -asùiay described by korenman (1975) was 

used with slight modifications. 
1 

Chemicals 

a - steroids 

1.~Estradiol-17~T2.4.6.7-3H {NEN) 
Specifie activity 110 curies/mM 

" 
2.< Estradiol-17~ (Sigma) 

')\J 

3. progesterone-l,2-3H (NEN) 
Specifie activity 47.8. curies/mM 

~ 4. Progesterone (Sigma) 

. b' -

5. 17,2l-dimethyi-19-nor-4,9-pregnadiene-3,20-dione 
'(R 5020) 3H (Roussel UCLAF) 
Specifie activity 51.4 CUries/mM 

6. R 5020 (Roussel UeLAF) 

Chemicals for Buffer Solutions 

l. Tris (Anachemia Chemical Ltd.), 

2. EDTA (Ana chemi a Chemical Ltd.) 
t 

3. 1 N Hel (Baker and Adamson) 

4. Di~hiothreitol (DTT) (Sigma) 

5. Charcoal (~ORITA) (J.T. Baker Chemical Co.) 

6. Dextran (DEX) (NBCO.) 

c - Scintillation solution components 

1. Toluene. analytical grade (~llinckro~t) 

2. PPO, scintillation grade (Packard Instrument Co.) 
o 

3. POPOF, scintillation grade (Packard Instrument Co.) 

4.; Bio-SOlv BBS-3 (Beckman Instruments, Inc.) 

-, 

!!!., 
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Solutions 

a - TEO BUFFER - 10 mM (TRIS), 1.5 mM (EOTA), 0.5 mM (OTT), 
pH 7.4. This was used for 'the preparation of homogenate 
and for receptor assay. 

b - DEXTRAN COATED CHARCOAL Buffer {DCC) - 10 mM (T~S), 
250 mg (NORIT) 1 ? 5 mg ,(DEX). The pH was adjusted to 
e.o wi th HCl and" the volume made to 100 ml. This buffer 
was used to separate the bound from unbound sferOid. 

c - Scintillation counting'solution - 3.8 litres of toluene, 
18.95 9 (PP», 378.9 mg (POPOP) and 100 ml Bio-Solv 
BBS-3. 

Preparation of the Cytosol 

Immediately after recovery of the tissues, they were indi-

vidually trimmed of connective tissue, rninced and hornogenized ; 
\ 

(1 9 of tissue in 5 ml of TED Buffer) using Polytron (grinkmann) 

at full speed for ,one minute. o ' After four hours at 4 C, ,the horno-

genate was centrifuged at 105,000 9 for one hour at 4°C in an 
, . 

u1tracentrifuge (Beckman L2-65B). The concentration of protein 

in the supernatant was deterrnined (Lowry et'~., 1951) ,and 1-2 ml 
" 

o aliquots of the ~upernatant were stored in liquid N2 or at -20 C 

until' receptor assay. 

Binding Assay 

The 'incubation generally followed the design shawn in 

Table 3. A total, volume of 0.4 ml cantained 0.1 ml TED buffer, 

0.1 ml labelled steroid and 0.2 ml of cytasol (homogenate). 

In the blanks, the cytosol was replaced by, the same yolume of 

~- , 
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Table 3. EstradiQl and progesterone protein binding p~ocedure. 
Assay design. 

Blank 
100 ~l TED Buffer 
100 ~l* 
2€l0 ~l TED Buffer 

Maximal Binding 
100 ~l TED 
100 ~l* 
200 ~l homogenate 

"Displacement by excess unlabelled steroid 
100 ~l of excess unlabelled steroid 
100 ~l* 
200 ~l homogenate 

*concentration Molar IxlO-ll,lxlO-IO~xlO-~ lxIO-~ 2xI0-~ 4xI0-~ 
of labelled steroid 

TED buffer. In the incubations where the displacement of 

labelled steroi~ from receptor sites was measured the buffer 

contained an excess of cold steroïde AlI incubations were done 

in duplicate. The hornogenate was thawed and adju~ted with TED 

buffer to a final concent,ration of 2 mg of protein/ml of hOIIlO-
. . 

genate. After adding the homogenat~ the assay tubes ~ere vor-
, 

texed ~or 10 seconds and incubated for about 18 bourse After 

incubation, 0.5 ml of freshly prepared dextran-coated charcoal 

buffer (DCC) was added.: the tubes were vortexed for 10 seconds 
/ 

and allowed to ptand at 4 0 c for 30 minutes. The tubes were 

then centrifuged at 2,000 g for 10 minutes. The,supernatant was 
, 

" 
\ 
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decanted into vials containing 10 ml of scintillation solution.' 

The vials were shaken and Ieft in the clark for 24 hours beiere. 

counting. 

Specifie steroid binding for six ievels of labeIIed s~er-

oid added was caiculated by sUbtFacting the counts in blanks and 

those containing an excess of cold steroid from each getermination. 

Total radioactivity ,present in the incubation was estimated by 

, 
o!fd tting th~ charcoal. Counts per minute were then converted to 

pico moles of labelled steroid bound/mg of protein. Pico moles 

'label~ed steroid' bound/mg protein ànd molar conêentration of 
1 

-
labelled steroid added were then plotted on a semi-logarithmic' 

graph paper and ~e pico moles of labelled steroid bound at 

saturation point was determined. 

Statistical Anallses 

The concentration of hormones, the weights of the heifer, 

the weights of adrenals, ovaries, uterûs and anter~r pituitary, 

and steroid receptor concentrations werè analyzed by regression, 

as a split split plot experiment ina completely randomized de,sign. 

Results 
1( , 

Mean estradiol-176 and progesterone concentration in serum 

collected just prior to vaginal device treatrnent were not different 

(P > 0.05) among treatment groups (Figure .IO). Serum estradiol-

176 four hours after insertion of the device av~aged 4~.~~pg/ml ' 
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Figure 10. Mean serum estràdiol-17~ in prepubera1 heife~s treated w.ith vagina! 
. device containing no steroid (C),' progesterone + <P'estra~iol-l.1~. (P+~ ~ .;' 
or progesterohe (P). 0 = time ôf insertion of the devices. ·n = 
three heifers fo.r group C .and fOtir heifers each for grou~ P+E and' 
P. Va~ues for the rest of-t~e sàmpling period appear in Appendix 
Table '8. . 4 ' , 
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in "~+E" treated heifers. Subsequent to this maximum, e~tradiol 

concentration decreased significantly (P < 0.01) eight hours post 

deyice insertion and, thereaftei, the concentration decreased 

slowly. Forty-eight hours after insertion of the device, the 

serum estradiol concentration averaged 16.5 pg/ml. Serum estradiol 

returned to basal level 0I) day 4 of. treatment. No sig'nifi'cant 

change (P > O.O~ in serum estradiol concentration was observed in 

heifers tr~ated with "Ph or "Ch devices. c 
The concentration of serum progesterone wes 4.2 ng/ml four 

hours after insertion of the device' in both "Ph and "P+L" trea ted 
..1 

heifers (Figure Il). After reaching ~e maximal value, the serum 

• progesterone in ~P" and "P+L" treated heifers decreased respec-

tlvely to 2.5 and 1.5 ng/ml at device removal. A significant 

décrease (P < 0.01) in serum progesterone was observed in "P" and ... 
"P+E" treated heifers after removal of the device. No change in 

serum progesterone was observed in control heifers. 

The serum LH, quantitated irl\ the six heifers treated with 

vaginal device for 12 days, was generally very low or non detect-

able during the treatment periode No change in serum LH was 

observed in progesterone treated heifers before, 'during and 

after insertion of the device (Table 4). In "l?+E" treated 
, \ 

heifers, one heifer had a maximum concentration of 7.6 ng/ml 

12 hours post device removal and the other had 16.6 ng/ml 24 

6-
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Figure 11. Mean serum progesterone in prepuberal heifers treated with vaginal 

'1' 

device containing no steroid (C), progesterone + estradiol-17~ (P+E) 
or progesterone (P). 0 = time of insertion of the devices. n = 
three heifers for group C and four heifers each for groups P+E and 
P. Values for the rest of the sampling period appear in Appendix 
Table 9. 
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Table 4. variability in serum LE concentratiorr~n prepubera1 
heifers treated with control, progesterone and pro~ 
gesterone + estradiol-17~ silastic vaginal device. 

Time Progesterone progesterone+Estradiol Control 
15* 26 10 ! 29 16 31 

-24 hr 9.97 0.47 0.94 -0.25 2.00 4.00 
0 hr 1.19 0.47 1. 77 0.71 0.66 8.56 
6 hr 0.26 0.40 1. 02 0.31 0.57 2.07 

12 hr ND 0.48 0.31 1. 00 0.89 3.22 
18 hr ND 0.20 ND 0.94 0.66 26.40 
24 hr ND 0 0.22 0.51 0.49 0.41 '2.25 
30 hr ND 0.29 ND 1. 71 0.31 1.68 
36 hr ND ND ND 1. 24 0.15 3.21 
48 hr 0.58 ND ND 1. 17 0.12 3.20 .' 

04 ND' ND 0.37 0.53 ND ·3.58 
08 0.63 ND 0.16 0.95 ND 52.21 
D12, o hr 0.40 ND ND 1.97 0.16 14.91 
012, 6 hr 1.30 2.4 0.60 1.64 0.15 1.40 
012, 12 hr 1.51 0.46 7.65 2.05 0.04 2.10 
012, 18 hr 1.46. 2.49 0.45 2.14 ND 1.94 

0 Dl3 0.81 0.98 0.26 16.56 0.34 32.95 
D14 2.86 1.49 0.81 1. 20 0.72 . 1.65 

*Anima1 number. 
**ng/ml 

0 hr == Time of device - insertion. 

012' 0 hr = Time of device remova1. 
/ 

,. 

hours after the devic~ remova1. In one "c" trea ted' heifer 1 LH 

peaks were observed at 18 hours, on d,ay 8, at device removal 

and 24 hours after removal of the device. 

1 
The ana1ysis of regression on body weight revealed that 

there was no difference (P > 0:05) in the body weight among treatment 

- ~~ 
groups. Hence no adjustment of organ,weights was made in 

'UIIU..4 l '1 
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1 
relation to body weight: The analysis aiso showed that the 

duration of the steroid device treatment did not affect organ 

weights (P ~O.O~. The analysis of ~gan weights rev~aled 

that uterine we"ight was affeèted by treatment (Tabl~ 5). "p" 

~ and "P+E" treated heifers had signficiantly {P < 0.01,)' higher 

uterine weights (70.9 and 73.8 g, respectively) than control 

heifers (48.3 g). Ovarian weight was also affected by treat-

87 

ment (P < 0.05). Ovarian weight in "e" trea ted heifera. (4. 7 g) 
JI 

was higher than in "r" and "P+Z" treated heifers. Ovarian 

weight for "P" treated- heifers was greater (P < 0.05) than 

for "PH'::" treated heifers. The 'mean weight of pituitarx was 

lower (P < 0.05 in "P" treaté'd heifers than in "c" and "P+E" 

treated heifers. A positive correlation (P < 0.05) was 

obtained between (a) uterine and adrenal weight (0.54), (b) 

uterine and anterior pituitary weight (0.31), (c) ovarian and 

adrenal weight (0.41), and (d) ovari~ and anterior pituitary 

,weight (0.52). 

The highest concentration (5.8 pico mole's/mg cytosol 

protein) of uterine estrogen receptors were observed in "e" 
CI> 

treated'heifers (Table 6). This was significantly differen~ 

(P < 0.05) :from that of "P" and "P+E" device treated heifers. 

Indeed, "P+E"' treated heifers had the lowest concentration 
'\... 

(2.1 pico moles/mg cytosol protein), which was significant1y 

different (P < 0.05) from "e" and "pli treateÇi heifers. Tl:1e 

progesterone receptor concentration in uterus, when 

tritiated progesterone was used for binding, 
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Table 5. Effect of progesterone and grogesterone + estradiol-17~ device treatment on 

uterine, ovarian, adrenai and anterior pituitary weights in prepub~~al heifers*. 
~ -

'~ 

Treatment Nè. of Body Wt, uterine Wt OVarian wt Adrenal Wt A. Pit. Wt 
Groups __ ~i!Ml,-s_~ ___ (kql~~ ____ ~(gJ ___ ~_ _(g)_~ _ __ '_~(g)__ Cg) 

COntrol 

Progesterone 
Device 

Progesterone ;: 
EstradioI-l"l/3 
Devi ce 

3 

4 

4 

-, 
172a 

{161-193 } 

I68a 

(147-189 ) 

164a 
( 136-177.) 

"'-

~8.3a . 4.7 a 
(4-0.1-59.5) (2.0-8.7) 

! 
~ .. 

70.9b'""' 3.9b 

(40.4-122.2) ta,..·3-S.3 } 

73.8b 2.9 c 
(54.6-95.4) (1. 7-3.4) 

7.6a ,0.92a 
,(6.6-8.6) (0.89-0.96) 

4 

8.Sa 0.94b 
(86.2-10.6) (0.87-1. 01) 

0 

~' . ---. 
7~.9a 0.92a 

(6.9-8.'6-L (0.79-1. 01) , 
~ 

-" 
;;, 

*Average-figures with ranges in parenthesis. 

a,b,cObservations beari~g superscript indicate 
Significan~-level p < O. 05. 

the differences and similarities. in co~umna. 
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Table '6. 

\ 
\ 

Effeet of progesterone and progesterone f estradiol-17e 
vaginal devi~ treatment on the pre~ence of estrogen 
and progesterone receptor sites* in the uterus of 

\ 
prepuher.al he\Çers.- ~ 

i 
i 

. 
Tr atment 

Estrogen 
Rece;etors tors 

'3H-E2 Bound 020 Bound 

Cont 01 
(3 

S.87a 
::t0.40 

1.S6a 

±0.28 
2.7la 
±0.9l 

" K' 

Prog~sterone 

( 4!) 

proiesterone + 
Es radiol-17(3 

( ) . 
1 
1 

3.5lh 
±1.50 

2.08c 
±0.98 

0.73 h 1.49a 
±0.44 ±0.9l 

1. 02b 2.168 
±O.26 ±0.78 

co moles of steroid hound at saturation point/mg ~otein of 
t'ssue homogenate. 

a,b,CObservations bearing superscript indicate the differences 
and similarities -in columns. Significant P ~ 0.05. 

l > 

"' . 
( ) = No. of animaIs. 

was highest (1. 6 pico moles/mg cytosol protei:p) in utu treated 

heifers which was significantly different (P <: 0.05) frQtn other , . , -. 
two treated ~roups. The binding 

progesterone receptors 
\ 
was 

of trit~ted RS020 to uterine 

twice as h,igh (P < 0.01) as . 

that of tritiated progesterone. However, no difference (P>0.05) 

-
was observed in ûterine progesterone receptor concentration 

• among treatrnent groups. There was no si~nificant (P) 0.05) 
v 

/ 
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effect of treatrnent on estrogen and progestero~~ receptors in 

the posterior hypothalamus and the ante~ior pituitary (Tables 7 

ànd 8). However, "pli and o"P~ ~eifers had slightly higher 

estrogen and progesterone receptors 'than ~C" treated heifers. 

C) 

~
' . , . . 

\ . 

• 

() 

The mean concentration of estrogen receptor in anterior hypo­

thalamic tissue of "pli an,g "1>+:8" treated heifers was slightly 

_ higher (P > 0.05) than in control héi~ers' (Table 9). The pro­

ge~terone receptors were not detectable in'ante~ior hypothalamic 
\ 

tissue.' Estrogén and progesterone receptors of ovary, liver, 

. adrenal, cerebral cortex, and mammary were not detectable by 

the pres~nt, procedure. The analysis of regression showed that 

tlme of slaughter did not hale any effect (P > 0.05) on estrogen 

~d progeste~one receptors in uterine. anterior.Pitùitary and 

a~or and,posterior hypothalamic tissues. 
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Table 7. Effect.of prOgesterone and progesterone + estradiol-17B 
vagina\ldevice treatment on the presence of,estrogen 
and proqesterone receptor sites. in the posterior 
hypothalamus of prepuberal he~fers. 

Treatment 

Control 
(3 ) 

proçesterone 
(4 ) 

Progesterone + 
Estradio1-l7~ 

(4 ) 

Estrogen 
Receptor§ 

3a-E2 Bound 

0.1120 
:0.008 

0.1250 
:0.049 

0.1943 
±0.049 

~rogesterone Rèceptors 
3H-P Bound 3a-as02o Bound 

0.0623' 0.2317 
:tO.014 1'0.095 

0.1108 0.6305 
!0.063 ±0.142 

0.1433 0.5'212 
:ta.pa7 ±0.079 

*Pico mole~ of steroid bound at saturatio~ point/mg protein of tis­
sue homogenate. 

( ) = No. of animaIs. 

**Co1umn means are not sig~ificantly different (P~0.05). 
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Table 8. Effecit of progesterone and progesterone + estrad~ol-17a 
vaginal device treatment on theJPresence of ~strOqen 
and progesterone receptor sit~s in thé anterior 
pituitary of prepubera1 heifera. -. " 

Treatment 

control 
(3 ) 

f 

Progesterone 
(4 ) 

Progesterone + 
Estradio1-17f3 

(4 ) 

. Estrogén" 
Receptors 

3H- E2 Bound 

0.0857 
:tO.037 

0.1655 
tO.041. 

0.1418 
:ta. 0081' 

Proqesterone RecePtors 
3H-P Bound 3,H-RS020 BoUM 

0.0:493 
±0.008 

0.0908 
±0.026 

0.0910 
:t0.075 

0.0770 
fO.008 

0.1495 
:0.036 

0.2368. 
;;t0;174 

*Pico moles of sëeroid bound at saturation point/mg protein of 
tissue homogenate~~ 

( ) = No. of anima1s. 
1 

**Column me ans are not significant1y different (?>0.05) • 

. 
Table 9. Effect of progesterone and proge~erone + estradiol-17B 

vaginal device treatment on the presence of estrogen 
receptor sites* in the anterior hypothalamus of 
prepuberal heifers. ~ 

.1 

Treatment 

Control ... 
(3) . 

Progesterone 
(4 ) 

Progesterone + estradiol-l7{3 
(4) ~ 1 

Estrogen Receptors 
3H-E2 Sound 

0.086 
:t0.047 

.0.180 
:t0.083 

0.214 
:ta. 130 

*Pico moles of steroid bound at saturation point/mg protein of 
tissue homogenate. 
( ) = Ro. of anima1s. 
**Means are not significant1y different (P > O. OS). 

. 
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DISCUSSION 

" ' 

Fo1lowing insertion of silastic devicês contaihing-pro-

gesterone, the serum pro9~sterone levels indicate t;hat the rele&se bf 

prog~sterone from silicone rubber depends mainlx on the"surface 

area of the device. This is' in agreement with Dziuk and Cook 

(1966) who a1so reported tha~ surface area iQ more important .. ' 

than concentràtion in determining release of steroids from 8i1-

icone rub~er implants. Similarly, Roche (1974) reported that 

the si1astic devices with large surface area prevented heifers 

from coming into estrus, wher~as dev~ces havi~g half~he sur-. 

face area did not prevent heifers from coming into estrus •• 

Studies on the transport of steroids across silicone 
~ 

have also shown that permeàbi1ity rates were inver 

tional to thickness ~f the membrane (Kincl and 
" . \-

influenced by the structure of the steroid (Sund and Kincl, 

196B) and degree of lyophi-licity of the steroid (K ncl '~nd Rudel, 

." 
1971). The present study is the first report whidh shows that 

" 
route of administration of the progesteroneodevi'ces whether . ' . 
subcutaneous or intravaginal does not affect the release of pro-

gesterone thrQugh silicone membrane. " 

A decrease in'peripheral level pf serum progesterape 

over time was observed whi1e the devices were in place. A sim-

ilar observation was made in cyc1ing heifers (Rajamahendran et 
.93 -

) Î 

1 , 

, . 
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t? ., 
1975),·goats (Dhindsa et !À •• 1913), sbeep (symons ~~al., 

~ . 
. Although Symons et .!l . and prepUber~l~ilts (Beebe, 197~). 

(1974) repoX1:ed that the decline in serum progesterone was du~ , 

~o a,physiç1ogical process rather than t9 unavailabilitt of the 

hormone from impl~ntsf the reason for the'decline is nQt clear. 

HoweYeJ;", several possibi li ties exist. Ei ther the transport of 
. , 

progesterone from silastic'device was affected due to (a) encap-.. 
sulation by fib~ous connective tissue and secretions (Kincl and 

. 
Rudel,'19'1), (h) absorp}ion of li~id~oOmponents from the tissue 

, . 
to the dev,ice (Kincl and Rudel, 1971), (c) the thickness of the • 

silastic tubing or'rapid re~val of progesterone from ~rcula­

tian QY increased liver enzyme activity and conjuqation. 

Diu~nal variation in se~m prdgesterone was demonstrated 

followinq insertion ~f proges~rone devices. Diurnal variation 

in serum progesterone levels'did not ooeur in the bovine at 

estrus (Katanqolle ~ al., 1974) 'or durinq mid-lutéa~.phase 

(Rajamahendran and Baker" 1975). The reason for the observed 

diurnal 'var~tian in the present study is no~ clear. The most 
fi . , 

likely poSsibility would be the differences in metabolic acti-
< 

vit Y and liver conjuqation of progesterone which ~s believed to , . , 

.".,. 

vary with feeding pattern and animal behaviour\(MacAdam and Eber­
\ 
\ 

hart f 1972') or differ~nces in blood supply ta vaXlious parts of . 
, ' 

the body at different times of ,the day~ A diurnal variation in 
, . 

p~riPheral plasma concent'ration' of adrertal corticoids has been 

• 

b 



-

demonstrated ln man (Rose et al., 1972), pigs (Bottoms et al., 

1972) an~ horses' (Bottoms et al., 1972). 
\ 

However, in the bovine 

results are conflicting. ~dson et~. (1974) failed to observe 

any diurnal variatlon. MacAdam and Eberhart (1972) obtained an 

early morning peak but no following trough, whereas Wagner and 

Oxenreider (1972) obtained a trough between 1800 hr and 0200 hr, 

but no early morning peak. It is also possible that the diurnal 

variation obseTved in the present study was due to progesterone 

produced by the adrena1s. It has been shown that adrenals pro-

duce progesterone in bovine (Balfour and Comline, 1957). Resko 

(1969) reported that plasma progest~rone level increased follow-

ing ACTH in ovariectomized rats. Thus, one might postulate tnat 

heifers may also experience a ~iurnal progesterone 1~ve1 as a 

result of change in ,adrenal activity. 

It has been suggested that serum progesterone concentra-

tion of l ng/ml and above will b10ck estrus and ovulation in 

cycling bovine (Hansel and Malven, 1970). Further: the serum 

progesterone profile d~ring the estrous cycle in the bovine 

(Stabenfeldt, 1969 ~ Henrichs et al., 1971 ~ Wèttemann et al., o 

. 
1971~ Rajamahendran et al., 1976) also -indicates that estrus 

and ovulation occur only after the se~m progesterone declines 

to less than l ng/ml. In the present study except for treatment 

"A" prepuberal heifers, the serum progesterone in other heifers 1 
.. 

at device removal was greater than l ng/ml. Therefore, the 

r'i.~r 111111--' 
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devices used in treatment, "Bu, IIC
II and IfD II may be used to control 

estrus and ovulation in cycling heifers. However, the practical 

difficult~es involved i~nserting the treatment "B" device 

do not favour its use in estrus ~ynchronizâtiô~; , , 

None of the prepuberal heifers treated wi th saline fol-

lowing progesterone,. dev.ice treatment exhi1=;>i ted estrus or ovu­

lated," sUg?esti(g~hat the progesterone priming should be fol-

lowed with an ovulatary stimulus. This is in agreement with 

other workers w~ indicated tha~ progesteron~ pretreatment in-

creased the incidence of ovu~ation in prepubera1 heifers (Howe 

et al., 1962; Arije et al., 1969; Neville and Williams, 1973) and 

anestrus ewes (Robinsq~, 1959; Gordon, 1963; Hu1et and Foote, 

1969). The numbér of ovulations following 500 IU of PMSG 

ranged from two to four and no unovulated folllcies were ob-

served at palpation, which suggests that progesterone treatment, 

also suppressed excess follicular development. The results sug-

gest that more uniforrn ovulations with excess follicular devel-

-opment can be obtained in progesterone primed prepuberal h~S 

with increased dose of PMSG. Gonzalez-Padilla (1975b) reported, 

that aIl prepuberal heifers which received estradiol-17~ with 

progesterone priming ovulated. In contrast, in the pres~t À 

study only 25% of the e~tradiol-17~ treated heifers following 

progesterone priming ovulated. ~e low success rate obtained 
v-

may be due to ,the differences in age of the heifers used. 
~ 

, 
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Recent experience by the author indicates that estrus, ovulation 

and cyclic activity can be induced'in prepuberal yearling heifers 

9 by treating them for 12 days with vaginal device co 

estradiol-17~ and progesterone. Ka~baCh et al. 

shown GnRH to produce substanti~l increase in serum 

have 

FSH and LH 

levels in heifers following administration of GnRH. It was 

reported (Bedirian, 1973) that GnRH stimulated follicular growth 

but did not cause any ovulation in prepuberal heifers. However, 
o . ~ 

in the present study 25% of the heifers treated with GnRij follow-

ing progesterone priming ovulated. This observation is encour-

aging.Further work should be done with higher doses of GnRH in 

an attempt to induce ovulation in progesterone ~rimed heifers. 

Serum estradiol-17~ observed in cycling heifers with 

vaginal device containing progesterone + estradiol-17~ was 

thrice the previous reported value for proestrus heifers (Wettemann 

et aL,1972)., Serum estradiol-l7~ declined to pretreatment 

levels forty-eight hours after insertion of the device and 
~ 

this value was comparable to"basal values reported for normal 

cycling heifers (Wettemann, 1972). The maximum concentration 

of serum progesterone observed was comp~rable to mean pr~g:st- 1 
erone concentration previously reported (Henricks et al., 1971: 

• 

Wettemann et al., 1972; Rajamahendran et al., 1976) for heifers 

in mid-!uteal phase of the cycle. Twenty-four hours after re-

moval of the device progesterone concentration declined to' 
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~basal values reported for proestrus heifers (Henricks et al., 1971; 

Wettemann et al., 1972: Rajamahendran et al., 1976). The steady 

~ continuous release rate of progesterone from silastic vaginal 

, 

device appears to simulate more closely the normal endogenous 

re1ease rate of steroids from ~docrine4tland6 t~an daily inject~ons. 
T' 

The high percentage (> 90%) of heifers exhibiting estrus 

fo11owing a 12-day treatment with vaginal device containing pro-

gesterone + estradiol-17S observe~n)this study is comparable to 

others~ results (Wi1tbank and Rasson, 1968; Roche, 1974; Wiltbank 
• 

a~~nzalez-padilla, 1975) "~~~ pe~entage of heifers exhibiting 
. - ~ 

estrus and ovulation and th'e~.interval i~ estrus after device '" 
",. 

removal w~ same regard1ess of the stage of the cycle. However, 

Roche (1974), using subcutaneous implants containing·progesterone, 

inserted fbr 12 da ys and an \njection of estradiol benzoate' at 

insertion, observed that the estrus response w~s low in animaIs 

treated on day 3 and 17 but was high in those t+eated during mid-

luteal phase of the estrous cycle. He also reported that pro-

gesterone and estrogen injection at the time of insertion of sub-

cutaneous implants cOhtaining progesterone increased the estrus 

response in heifers treqted on day 17. Similqrly, in the present 

1 

study an injection of progesterone and estradiol benzoate given 

at the time of insertion of vaginal device containing progesterone 
o 

.' 
was capable of synchronizing estrus in 90% of 

"+11& r ..... _ j, 57' J'_nI'''"! •• '' SM" , 15 III ew , . '·;nta "If l'lU. 

, < 
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the treated heifers. 

Progesterone injection at the tirne of device insertion 

was siven to shorten the length of cycle in heifers ~at were 
/ 

99 

in day 0 to 4 of the cycle (Harrns and Malven, 19§,9'f Ray et al., 

1961; Woody et al., 1967) and to suppress estro'en induced LH 

follicular phase heifers. High levels of progesterone 

can inhibi t the LH response to estradiol (BoIt ~ ll. , 
"1 

1971; Scaramuzzi et al., 1971; Hobson and Hanse!, 1971). The 

high estrus response observed in heifers treated with vaginal 

device containing progesterone + estradiol-17~ during early 

luteal phase and follicular phase indicate that the progesterone 

" re!eased from the device was sufficient to shorten tne length 

of the cycle and to suppress estrogen induced LH release. The 

results indicate that both the device·s used in the present 

" study were effective in synchronizing estrus in cycling heifers. 

However, vaginal device containing progesterone and estradiol-

17~ seems to be more practicable than injections of estradiol 

benzoate and progesterone given along with vaginal device con-

taining progesterone. 

Based on lim~ted nurnber o~observations the conception, 

rate fol!owing synchronized estrus was :atisfactory. This con-

ception rate is in agreement with conception'rate for replace-

ment heifers in our herd at first insernination. conception 

rate comparable to controls were also observed by other workers 
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using 9-day (Wiltbank and Kasson, 1968) and l2-day (Roche, 1974) 

progestagen treatment. The conception rate to matings at the 

controlled estrus following 18 to 21 days progestagen treatment 

was lower than normal (Hansel, 1967: Jochle, 1972). Following 

short term progesterone treatment Rodetter et al. (1972) ob-

served that plasma estrogen levels at estrus did not differ 

from control, w~ereas heifers treated,with progestagen for 18 

to 21 days had very high levels of estrogen. The abnormally 

high estrogen levels have been attributed to the low conception 

rate observed with lon~ term progestagen treatment. The high 

estrogen levels have resulted in reduced sperm transport -(Quinliv~n 

and Robinson, 19~9), fertilization rate (Hill et al., .1971) and 

altered transport of ova through the oviduct (Reed and Rich, 

1972 ) 

The high (9~~) retention rate of vaginal device in heifers 

obtained in the present study was comparable~to values ~eported 

for Abbott vaginal coils (Mauer et ~., 1975; Rajamahendran et~ al. , 

1975: Roche; 1976). Although the r~tention rate in cows was 

1 
not tested in this study, others (Sreenan, 1974: Roche, 1976) 

indicated that the retention rate in cows was slightly lower. than ~ 

heifers. The lower retention rate may be due to increased vagi-

nal dimension, which seems to increase with ca1ving. Further 

work shoùld be done to evaluate the retention rate and estrus 

synchronization success in cows using vaginal device. Vaginal 
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devices used in the present study were more easily inserted and 

removed than the Abbott Vaginal coils. Furthermore, there was 

less irritation to the vaginal wall as judged by rectal pal­

patidn and no uneasiness obserVed in heifers while the devices 

were in place. The only adverse effect noted was occàsional 

yellowish white discha~e during the treatment period particu-

larly when animaIs were housed. 

It has been shown (Cooper and Furr, 1974; Lauderdale, 1974; Raja-

mahendran and Baker, 1975) that two injections of prostaglandin 

F2a 10 to 12 days apart without reference to previous cyale 

resulted in the majority of animaIs returning to estrus 48 to 

72 hours after second injection. The conception rate fo110wing 

synchronized estrus based on limi ted observations 'appear '00 be 

normal. However, the high'cost of PGF2a ($30 per animal) and 

the pradl:ical problem of giving injections will not favour its 

u~e in large scale 'beef operations. Furt~er, it does not appear 

·that Food and Drug Administration will allow the use o~ pr~sta-

glandin F2a for estrous synchronizati,on in catt1e, for its 

known side effects and misuse in humans. The va.ginal device 

used in the present study is easy to make, easily inserted and 

removed and costs only five dollars per "device and it contains 

progesterone and estradiol~17~, Wh1Ch are normally present in 
• 

blood, milk and tissue. 

From extensive studies in ~he ovariectomized ewe (Robinson, 

r, . .l; 1 
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> 

1959) it is now clear that both progesterone and estradiol-17~ , 

play an important role in the induction of estrous behaviour. 

In the present study aIl ovariectomized heifers treated with 

vaginal device containing estradiol-17~ exhibiteà estrus approx­

eimately ~4 hours after the insertion ofr, the devices, whereas 

none of the heifers treated with vaginal devices containing pro-

gesterone or progesterone + estradiol-17~ eXhibited signs of 

estrus after insertion. The results suggest that progesterone 
1 

could block estrogen induced estrous'behaviour. This observa-

tion agrees wi~h other reports in ovariectomized heifers (Short 

et al., 1973) and ovariectomized ~wes (Scaramuzzi et al., 1971). 

l ' 
The site of action of progesterone block of estrous behaviour is 

not known. It has been reported (Astwood and Dempsey, 1941: 

Dey et al., 1942)D that estrous behaviour can be induced in 

estrogen treated ovariectomized females regardless of the pres-

en ce of a functional pituitary gland. Hence progesterone block 

of estrus rnQst be at the hypothalamic level. 

In the present study higher serum estradiol-17~ was ob-

served in ovariectomized heifers which ~eceived estradiol-17~ 

device relative to that in heifers receiving estradiol-l7~ with 

progesterone. The exact reason for the difference is not clear 

but it may be possible that progesterone either affected release ~ 

of estradiol-l7~ from the vaginal device or the absorption of 

estradiol-17~ through the vaginal wall. Vaginal device 

,..: • 



,2; 

·1I!i"~a* 1 4C a • li )JI lIhulII JOtA 014 $$'*4 *' 4 :_ QI.U aM 1 1" ,IUl :;Jbd .,... 1 b 1_' ••• 

() 

o 
\ 

103 

containing estradio1-17~ a10ne induced a significant re1ease of 

", - "ri-
ser~m LH 16 to 20 hours after insertion of th~ device. This 

iJ' 
-~servation is in agreement with other reports in ovariectomized 

heifers (Short et ~., 1973; Haus1er and Ma1ven, 1976) and pre-

pubera1 heifers (Swanson, 1974; Gonza1ez-Padi1la ~ al., 1975). 

These observations and the b100d hormone levels strong1y suggest 

. 
that estrogen causes LH re1ease in the bovine. The observation 

that progesterone device treatment a10ne did not affect the 
~ 

concentration of serum LH is in agreement with others for ovar-

iectomized cows (Hobson and H~se1, 1~72: Short et al., 1973: 

Hausler and Ma1ven, 1976) and cyc1ing cows (Hobson and Hanse1, 

1971) • 

The pituitary LH response of cyc1ing heifers to a rela-

tively 10w dose of estrogen was lowered du ring the 1uteal phase 

of the estrous cycle (Hobson and Hanse1, 1972). Similarly, in 

the present study progesterone was able to b10ck estrogen induced 

LH release in aIl ovariectomized heifers. This study confirms 

the findings of others in ovarieçtomized ewe (Scaramuzzi ~ al., 

-
1971; Oiekman and Ma1ven, 1973) and intact ewe (BoIt ~ al., 

1971; How1and et al., 1971). However, with sirni1ar experirnental -- " 

mopel Short et al. (1973) and Hausler and Malven (1976) failed 

to inhibit estrogen induced LB release by exogenous progesterone 

in ovariectomized heifers. The present study clearly d~onstrates 
, 

that, in the bovine, progesterone blocks estrogen induced LH 

dL 
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The serum estradiol, progesterone and LH observed in the 

present study in control prepuberal heifers were comparable to 

others' findings (Dona1dson et al., 1970; Swanson et,al., 1972; 

Gonzalez-Padilla et al., 1975). It has beè~ reported (Gonza1ez-
Ir 

Padilla et al., 1975) that estradiol administration resu1ts in 

estrous behaviour and LH peak in prepuberal heifers without sub-

sequent ovulation. The fai1ure to observe estrus and LH peak in 

prepuberal heifers treated with estradiol-17a progesterone vaginal 

deviee suggests that progesterone bloeked estradiol ~ndueed estrus 

and LH release. Two prepuberal heifers that were treated with 
, 

progesterone + estradio1-17a deviee for 12 days showed LB peak 

after removal of the deviee. Gonzalez-Padilla et âl. (1975) 

'iJ' 
observed, in prepuberal heifers near puberty, peaks of serum pro-

gesterone and LH peaks when the serum progesterone deelined. 
~ , 

Target tissues for steroids contain specifie reeeptor mo1-

~ 

eeules which have a higher affinity for steroid mo1eeule. In rats 

specifie receptors for estrogens and progesterone are found in the 

reproduètive tract, the mammary gland, the anterior pituitary and 

. 
hypothalamus (O'Mal1ey, 1971). These receptors are present in 

rela tively low numbers wi thin' the target tissue cells. 
> 

Binding eurves for uterine, anterior pituitary and hypotha1amic 

1 r t' cytoso prepara 10ns in bovine indicate that the 

Isr • ln 
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progesterone 'and estrogen binding proteins from the above tissues 

are saturable at concentration of progesterone and estrogen 

within the physiological range. Steroid specificity of the 
" . 

receptorwas demons~rated by employing loo-f@ld excess of coid 
~ 

steroid. The tissue specificity of the steroid was demonstrated 

by showing high receptor content in uterus, low in anterior pit-

uitary and hypothalamus and non-detectable levels in liver and 
t 

cerebral cortex. These criteria were used to validate receptor 

assay in this study. 

Estrogen binding pr~tein concentration observed in uter-

ine cytosols fall wi thi'n th'e range of concentrations reported 

for calf uterus (Sanborn et al., 1971) and endometrium 6f cycl-

ing heifers (Ki.mball and Hansel, 197"4). In the present study 

a sig~if!icant decrease in uterine estrqgen binding protein was 

observed in progesterone~and progesterone + estradiol-17~ 

treated hei,fers compared to controls. This observation is in 

~ 
agreement with others, who reported that progesterone treatment 

caused a significant reduction in the amount of cytoplasmic 

estrogen receptors in immature rat uterus (Huseh et ll., 19'6)" 

rabbit uterus (Martin, et!!b," 1975). .In the present study the pro-

gesterone binding concent~ation observed for ute~ine cytosols 
l , 

la similar to that reported,for calf uterus (Hayé, 1975). In 

this study a significànt décrease in uterine pro~esterone bind-

ing protein was observed in progesterone a'nd progesterone + 
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estradiol-17{3 treated heifers ~ompared to control. This obser-
1'" 

vation is in agreement with other reports in rat's (Parks et al., 

1974) , guinea pig (Milgrom et al., 1972) , hamster U<ato, 1975) • 

The present study is the first report of anterior pitui-
~--' 

'~~Y and hypothalamus cytosol estrogen and progesterone binding 
: ( ,'~ 

---' 
proteins in the bovine. Therefore, it is not possible to draw 

comparisons except with.reports of·simi1ar binding protein in 

sheep and goats (Galscock and Hoekstra, 1969) and rats (Kato' . , 

and vi11ee, 1967) and o~her species. The demonstration of 

specifie estrogen and progesterone binding protein in the anter-

10r pituitary and hypothalamus suggests that progesterone and 
'" 

estrogen modulate the secretion of gonadotrophins by acting at 

17 nt. .. 

these areas. In this study no significant change in the estrogen 

and progesterone binding protein were observed in anterior pitui-
. 

tary and hypothalarnic cytosols in progesterone and progesterone 

+ estradio1-17{3 treated heifers. However, in the anterior pit~ 

uitary and anterior hypotha1arnic cytoso1s, a slight increase in 

estrogen receptor protein was observed in progesterone and 

" progesterone + estradiol-17{3 treated heifers. Sirni1ar obser-

vat ions have not been reported in other species. However, it . 
has bee~hown that estr9gen pretreatrnent enhaoces tissue sen­

sitivity to progesterone and this enhancement is corre1ated 

with an increasé'd quantity of cytop1asmic receptor for progest-

erone (Milgrom ~ ~., 1973)~ 

; - .. !' 1118· 
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In the present study it was hypothesized that progester-

one pretreatment would increase the, receptors for estrogen at 

the anterior pituitary and/or hypotha1amic level. Although 

there i8 a trend towards increased estrogen receptor concenfra-

tion the results obtained were not significant, probably due to 

small nurnber of observations made. Furbher work should be done 
~ 

wi th greater numbers of animaIs and employing increa,sed concentra-

tion of anterior pituitary and hypothalamic cytosols. However, 
• • 

the effect of progesterone priming can also be exp1ained by a 

,mechanism other than changes at the hypothalamic or anterior 

pi tui tary l'evel, sinee regardless of pr~gesterone priming, the 

estradiol injection elicited LB peaké in prepuberal heifers 

(Swanson ~ ~., 1974~ Gonzalez-Padill~~ al.# 1975). There-

- " fore, the possibi1ity exista that progesterone priming may 
/ 

increase the sensitivity of the ovaries to endogenous gonado-

trophin thereby increasir.(g follicular deve10pment and ovulation 
;; 

,/ 

or both tnechanisms ma~~;(exist. 

It has been d onstrated that 17,2l-dimethyl-19-nor-
• i 

4, 9-pregnadiene-3, 20 ione (R 5020) binds to the rabbit and 
1 

, 1 

guinea pig uterus\cy~sOl ~roge~te~one receptor wLth an intrin-

sic association constant two to five times higher than that of 
o 

progesterone (unpublished data). The present s~udy confirma 

the above ~eports in bovine uterus, anterior pituitary and 

hypPthalamua cytoaols. 

nt 
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In conclusion, a relatively simp~e and inexpensive vagi-
, c 

nal device cQntaining progesterone + estradiol-l7~ w~s developed ~ 

to synchronize es~rus ~n cattle. There was precise onset of 

estrus after rernoval of ~he deviee an. henee will render arti­

fieial inseminatien feasible at predetermined time without prior 

detection bf estrus. The fertility rate following vagi,nal 
o • Jf 

device, based on" smaii 'nurnbe~ of observations is satisfactory. 
. 

Further work should be done'to deterroine the retention rate, 
, 

effective synchrenization and coneeptioQ rate under field con~ 
~ . 

, 

ditions. ',Prelirninary studies indica:te that this vagi.nal' device 

eoulQl he used to 'lnduce fertile estrus in postpartum anestrus . ' 

cows. The devices were net tested for retèntion rate in cows. 

If retentiQn rate of the device becomes a problem, it might be . , 
improved by increasing P1;;.he surface"area', of the devic~ and/9r 

, , 

thickness of the silastic tubing. Studies aiso indicate ehat 
. . 

these devices could be used te ind~e cyclic activity in pre-, . . 

puberal and anestrus heifers. Furthermore the devices can be 

used to study the role of ova~ian steroids i'n induption of 

Fube~ty, parturition, lactation and.other physielogical func-

tion. , 

The present study l1~s dernonstrated "that proq~sterone 
. 

block estrogen indueed estrus behaviour and tH release. Howev~r, 

the role of progesterone in the initi~tion of puberty is yet to 
• 1 

be determinèd. It is suggested that in view of the small number 

'. 
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of animais us~d and the observed high variability, further"work 
,lrr 

be done using more animaIs. However, the possibility exists 

that progesterone may he involved in the'final events leading 

to puber~y by increasing the sensitivity of the avaries ta 

endagenous gonadotrophins, thereby increasing follicular devel-

opment or bath mechanisms may exist. 
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To the best of the author's knowledge, the following 

elements, in the thesis, constitute original contributions to 

knowledge. L 

1. Estrus was synchronized in cycling heifers using a silastic 

vaginal device containing progesterone and estradiol-17~. 

2. The demonstration that progesterone blocks estrogen induced 

estrus behaviour and œ surge in ovariectomized 'and pre-

puberal heifers.. 

3. The· observation that route of insertion of silastic device 

containing progesterone does not influence serum progest-

erone. 

4. Induction of ovulation and cyclic activity in progesterone 

primed, prepuberal heifers using a synthetic gonadotrophin 

releasing hormone (~RH). 

5. The demonstration of diurnal variation in serum~progesterone 

in prepuberal heifers following silastic device containing 

progesterone. 

6. The demonstration of a decrease in uterine estrogen cytosol 

binding protein following progesterone treatment in pre-

puberal heifers. 

'. 
o 7. The demonstration of specifie progesterone and estrogen cyto-

sol binding protein in anterior pituitary and hypothalamus of 

prepuberal heifers. 

110 

•• c .. ;! 1. _1 . 1. 



c ) 

o 

-
$ • ,lb 

lU •• '." 

,. 

REFERENCES 

Aiyer, M.S. and Fink, G. 1974. The role of sex steroid ~rnones' 
in modulating the responsiveness of the anterior pitui'ta'ry 
gland to luteinizing hormone releasing factor in the 
female rat. J. Endocrinol., 62: 553. 

Arije, G.F., Wiltbank, J.N. and Denham, A.H. 1969. Initiation 
of puberty in beef heifers. Proc. West. Sec. Amer. Soc. 
Anim. Sei. t 20: 25. 

Asdel1, S.A. 1946. Patterns of mamma1ian reproduction. Com­
stock Pub., Co., Inc. Ithaca, N.Y. 

Astwood, E.B. and Dempsey, E.W. 1941. The induction of estrous 
behaviour in hypophysectomized rats. Am. J. Phys., 133: 
198. 

Ayalon, N. and Shemesh, M. 
progester~ne in cow. 

1974. Pro-estrus,surge in plasma 
J. Reprod. Fe~t~, 36: 239. 

Baker, R.D. and Coggins; E.G. 1968. Synchronization of estrus 
,and artificial insemination in beef cattle. J. Anim. 
SeL, 48: 303. 

Balfour, W.E. and Comline, R.S. 1957. Secretion of progesterone 
by the adrenal gland. Nature, 180: 1480. 

Beebe, D. Personal communication. 

Bedirian, K.N. 1973. Recovery, ferti1it~ and transfer of 
bovine eggs. Ph.D. Thesis. McGill University. 

Be11ows, R.A., Thomas, 0.0., Riley, T.M., Gibson, R.B., Keiffer, 
N.M., urick, J.J. and Pahrish, D.F. 1965. Feed effects 
on puberty in beef heifers. Proc'. West. Sec. Amer. Soc. 
Anim. Sei. 16: XII. 

BoIt, D.J., Ke11ey, H.E. and Hawk, H.W. 1971. Re1ease of LH 
by estradio1 in cycling ewes. Biol. Reprod., 4: 35. 

Bottoms, G.D., Roesel, O.F., Rausch, F.D. and Akins, E.L. 1972. 
circadian variation in plasma cortisol and corticosterone 
in pigs and mares. Am. J. Veto Res., 33: 785. 

Britt, J.H. and ulberg, L.C. 1972. Melengestrol acetate admin­
istration to dairy heifers and proqestagen levels in the 
peripheral blood plasma. J. Reprod. Fert., 29: 119. 

o 

III 

• 



o 

o 

al .. III 1 1. Il' V m. l 1 Arull If InN 

112 

Caldwell, B.V., Scaramuzzi, R.J., ~rneycroft, I.H. and Tilson, 
S.A. 1970. In Peron, F.G. {nd Caldwell, B.V. (eds.), 
ImmunQlogical Methods in Steroid Determinations. Appleton­
Century, Crofts, New York. 

Carrick, M.J. and Shelton, J.N. , Thè synch~onization of 
oestrus in cattle with proge ta en impregnated intra­
vaginal sponges. J. Reprod. Fert. 14: 21. 

Casida, L.E., Meyer, R.E., McShan, W.H. a d Wisnicky, W. 1943. 
Effects of pituitary gQnadotrophi s on the ovaries and 
tBe induction of superfecundity in catt1e. Am. J. Veto 
Res., 4: 76. 

Christensen, D.S., Wi1tbank, J.N. and Hopwood, M.L. ' 1971. 
B100d hormone 1evels during the bovine estrous cycle. 
J. Anim. Sei., 33: 251. 

Christian, R.E. and Casida, L.E. 1948. The effects of ppq- ~ 

gesterone in a1tering estrous cycle of the cow. J. 
Anim. Sei., 7: 540., 

Cid1owski, J.A. and Muldoon, T.G. 1974. Estrogenic regu1ation 
of eytoplasmic receptor popul~ion8 in estrogen-responsive 
tissues of the rat. EndocrinS!ogy, 95: 1621. 

Cooper, M.J. and Furr, B.J.A. 1974. The role of prostaglandins 
in ani~al breeding.- Veto Rec., 94: 8. 

Crew, F.A.E. 1931. Puberty and Maturity. Proc. 2nd Int. Congo 
Sexe Res. Oliver and Bayd, London. 

,< 

CUpps, P.T., Anderson. L.L. and Cole, H.H. The estrous cycle. 
In Reproduction in Domestic AnimaIs. edited by H.H. Cole 
and P.T. CUpps. New York, Academie Press, 1969, p. 217. 

Dale, H.E., Ragsda1e, A.C. and Cheng, C.S. 1959. Effect of 
constant environmental tèmperatures of 500 F and 800 F on 
appearance of puberty in beef calves. J. Anim. Sei., 18: 
1363. 

David, R. Corifidence intervals for inverse regressions with 
applications to blood hormone ana1ysis. Thesis MaGi1l 
University. May 1974. 

-----------------------------------------.......... L 

-, 
" 



C) 

o 

o 

'0 

±t id a.t •• na •• 11111 • lar r 

•• 

113 

Desjardins, C. and Hafs~ H.D. 1968. Levels of pituitary fol­
licle stimulating"hormone and luteinizing hormone in, 
heifers from birth through puberty. J. Anim. Sei., 27: 
472. 

Dey, F.L., Leininger, C.R. and Ranson, S.W. 1942. The effect 
of hypophysial lesions on mating behaviour in female 
guinea pigs. Enqocrinology, 30: 323. ~ 

, D 

Dhindsa, O.S., Hover1and, A.S., and Smith, E.P. 1967. Estrous 
control and ca1ving performance in beef cattle fed 6-
methyl-17-acetoxy-progesterone under ranch conditions. 
J. Anim. Sei., 26: 167. 

Dhindsa, O.S., Resko, J.A. and Metcalfe, J. 1973. Concentra­
tion of progesterone in systemic plasma of goats: effects 
of various routes of administration. J. Endocrino!., 57: 
247. 

Diekman, M.A. and Ma1ven, P.A. 1973. Effect of ovariectomy 
and estradiol on LH patterns in ewes. J. Anim. Sei., 37: 
562. 

Donaldson, L.E., Basset, J.M. and Thorburn, G.D. 1970. Per­
ipheral plasma progesterone concentration of cows during 
pu~erty, oestrus cycles, pregnancy and lactation, and 
the effects of undernutrition or exogenous oxytocin on 
progesterone concentratio. J. Endocrinol., 48: 599. 

Dziuk, P.J. and Cook, B. 
silicone rubber. 

1966. Passage of steroids through 
Endocrinology, 78: 20~. 

Dziuk, P.J. 1966. Hormones in Reproduction. In Hormonal 
relationship and application in the prodüëtion of meat, 
milk and eggs. Supp. 1966. Nat. Acad. Sei., 141,5: 9. 

Dziuk, P.J., Cook, B., Nisèwender, G.D., Kaltenbach, C.C. and 
Doane, B.B. 1968. Inhibition and control of estrus and 
ovulation in ewes with a subcutaneous implant of silicone 
rubber impregnated with a progestaqen. Am. J. Veto Res., 
29: 2415. 

EChte~nkam~, S.E. and Hansel, W. 1971. Plasma estrogens, 
luteinizing hormone and corticoid levels in post partum 
cows. J. Dairy Sei., 54: 80Q. 

Edgar, D.G. 1963. The progesterone content of body fluids and 
tissues. J. Endocrinol., 10: 54. 



-.'1. tt.ai • EtA* & 
, 

la , il! t • lW* p ••• $ lU .11 tE • 1 

o 

114 

1 

England, B.G., Nisewender,G.D. and Midgley, A.R. Jr. 1974. 
Radioimmunoassay of estradiol-17~ without chrornatog~aphy. 
J. Clin. Endocr. Metab., 38: 42. 

Fahning, M.L., Schultz, R.H., Graham, E.F., Donker, ~.D. and 
Mohrenweiser, H.W. 1966. Synchronization of oestrus 
in dairy heifers with 6-rnethyl-17-acetoxyprogesterone 
and its effect on conception rate. J. Reprod. Fert., 
12: 569. 

Ferin, M., T~pone, A., Zimmering, P.C. and Vandewiele, R.L. 
1969. 'Effect of antibodies1to l7~-estradiol and pro­
gesterone on the estrous cycle of the rat. EndocrinolQgy, 
85: 1070. 

GalscocK, R.F. and Hockstra, W.D. 1969. Selective accumu1a~ 
tion of tritium labelled hexoestrol by the reproductive 
organs of immature female goats and sheep. Biochem. J., 
72: 673. 

Garverick, H.A., Erb, R.E., Nisewender, G~D. and Callahan, C.J. 
1971. Reproductive s'teroids in th~ 'bovine. III. Changes 
during the estrous cycle. J. Anim. Sei., 32: 946., 

Gonzalez-Padilla, E., Wiltbank, J.N. and Nisewender, G.D. 1975a. 
Puberty in beef heifers. I. The interrelationship be­
tween pituitary, hypothalamic and ovarian hormones. J. 
Anim. Sei., 40: 1091. 

Gonzalez-Padilla, ~., Nisewender, G.D. and Wi1tbank, J.N. 1975b. 
Puberty in beef heifers. II. Effect of injections of 
progesterone and estradio1-l7~ on serum LH, FSH and 
ovarian activity. J. Anim. Sei., 40: 1105. 

Gonzalez-Padilla, .E., Ruiz, R., Lefever, D., Denharn, A. and 
·Wiltbànk, J.N. 1975c. Pu~erty in beef heifers. III. 
Induction of fertile estrus. J. Anim. Sei., 40: 1110. 

Gording, J.R., Calt, R.J., Brown, J.M., Kaltenbach, C.C., CUm­
ming, I.A. and Mole, B.J. 1969. Radioimmunoassay for 
ovine luteinizing hormone. Secretion~of luteinizing 
hormone during estrus and fo1lowing e~trogen administra­
tion in the sheep. Endoorinolpgy, 85: 133. 

Gordon, l. 1963. The induction of pregnancy in the anestrous 
ewe by hormonal, therapy" q. Agr. Sei., 60: 31. 



'1l;œ 

o 

:c *---
o 

115 
'" 

Gorski, J., Sarff, M. and Clarke,~. 1974. 
Advances in the Biosciences. No. 7. 
Vieweg, 1971 Pub. 

In Respe, G. ·(ed.), 
pergamon Press, 

Greeley, G.H" Muldoon, T.G., Allen, M.B. and Mahesh, V.B. 1974. 
Pituitary sensitivity ta LRF and estradiol-17~ receptor 
populati0n during the rat estrous cycle. J. Steroid. B" 
5:' 388. 

Greeley, G.H., Muldoon, T.G. and Mahesh, V.B. 1975. Correla­
tive aspects of luteinizing hormo~ releasing hormone 
sensitivityand cytoplasmic est~ogen receptor'concentra­
tion in the anterior pituitary and hypothalamus of cycl­
ing rat. Biol. Reprod., 13:' 505. 

Greenstein, J.S., Murray, R.W. and Foley, R.C. 1958,. Effect 
. of exogenous hormones on the reprodu.ction in cow. Cam­

bridge University Press. 

Hackett, A.J. and Hafs~ H.D. 1969. Pituitary and hypothala­
mie endocrine changes during the bovine estrous cycle. 
J. Anim. Sei., 28: 531. 

Hackett, A.J., Schechter, R.J., Hobson, W.C., Hansel, W. and 
Ross, P.J. 1972. Luteinizing hormone and estrogen 
during synchronization. J. Anim. Sei., 35: 244. 

Hammond, J. 1927. The Physiology of Reproduction in the Cow. 
Cambridge university Press. 

Hansel, W. and Trimbe~ger. 1952. The effect of progesterone 
on ovulation in the cow and its possible significance. 
J. Anim. Sei., 10: 719. 

Hansel, W. and Malven, P.V. 19?O~ Estrous cycle regulatian 
in beef ca'ttle by orally active progestational agents. 
J. Anim. Sei,.., 19: 1324. 

Hansel, W., Ma1ven, P.V. and Black, D.L. 1961. Estraus cycle 
regulations in the bovine. J. Anim. Sci.~ 20:' 621. 

Hansel, W. 1967. Control of ovarian cycle in cattle. 1Q 
Reproduction in the Female Mammal. Ed. G.E. Lamminq 
and E.C. Amoroso. Butterworths, London. 



'''.. IJ4 

o 

o 

'. 

116 

Hansel, W. and Schechter, R.J. 1972. Biotechnical procedures 
for control of the estrous cycles of domestic animaIs. 
Proc. 7th Int. Congr. Anim. Reprod. and A.I. Munich, 1: 
75. , 

Harms, P.G. and Malven, P.V., 1969. Modification of bovine lut­
eal function by exogenous oxytocin and progesterone. J. 
Anim. sc!'., 29: 25. 

Hausler, C.L. and Malven, P.V.~- 1976. Interaction of progester­
one, GnRH,restradiol in the control of LH release in 
castrate heifers. J. Anim. Sei., 42: 1239. 

Hawk, H.W., Taylor, W.J. and Casida, L.E. 1954. Sorne factors 
affecting age at pubèrty in Holstein-Friesian heifers. 
J. Dairy Sei., 37: 252. 

Henricks, D.M., Dickey, J.F. an~ender, D. 1970. Serum 
luteinizing hormone and plasma progesterone levels dur­
ing the estrous cycle and early pregnancy in cows. 
Biol. Réprod., 2: 346. 

Henricks, D.M.,. Dickey, J.F. ""and Hill, J.R. 1971. Plasma 
estrogen and progesterone levels in cows prior to and 
during estrus. Endocrinology, 99: 1350. 

Hill, J.R. Jr., Lamond, D.R., Henricks, D.M., Dickey, J.F. and 
Nisewen~r, G.D. 1971. The effect of melengestrol 
acetate1MGA) on ovarian function and fertilization in 
beef heifers. ,Biol. Reprod., 4: 16. 

Hobson, W.C. and Hqnse1, W. 1972. Plasma LB levels after 
ovariectomy, corpus luteum removal and estradiol admin­
istration in cattle. Endocrinology, 91: 185. 

Howe, G.R., Black, D.L., Foley, R.C. and Black, W.G. 1962. 
OVarian activity in prepuberal 'dairy calves. J. Anim. 
ScL, 21: 82. 

Howland, B.E., Short, R.E., Bellows, R.A. and Ibrahim, E.A. 
1971. Effect of ovariectomy and estrogen on serum LH 
in cows. J. An~rn. Sei.; 33: 257. 

Hudson, S., Mullord, M., Whittlestone, W.G. and Payne, E. 1974. 
Diurnal variation in blood cortisol in the dairy cow. 
J. Dairy Sci., 38: 30-33. 



t;."",*., , .. 

o 

o 

... . , 

Hu1et, c.v. and Foote, w.c. 1969. Ovu1atory response of the 
ewe to repeated injection of PMS. J. Anim. Sei., 29: 
457. 

Huseh, A.J.W., Peck, E.J. Jr. and Clark, J.H. 1976. Control 
of uterine estrogen receptor levels by progesterone. 
Endocrinology, 98: 438. 

~ 
Inskeep, ·E.K. 1973. Potential uses of prostaglandins in con­

trol of reproductive cycles of domestic animals. J. 
Anim. Sei., 36: 1149. 

Jobert, D.M. 1963. Puberty in female farm animaIs. Anim. 
Breed. Abst., 31: 295. 

Johle, W. 1972-. Pharmacologi6al aspects of the control of 
the cycle in domestic ànimals. Proc. 7th Int. Congr. 
Anim. Reprod. A. I. Munich, '1: 97. 

Johnson, J.W. and Ulberg, L.C. 1965. Sorne physiological mani­
festations of the bovine estrous cycle during control 
with exogenous hormon~s. J. Anim. Sei., 24: 403. 

Ka1tenbach, C.C. and Wi1tbank, J.N. 1962. Heterotic effects 
on age and weight at pub~rty in beef heifers. J. Anim. 
Sc i., 21: 662 • 

, 
Ka1tenbach, C.C., Nisewender, G.D., Zimmerman, D.R. and 

Wiltbank, J.N. 1964. Alteration of ovarian activi~y 
in cyc1ing, pregnant and hysterectomized heifers with 
exogenous estrogens. J. Anim. Sei., 23: 995. 

Ka1tenbach, C.C., Dunn, T.G., Kiser, T.E., Corah, L.R., Akbar, 
A.M. and Nisewender, G. D. 1974. Release of FSH and," 
LH in beef heifers by synthetic gonadotrophin releasing 
hormone. J. Anim. Sei., 38: 357. 

Karsh, F.J., Dierschke, D.J., Yarniji, T., Hotchkin, J., Weick, 
R.F. and Knobil, E. 1971. Positive and negative feed­
back contro1~y estrogen, of LH secretion in primates. 
Federa tion Proceeding, 30: 254~. 

Katangolle, C.R., Naftolin, F. and Younglai, E.V. 1974. 
Diurnal variations in ovarian steroids and 1uteinizing­
hormone in cows at oestrus. Steroïds Lipids Res., 
4:' 1. 

• 1 



. 
/, 

~ 

"lItala lUISE 1 1 

o 

ail_III $II( 1 •• JIIIII.' ( 1 1111 Ail 

118 

Kato, J. and Vi11ee, C.A. 1967. Factors affecting upta~e of 
estradiol-6,7-3a by the hypophysis and hypothalamus. 
Endocrinology, 80: 1133. 

Kato, J. 1975. RaIe of hypothalamic and hypophysial 5-alpha 
dihydroteste.rone, estradiol and progesterone receptors 
in mechanism of feedback action. J. Steroid. B., 6: 979. 

~azama, N. and Hansel, W. 1970. Preovulatory changes in pro­
gesterone level of bovine peripheral blood plasma. 
Endocrinology, 86: 1252. 

Kimball, F.A. and Hansel, W. 1974. Estrogen cytosol binding 
proteins in bovine endometrium and corpus luteum. Biol. 
Reprod., Il: 566 • 

Kinc1, F.A. and Rudel, H.W. 
~ monal preparations. 

1971. Sustained release of hor­
Acta Endocrinol. (Suppl.), 151: 5. 

Knudsen, J.F., Costoff, A. and Mahesh, V.B. 1974. Correlation 
of ~erum gonadotrophins, ovarian and uterine histo1ogy 
in immature and prepubera1 rats. Anat. Record, 180: 497 • 

• 

Knudsen, J.F. and Maheeh, V.B. 1975. Initiation of precocioue 
sexual,maturation in the immature rat treated with 
dehydrbepiandrosterone. Etidocrinology, 97: 458. 

Korenman, S.G., Stevens, R.H~, Carpenter, -L.A., Rabbi M., 
Nisewender, G.D. and Sherman, B.M. 1974. Estradiol 
radioimmunoassay without chromatography: procedure, 
validation and normal values. J." Clin. Endo. Metab., 
38: 718. ,-/ 

\ 

Korenman, S •. 1975. Use of receptor proteins for steroid hormone 
assays. Methode in Enzymology, XXXVI: 49. 

~ 

Kruip, A.M. and Brand, A. 1975. Follicular growth during th~ 
hormonal cycle and after treatment with progestagens in 
the ewe. Ann. Biol. Anim. Bioch. Biophys., 15: 191. . ' 

Lamond, D.R. 1964. 
and cattle. 

Synchronization of ovarian cycles in sheep 
Anim. Breed. Abstr., 32: 269. 

Lauderda1e, J.W. and Erickson, R.J. 1970. Physiological con­
ditions affecting the ab~lity of cattle uteri to influ­
ence the fertilizing capacity of sperme Biol. Reprod., 
2: 179. 

• 



_UEil:'J1 •• 

, o 

r .m a II au 1 la -' 

Lauderdale, J.W. 1972 •. Effects of PGF2a on pregn~ncy and 
estrous cycle of catt1e. J. Anim. Sei., 35: 246. 

119 

Lauderdale, J.W., Kasson, C.W. and Ogilive, M.L. 1972. Estrùs 
. and fertility after MGA-implant removal. J. Anim. Sei., 

35: 246. 

Lauderda1e, J.W. 1974. The use of prostag1andins in cattle. 
Co1loquium, "Institu·t National de la Recherche Agronomique 
Oct. 27-jO. 

. 
Lauderdale, 'J.W., Sequin, B.E., Stellflung, J.N., Chenault, J.R., 

Thatcher, W.W., Vincent, C.K. and Loyancano, A.F. 1974. 
Fertilityof cattle ~~llowing PGF2a ,injection. J. Anim. 
Sei., 30: 392. 

Lemon, M. 1975. .The effect of estrogens alone or in associa­
tion with progestagens on the formation and regression 
of the corpus luteum of the cyclic cow. Ann: Biol. 
Anim. Bioch. Biophys., 15: 243. 

Long, C. R., Nipper, W.A. and Vincent, Crl{'. 1969 .• 
ature and estrous control of beef cattle. 
29: 146. 

Body temper..­
J. Anim .. Sci., 

Louis, T.M., Hafs, H.D. and ,Sequin, B.G. 1973. Progestero~e 

LH~ estru~and ovulation af~er.prostaglandin F2a , in 
he~fers. Proc. Soc. ,Exp. B~o. Med'. ,. 14307: 152. ~ 

I/:)wry, O.H., Rosebrough, N.G., Farr., A.L. and Randa1l, R.J. 
1951. Protein measurement with the folin phenol reagent. 
~. "Biol. Chem., 193: 265. 

Ma'cAdàm, W. R. and Eberhart.,· R. J. '1972. Di'isrnal variation in 
plasma corticosteroid concentration in dairy cattle. 
J. Oairy Sei., 55: 1792. 

Marden, W. G. R. 
calf. 

1953. The hormone control of ovulation in the 
J. Agric. Sci~, 43: 25-387. 

Marshall, F.H.A. 1922. The physio1ogy of reproduction. 2nd 
RC[!v. Ed., Longmans Green & Co. London, New York. 

Martin, J.E., Philpott, J.C., Hatkoff, M., Young, R. and 
Pauerste, C.J. 1975. Effect of progesterone on estro­
gen receptors in rabbit uterus. Am. J. Obat. G.,· 121: 
180. 

, 



o 

o 

120 -

Mauer, R.E., Webel, S.K. and Brown, M.D. 1975. Ovulation con­
trol in cattle with pr9gesterone ~travaginal device 
(PRID) and gonadotroppin releasing hormone (GnRH). Ann. 
Biol. Anim. Bioch. Biophys., 15: 291. 

McCormac, C.E. and Mèyer, R.K. 1964. Minimal age for induction 
of ovulation with progesterone in rats. Evidence of 
neural control. Endocrinolpgy, .74: 793. 

~ 

Mellin, T.N., o"Shanny, W.J. and Busch, R.D. 
of fol1icular growth and ovulation in 
and ewes with synthetic gonadotrophin 
Theriogeno1ogy, 4: 41. 

1975. Induction 
prèpuberal heifere 
releasing hormone. 

Menge, A.C. and Christian, J.J. Jr. 1968. Estrus synchroniza­
tian in catt1e following feeding six progestagens •. J. 
Dairy Sc~., 51: 1284. 

Mester, J. and Bauliue, E.E. 1975. Dynamics of' oestrogen 
receptor distribution between the cytoso1' and nuc1ear 
fractionsOof immature rat uterus after oestrad~o1 
administrations. Biochem. J., 146: 617. 

Mi1grom, E., Perrot, M., Atger, M. and Baulieu, E.G. 1972. 
progesterone in uterus and plasma. 5. Assay of pro­
gesterone cytoso1 receptor in guinea pig uterus. 
Endocrinology, 90: 1064. 

Milgrom, E., Thi, M.L. and Bau1ieu, E.E. 1973. Control mech­
anisms of' steroid hormone receptors in reproductive 
tract. Acta Endocrin., 380: 73. 

Morrow, D.A. 1969. Estrous behavioùr and ovarian acti~ity in 
prepuberal and post-puberal dairy heifer&. J. ,Dairy 

o Sei., 52: 224. 

Nellor, J.E. and COle, H.H. 1956: The hormonal control of 
estrus and o~lation in the beef heifer. J. Anim. Sei.,. 
15: 650. 

" 
Ne1lor, J.E. 1960., Control of estrus and ovulation in gilts 

~y orally effective progestational cômpounds. J. Anim. 
Sci., 19: 412 •. 

Neville, W.E. and Williams, D.J. 1973. Estrus, ovulation and 
conception in hormone treated 'prepuberal Herèford • 

1 

heifers. J. Anim. Sei., 36: 540. 



() 

o 

o 

121 

0' Brien, C.A. and Zimbleman, R.G. ~970.' Reproducl:ive perform­
ance following lon~-term 'treatment with me1èngestro1 
acetate. J. Anim. ~ci., 31: 923: 

0 1 Malley, B. W. 1971. "Steroid honnones and, synthesis of r-'-'---, 

specifie proteins." pp. 455-458. !!! Hormonal steroids' 
(Proc. 3rd Internat. Congr. Hormonal Steroïds, Hamburg, _ 
1920). ,Amsterdam, Excerpta Medica. 

parker, C.R., Jr. and Mahesh, V.B. 
rounding the natural ons et, of 
Biol. Reprod. , 14: 347. 

1976. HorrnQnal events sur­
puberty in female rats. 

Plasse, D., warn'ick, A.C. and Koger, M. 1968.:- Reprodud'tive 
behaviour of Bos indicus females in a subtropical envir­
'omnent.' l. Puberty and ovulation frequency in Brahman 
British heifers. J. Anim., Sei., 27: 94. 

presl, J~, Herzmann, J. and ~orsky; J. 1969. Oestrogen.concen­
tration in b100d of deve10ping rats. J. Endocrinol; 45: 
611. 

Quinl~an, T.D. and RDbinson, T.J. 1969. Numbers of spermato­
zàt in the genital tract after artificial insemination 
of progestagen treated ewes. J. Reprod. Fert., 19: 73. 

Radford, HlM., Wheatley, I.S. and Wallace, I.A.C. 1969. The 
effects of estradiol benzoate and proges~eron'e on secre­
tion of luteinizing hormone in the ovariectomized ewe. 
Endocrinology, 44: 135. 

Rajamahendran, R. and Baker, R.D. 1975. unpu~!~sh~ data. 
l '\' 

Rajamahenc;lran, 'R., Beebe, D. and Baker, .mD. 197-5. Unpub1ishedd~ta.1 
Raja~ahendran, R.', Forgrave, L., Lague·, P.C. and Baker, ~.D. 

1975. Control of estrus in heif~rs with intravag!na1 
proqesterone devices. Cano J. Anim. Sei., 55: 787. 

\.. . 
'\ .. 

Rajamahendran l, R., Bedirian, K.N.,"i,ggue, P.C,-, and Baker, R.D. 
1976. Luteo1ytic activity of a synthet,!c prostaglandin 
and PGF2a in heifers. Prostaglandins, II: 143. 

. . ~ . 
Rajamahendran, R., Lague, P.C. and Baker, R.D. 1976. IPlasma 

--progesterone levels in cycling and gonadotrophin prosta­
glandin-treated heifers. Cano J. Anim. Sei., 56: 37 • .........,. " 



o 

. ' 

- • 

Î 

122 

Ramirez, v.o. and Sawyer, c.a. 1965. Advaneement of puberty 
o in 'the female rat by estrogen.': Endocrinology, 76: 1158. 

Ray, D.E~, Emmerson, M.A. and Melampy, R.M. 1961. Effeet of 
exogenous progesterone on reproductive aetivity in the 

,beef heifer. J. Anim. Sei., 20: 373. . . 
Reed, J.O. and Rich, T.D. 1972. Influence of MGA on cow fer­

tility. J. Anim. Sei., 35: 1123. 

Reeves, J.J., Arimura, A .• and Scha1~y, A. V. 1971. pituitary 
responsiveness to luteinizing hormone releasing hormone 
in ewês pretreated with estradiol benzoate. J. Anim. 
Sei., 33: 266. 

. 
Resko, J.A. 1969. Endoérine control of adrenal progesterone 

secretion in the ovariectomized rat. Science, 164': 70 • . 
-Reynolds, W.L., De~uen, T.M. and High, J.W. 1963. The age 

a~d weight at puberty of Angus, Brahman and Zebu cross 
heifers. J. Anim. Sei., 22: 243. 

Ro~inson, T. J. 1959. In Cole, H. H. and P. T. Cupps (eds:). 
Reproduction in Do~estic AnimaIs, Vol. 1. Academie 

,press, New York, p. 291. 

Robinson, T. J... ,1964. Synchronization of estrus in' sheep by 
intravaginal and subcutaneous application of progestin, 
impregnated éponges. Proc. Aus. Soc. Anim. Prod.', 5: 
47. 

~binson~ 'T. J. 
inserted 
control 
39. 

1965. Use of pro9~stagen impregnated spong~s 
intravaginally or subcutaneously for the 

of estrous cycle in sheep. Nature, Lond., 206: 

Robinson, T.J. 1967. The control of ovarian cycle in sheep. ' 
Sydney Univ. Press, 1967. p. ,1. 

Roche, J.F. 1974. Effect of short-term progesterone treat­
ment on estrou~ response and.fertility in heifers. J .. 
Reprod. Fert., 40: 433. 

Roche, J.F. i975. Control of time of ovulation in heifers 
treated with progesterone and gonadotrophin releasing 
hormone. J. Reprod. Fert., 43: 471. ' 

., 
\ 

\ 

, 



- , - - -, 
~ ~ 

11~~rtll ,~'IILI1I4)Jt: qft,ç'{'~ ,~_ .., ... ffl4\!!W'jtt_4i"P4$M .... 'tfJ .. MII ....... _ ... l>Oo,.b4'l<'1Zt .... a\!O!t_ ... ,,,,, .... IIIIIi ... __ 1 •••• UIIII! __ IIIIII ........ IIIIII •• ",tllllll •• II .. , _1iM: .. II!II!!!.II!ICrQ .... u: ... _____ ._.41111 ..... liItJJI .. Ui!II!IlMIiJII ••• 
~ 

123 

Roche, J.F. 1976. Retention rate of cows and heifers of.intra­
vaginal silastic coils impregnated with progesterone. 
J. Reprod. "Fert., 46: 253. 0 

Rodetter, G.H., Hopwood, M.L~ and wiltbank, J.N. 1972. LB and 
estrogens following estrous control. J. Anim. Sei., 
34: 901. 

Rose, R.M., Kreuz, L.E., Holaday, J.W., Sulak, K.J. and Jqhnson, 
C.E. 1972. Diu~nal variation of plasma testosterone 
and cortisol. J. Endocrinol., 54: 177. 

Roussel, J.D. and Beatty, J.F. 1969. Effect of melengesterol 
acetate on synchronization of estrus, subsequent ferti­
lit y and mi1k const~tuents of lactating dairy cows. J. 
Dairy Sei., 52: 2020. 

. . 1 t·· Rowson, L.E.A. 1951. Methods of induc~ng mu1t~ple ovu a 10n 
in catt1e. J. Endocrinol., 7: 260. 

Rowson, L.E.A., Tervit, R. and Brand, A. 1972. The use of 
prostaglandin for sy~chronization of oestrus in cattle. 
J. Reprod. Fert., 29:,145. 

Sanborn, B.M., Rao, B.R. and Korenman, S.C. 1971. Interaction 
of 17~-estradiol with its specifie uterine receptor. 
Evidence for comp1ex kinetic and equi1ibrium behaviour. 
Biochem., 10: 4955. 

Sarff, M. and Gorski, J. 1971. control of estrogen binding 
protein concentration under basal conditions and after 

~ estrogen administrati~n. Biochem., 10: 25~7. 

Scara!'tluzzi, R. J. 1968. Ph.D. Thesis. University of Sydney. 

Scarâmuzzi, R. J., ,Tillson, S. A.', Thorneycroft, I. H. and Caldwell, 
B.V. ~971.· Action of exogenous progesterone and estro­
gen on behavioural estrus and luteinizing hormone levels 
in the ovariectomized ewe. Endocrino1ogy, 88: 1184. 

Scan1ôn, P.F., Sreewan, J. and Gordon, a. 1972. Observation 
on the r~tention of intravagina1 sponge pessaries by 
catt1e. Veto Rec., 90: 437. , " 

Schneider, H.P.G. and McCann, S.M. 1970. Estradio1 and neuro­
endocrine con~ol of LH re1ease in vitro. Endocrinology, 
87: 330. 



l'RIC)' 

;g*4.~W,j;;;;t#i!ij :& Q . -.., 

124 

-
Short, R.E., How1and, B.E., Rande1, R.D., ebristensen, O.S. and 

Be1lows, R.A. 1973. Induced LB re1ease in spayed cows. 
J. Anim. Sci., 37: 551. 

Smith, E.R. and Davidson, J.M. 1968. Role of estrogen in the 
cerebral control of puberty in female rat.s. Endocrino­
logy, 82: 100. 

Smith, L.W. and Zimbleman, R.G. 1968. control of ovulation in 
cattle with me1engestrol acetate. Effect of ovulation 
induction on corpus luteum development during MGA ,treat­
ment. J. Reprod. Fert., 16: 91. 

Snook, R.B., Saatman, R.R. and Hanse1, W. 1971. Serum pro­
gesterone and luteinizing hormone levels during the 
bovine estrous cycle. Endocrinology, 88: 678. 

Sreenan, J. 1974. Retention of intravaginal sponges by cattle. 
Veto Rec., 94: 45. 

Stabenfeldt, G.H., Ewing, L.L. and McDonald, L.E. 1969. Peri­
pheral plasma progesterone 1evel during the bovine estrous 
cycle. J. Reprod. Fert., 19: 433. 

Steel, R.G.D. and Torrie, J.H. 1960. Principles and Procedures 
of Statistics with Special Reference to the Bio1ogical 

\ Sc·iences. McGraw-Hi1l Book Cdmpany, Inc. New York. 
481 pp. 

Stumpf, W.E. 1968. Estradiol concentrating neurons: topo­
graphy in the hypothalamus by dry-mount autoradiography. 
Science, 162: 1001. . 

Sundaram, K. and Kinc1, A.F. 1968. Sustained re1ease hormonal 
preparations. 2. Factors contro11ing the diffusion of 
steroids through dimethylpolysiloxane membranes. Ster-

/

' oids, 12: 517. 

Swanson, L.V., Hafs, H.D. and Morrow, D.A. 1972. ovarian 
characteristics and serum LH, prolactin, progesterone, 
and glucoc~rticoid from first estrus to breeding size 
in Holstein heifers. J. Anim. Sei., 34: 284. 

o Swanson, L.V. 1974. Hormone feedback in prepuberal Holstein 
heifers: J. Anim. Sci., 39: 228. 

? """-'" ,;, , 
) ; $ 

~, . " Ut 



() 

o 

125 

Symons, A.M., CUnningham, N.F., Saba, N. and Millar, P.G. 1974. 
Circulating progesterone levels in anestrous sheep with 
silicone rubber progesterone implants. J. Reprod. Fert., 
41: 475. 

Ulberg, L.C., Grurnmer, R.H. and Casida, L.E. 1951. The effects 
of progesterone upon ovarian function in gi1ts. J. Anim. 
SeL, 10: 665. 

Wagner, J.F., Veenhuizen, E.L., Gregory, R.P. and Tonkinson, 
L.V. 1968. Fertility in the beef heifer following treat­
ment with 6-chloro A6_l7 acetoxy-proges~erone. J. Anim. 
Sei., 27: 1627. 

Wagner, W.C. and Oxenreider, S.L. 1972. Adrenal function in 
the cow. Diurnal changes and the effects of lactation 
and neuro-hypophyseal hormones. J •• Anim. Sei., 34: 630. 

,Wettemann, R.P., Hafs, H.D., Edgerton, L.A. and Swanson, L.V. 
1972. Estradiol and progesterone in blood during the 
bovine estrous cycle. J. Anim, Sei., 34: 1020. 

Wettemann, R.P. and Hafs, H.D. 1973. Pituitary and gonadal 
hormones associated with fertile and non-fertile insemi­
nations at synchronized and control estrus. 

Willet, E.L. 1950. The fertility of heifers following admin­
istration of progesterone to alter the estrous cycle. 
J. Dairy Sei., 33: 381. 

Wiltbank, J.N., Rowden, W.W. and Ingal1s, J.E. 1959. 
and weight at puberty in Hereford heifers. J. 
18: 1562. 

The age 
Anim. Sei., 

Wiltbank, J.N., Ingalls, J.E. and Rowden, W.W. 1961. Effects 
of various forms and levels of estrogens alone, or in 
combination with gonadotrophins on the estrous cycle of 
beef heifers. J. Anim. Sei., 20: 341. 

Wi1tbank, J.N., Gregory, K.E., sWiger, L.A., Ingalls, J.E., Roth­
lisberger, J.A. and Koch, R.M. 1966. Effects of hetero- ~ 

sis on age and weight a:t puberty in beef hEdfers. J. 
Anim. Sei., 25: 744. 

Wiltbank, J.N. and Kasson, C.W. 1968. Synehronization of­
estrous cattle with an oral progestational agent and an 
injection of an estrogen. J. Anim. Sei., 27~ 113. 



() 

o 

.. , 126 

WiItbank, J.N., Kasson, C.W. and Ingalls, J.E. 19Q9. Pœberty 
in crossbred and straightbred beef heifers on two levels 
of feed. J. Anim. Sci., 29: 602. 

Wiltbank, J.N., Sturgen, J.C., Wideman, D., Le Fever, D.G., 
Faulkner '. L. c. J.97l. COntrol of estrus and ovulation 
using subcutaneous implants and estrogens in beef cattle. 
J. Anim. Sci., 33: 600. 

Wiltbank, J.N. and Gonzalez-padil1a, E. 1975. Synchronization 
and induction of estrus in heifers with a progestagen 
and estrogen. Ann. Biol. Anim.· Bioch. Biophys., '15 (2) : 
255. 

Wishart, D.F. and Uoskin, B.D. 1968. Synchronization of 
oestrus in heifers using intravaginal pessaries impreg­
nated with SC-9880, and PMSG. J •. Reprod. Fert., 17: 
285. 

Woody, C.O., First, N.L. and Pope, A.L. 1967. Effect of exo­
genous' progesten on est~ous cycle 1ength. J. Anim. Sci., 
26: 139. 

Woody, C.~and Ginther, O.J. 1968. Effect of exogenous pro­
ges~êrone on corpora 1utea in hysterectomized heifers. 
J. Anim. Sci., 27~ 1387. 

Wordinger, R.J., Dickey, J.F. and Hill, J.R. 1971. Histo1ogi­
cal and histochemical changes in bovine endometrium 
following treatment with a progestin. J. Dairy Sci., 
54: 1872. 0 

Yamiji, T., Dier~chke, D.J., Bhattacharaya, A.N. and Knobil, E. 
197Q. The negative feedback control by estradiol an~ 
progesterone of LH secretion in the ovariectomized 
rhesus rnonkey. Endocrinology, 90: 771. 

zimbleman, R.G. 1963. Determination of the minimal effec-
tive dose of 6-methyl-17-acetoxy progesterone for control 
of the estrous cycle of cattle. J. Anim. Sei., 22: 1051. 



, " 
J~ lÎ"~ ":-,',' 

" '" 

• Il 17 " 

• 

APPENDIX TABLES 

<, 

1 
.' J , 
~~ 

1 
.< 
'0 

0 " 

J" 1 .." 

~ ' .. "~' ~ 
~, ," 
't~. 

~r:; 
" ;, 

'1 

~~ 
~.~i' , 



128 

Appendix Table lA. Expt. I.' Serum progesterone before, during 
and after single subcutaneous device (Treat. 
liA" ). 

Oay and Time of Animal Number 
: 

,Sam121e 72 76 151 153 156 158 51 54 
0-1 6AM 0.4 ~ 0.8 0.7 1.2 0.8 0.5 1.0 0.8 

12 N 0.4 0.4 0.5 0.6 0.6 0.4 0.6 0.6 
6 PM 0.5 0.5 0.,6 0.5 0.7 0.8 0.5 0.5 

12 MN ~ 0.6 0.6 0.4 0.7 0.9 0.9 0.7 0.5 
• t> 

Dl 1.0 2.4 2.0 1.8 0.8 1.6 2.1 1.8 

'" 
°2 1.2 2.2 1.6 2.0 1.1 1.6 2.3 0.9 

°4 6 AM 0.9 0.8 1.9 1.2 0.9 1.2 2.0 1.5 
12 N 0.7 0.5 1.7 1.4 1.7 1.3 

~ 
1.4 1.2 

6 PM 0.7 0.5 1.3 1.3 1.1 1.3 0.9 1.'0 
12 MN 0.6 0.8 0.8 0.9 0.6 0.8 0.8 1.5 

°8 6 AM 0.7 0.6 1.5 0.8 1.0 0.7 1.5 0.9 t 

12 N 0.4 0.5 0.9 0.7 0.9 0.8 1.0 0.7 

() 6 PM 0.5 0.4 1.2 0.6 1.0 0.9 1.4 0.8 
12 MN 0.5 0.3 1.4 1.4 0.8 1.0 0.9 0.7 

°12 6 AM 0.7 0.6 0.8 1.1 1.2 0.8 1.4 1.0 
12 N 0.8 0.4 1.0 0.9 0.8 0.7 1.2 0.8 • 

6 PM 0.5 0.3 0.6 0.5 0.7 0.6 1.1 1.5 
12 MN 0.6 0.4 0.9 0.9 1.4 1.2 1.3 1.1 

°16 6 AM 0.5 0.4 0.8 1.1 1.1 0.9 0.9 0.8 
12 N 0.6 0.3 0.6 0.6 0.6 0.5 0.8 0.7 ,-

6 PM 0.4 0.4 0.6 0.6 0.6 0.6 0.9 0.9 
12 MN 0.3 0.5 0.4 0.5 0.5 0.7 1.0 1.0 

-°20 6 AM 0.6 0.5 {}i.8 0.7 0.9' 0.5 0.7 0.8 
12 N 0.5 0.4 0.6 0.5 0.6 0.6 0.6 0.9 

6 PM 0.5 0.6 0.6 0.6 0.8 0.7 0.9 0.9 
12 MN 0.4 0.4 0.5 0.4 0.6 0.8 0.8 0.5 

D21 6 AM. 0.5 0.5 0.7 0.6 0 .. 6 0.4 0.6 0.7 
12 N 0.4 0.4 0.4 0.3 0.4 0.6 0.8 0.6 
12 MN 0.5 0.3 0.5 0.6 0.5 0.3 0.5 0.7 

0 
continued 
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, e Appendix Table lB. Expt., I. Serum progesterone before, during 
and after double suhcutaneous device (Treat. 
,. B"). 

Day and Time of Animal Number 
Sam;e1e 69 73 48 53 154 157 168 160 

D-l 6AM 0.7 0.6 0.4 0.4 0.8 0.6 0.5 0.4 
12 N 0.6 0.7 0.5 0.3 0.7 0.7 ,0.8 0.6 

6 PM 0.6 0.4 0.3 0 .. 4 0.4 0.6 0.4 0.4 

"'" 
12 MN 0.5 0.5 0.4 0.5 0.6 0.4 0.6 0.3 

.... 
Dl 3.0 2.4 2.6 2.2 3.4 3.1 3.4 4.0 , 

~2 2.8 2.5 2.6 2.0 3.1 2.8 2.9 3.0 

D4 6 AM 1.6 1.2 3.2 3.7 3.3 3.5 2.8 3.6 
12 N 1.9 1.1 1.7 1.8 3.5 3.3 3.2 3.2 

6 PM 1.8 1.3 1.8 1.9 2.6 3'4 .... 3.0 3.0 
12 MN 1.7 1.5 2.3 1.7 2.4 2.5 2.4 2.8 

D8 6 AM 2.2 1.1 1.4 2.8 2.6 1.6 1.9 2.4 
12 N 1.2 1.2 2.2 1.9 1.7 1.8 2.3 2.3 

() 6 PM 1.4 1.3 ,1.8 1.8 1.8 3.0 2.0 1.8 
12 MN 

li!< 1.6 2.1 1.5 1.9 1.3 1.4 1.6 1.2 

D12 6 AM 2.1 1.9 3.2 3.3 3.0 2.1 2.4 3.1 
12 N 0.8 1.4 2.'1 2.9 2.7 2.2 2.0 3.3 

6 PM 1.6 1.6 1.8 2.5 1.7 1.8 1.6 2 .. 4 
12 MN 1.9 1.8 2.0 , 3.2 1.9 2.4 1.4 2.0 

i 
! D16 6 AM 3.1 2.9 2.4 1.8 1.9 3.0 2.4 1.8 ~ 

f 12 N 1.2 1.3 2.1 1.6 1.5 2.7 1.8 T.7 
6 PM 1.2' 1.5 1.4 1.4 1.9 2.6 1.9 1.4 

12 MN 1.4 1.2 1.2 2.4 1.5 2.2 2.2 1.8 

D20 6 AM 2.7 3 .. 1 2.0 1.8 1.7 1.1 1.6 1.6 
12 N 2.5 1.7 2.0 ,1.6 1.5 0.8 1.0 1.3 

" 
6 PM 1.7 1.6 0.9 1.3 1.2 1.6 0.9 1.9 " {, 

12 MN 1.2 1.5 0.8 0.9 2.2 0.8 1.1 1.0 1 
t 

D21 6 AM 0.7 0.6 0.7 0.8 0.9 0.8 0.9 0.7 \ 
12 N 0.6 0.5 0.6 0.7 0.7 0.7 0.6 0.5 

., 
1 12 t-tN: 0.5 0.5 0.3 0.6 0.5 0.4 0.3 0.5 " " l-.c~ 

0 
continued 
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Appendi,?t Table le. Expt. I. Serum progesterone before, during 
and after si1astic vaginal device (Treat. 
'.'C"). 

Day and Time of Animal Number 
SamEle 93 lOI 52 55 161 163 166 169 

D-1 6AM 0 .. 8 0.6 0.8 1.3 0.7 0.5 0.5 0.6 
12 N 0.8 0.7 0.7 1.2 0.6 0.5 0.6 0.8 

6 PM 0.8 0.5 0.6 1.4 0.5 0.4 0.5 0.7 
12 MN 0.6 0.8 0.5 0.8 0.6 0.8 0.5 0.9 

" 

Dl 3.1 4.2 3.6 3.2 3.4 2.8 3.0 2~6 

D2 3.6 4.7 3~8 2.9 2.6 3.0 2.9 2.6 

D4 6AM 3.2 2.2 3.8 3.6, 3.7 4. J!' 3.0 2.7 
12 N 2.5 '1.8 3.4 3.8 2.8 2.7 2.5 2 .. 4 

6 PM 3.0 2 .. 4 3.3 2.1 2.7 ~.09 2.4 2.8 
12 MN 3.4 2.5 4.0 3.5 2.6 3. Qi 3.6 3.1 

Da 6AM 1.5 1.5 3.4 3.7 3.2 4.0 1.8 2.4 
12 N 2.1 2.1 1.8 1.7 1.8 1.9 1.5 2.5 

0 6 PM 2.0 1.2 2.2 1.8 1.9 2.2 2.9 1.9 
12 MN 2.4 2.0 2.9 1.8 1.1 1.2 2.8 2.1 

D12 6 AM 2.0 1.1 1.9'\., 1.5 2.0 2.7 3.0 2.7 
12 N 1.8 1.2 2.4 ''-, 1.7 1.9 1.9 1.9 ,1.5 

6 PM 1.5 1.9 1.7 Po3 2.0 1.7 1.7 2.0 
12 MN 2.1 1.7 3.0 1.9 2 .. 2 1.7 1.9 1.7 

D16 6AM 2.8 0.9 1.1 1.2 1.2 1.2 1.2 2.0 
12 N 1.7 1.5 1.0 1.9 1.8 1.1 1.3 1.7 

6 PM 1.9 1.4 1.4 1.7 1.5 1.4 1.1 2.1 
12 MN 1.6 1.2 2.5 2.8 1.9 1.3 2.3 1.9 

D~O 6AM 2.4 1.8 1.1 1.5 1.3 1.5 0.9 2.0 
12 N 1.8 1.6 1.2 1.2 1.4 1.2 1.3 1.1 

6 PM 1.4 1.1 1.1 1.8 1.1 1.3 1.1 1.1 
1.5 1.7 1.3 1.1 1.5 1.1 0.8 1.0 

'--

D21 . 0.8 0.9 0.8 0.6 0.6 0.8 0.6 0.9 
0 .. 7 0.8 0.5 0.5 0.5 0.6 0.5 0.5 
0.5 0.5 0.4 0.4 0.5 0.5 0.4 0.5 

• 

0 J 

continued 
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Appendix Table ID. Expt. l. Serum progesterone before, during 
and after Abbott vaginal device (Treat. "0"). , 

Day and Time of Animal Number 
SamE1~ 98 99 61 56 162 165 170 160 

D-1 6AM 0.5 0.8 0.5 0.6 0.5 0.7 0.5 1.1 
12 N 0.9 0.9 0.7 0.5 0.4 0.7 0.7 0.8 

6 PM 0.9 0.9 0.7 0.6 0.4 0.4 0.7 0.7 
12 MN 0.8' 0.7 0.4 0.7 0.3 0.7 0.5 0.9 

Dl 6.2 5.6 5.1 5.8 5.0 4.6 6.3 6.1 

D2 5.9 5.8, 5.7 5.9 5.0 5.2 6.0 6.2 

D4 6AM 6.1 5.2 5.5 6.0 6.9 6 .. 0 5.2 6.3 
12 N 5.2 4.9 3.9 5.2 6.3 4.7 t>.4 5.7 

6 PM 5.2 3.7 3.7 4.1 5.9 4.3 6.1 4.2 
12 MN 5.4 3.6 3.2 5.8 2;9 5.2 5.9 5.3 

D8 6AM 3.2 2.6 6.1 4.8 4.6 5.2 3.9 5.2 
12 N 2.3 3.5 4.2 3.8 6.5 4.7 4.4 4.8 

6 PM 4.1 4.2 4.1 4.3 4.9 4.8 3.4 4.9 

0 12 MN 4.2 4.5 5.8 3.3 3.2 5.1 4.9 4.5 

D12 6AM 6.0 6.2 6.0 3.5 3.9 2.4 1.9 4.6 
12 N 6.2 6.1 6.1 4.6 3.7 2.7 1.7 3.8 

6 PM 4.5 2.9 4.3 3.6 3.5 1.8 1.2 4.2 
12 MN 6.1 5.5 3.4 5.2 3.9 2.5 2.4 2.9 

D16 6AM 4.0 4.2 5.2 4.7 2.8 1.8 1.9 3.3 
12 N 1.9 1.5 3.3 '4.0 1.8 2.2 2.1 3.2 

6 PM 1.8 1.5 3.2 2.7 2.5 2.0 1.7 2.9 
12 MN 3.8 3.1 5.1 4.0' 2.1 3.0 2.1 3.7 

D20 6AM 3.4 3.9 3.2 4.2 1.6 1'.5 ' 1.6 3.1 
12 N 1.7 2.2 ,,3.0 2.7 2.9 1.6 -2.1 2.4 

6 PM 1.4 1.2 2.1 3.7 1.8 1.1 2.7 2.1 
12 MN 2.4 2.7 3.1 3.9' 1.6 1.5 1.2 1.0 

D21 6 AM' 1.1 0.9 0.8 1.1 1.1 1.3 1.2 1.2 
12 N 0.8 0.6 0.6 0.8 1.0 0.9 0.8 0.7 
12 MN . 0.5 0.3 0.4 

1 
0.5 0.6 00.6 0.7 0.5 

0 
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Appendix Table 2A. Expt. 1. Induction of estrus, ovulation and 
cyclic activity in prepuberal heifers post- . 
progesterone priming. 

1 

No. Returned . 
No. to Est.rus 

Treatment No. Exhibited No. After· 
, Treated Estrus OVulated ~O-22 Da~s 

Effect of Saline 
single sic device "A Il 2 0 0 0 
Double sic device "B" 2 0 0 0 
vaginal device "c" , 2 0 0 0 
Abbott's vaginal 2 0 0 1> 0 
: device "0 11 

Effect of Estradiol-17~ 5 mg I/M 
Single sic device "A" 2 2 0 0 
Double sic device, "B" 2 1 1 0 
Vaginal device "c" 2 l 0 0 
Abbott's vaginal 2 1 1 '1 

device "Dit 

0 Effect Qf PMSG 500 lU I/M 
Single sic device "A" 2 0 0 0 
Double sic device "B" 2 2 2 0 
Vaginal device "c" 2 2 2 1 
Abbott' s vaginal 2 2 2 0 

device "011 
:> 

Eff~ct of gnRH 100 Uq ILM 
Single slt device "A'" 2 0 0 0 
Double sic device "B" 2 l 1 1 
Vaginal device "C" 2 0 0 QI 0 
Abbott's vaginal 2 1 1 0 

device "DU 
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Appendix Tablé 2 B. Expt. I. Serum progesterone fol. lowi ng 
induced estrus and ovulation 

Animal P. Deviee Hormone No. of Serum Progest.erone ngLm1 
No. Treatment Treat. Ovûlation D5 DIO DIS D22 

157 Treat "B" Estradio1 1 2.0 3.2 3.6 2.8 

S5 Treat "D" " 1 1.6 4.1 4.4 0.7 

,154 Treat "B" GnRH 1 1.8 4.0 3.9 0.8 

" 1 

162 Treat} "D" " 1 2.1 3.6 3.8 3.2 

73 Treat "B" PMSG L 2.0 4.8 5.2 5.4 

~168 Treat "B II " 3 3.6 9.0 6.8 6.2 

"" 56 Treat "D" 11 2 1.8 3.6 3.8 3.7 

152 'l'reat "D" " 3 1.9 5.2 5.1 3.8 
~ 

0 166 'l'reat "c" fi 2 2.1 5.1 4.2 0.6 , 

52 'l'reat "Cil " 4 5.6 5.9 7.3 7.8 V 

" 

,. 
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Appendix Tab1.e 3A. Expt. 1. Progesterone cone. following si1astic progesterone devièes. 
Analysis of variance table. 

~ 
0 

Tests Source DF 
Sum of Mean , 
Squares Square F Value prob F 

Numera\:or Season 1 0.03255 0.032552 0.01!)57 0.9003 
Denominator Error A 6 12.54224 2.090373 
Numerator Day 5 402.73776 80.547552 281.93117 0.0001 
Numeliator Time, 3 , 18.36260 6.120868 21. 42416 0.0001 
Numerator Day/time 15 8.16693 0.544462 1.90572 0.0271 
Numerator Season/day 5 _17.39448 3.478896 12.17677 0.0001 
Numerator Seasoil,ltime 3 3.97922 1. 326406 4.64266 0.0043 
Numerator Season/day/time 15 5.36687 0.357792 1.25234 0.2406 
Denominator Error B 138 39.42651 0.285699 
Numerator Treat 3 583.05104 194.350347 722.53397 0.0001 
Numerator Day/treat 15 186.11849 12.407899 46.12870 0.0001 
Numerator Time/treat 9 7.47469 0.830521 3.08762 0.-0016 
Numerator Day/time/treat 045 13.08516 0.290781 1. OS103 0.3389 
Numerator Sea'son/treat 3 14.60141 4.867135 18.09449 0.0001 
Numerator Séaso~day/treat 15 38.24844 2~549896 9.47972 0.0001 
Numerator Season/time/treat 9 4:.80432 0.533814 1.98455 0 .. -0592 
Numerator Season/day/timè/treat 45 12.28521 0.273005 1.01495 0.4497-
Denominator Error C 432 116.20125 0.268984 
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Appendix Table 3B. Expt. I. . , Progesterone conc. following silastic' progesterone implants. 
OVera11 means • 

... 

Season . Day Time No. Progesterone ng/ml 

0 6 32 0.67500000 
, 0 12 32 0.64062500 

0 18 . 32 0.58750000 
0 .24 32 Q..60625000 
4 6 > 32 . 3.33750000 .. 4 .12 32 2.93125000 
4 18 32 2.70937500 
4 ?4 32 2.72187500 

" 8 6 32 2.52500000 
~ 

8 12 32- 2.19062500 
8, 18 32 2.24062500 

- .' 8 24 32 2.23125000 
12 6 32 2.50000000 
12 12 32 2.28750000 
12 18 32 1.89375000 
12 24 32 2.26562500' 
16 6 32 2.04062500 
16 12 32 1. 58125000 . '. 
16 18 . 32 1.53437500 

.. 16 24 32. 1.91250000 
20 6 32 1.75312500 
20 12 32 1.45312500 
20 18 32 1.33750000 

'20 24 32 1.3187~000 ç. 

~ 
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AppendiK' Table 3 B. 

"" 

Season 

S 
s 
S 
S 
w 
w 
W 
w 

" 

, .J 

/ 

, Day Tinte 

6 
12 

A.8 
24 

6 
12 
18 
24 

6 
12 
18 
24 

b 

. 
< 

"' 

": .. <' 

No. 

96 
96 
96 
96 
96 
96 
96 
96 

192 
192 
192 
192 

...; 

e 
< " 

"~""f: 

"-

Progesterone ng/ml 

2.07083333 
1.89375000 
1.79895833 
1.75625000 
2.20625000 
1 .... 80104~67 
1.63541667 
1.92916667 

2.13854167 
1'.84739583 
1.71718750 
1.84270833-
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.. 
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w 
en 
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Appendix Table 3e. Expt. 1. Analysis of variance for variab1-e Hematocrit values. 

Tests Source 
Sutn of 
Squares 

Numerator Day 5 49.36927 
~ Numerator Time 3 25.22458 

Numerator Day/time 15 60.85198 
Denominator Error A 7~ 353.74250 
Numerator Treat 3 552.76146 
Numerator Day/treat 15 103.86885 
Numerator Time/treat 9 11. 08812 
Numerator Day/time/treat 45 38.44406 
Denominator Error 216 1155.42750 

C> 

~ 

Mean 
Square 

9.873854 
8.408194 
4.056799 
4.913090 

184.253819 
6.9245.90 
1. 232014 
0.854313 
5.349201 

-' 

F Value 

2.00970 
1. 71139 
0.82571 

34.44511' 
1. 29451 
0.23032 
0.15971 

Prob 

0.0867 
0.1709 
0.6471 

0.0001 
0.2068 
0.9890 
1. ~OQO 

F 
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Appeftdix Table 4. Expt. II. Serum prog~sterone ans estradiol-178 in cyc1ing heifers 
treated with intravagïna1 device containing progesterone + estradio1-

. 17f!. 

B100d 
Samp1ing Serum Progesterone nq/m1 Serum Estradio1 - e:zLml 
Schedule 270* 273 274 275 Mean ± S.D. 270 273 274 275 Mean ± 5.0. 

-24 hr 1.2 3.4 1.7 ,2;4 2.2 ± 0.9 6.2 6.7 6.1 3.7 5.7 :t 1.3 
-

o hr** 1.8 4.4 2.2 2.2 2.7 ± 1.2 5.6 6.7 #15 . 3 6.1 5.9 ± 0.6 

12 br 5.9 6.0 4.9 6.6 5.9 ± 0.7 36.9 28.2 13.2 39.8 29.5 ± 11.9 
~ 

24 br 5.8 6.6 4.8 5.2 5.6 ± 0.8 26.8 8.9 25.5 47.4 27.2 ± 15.7 

Day 2 3.0 2.0 2.8 3.2 ~ 2.'8 ± 0.5 6.9 4.8 10.8 7.1 7.4 ± 2.5 

Day 4 2.6 2.0 2.9 2.0 2.4 :t 0.4 6.1 6.6 ) ,8.6 6.2 6.9 ± 1.2 

Day a 2.1 1[!6 2.0 2.3 2.0 ± 0.3 4.7 7.0 4.3 ,.-l-1.3 6.8 :t 3.2 

'\ 
Day 12*** 1.1 1.8 1.4 1.0 1.3 ± 0.4 12.8 5.9 8.8 8.2 8.9 :t 2.9 

Day 13 0.5 0.6 0.7 0.6 ., 0.6 :t 0.1 8.1 15.0 7.7 8.6 9.9 ± 3.5 

*Animai No. 

-**Time of ins~ion of device. 

***Time of removal ot d~ 
""f ..... 

W 
ex> 
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Appendix Table 5B. Expt. Ill. Serum estradio1-17a in ovar-
ectomized heifers post-estradiol-17~ intra-
vaginal device treatment. 

Blood 
o Samp1ing Serum Estradiol-17~ in egLm1 

Schedu1e 136* 22 148 28 21 7 Mean±S.D. 
-24 hr 3.6 5.3 6.1 9.6 6.9 8.3 6.6 ± 2.1 

o hr** 7.8 7.9 6.4 9.1 6.2 8.2 7.6 ± 1.1 

4 hr' 41.9 44.8 35.5 30.8 55.7 37.1 40.9 ± 8.7~ 

8 hr 13.4 21.4 50.8 30.9 32.4 24.9 28.9 ±12.7 
c .' 

12 hr 11.5 16.3 23.1 12.3 19.8 28.7 18.6 ± 6.6 

16 hr Il.6' 6.7 14.2, 13.9 14.8 12.5 12.3 ± 3.0 
; 

20 hr 14.5· 12.4 11.0 13.9 20.9 14.8 14.6 ± 3.4 

24 hr 17.2 12.2 9.1 10.8 26.1 12.8 14.7 ± 6.2 
, 

28 hr 6.6 9.9 10.6 11.2 19.2 24.7 13.7 ± 6.8 

32 hr 9.3 7.1 Il.8 9.7 23.1 12.2 12.2 ± 5.7 

36 hr 5.7 9.6 8.9 7.7 15.7 9.6 , 9.5 ± 3.4 

1 48 hr 9.1 8.7 "6.0 10.1 13.9 Il.9 9.9.j;2.7 

i, Day 4 7.2 7.9 10.4 9.9 15.0 14.2 1.0.7 ± 3.2 

Day 8 4.6 7.0 8.1 12.8 22 .. 1 15.1 Il.6 ± 6-.3 
.. 
Day 12*** 5.5 7.4 - 8.9 7.3 10.9 6.8 7.S> ± 1.9 

o hr 
0 

, 
Day 13 7.'6 6.3 7.2 ~.O 7.6 6.0 7.1 ± 0.8 

o hr 

*Animal No. 

**Time of insertion of device. ~ 
continued 

e ***Time of remova1 of device. 
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Appendix Table SC. Exp,t. III. Serum estradio1-l Je· in ovar:i:-
ectomized heifers treated with intravagina1 
device containing progesterone + estFadiol-
1-.7 f3. 

B1ood6 
in p.:y'm1 sampling Serum estradiol-17 13 

=1" Schedu1e 28* 7 22 144 136 148 Mean-S.D. 
-24 hr 9.3 3.1 3.9 7.4 3.0 . 6.1 5.5 ± 2.5 

o hr,;"'* 3.2 6.2 3.3 6.7 3.5 5.4 4.7 ± 1.6 

4 hr 24.4 30.8 25.5 52.9 25 .. 7 33.1 32.1 ±10.7 

8 hr 20.5 23.4 15.9 37.1 18.7 27.9 23.9 ± 7.7 

12 hr 15.9 18.9 10.1 10.4 9.9 24.3 14.9 ± 5.9 

16 hr 19.3 7.7 4.6 12.4 4.7 13.1 10.3 ± 5 .. 7 

20 hr 4.9 5.3 7.2 12.9 5.6 18.2 , 7.4 ± 3.0 

() 24 hr 8.6 9.7 2.9 8.3 1.9 8.4 6.6 ± 3.3 

28 hr 6.1 10.7 3.6' 9.5 4.4 8.4 1>.1 ± 2.9 

32 br ' 5.9 5.7 4.9 11.3 4.2 10.S 7.1 ± 3.0 

36 hr 6.4 4.7' 4.3 4.7 5.6 o 7 .. 6 5.6 ± 1.3 

\18 br 5.6 10.1 5.9 7.3 4.6 8.6 7.0 ± 2.1 

Day 4 3.1 3.7 3.2 9.4 3.6 8.3 5.2 ± 2.8 

Day 8 3.4 92.7 13.7 .7.2 5.7 5.6 7.6 ± 3.6 

Day 12*** 3.1 0 5.7 4.2 8.S 2.7 6.2 5~1 ± 2.2 
o hr, 

Day 13 6.1 1.1 3.6 4.8 1 .. 8 ~ 4.1 3.6 ± 1.8 
o hr 

*Animal 'No. 

**Time of insertion of deviae. 

0 
***Time of removal of device. ~ , 

" 

" 

*i 
/. 
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e Appendix Table 6A. Expt. III. Serum progesterone in 
ovariectomized heifers treated with intrëi-
vaginal deviee eontaining progesterone. 

B100d 
Sampling Serum progesterone Concentration in 1 ngiml 
Schedule 148* 21 136 7 22 28 Mean±S.D. 

, -24 hr 0.6 0.7 0.3 0.4 0.4 0:5 0.5 ± 0.1 1 
r 

1 
o hr** 0.6 0.9 0.3 0.3 0.4 0.5 0.5 ± 0.2 

4 hr 4.8 5.2 2.8 2.2 5.2 3.2 3.9 ± 1.3 

8 hr 4.8 4'.4 4.8 6.2 4.6 3.4 4.7 ± 0.9 

~" 
12 hr 5.~ 5.2 1.6 3.0 4.2 3.4 3.9 ± 1.5 

16 hr 3.6 3.0 2.4 2.6 3.8 3.4 3.1 ± 0.6 

20 br 3.0 2.8 2.2 4.6 5.0 3.8 3.6 ± 1.1 

24 br 4.2 2.6 4)2 2.0 \3.8 2.4 3.2 ± 0.9 

0 28 hr 3.0 3 .. 2 2.8 1.6 3 .. 2 2.8 2.8 ± 0.6 

32 hr 3.8 3.8 2.0 2.2 4.4 3.1 3.2 ± 0.9 

36 br 4.2 2.8 1.4 1.2 3.2 2.2 2.5 ± 1.1 

48 hr 1.6 1 2.4 2.4 2.0 3.2 4.0 2 .. 6 ± 0,.9 

Day 4 1.6 2.1 2.1 2.0 2.1 2.8 2.1 ± 0.4 -
Day 8 1.8 2.2 1.2 3.5 1.6 2.4 2.1 ± 0.8 

Day 12*** 1.6 1.8 1.2 0.8 1.4 1.2 1.3 ± 0.3 
o br 

Day 13 0.6 0.5 0.4 0.3 0.8 0.7 0.6 ± 0.2 . \ o hr '. 

*Anima1 No. 
eontinued 

**Time of insertion of device. 

0 ***Time of remova1 of deviee. 
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e Appendix Table 6B. Expt. III. Serum progesterone in 
, 
j 

ovariectomized heifers treated with intra- ~ 
vaginal device containing estradiol-1713. ~ 

i !-
~ ~ 

j B100d ï 
l 

Sampling Serum Progesterone Concentration in ngLml 1 

1 1 
Schedu1e 136*- 22 148 28 21 ? Mean±S.l>. , 
-24 hr 0.3 0.6 0.2 0.3 0.7 0.5 0.4 r1- 0.2 J 

1 

± 
' 1 

o hr** 0.8 0.7 0.3 0.3 0_7 0.5 0.6 0.2 

4 hr 0.9 0.5 0.3 0.2 0'.5 0.5 0.5 :t 0.2 

'*' 8 hr 0.6 0.7 0.2 0.2 0.3 0.3 0.4 :t 0.2 .. 
12 hr 0.3 0.3 0.2 0.2 0.5 0.2 0.3 :t- 0.1 

16 br 0.3 0.3 0.2 0.2 0.8 0.7 0.4 .:J: 0.2 . 

20'hr 0.3 0.4 0.2 0.3 0.4 0.5 0.4 ± 0.1 

24 hr 0.3 0.8 0.3 0.3 0.3 0.2 0.4 ± 0.2 

0 28 hr 0.6 0.6 0.4 0.4 0.6 0.6 0.5 :t 0.1 

32 hr 0.4 0.5 0.3 0.4 0.7 0.6 0.5 ± 0.1 

36 hr 0.3 0.2 0.4 0.3 0.3 0.4 0.3 ± 0.1 

48 hr 0.3 0.2 0.4 0.4 0.6 0.6 0.4 :t 0.2 

Day 4 0.5 0.6 0.4 0.3 0.7 0.4 0.5 :t 0.1 

Day 8 0.8 0.7 ~ 0.3 0.2 0.3 0.8 0.5 :t 0.2 

Day 12*** 0.5 0.2 0.4 0.3 0.2 0.6 0.4 ± 0.2 
o hr 

Day 13 o hr 0.4, 0.4 0.4 0.5 0.5 0.4 0.4·:1; 0.01 

*Anima1 No. 
continued 

**Time of insertion of device. 

***Time of removal of device. 

0 
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e Appendix Table 6C. Expt. III. Serum progesterone in 
ov~riectomized beifers treated witb intra-, vaginal device containing progesterone + 
estradio1-17~. 

B100d 
Samp1ing Serum progesterone Concentration in ngLml 
Schedu1e 28* 7 22 144 136 148 Mean±S.D. 
-24 hr 0.9 0.6 0.3 0.3 0.4 0.5 0.5 .:i- 0.2 

0 hr** 0.8 0.9 0.3 0.6 0.5 0.4 0.6 :t 0.2 

4 hr 5.8 6.4 5.4 6.6 6.0 4.2 5.7 :t 0.9 

8 hr 4.2 4.2 3.4 4.6 3.6 3.8 4.0 ± 0.4 

12 br 6.4 4.2 4.0 4.2 4.0 4.0 4.5 :t 0.9 

16 br 4.4 5.6 1.8 5.4 4.6 3.0 4.1 .:t 1e4 

20 br 2.8 3.2 2.0 5.4 4.0 4.0 3.6 + 1.2 

0 24 br 2.8 2.2 1.6 3.2 3.6 4.8 3.0 + 1.1 

28 br 4.0 3.4 ' 2.2 2.6 3.4 3.6 3.2 + 0.7 

3'2 br 3.4 3.2 1.8 3.8 3.8 4.0 3.3 + 0.8 , -
36 br 3.2 4.2 1.2 2.2 2.8 3.2 2.8 + 1.0 -
48 br 1.8 1.8 2.2 2.8 2.0 2.2 2.1 + 0.4 -

Day 4 1.3 1.2 1.8 1.7 1.1 1.2 1.4 + 0.3 

Day 8 1.8 1.6 1.0 1.5 1.0 1.2 1.4 + 0.3 -
""'-

Day 12*** 1.1 0.9 1.2 0.8 0.7 0.8 0.9 + 0.2 -o br 
Day 13 0.4 0.5 0.4 0.8 0.6 0.5 0.5 + 0.1 -o hl.' 

*Anima1 No. 

**TiIlle of insertion of device. 

0 
***Time of remova1 of device • 

.. 
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e- ,Appendix Table 7A. Expt. III. Serum LH in ovariectomized 
heifers treated with intravagina1 device 
containing progesterone. 

- , 
:II 

B100d 
Samp1ing Serum LB 1eve1 in nq/m1 
Schedu1e 148* 21 136 7 22 28 Mean±S.D. 
-24 hr 2.7) 0.5 2.9 2.1 0.9 5.8 2.5 ± 1.9 

0 hr** " 3.4 4.9 3.5 4.2 3.9 6.4 4.4 ± 1 .. 1 

4 ht! 0.7 9.9 1.6 3.0 1.0 6.2 3.7 ± 3.6 . 
8 hr 3.4 1.1 1.8 3.8 0.5 0.8 1.9 ± 1.4 

12 hr 8.2 4.8 4.4 1.6 2.9 0.4 3.7 ± 2.8 

16 hr 5.8 8.2 3.1 5.0 4.1 0.2 4.4 ± 2.7 

20 hr 3.6 5.8 3.3 2.8 5.1 0.2 3.5 ± 1.9' 

24 hr 7.9 7.9 3.8 6.1 2.5 0.2 4.7 ± 3.1 

() 
28 hr 2.3 • 3.3 "4.2 3.7 2.1 0.2 2.6 ± 1.4 

32 hr 3 .. 6 2.4 3.8 4.3 2.0 1,.4 2.9 ± 1.1 

36 hr 3.1 2.2 2.0 7.3 6.1 1.4 3.7 ± 2.4 
? 

48 hr 2.3 1.9 3.2 8.6 2.8 1.6 3.4 ± 2.6 

Day '4 2.8 3.6 4.7 5.7 5.9 3.0 4.3 ± 1.3 

Day 8.1 3.4 5.5 4.0 2.9 1 .. 4 1.6 3.1 :t 1.5 

Day 12*** 2.3 2.7 2.9 3.8 3.4 4.5 3.3 ± 0.8 
o hr 

Day 13 2.0 2.1 4.9 2.9 4.1 3.3 3.2 ± 1.1 
o hr 

*Anima1 No. 
**Time of insertion of device. continued 

***Time of remova1 of device. 

0 
.. 
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Appendix Table 7B. Expt. III. Serum LB ~ in ovariectomized 
r, 

heifers treated with intravaginal device 
containipg estradiol-17~. 

1 
Blood 

Samp1ing Serum LH leve1 in ngLml 
f Schedule 136* 9 22 148 28 21 7 Mean%S.D. 1 , 4' -24 br 4.5 1.7 3.3 10.0 6.1 4.4 5.0 _ 2.8 
! o br** 9.1 3.0 5.5 11.1 6.6 5.6 6.8 ± 2.9 
1 4 hr 4.2 0.6 1.8 1.2 0.9 1.4 1.7 ± 1.3 

t 
8 br 6.0 6.8 8.5 3.4 6.1 13.2 7.3 :t 3.3 

0 

6.2 ± 3.4 12 hr 3.6 3.2 6.9 9.1 11.2 3.3 
~ 16 hr 24.2 23.5 27.1 27.3 48.8 45.2 32.7 ±11.3 1 

1 
20 hr 24.2 27.6 15.5 24.5 11.9 32.8 22.8 ± 7.7 
24 hr 6.1 2.1 0.4 3.8 6.8 3.6 3.8 ± 2.4 

1 28 hr 6.8 4.7 5.5 5.7 3.4 1.3 4.6 1: 1:9 
32 hr 2.1 3.0 1.4 4.9 4.0 1".5 2.8 ± 1.4 
36 br 3.6 9.8 15.1 7.3 6.5 2.8 7.5 ± 4.5 
48 br 9.9 30.7 42.5 30.3 ' 6.9 1.7 20.3 ±16.3 ' 

Day 4 3 .. 6 43.4 2.7 19.2 23 .. 4 2.6 15.8 ±16.3 
Day 8 " 1.3 2.9 3.7 4.1 3.4 1.1 2.8 ± 1.6 
Day 12*** 3.7 2.4 3.6 9.0 21. 0 0.2 6.6 ± 7.6 

0 
o hr 

Day 13 2.5 1.6 9.4 10.0 8.3 1.7 5.6 ±"4.0 
o hr 

*Animal No. 
conti nu ed 

**Time of insertion of device. 

***Time of removal of device. 

j 

o 

/ 
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Appendix Table 7C. Expt. III. Serum Ut in ovariectomized 
heifers treated with intravagina1 devi~e 
containing progesterone + estradiol-17~. 

1( 

Blood 
Samp1ing Serum LB level in n2iml 
Schedu1e 28* 7 22 144 136 148 Mean!S.D. 
-24 hr "4.5 0.2 3.7 8.4 4.4 81.0 

. + 4.9 _ 3'.0 

0 hr** 1.6 6.1 ,2.6 1.2 4.2 4.7 3.4 ± 1 .. 9 

4 br 1.3 1.4 0.2 0.7. 0.9 0.9 0.9 + 0.4 -
8 br 4.4 2.6 0.4 1.8 3.2 1.9 2.4 + 1.4 -

12 hr 2.1 0.2 2.3 1.0 4.2 1.1 1.8 ±'1.4 

16 hr 7.9 0.2 2.6 0.9 3.2 2.8 2.9 + 2.7 -
20 hr 0.9 1.6 0.7, 0.2 4.3 4.6 2.1 + 1.9 

24 hr 4.8 1.8 0 .. 2 " 0.2 S';. 7 1.9 1.9 + 2.1 -
0 28 hr 0.6 2.6 0.2 0.2 0.2 3.7 1.3 + 1.5 -

32 hr 1.7 2.6 0.6 0.4 6.8 0.9 2.2 + 2.4 

36 hr 4.9 3.5 0.9 Q 3.5 3.9 2.6 3.2 + 1.4 -
48 hr l.~ 7.8 5.3 1.~ 6.3 5.4 4.8 + 2.4 -j 

Day 4 6.4 3.4, 4.8 9.3 7.5 7.2 6.4 + 2.1 

Day 8 8.3 2.3 1.9 1.9 3.3 7.1 4 .. 1 + 2.8 -
. Day 12*** 5.5 3.1 2.4 2.8 6.3 2.5 3.8 + 1.7' -o hr 
Day 13 2.5 6.5 2.6 4.8 10.4 6.5 5.6 + 2.~ -o hr 

*Anima1 No. 

"''''Time of insertion of de~ice. 

0 
.. 

*"'*Time of remova1 of device. 
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A~pendix-Tab1e 8. Expt. III. Hormone leve1s in ovariectomized heifers. 
a. Ana~ysis of variance for variable Estrog~n. 

Tests Source DF 
Sum of Mean 

F Va1u~ prob F Squares Square 

Numerator Period 2 230.5922 115.29608 6.74830 0.0777 
Denominator Error A 3 51.2556 17.08521 
Numerator Time 15 8216.~6500 547.77667 46.49170 <}.OOOI 
Nume-rator Period/time 30 530.0790 17.66930 1.49965 0.1072 
Denominator Error B 45 530.2010 Il. 78225 
Numerator Treat 2 4008.1086 2004.05431 102.14380 O.OOM 
Numerator Period/trea~ 4 371.6858 92.92144 4.73607 0.0019 
Numerator Time/treat 30 4494.5325 149.81775 7.63600 0.0001 
Numerator . Period/time/treat 60 998.9998 16.65000 0.84863 0.7520' 
..Denominator Error C 96 1883.5133 19.61993 

b. Ana1ysis of variance for variable progesterone 

Numerator Period 2 9.420625 4.710313 3.17981 0.1817 
Denominator Error A 3 4.443958 1.481319 
NuJllerator Time 15 234.741667 15.649444 47.875-93 0.00.01 
Numerator Period/time 30 21. 772708 0.725757 2.22029 0.0076 
Denominator Error B 45 14.709375 0.326875 
Numerator Treat 2 293.913958 1~6.956979 497.96285 0.0001 
Numerator Period/treat 4 2.988542 0.747135 2.42998 0.0520 
Numerator Time/treat 30 145.132708 4.837757 15.73432 0.0001 
Numerator Period/time/treat 60 24.814792 0.413580. 1.34513 0.0969 
Denominator Error C 96 29.516667 0.307465 

.. continued 
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~ ~ 
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Appendix Table' '8. 

Cg.. • Mi' :;;:;lJ!)1J&OC ce .azas !&4~;p;a *_ 

,0 

Hormone levels in~ovariectomized heifers. 
c. Ana1ysis of variance for variable LB •. 

Sum of Mean 
Tests ~ _____ s.0~:~~_ . DF. Squares Square F Value 

Nq.merator 
Denominator 

~ , 
Nunlerator 
Numerator 
Denominator 
~merator 

~ Numerator 
, Numerator 

, -', _ 'Numerator 
Denominator 

/ 

'" 

\ . 

Period 2 1.1919 0.59597 
Error .A 3 112.0204 37.34014 
Time 15 2670.9594 178.06396 
Period/time 30, 732.2347 24.40782. 
Error a 45 810.7196 18~. 0159~ 

Treat 2 2426.7019 1213. 35097 ~ 
Period/treàt 4 _140.4372 35'.10931 
Time/treat " 30" 4504.5381 150.15127 
Period/time/treat 60 1578.9128 26.31521 
Error C 96 1083.0700 17.53198 

- _ . ...---------_.- ~- --.,,-_ ... --- -- - ----_.- _ .. _--~--- -~~--~--. - ----_ .. _-

" 

G 

Q 

.. 

'-

0.,01596 

9.88366 
1-.35479 

_ 69.20787 
2.00259 
8.56442 
1.50098 _ 

_._ .. _- - ._-

1 ~ 4 

r 
,; 

" 

() 

e 

Prob F 

0.9859 

0 .. 0001 
0.1751 .. 

0.0001 
0;0993 
0.0001 
0.037~ 

'f 

~, 

., 

.... 
,oIlro 
.\0 

• 
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A.ppendix '~able 9 A,. Ex.et .. IV." . Se~m progesterone and 'estràdiçl-l.:7B in prePUJ?eral he:ifers 
/' treated with control intravaqlnal devic·è~·' 

(Blood . . - .' . _ . . 
Samp1ing Serum Progesterone in nq/ml Serum Estradiol-~7ê ' in Rs(ml 

'Schedule 16* 31' .. > 23 ."Mean ± S.D." .16 3~ 23 Mean ± S'ID. 
• 0 + . 6 30 55 + -24 br 0.4 0.4 0.4 0.4 _ 0.0 5. " .. '. ,4.7 - 1.5 

o hr*"" 0.4 0.4 ,0'.6' ',0.5 ± O<~.l 4.8 4.5 .4.2 4.5 ± 0.3 
6 hr 0.4 0.4 0.7' 0.5 ± 0.2 2:7. 4.9 ,'" 4.6 4.1 ± 1.°2 

12 ~r 0~4 O.~ 0.4 o~i ±,O.l 3:3 4.6 4.4' 4.1 ± 0.7' 
18 hr 0'.5 0.4 0.4 O.4·± 0.1 3.5 5.4 5.1 4.7 ± 1.0 
24 hr Q.4 0.1 0.4 0~5 ±~0.2 3.~ ~3.6 3.1 3.4 ± 0.3 
30 h 0 ' 0 4 + - . 0 "+ r .. 7 0'.5 • . 0 O. 5 ._ 0 .• 2 5.1 5. B 5.3 5.4 _ 0.3 
36 hr 0.6 40 ,0.5 0.6 ~. 0.6 ± 0.1 3.8 6.8 5.9 5.5 ± 1 .. 5 

. . .' + .' e + c 48 hr. ,O. 5 O. 5 O. 5 ,0. S' _ 0 .. 0 . 3 .. 7 6.9 3 •. 7 4.8 _ 1.8 
D4' 0.5 - 0;6 0.5 ± 0.0 3.7. 3 .. 6 3.7 ± O.Q 

of Da, 0.7, '0.5 0.6 ± 0.1 4.5 3.2 3.9 ± 0.9 
~ D12 0 h~*'**' 0.6 . 0~6 0.6 ± 1).0' 8.0 .4.2 6.1 ± 2.7 

D1 2 6- hr 0.6"" 0.5 0.5 ± 0.0 0 3.6' 4 .. 3 3.9 ± 0.5' 
b · + ~ + 0,D12 12 r 0.3 ~ 0.2 0.3 _ 0.0 3.6 4.0' 3.8 - 0.3 

D13 O. 4 0 .. 4 0.4 ± O. 0 4.8 5.3 . 5,. 1 ± cf. 3 
D14 0.6 0.4 0.5 ± 0.1 3.3 3.7 3.5 ± 0.3 

9 

*Animal No. 
i continued 

**T!me of'insertion·of device. 

**~Time,of removal of device • 

.. 

.. 
• \ 

..... 
Ut 
o 

1 

. 1 

1 

_.--. __ .. ,--_. - ... -_ .. _.~ . ___ ~~~~_.l.... __ 



2 • *14 C a~&4_;:.li4A~"If'"~~"'~"t"?:,.. h.,!o.-.-Zr~- ..... 

e -- -.... 

Appendix Table 9B. Expt. IV., Serum progesteron~ and estradio1-17$ in prepubera1 heifers 
treated with intravagina~device containing progesterone + estradiol-17a. 

~ 

B100d 
Sampli·ng Serum PrQgesterone in ngLnil Serum Estradio1~17ê - in 2rm1 , 

Mean±S.D. Schedu1e 10* 29 19 30 10* 29 19 30 Mean-S.D. 
-24 hr 0.2 0.6 0.6 0.6 0.5 ± 0.2 5.5 6.6' 5.8 . 6.4 6.1 ± 1.7 

o hr** • , 0.6 0.6 0.5 0.5 0.6 ::!:' 0.0 5.6 5.3 6.7 3.9 5.4 ± 1.2 
6 llr .5 .. ·4 4.0 3",6 3.8 4.2 :t 0.8 57.8 44.3 .45.0 33.1 45.1 ±10.1 

12 hr 2.0 ~.6 3.6 3.0 3.6 2" 1.5 25.3 26.0° 21.4 14.3 21.8 ± 5.4 
~8 hr 2.6 2.8 3.6 4.0 3.3 ± 0.7 29.1 24.8 17.5 18.6 22.5 ± 5.4 
24 hr 2.5 3.0 2.9 4.5 3.2 :t q.~ 19.0 19.1 13.9 16.2 17.1 ± 2.5 
30 hr 2.5 2.9 3.4 3.4 3.1 ± 0.4 17.6 15.3 - 12.4 22.2 16.9 ±-4.1 
36 hr 1.8 3.2 4.5 2.2 2.9.:t 1. 2 17.4 12.9 14.6 13.6 14.6 ± 1.9 
48 br 3.2 -3.5 . 3.6 2.1 3.1 :t 0.7 14.9 17.3 16.3 17.6 16.5 ± 1.2 -

D4 3,8 ·2.8 3.3 ± 0.3 6.1 7.6 6.9 ± 1.1 
:QS 1.6 1.9 1.8 ::!:' 0.2 7.8 6.7 7.3 ± 0.8 
.012 0 br*** 1.S 1.3 1.6 :t 0.3 5.8 5.7 5.8 ± 0.0 
.012 ô hr 1.6 1.4 1.5 :t 0.1 3.4 5.0 4.2 ± 1.1 

-.012 12 hr 0.4 0.9 0.7 ::!:' 0.3 4.3, 4.0 4.2 ± 0.2 
.013 0 br 0.5 0.6 0.6 :t 0.0 4.9 5.6 5.3 ± 0.5 
.014 0.4 0.6 0.5 ::!:' 0.1 . 6.2 4.4 5.3 ± 1.3 

::> 

*Anima1 No. 0 
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**Time of insertion of device. 

***T.ime of remova1 of devièe. 
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Appendix Table -9'è. Expt-. IV.. Serum progesterone and estradiol-17 ~ - in prepuberà1 heifers 
treated with intravagina1 device containing progesterone. 

" . 
-------

Blood 
Sampling Serum prggesterone ;; . in nglml serum Estradiol-17~ in egLm1 
Scbedu1e 15* 26 18 24 Mean±S.D. 15* 26 18 ' 24 Mean*S.D. , 

0.4 ± 0.2 5.3 ~4hr 0.4 0.2 0.7 0.4 4.0 6.7 4.0 5.0 ± 1.3 
o hr** 0.4 0.6 0.4 0.5 . 0.5 ± 0.1 4.9 0.4 3.7 3.5 3.1 ± 1.9 
6 hr 4.9 5.2 3.0 3.8 4.2 ± 1.0 5.0 5.2 3.8 2.6 4.2 :t- 1.2 

~ 12 hr 3.à 4.4 2.8 2.6 3.4 ± 0.8 4.8 4.1 3.9 4.0 4.2 ±,O.4 
18 br 2.4 2.4 5.6 4.2 3.7 *l.6 3.0 2.1 5.4 3.5 3.5 ± 1.4 

.r 24-hr 2.5 _ 2.4 3.6 2.6 2.8 ± 0.6 4.9 0.4 4.3 3.0 3.2 ± 1.9 
30 br 2.7 2.6 2.4 3.0 2.7 ± 0.2 3.2 3.3 3.6 3.5 3.4 ± 0.2 
36 hr 1.4 2.0 2.6 2.2 2.1 ± 0.5 3.7· 0.4 5 •. 3 3.1 3.1 ± Z.O 
48 br 3.0 3.2 2.4 2.2 2.7 ±O.S 4.5 

~: 
4.0 3.4 3.1 ± 1.8 

D4 2.8 2.6 2.7 ± 0.1 2.7 1.6 :t- 1.6 
na 1.6 1.6 1.6 ± 0.0 3.9 4 .. 9 ± 1.3 

°12 o hr*** 2.0 3.0 2.5 :t 0.7 5.0 5.0 5.0 ± 0 .. 0 
012 6 hr 1.6 _ 2.4 0.8 ± 0 .. 0 3.9 0 .. 4 2.2 ± 2.5 
012 12 hr 0.8 0.9 0.4 ±.O.l 3.7 . 0.4 2.1 ± 2.3 
D13 0.3 0.5 0.5 ± 0.0 5.3 0.4 2.9 ± 3.5 
D

14 0.5 0.6 0.5 ± 0.1 3.3 0.4 1.9- ± 2.0 

~ 

" 
*Animal No. 

**Time of insertion of device. .... 

, 
***Time of remova1 o~ device. 
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Appendix Table 10. Expt. IV. Effect of progesterone and pro­
gesterone + éstradio1-17~ therapy on.body 
weight, uterine weight, ovarian weight, 
adrena1 weight and anterior pituitary weight 
in prepubera1 ea1ves. 

An. No. Body wt. Uterine Ovarian Adrenal 
{kg} wt. (9:1 Wt l {gl wt: {g} 

Progesterone Vaginal Deviee Treatment . 

15 188.6 122.2 5.25 10:6 
26 147.7 61'.5 3.68 6.2 
18 170.5 40.4 3.31 7.8 
24 163.6 59.5 3.45 9.,6 

Mean±S.D. 167.5±16.9 7 O. 9!'35,. 5 3.9!O.8 .8.S!1,8 

Progesterone + Estradiol-17B Deviee Treatment 

10 
29 
19 
30 

Mean±S.D. 
1 

> 

'" 175.0 
165.9 
177.3 
136.4 

163.7±18.8 

60.9 
95.4 
84.1 
54.6 

73.8±19.2 

Control Vaginal Deviee Treatment 

16 
31 
23~ 

Mean±S.D. 

193.2 
161.4 
163.6 

172. 7±17.8 

. 45.2 
40.1 
59.5 

48.3±10.1 

3.4 
3.2 
3.2 
1.7 

2 .. 9±0.8 

8 .. 7 
2.0 
3.5 

4.7±3.5 

6 .. 9 
8.6 
8.6 
7.5 

7.9±0.8 

8.6 
6.6 
7.6 

7.6±1.0 

t 

" 
Ant. 

Pituitary 
Wt. !g} 

1.01 
0.91 
o. 95 ~ 

0.87 
0.94':0.06 

1.01 
0.92 
0.94 

. 0.79 
O. 92±0. 09 

0.96 
0 .. 89 
0.92. 

O. 92±O. 04 

....... ~ 

.' 
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APpendix Table lIA. Expt. IV. Pico moles of 3H estradiol-17~ (3HE2)' 3H progesterone (3HP) 
and 3H RS020 bound per mg protein of uterine and ànterior pituitary 
tissue at saturation point. 

Treatment 

Control device 

. 
Progesterone device 
48 hrs after insertion 

q,. 

48 hrs after remova1-' 

'Progesterone+E2~ device 
48 hrs after insertion 

48 hrs after remova1 

An. No. 

31 
16 
23 

Mean 

15 
26 

Mean 

18 
24 

Mean 

10 
29' 

Mean 

19 
30 

Mean 

/ .... 

Uterine Tissue 
r HE2 3,HP, 3H RS020 

5.56 1.50 3.05 
6.38 1.84 3.41 
5.68 1.35 1.68 
-5.87 1.56 2.71 

5.46 1.19 2.65 
3.51 0.99 1.75 
4.49 1.09 2.20 

1.78 0.18 1.01 
3.31 0.58 0.56 
2.55 0.38 0.79 

3.36 1.64 3.29 
2.34 1.07 1.96 
2-.85 1.36 2.63 

1.78 0.18 1.01 
3.31 0.58 0.56 
2.55 0.38 0.79 

Anterior Pituitarf, Tissue 
3HE2 3HP H RS020 

0.128 0.042 0.029 
0.068 0.058 0.081 
0.061' 0.048 0.071 
0.086 0.049 0.077 . 

0.218 0.098 0.183 
0.138 0.124 0.240 
0.178 0.111 0.212 

0.129 0.098 0.328 
0.148 0.138 0.438 
0.139 0.118 0.383 

0.178 0.072 0.089 
0.128 0.069 0.086 
0.153 0.070 0.088 

0.148 0.068 0.099 
0.142 0.056 . 0.082 
0.145 0.062 0.091 

continued 
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---·APP~~lB. Expt. rv~ Pico moles of 3B estradiol-17~ (3HE2 ), 3B progesterone (3HP) and 
3H RS020 bound per mg protein of posterior hypothalamus and anterior hypo­
thalamus tissue at saturation point. 

Treatment 

Control device 

Progesterone device 
48 hrs after insertion 

48 hrsafter removal 

Proqesterone+E?~ device 
48 hrs after 1nsertion 

48,hrs afte~ remova1 

1< 

An. No. 

31 
16 
23 

Mean 

15 
26 

Mean, 

18 
24 

Mean 

10 
29 

Mean 

19 
30 

Mean 

Posterior Hypothalamus 
?HE2 3HP 3H RS020 

0.113 0.056 < 0.338 
0.104 0.052 0.156 
0.119 0.079 0.201 
0.112 0.062 0.232 

0.175 0.058 0.771 
0.078 0.162 0~638 
0.127 0.110 0.705 

0.089 0.055 0.678 
0.158 0.168 0.435 
0.124 0.112 0.557 

0.194 0.097 0.517 
0.142 0.122 0.522 
0.168 0.109 0.519 

0.259 0.271 0.428 
0.182 0 .. 083 0.618 
0.221 0.177 0.523 

Anterior HYPpthalamus 
3HE2 3HP 3H RS020 

0.081 
0.136 
0.041 
0.086 

0.293 
0.168 

GJ GJ 
0.231 .... .... 

,Q A 
Ils as 

0.162 
.JJ +l 
U 0 

0.095 GJ GJ 
.;j..l .JJ 

0.129 GJ GJ 
Cl Cl 
1 1 
r:: r:: 

0.26;1. i i 
0.361 
0.311 

0.178 
0.053 
0.116 

..... 
U1 
U1 
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