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Twenty one post-partum and three open Charolais X Angus

cows, maintained under dry conditions, \rere individually fed 1 mg

MGA (6o(-methyl, 6-dehydro, Iîd--methylene, L7-acetoxy progesterone)

per day for l-6 days beginning an average of 35.8 days from cal-ving.

PMS (Pregnant Mare Senm) was injected subcutaneously 16 days after

estrus or 20 days after l-ast MGA feeding if estrus was not observed.

Hcc (Human Chorionic Gonadotrophin) was given by intramuscular

ínjection 48 hrs following PMS treatment. Cows in group I received

PI"IS r,¡hile those in group rr received PMS + I-ICG. All cows were moved.

to pasture in the presence of a bull of proven fertility after treat-

ment except nine cows, three from each different treatment group, and

three control cows from wk¡-ich daily bfood coffections were made by

venipuncture. Blood sampling started one day after last MGA feeding

or 89 days af ter calvì ng in the control co\^/s. Serurn samples \^Iere

obtained for determination of progesterone, estrogens and luteinizing

hormone (LH) by radioirìmunoassay.

ABSTRACT

ll-l_

Four out of 24 cows expressed estrus within 13 days after

the last MGA feeding. From group I, ten cows responded to PMS by

expressing estrus an average of 5.5 days after injection. Fl-ve of

these cows fater returned to heat. In group II, nine co\{s responded

to PIIIS + HCG treatment averaging 5.8 days to estrus. Among these co\{s,



eight f ater returned to estrus. Control coivs r,¡ere in estrus within

ten days after being tra¡rsferred to pasture.

control cows showed a hormonal pattern similar to that of

normal cycling co\.^/s. After MGA treatment progesterone concentration

of all cows remained lower than r ng/mr fo:: a period of time varying

from nine to 20 days. None of these cows shorved similar patterns of
progesterone l-evel-s ín response to pMS or pMS + HCG treatment.

rnjection of PMS on the day before progesterone dropped to basefine

level-s appeared to prod.uce a greater response in terms of progesterone

secrel-ion (15.25 nq/ml.) in one anjmal-.

LH levefs ín cows treated v¡ith MGA + pMS remained r_or¿er

than l- ng/ml until- after PMS injectlon when T,FI l-evets increased in
al-l- cows.

Estrogen fevels were high [varying from 6-16 pglml) on the

day after l'fGA feeding and increased, ln arl cows the next day. High

]evels i,vere maintained. about nine days in four co\¡¡s, then decreased.

The other tr^¿o cows had ]evers which dropped on the thlrd day and

remai-'ed low until gonadotrophin injection. After gonadotrophin

injection, estrogen r-evels increased greatly in alr_ cows except one,

the highest value cletermined being lg4 pg/ml.

iv

Average interval

co\.¡s r,,ras 74.23 days vilrile

from calving to first estrus in treated

in co¡ttrol cows it rras 122.3 da¡rs. Trvo out



of 19 cows which ::es¡>onded to gonad,oi-t:oplún treatment appeared to be

pregnant at the induced estrus and one of them produced trvins. Six

cows did not conceive and the rest produced. one calf each.
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AlLhough esirous synchronizatÍon .has been successfully

achieved in norrnal cycllng. beef and dairy cattle by the use of

progesterone compounds, the fertlll-zatl-on and, conception rates (CR)

are low at the first synchronized estrus. Various gonadotrophic

hormones have been employed in conjunction with the various

synchronizing agents to overcome this depressed fertílity but without

completely satisfactory results. Gonadotrophíns alone have been used

to produce multiple births in cattle with some degree of success.

Faifure to obta.in expected outcgme may involve many factors r Such aS

fertilization failure, ìmproper time of mating or insernination,

defective transport of sperm, failure to detect esLrus and abnormal

uterine environment. RecenLly, there have been suggestions that

high progeste::one l-evels at the time of fertilization has caused

this reduced fertillty rate and that ttre proper ratio of estrogen

to progesterone is lacking. SinrLlarly, synchronization or induction

of estrus in the post partum co\^I has not been very successful and

only limited informatl-on is avallable.

The purpose of this study v¡as to determine the effectiveness

of MGA ln estrous synchronization of post part-um l¡eef cows. To

eli:ninate the problem of depressed fertilization, gonadotrophins

\,.'ere also ad-ml-nistered. Blood levels of the horntones, luteinizing

hor:mone [Li]) , progesterone and estrogen were measured to deter¡nlne

if the treatment had auy effect on 1-he normal endocrine balance'

TNTRODUCTIOIi



Effects of Ìrroqestoqens on the estr.ous cycle of cattle

The effects of progestogêns on the estrous cycle of the farm

animals are variable, depending ou such factors as route of

administration, dosage l-evel, stage of estrous cycle during r^¡hich the

hormone is applied ancl type of hormone used.

LIT]]RI\TURE REVrIti^]

Cyclinq animals

Trimberger and Hansel (f955) subcutaneously injec'Led 50, 75

or 100 mg.of progesterone daily into cows at various times in the

estrous cycle for periods of time varying from 3'to l-3 days in length.

Ertrus was satisfactorily controll-ed in most of the animals and they

returned to heat an average of 4.6 days after treatment was stopped.

The cycle length increased from 20.8 to 26 days and. more ovarian

abnormalities were detected following treatment. Conception rate (Cn¡

at first synchronized estrus was lov¡ (12.5%) but improved at second

estrus to what was considered to be a normal l-evel- (82.5e") .

Nel-lor and Cole (1956) used a crystalline progesterone inrplant

to efj.minate the necessity of daily inject-ion. The dosages ranged from

540-1120 mg and v;e::e started at different stages of i-he estrous cycle.

Estrus occurred 15 to l9 days after progesterone irnplantation in B9B of

the heifers r^¡hicir received 540-560 mg and 15 to 23 days after impl-antatio¡



of 700-1120 mg of progesterone and ovul-ation was detected in 95å of

the animals. when equine gonadotrophin was injected (75o-2r40 r.u.)

15 days after progesterone treatment 90e¿ of the animals came into

heat l to 4 days after gonadotrophin injection, and a higher dose

of gonadotrophin seemed to prod.uce more multiple ovulations. The CR

was lorv r.,¡hen both hormones were used in combinati_cn.

- 
Ulberg and. Lindley (1960) administered progesterone

subcutaneously daily for L4 days at dosages ranging from l-2.5 to 50 mg

alone or with 0.5 to 10 mg of estradiol benzoate given 96 hr after the

last progesterone injection. Eighty three out of 101 animals which

received 25 mg progesterone were observed in estrus within 10 days,

averaging 4.8 days after cessation of treatment, while those that

received.50 mg returned to heat at an average of 5.7 days. All

estrogen treated. animals were in heai- 4 days after the last progesterone

injection or 24 hr after the estrogen injections. Estrus lras observed

significantly more often in animals treated with estradiol. However,

the higher dosages of progesterone tendecl to reduce the pregnancy rate.

Lamond (1964) removed the corpus Luteum (Cf) from 49 Here_

ford heifers, gave each of them 20 mg of progesterone daily for 6 d.ays,

with some receiving a subcutaneous injection of l-oo0 r.u. or 2000 r.u.
of Pregnant }fare Serum (pMS) one day after the final progesterone

administration. some v¡ere al-so given an intravenous injecLion of
either 72, 360 or 1800 T.u. of l-Iuman chorionic Gonacot.rophin (I{cG) at
the tíme of j-nseminatio¡r v¡hich v¡as 2 d.ays after pMS aclmi¡istration.



Fertility was highest with HCG treatnent, but the highest l-evel

(1800 I.U.) dld seem to depress fertility. Enucleation of the CL

before treatment seemed to result in higher fertiliLy.

Vanblake et af. (f963) compared the reprod.uctive perforrnance

of 20 unLreai-ed heifers with 60 heifers treated by feecling varying

levels of 6o(-Ch1oro, I7(acetoxy progesterone (CAP), ranging from

0.02 to 0.3 mg per 1b body weight for f5 or 20 days. The hormone

proved to be extremely potent in inhibiting estrus and- ovulation.

Cycles of heifers fed 0.02 mg per lb body wt. per day rvere

synchronizecl ínto a period of 4 to 6 days after hormone withd.rawal and

6 to 9 days for those receiving 0.12 mg per day per animal. The

conception rate at the first synchronized estrus, altÌrough slightly

l-ov¡er \râs coirìFâralcle to the control group. trTagner et _eI . (19ro8) gô.ve

ani:¡als 10 ng of CAP per hea-d. per d.ay for 14 d.ays, fol-l-or^red by 5 ng/

..ead/day .f-or 4 c1ays. All heifers r^¡eie a.rtif i<;ial1y i-nserninatec1 L2 hr

after the onset of estrus. FertilizatLon rate at the flrst breeding

period following treatment was l-ower than in controls but was normal

when heifers \,rrere bred at the second heat. It was felt that CAp may

have exerted its effect on fertil-ization by modifylng eìther; tf) the

reproductive tract environment or (2) tire ovum prior to ovulation.

Baker and. Coggins (1968) treated 50 beef cóws in a similar manner to

that done by blagner et al-. (1968) . Twenty five of the anima]s were

injected rviti-r l-000 1.u. of Hcc 48 hr after the l-ast feeding of cAp

and they rvere artificially i¡rseminated 12 hr after this injection or

after the onset of heat. cAP suppressecl estrus in 94e¿ of the cows



dtrring the feeding period. HCG treatment irad no influeuce on the

incidence of estrous or conceptior: rate. Fuli-on et al . (1971) fed

50 heifers tO mg of CAP daily for 9 days and gave an intramuscular

injection of 5 mg of CAP and 5 mg estradiol- valerate on day 1 of the

treatment. InliLhin 5 days after treatment 98% of the cows came into

heat and 46eo conCeived to the first service.

Wiftbank et af. (1967) observed low fertilization rates

when heífers were fed with 500 mg of 16(, l7-dihydroxy progesterone

acetophenide (DI-IPA) per animal daily for 20 days. Hor,/ever, when a

dosage of 400 mg \^¡as fed for 9 days with intralnuscufar injection of

0.5 mg estradiol vaferate on the second day of the feeding period the

fertil-ization rate \^/as equal to that of controls. lfiltbank and Kasson

(1968) fed heifers 4OO mg of DHPA per animal- daily for 7 d.ays. Estradiol

injection given on the second day of DHPA treatmen'h to cause regression

of the corpus luteum resulted in a short estrous cycle in some heifers.

The authors fel-t that lt was due to the prolonged action of estradiol

vaferate. Therefore, in a subsequent trial, the DHPA feeding period

was extended to 9 days and 95e¿ of heifers showed estrus within 96 hr

after treatment and no short estrous cycles occurred. Fifty four

percent of the heifers bred by artificial insemination at the

synchronized estrus conceived as compared to 52t of the controls. In

a later trial i^,hen 400 rng or 75 mg of DFIPA was used, the CR after

breedì.ng at the synch::onized estrus was 62% a¡rd 59e;, respectively,

which rvas signif icantly (P<0.01) loler than in the controls (83e").



l7d--ethynyl, l9-nortestosterone (SC 4640) and l7á-ethyl, f9-nor-

testosterone (lrlilevar) to be 7.5 and 5.0 mg/day' respectir¡el-y, \l¡hen

given by daíJ-y injection for 12 days. Estrus was syuchronized v¡ithin

2 Lo 6 days post-treatment in 87.5e" of heifers ti:eated with SC 4640

and f00e¿ of those treated with Nilevar and the pregnancy rates were

87.5 and 75.O2, respectively, from artificial insemination at the

first synchronized estrus. Some of the SC 4640-treated heifers

appeared to experience embryonic death and it was suggested that

SC 4640 may have in some way altered the normal sequence of events

betrveen conception and placentation.

Liang and Fosgate (I97L) established effective dosages for

synchronization of the estrous cycle in cattle by feeding 6(-rnethyt,

ld-acetoxy progesterone (MAP). The compound effectively inhibited

estrus and ovuLation untit 3 to 4 days after treatment was stopped.

MAP was mixed wlth soybean oil meal and f ed once daily. Cows ¡.vith an

average weight of 1000 Ibs received approxímately 986 mg per head

per day for the first 10 days and 50 mg for the second 10 days. All

cows \{ere artif icially inseminateci 3 to 5 days af ter treatment, i.vith

iral-f of them tal<en at random receiving a subcutaneous injection of

0.5 mg estradiol at the time of insemination. The conception rate at

first service was decidedly lolu. Only 25t conceived to this breeding

and estradiol injection did not have any effect on fertilì.ty.

Hansel et al. (f961) reported the first successful



Nelms and. Combs (1961) reported that l_0 out of 15 cows

conceived when bred at the synchronized estrus after being treated

wit.ln 22O rng of MAP per head per day for J-5 days. lthen the dosage

was j.ncreased to 250 mg per animal per day for 14 days and these

animals were inseminated without regard to estrus on the third,

fourth, fifth day after the end. of treatment, 40% became pregnant

which vras comparabie to the conception rate of 60 control heifers

during the first 21 days of insemination. Dhindsa et al. (L964)

fed cattle with MAP at a range of 180 mg per head dail-y for 18 days.

The animals were artificially inseminated at the first synchronized

estrus and bred naturally later. Estrus was synchronized within

3.5 days after the withdrawal of MAP. The CR at the first estrus

was higher than that of the contro]s. Zimbefman (1963) reported on

the minimum effective dosages of MAP for estrouF synchronization in

dairy and beef cattle. MAP feeding started on day 15 of the cycle

in dairy heifers and lasted for 16 days or 20 days. The period of

feeding in beef cows was 18 days started at random stages of the

cycle. The minimal effective dosage of MAP in dalry heifers fed

individually twice daily when started. on day J-5 of estrous cyc1e, was

above 135 mg. In group feeding, dosages of I50, L80, 2IO and 400

mg were capable of inhibit.ing estrus and ovulation cluring treat¡nent.

In beef heifers, group feeding I2O or 180 mg per animal daily

inhibited and synchronized ovul-ation in 94% of the anl-mals. Considering

both beef and dairy heifers 93s" were in estrus on the second, thircl

and fourth days after the l-ast I'IAP feeding. Fahning et al . (1966) fecl



0.4 mg MAp/lb. body weight per day to l{ol-stein heifers for a nrinimum

period of 11 days and a maximum of 18 days. Eighteen out of 19

animals shoi.¡ed estrus within 2lo 4 days follorving tlAP treatmenl-.

The CR of the treated animals was 26.3% and 5J.9ea following first

and second servicer respectively.

Dhindsa et al. (1961) treated beef heifers by orally giving

I80 mg' of MAP daily per animaf for 18 days. Bighty seven percent

of the heifers showed estrus within 90 hr after the last I{AP feeding.

The CR following breeding at the first and second estrus after

treatment was 94% in the treated animafs and 63e" in the controls.

. 
Zimbefman (1961) gave 5 mg laAPlhead./day and 75% of animals

were in heat between 48 and 84 hr after treatment. Conception rates

in control , individual- and groups feeding 1ots were 75, 25,75e",

respectively at first service, wfuLle at second service the CR was 8l%

for all treated ani:nals.

cattle

7,Io,

Col-fins et al. (1961) successfully synchronized estrus in

feeding 0.5 mg of MAp for 20 days, whettrer begun on day 3,

or 19 of the estrous cycle.

by

15

I{ansef et af . (1966) compared the effec.tiveness of MAP

(24O mg/head/day) and CAP (10 mg/head/<1ay). ¡1AP treated animals came

into estrus slightly sooner than did those receiving CÀP. The CR at



the first service of MAP-fed cols was significantly higher than those

fed cAP, (64.4 vs. 35.6). The sllghtly longer time for the cAp-fed

group to cor¡e inLo estrus forl-orr'ing treai-ment may have been due to

the greater potency or longer half l-ife of CAp.

Zirnbelman and_ Smith (1966) , in deternrining the ora11y

effective level-s of' 6(-methy1, 6-dehydro, 16(-methylene, l7-acetoxy

progesterone (MeJ-engesterol Acetate or MGA) in synchronizing er;trusr

found that dosages of 0.25 to I mg per ani:nal per day inhibited

ovulation and estrus in virtually al-l animals. Dosages of o.l-25 and

0.0625 mg' were not effective in preventing ovulation, and it appeared

that certain dosages may suppress estrus but allov¡ ovulation to occur.

Heifers showed estrus from l-.5 to 4.5 days afl-er fast feeding a-t the

0.2 mg dosage and 4 to 9 days at the 2.0 rng Level. The longe::

intervals encountered at daily dosage l-evel- of 1 to 2 mg appa-rently

resulted from overdosing. The CR for various groups at. first service

varied from 25 to B8%. considering the total, 422 conceived. from one

service and 82? from two services.

Tripathe and Hov¡el_l (1969) reported that feeding 0.45 mqr

l'lGA per beef heifer daily for l-8 d.ays produced a comparable cR to

that of the controls under natural- service, while the same treatmen-L

in a later trial pr:oduced a significantly lower CR t-han the controls

rvhen artificial- insemination was used. The cR at the estrus

subsequent to the first synchronized estrus \,¡as not siqnificantly

clifferent from the controls. Rousser- and Beatty (-1969) synchronized



heifers with I mg of MGA per anilnal per clay for 14 days, during either

spring, winter or surrìrner months of the year. Mos'L of 1-he heif ers

shorved estrus after treatment and the mean interval fron the fasl-

feeding to the first ancl. second estrus was 4"9 and 21.9 days,

respectively. Overall CR for the control group was 53e¿ as compared.

Lo 60% in the treated group. Estrus synchronization in hot sunmer

monl-hs tendecl to håve slight adverse effect on estrus and fertility.

The duration of estrus was shorter in the summer group as cotnparecl

to spring and winter. The j-nterval from the last feeding to estrus

in summer, rvinter and spring was 4.0, 3.5 and 3.0 days and to second

estrus rvas 23.6, 2I.5t 20.5 days¡ respeÇtively" The CR were 40, 60,

80%, respectively.

Chakraborty et- af. t1971) successfully synchronized. estrus

by feeding MGA (10 mg,/anlmal/day) for 14 days to dairy cows, beginning

at any stage of the estrous cycle. Estrus occurred. 2 to 6 d.ays after

treatment; v;ithin 24 hr in 83s" of animals" The CR was reduced after

artificial- insemination at first service and double insemination at

this synchronized estrus did not improve conception. The CR at the

first synchronized estrus \,vas 8.33e¿, which was significantly (P<0.05)

l-orver than in the control-s. Fifty four percent of l-he animals

conceived at the second estrus which was sjmilar to the conception

raLe at first estrus of the controls (58.3e") . Z,irnbeluran et al. (1970)

summarized the data col-rcerning the use of MGA on cotlception ral-e.

Conception rates from breecling at first synchronized estrus \vere about

70s" of the rate of controls rvhile at the second syncl-rronized estrus

10



it was not depressed. Zimbefrnan and sníth (1966) used MGA in

conjunction lvith niany compounds for tire purpose of precisely timing

the induction of ovul-ation since it has been suggested i-hat the

reduced CR is due to ovulation failure or improper time of insemination.

Estradiol cyprionate (ECp), estradiol--].7p, carbestrol, Ilcc, pMS,

oxytocin, neostigrmine, amphetamine, nafoxidine hydrochl_oride and

chlomiphene citrate were employed. ancl were administered betv¡een day B

and 13 of MGA-feeding. Estrad.íor -r7þ and. Ecp were effective at

certain dosages, while gonadotrophins gave varying results. IlcG at

certain levels induced ovu]atj-on a,s detected by palpation of the

ovaries for corpora futea tcf,¡. pMS at a level of 2000 I.U.

administered intravenously causecl extensive follicul-ar development

which made cL detection irnpossible. other compouncls tested gave no

effect on estrus or ovul-ation. when ECp was injected on th-e last or

on day 1 or day 2 of MGA feedjng it increased the overal-] incid.ence of

estrus. ovul-ation, however, vras not affected. as compared to those

that received only I{GA. It appeared to red.uce the CR at first service.

The authors suggested that reduced cR fol-lowing MGA or MGA plus ECp

treåtment was due to multtple causes t viz., ovulation ail-ure, ovum

loss, fertil-ization faifure and embrvonic death.

11

Zimbelman and Smith (1966) injected

Hormone (f,U¡ during ti{GA treatment (day g to 12

observed ovulatiol-r by J_aparotomy on days 2, 5,

of each. They found ilrat ECp, UCG and l.l-t were

ECP, IICG and Luteinizing

of [1GA feeding) and

B and l-1 after injection

effective in inducing



ovulation in most of the animals but CL development after day 5 was

not considered normal. They suggested. that early regression of the CL

iras due to a deficiency of gonadotrophin, probably LFI brought about

by the inhibitory action on the pituitary gland of estrogen or

progesterone treatment continued after the estrogen injection. It was

felt that enough endogenous or exogenous gonado'crophin was probably

avaifable for the initial stages of CL formation in each of the

injected group, since the induced CL appeared normal- from heifers

laparotomized on day 5.

Boyd and Tasker (1971) treated dairy heifers with 1 mg of

MGA per animal- per day for l-4 days or gave it in conjunction with HCG,

PMS or estradiol ínjections. All animals were inseminated at l-2 and

24 yv after treatment. Estrus was synchronized but the CR at first

service was fow. The CR at first and second estrus v¡as 66.6% for

controf , 33.39" for MGA treatment al-one, 88.8% for MGA plus FICG and

22.22 for MGA plus estradiol- plus PtvlS plus HCG. The l-atter treatment

upset regular cyclic activity and subsequent fertility with MGA plus

HCG producing the best resufts.

I2

HilI et al-. (1971) started treating heifers on either day 4

or 14 of the cycle with 0.5 mg or l-.0 mg of MGA for 14 days. The

interval- from the last feedj-ng of MGA to estrus in the 0.5 mg group

was 3 to 7 days ar-rcl in the 1.Ò mg-group it was 5 to I0 days with an

average of 4.75 to 7.26 clays, respectively. Thus. synchronization was



better when the treatment began on day 4 of Lire cycle' After mating

theheifersvJereslaughteredandovalvererecovered.Morenucleated

ova were obtained fr:om treated heifers than in tlre controls, suggesting

thattheincidenceoffertilizationfai]-urewashj.gherthaninuntreated

animafs.

Post-partq{ r9\{1

IliiftbankandCook(1958)comparedt.hereproductiveefficiency

between nursed cows and- milked cows (milked twice daily) ' The interval

fromcalvJ-ngtofirstestrus\{asapproxì:natety84daysinnursedcov¿s

and54daysinmilkedcows,r.¡hiletheirrtervalfromcalvingtofirst

detectable cL was 53 days and 36 days, respectively. conception rate

in nursed cows v¡as l-orn¡er and more services per conception were

required.Theysuggestedthatthedifferenceinreproductirzeperformance

betweenthetwogroupsmightbethedecreasedsupplyofgonadotrophin

or an insensitivity of the ovaries to the usual levefs of gonadotrophin

resulting from suckling action'

Tilton et al. tf966) reported that the intervaf from calving

to involution of uterus, first estrus, ovulation and conception in

beef heifers ranged from 43 to 46, 46 to 53 ' 38 to 50 and 55 to 87

days, respectively. Intervals from calving to ovul-ation in beef

heifers and dairy heifers ,"vere 35 (range 20-5r) and 30 (range L5-44\

days, respect-ively, Hitl et al-' (L972) '

l3



. Zimbelman (1963) ferl post-partum heifers and colvs (9 to 22

days after calving) with MAP for 17 days. The clata indicated that

MAP feeding had no significant. effect on the average j-nterval- from

calving or from the end of. treatmenl- to either post-treatment

ovul-ation or conception. Average CR of all- treated anirnal-s bred

within 2 days of fast MAP feeding was 512".

Britt et al. (1912) fed lB0 mg of MAp per animal per day

for l-0 days to post-partum cor¡¡s. All corvs started cycling after

treatment and the cR vras 88%, compared to J4>" in those that received

no MAP. ifhen MGA was eniployed instead of MAp, starting from day 48

post-partum, the interval to first service did not differ anong

treatments. Therefore, MGA feeding for l-0 days did not affect time

of estrus. There was no great differences in conception ra'te at

first service. rn a further experiment, the duration of treatment

was extended to 14 days and started from 35 to 55 days post-partum.

The conception rate during d.ays l- to l-0 after last MGA feeding (first

service) varied from l-3 to 18å in the different herds, ancl during

2I to 30 days after MGA withdrawal (second service) varied from 21 to

7Ie¿ .

I4

Fosgate (1961) reported that 21 i¡rtramuscular injections of

17o( -hydroxy progesterone caproat.e (Defafutin) at t-he rate of I0O rng

given bi-v,'eekly from parturition reduced the intervaf from calving to

uteri¡re involution in I{o}stein and Jersey cows. FIo\,¡ever. the average



interval from calving to first ovulati-on was significantly longer in

treaLed ani:nals than the controls (62.3 vs. 40'2 days) ' The average

interval from calving to first estrus v¡as also longer (70 vs. 47 -9

days). Defalutin had no effect upon conception rate in treated

ani:nals as compared to th'e control (7 I'4 vs' 69'2ea\ '

oxenreider and Melampy (1966) noticed that induction of

ovufation by PMS or I{CG reduced the post partum interval to oVul-ation

and estrus but had no influence on uterine involution.

Foote et al. Ct96Oa) gave a single subcutaneous injection

of progesterone to cows 30 days after calving and some of these

animals were given a IO mg injection of estradiol 20 days after

progesterone administration. All cows \dere bred at the first estrus

occurring after 50 days post-calVing. Neither treatments affected

time from calving to first service. Average time to first service

for untreated, progesterone and progesterone plus estradiol treatment

were 76.8, 7g.1 and 76.2 days, respectively. The interval from

progesterone treatment to first ovulation and estrus was 24.3 anð' 27 '3

days for progesterone alone, and 30.2 and 22.5 days for those that

received both hormones. The CR in the latter group was ]ow, tthile the

progesterone treated animals did not differ from untreated cows at

first service. Foote et al. (1960b) instead of using a sj.ngle injection

gave daily injections of I rng progesLerone for 14 clays to post partum

coh,s starting on the day after calving. Duration for uterine involution

15



was not affect-ed by treatments, belng /+I .2 and 41 .4 days for treated.

and u'treated groups, respectivcly. The average i-ntervar to first
ovul-ation and first estrus was 6r-,1 and g3.0 days, respectively, for
the treated group, r^¡hil-e the interval_s were 41 .7 and 65.0 days,

respectively in the control aninials. Proge-cterone t.reatment did not

decrease tire variation in ovufation time or affect the conception

rate.

Foote (L962) divided g0 Hereford cows into the four

follov,ring treatments: (l) control , (2) subcutaneous injection of
50 mg progesterone from day 12 post-partum through clay 23, (3) same

as (2) plus singte intramuscur-ar injecLion of r-o mg estrad iol rl-p
on day 25, and (4) only estradior on day 25. Average intervar from

calving to uterine invorution was 47 t 39, 36 and 39 days; to first estrus
was 49 , 4L, 27 and 27 d.ays; to first ovur-ation was 44, 33, 31 and 30

days and to conception 57,49,48 and 48 days, respectively. All
intervals except calving to conception were significantly shorter in
treated. animars than the controls. Estrogen trea.Lment ar_one or with
progesterone seerned to reduce the cR at first service.

1.6

Fosgate et al. (1962) used Defalutin (an ester of l7c{ -
hydroxy prog'esterone) as an estrous suppressing agent in post-partum

cowsi givir-rg 22 injections of r00 mg each on ar-L.ernate days from the
da1' ¿¡¡"r carving. Trre intervar from parturition to ovuration ir,as

significantly (P<0.01) longer in the treated corvs than in the controls



(62.3 vs 40.7 days). I'reated corvs had more quiet ovulations before

shovring estrus (57 vs 44%). The averaqe ínterval from parturition

to first estrus was 70.0 days in treated corvs as compared ta 47.9

days in the controls. The CR a-t f l-rst service vlas not affected by

trea'tment

' Saicluddln et al. C1968) treatecl post-partum cows with

50 mg progesterone injections daily for a period of 10 or 15 days

and an intramuscular iniection of 10 mg of estradiol-l7 rvas given

alone or two days after the proqesterone treatmenÈ" Cows given

estradiol alone or after progesterone resumed ovulation earlier after

calving than untreated or pi'ogesterone treated- a.lone. Atthough estrad.iol

was effective ivhen given alone, hrhen preceeded by progesLerone it

hastened tk¡-e onset of estrus and ovufation, and. conception occu.rred

earller in cows given both hormones. Progesterone and esLr.:diol both

tended to decrease variation among cov¡s in the interval- to estrus,

ovul-ation and conception.

L7

Foote et al" (1972) impl-anted progesterone for 23 days in

post-partum beef cows, and sone of these animals were also injected

with 1BOO I.U. of Pt4S at the time of implant removaf , fotlorved by

6000 I.U. of HCG 21 to 34 hr l-ater. Animals treatecl rvith progesterone

alone had the highest l-ncidence of ovulation within 2 or 6 days after

the j-nrplant rentoval . This group also hacl. the hic¡hest conception at

synchronization and the shortes't interval to couception. P¡tS + i{CG

treatrnent tende,J to help to synchroirize estrus ancl ovulaLion and



conception to some degree. However, concepi-ion rate at first service

rvas cLecreased. There was a tendency, especj-ally in gonad.otrophin

treated animafs, to have both proloirged and split estrous periods

with one to l-hree days bet-vreen periods of standing heat.

Darwa_sh et al. (.1965) fed MGA to cows at leyels of 0.4 to

1.0 mg for 18 days starting on day 7 or day 32 post-partum. Anj-rnals

that received an initiat treatment on day 7 came into heat an average

of 8.6 days after treatment, vrhicie was significantly (p<0.05) longer

than the average interval in the other groups. cows treated with

o.4,0.5 or 1.0 mgrlhead/day started on clay 32 came into estrus an

average of 4.3,4.7 and 5.2 days after treatment, respecì:ively. seven

out of tire 49 cows that were treated developed follicul-ar cysts and

fail-ed to ovulate at the end of treaLment..

Boyd (1969) fed 0.5 mg of McA per ani:nal per day for 18 days,

beginning on day 43 of l-actation. Reproductive efficiency, though

not different between the control- and. treated groups, was poor. First

insemination was made at an average of 73 days post-partum in treated

cor'¡s and 74 days in the control animal-s. Ti]ton (1966) used lB0 ng

of MAP for the same duration, but starting on day 20 post--partum and.

found that this increased the interval to first estrus L74.9 vs.59

days) but gave a comparable cR to that of control animal-s (64.1 vs.

56.0e¿). Zimbelman (1963) reported t-hat post-partum beef cows were

synchronized by feeding IIAP prior: to occurrence of the first post-partum

IB



ovulatl-on.

var j.ability,

post-part-u¡l

The 1-reatment caused a

but not ir-r the average

ovul-atìon "

svnchronization of estrus in post-¡rartum I¡eef cows with CAp (L0 ng/

head/day for 18 days). Thirtv co$¡s averaging 227 d.ays post-partum

were 90% svnchronized with a 50sa cR at firsÈ service and 70ea cR

follonlng two services by artiflclal insemil:ation.

Veenhuizen and Wagner CI964) reported successful

siqnlflcant reduction in tlr.e

interval from calving to first

Spahr e't al. (1970) treated. post-partum cows as fol_lows:

1) control, bred at first ireat after 60 days post-parburn; 2) fed MAp

to produce estrus at 55 days and bred at following heat.; 3) f.ed MlA,p

to produce ireat at 75 days post-partur and. bred at that estrus . (these

animafs received 500 I.U" of FICG two days after an 18-day Mr-P trea'bment)

Percentage fertilit. at first servl-ce, service interval, days open and

percent.pregnant at l-00 days post*partum were 56.6î'76"9, 97.3, 52.8¡

52.2, 85.3, 110.3, 43.8 and 3I .2, u.7.9, 118, 35.5 for groups 1, 2 and

3, respectively.

19

Brol.¡n et al-. (1972) fed beef cows f20 mg DHpA daity for 9

days, with 5 mg of estradiol val-erate belng inJected on the second

day of progestogen treatment. Some of these anirnals l:eceived

addltlonal estradiol on daln 16 (one day after stopoing DHPA treal-meni-)

rrrith no furl-her treatment or injection of 1000 I.U. of PIrIS and 750 I"U.



of HCG at the ti-rne of Ínsemi¡ration. Treatment began 5 to 10, lO to

f5' 20 to 25,30 to 35 or 40 to 45 days post-partum. Al-l cor,/s rvere

artificiaÌly bred 12 hr after post-partum estrus and again L2 hr

later. Progestogen and two estrad.iol injections significanùly rec}-rced

(P<0.05) Lhe in'berval from calr'ing to first estrus, ovulation and

conception, especial-ly vrhen treatment st.arted. on days 5 to lo post-

partum. Gonadotrophin injection did not decrease the intervals from

calving to estrus, ovulation or conception. Treatment. later in the

post-partum 1:eriod (40 to 45 days) prolonged the same intervals. The

degree of synchronization (v¡ithin 6 days after t,reatment) was highest

in the animars which received progesterone fol-l-owed by estrogen,

especially ivhen treatment began 20 to 25 days post-parti:n. concepl-ion

rate was highest in the group given estrogen on the second day of

progestogen feeding (84%). This was particularly true in the group

which was treated. on days 30 to 35 post-partu:n (86e").

20

Hrll- et al. (L972) treated beef cows v¿ith lo mg cl\p/anima]/

day for 10, 20,30 or 40 days following calving and gave an injection

of 0.5 mg of estradiol -rl4 72 hr after cAp was stopped. Treatment

vras not effective in hastening the onset of estrus. The interval from

calving to first estrus v,¡as not shortened significantl.y rvhen compared

with the control except in the case of the l-0 day treatment group

(51 .4 vs. 60.5 days). conceptio¡r rate at the first- service \,ras not

significantly affected by any treatment, and no great effect on the

interval- to concept.ion was observed.



Foote and Rad¡nall LI972) reported on the different responses

between beef and dairy cows to a singJ-e injection of 10r000 I.U. of

HCG 12 days after calving. In beef cov¡s the t::eatnient did. not

i¡rfluence the interval from calving Lo uterine involution (48 days in

the treated group and 43 days in the ccntrols). Intervals from

calving to ovula.hion, estrus and conception were longer in treated

anj-mal-s than in the control . In dairy colvs the average interval to

first ovul-ation decreased from 30 days in untreated anjmafs to 14 days

in treated animals. The difference between beef and dairy cows in

response to HCG treatment may be due to one or more factors including

genetics, mifk production, method and frequency of mifk removal and

nutrition.

Tilton et a1. G966) reported unsuccessful resul_ts in

synchronization of post partum cows with MApr started 25 days after

calving. Foote et gl. (1960b) also reported unsatisfactory results"

2L

Superovul-ation

Gordon et a!. (1962) reported. on the use of p}{S for

superovuration j-nduction in a large nurnber of cal-t,l-e. The dosages

used varied from 800-2000 r.u. and the injection was given on days

15' f6, 17, 1,8 or 19 of the esi-rous cycle. The response in terms of

ntunJ¡er of ovulations rvas linearly related to the closage and increasecl

froln an average of 1"43 at 800 r.u. to 3.97 at 2000 r.u. rt was also



evícl.ent that anirnals lnjected v¡íth tlte lorr' dosage on day 15 of the

cycle did not respond to the treatment as rvell as when the ínjection

rvas given on days 16, 17 or 19. There vlas a tendency for those

cattle which came into estrus earfier than 3 days from the time of

PÌ4S injection to have fewer ovulatíons tiran those that took a longer

inte::val-. The response in the short-int.erval animal-s was particularly

poor at dosage l-evels below 2000 I.U.

Turman et al. t1969) injected cor¡s wj-th 1500 I"U. of PMS

on days 3, 4,5 or 6 of the cycle and 2000 l.U. on days 16, 17, or

18. This was foffowed by 2500 I.U" of IICG given immedj-ately after

breeding by nai-ural service. Sixty four percent of the corvs conceived

at first breeding post-PitfS and produced. 29 single and 23 multiple

births (12 twins, I triplets, 2 quadrupl-ets and 1 quintuplet). 
. 

Cows

not conceiving at first service were bred during a subsequent 9O-day

breeding period. The cows whiclr- subsequentty calved produced a

)')

calving percentage of 134å. Calving difficul-ty did not increase with

multipre births, but cal-f losses at birth increased as l-itter size

increased.. An increase in the incidence of retained placenta was also

observed in cows producing multiple births.

injecting Pt'îS or ovine Follicle Stimufating ilormone (FSH) . Treatments

were as fol-l-oivs: f ) control; 2) 1500 r.u. pMS on day 5 and 2000 r.u.

on day l-6 of estrous cycle; 3) 20oo r.u. p¡fs on day 16 of the cycle;

Schrvartz and Schally (1969) induced superovulation by



and 4) 2.5 rng of FSI{ on oay 5 and 3.0 mg on day 16" Tl-re percentage of

heifers v¡hich ovufated, the ovulatiorl rate ancl bhe range in ovulations

rvere 100?;, 1..06 , L-Zi B9s¿, 6.56, 0-16; B9e" | 4.72, 0-Ì3; and 100e;,

l-.39, l-6 for trea'blents l- ro 4, respectlvely. The percentage of

anirnal-s becoming pregnant v¡as 55 , II , 22 and 449¿ for the sanre

respective g'roups. It seemed that PÌ'4S injection depressed the

pregnancy rate and gave excessive ovulations, vrhile FSI{ treatment

appeared to gj-ve somewhat better results.

Scanfon et a1. (1968) treated heifers and cows v¡ith 3000 I.U.

of P¡IS on day 16 of the estrous cycle, fo1lowec1 by an injection of

2000 I.U. IICG on the day of estrus or on day 2l if the anirnafs dj-d not

show estrus. A number of animals fail-ed to show estrus after treatment,

while 74% shed more than one egg with q maximum of 55 ovulations. It

was clear that there v¡as a relationship between ttre average ovulatory

response and the time interval from Pl.ls to the onset of estrus; as

the interval- increased l-he mean ovulation rate rose markedly.

23

Laster et a]. (1971) reported that the i'jection of 2500 r.u.

Iicc 3 days following the second 2000 r.u. pMS injection on day l-7 of

the estrou.s cycle (first injection on day 5) resu]ted in more twin and

fewer triplet ovul-ations than when IJGG rvas injected on the day of
estrus. No signifì-cant difference in ovulaLion rate v¿as noted when

the PMS injections were timecl from non-synchronizecl or synchronized

estrus. They also foulrd thaL ovuration clid not alr.rays occur in



follicles which v¡ere stj-rnulated. by the firsf: injection of PtîS and that

increased dosages of IICG stjrnul-ated more ovul-ations. Refractoriness

was observed. r.vhen PMS v¡ad usecl repeatedly; a ]ower percentage of

multiple ovuLations occurred in animals treated at a second sequellce

of PMS injections" The reason for the l-ow cR a.nd high embryonic

mortality in PÌ"IS treatrnent could not be d.etermined.

Bel-fows and Short (1972) incl-icated that cov¡s showing estrus

within 3 to 5 days from the last PI.IS injection had the most desirable

superovulation and mul-1-iple birth response. This suggested Lhe neecl

of being able to accuraLely predict when estrus woufcL occur in cows

treated wiLh gor-iadotrol:hic hormones. Therefore, experirnents were

conducted to determine if PI'{s treatment coul-d I¡e successfully used. to
induce superovulation in cows whose estrous cycle had been synctrronized

with an orally ac{:ive progesterone. This was done by feeding lB0 mg

of l4APr/hea-d/day for 1l days combined. r¿ith an injection of 5 rng

estradiol va]erate on day 2 of tlne treatment period-. various d.osages

of PMS were used (800-2000 r.u.) given either on da.y 7, B, 9, r-r_ or 12

of MAP treatnient- Their resur-ts were variable. Dosages berolv go0 ï.u.
or 800 r.u. given as tvro 400 r.u. injections gave no response whire
800 r.u- given at a s:'-ngre injection resur-ted in a superovuration

resporlse in onry one heifer. vJhe'l-200 r.u. was given as single dose,

Lhe average ovulation rate rvas g.4 with al_l of Lhe a'imais having

multipl-e ovu]ations. overal-1, the ovulation rate ranged from o-20 ¡.r¡ith
0-Ì00e0 of the heifers having murti¡:J-e ovufation. rt h,as arso found
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that synchronj-zed heifers or co\^ts often ovulated t\,,'o or more ova but

produced only single or no calves.

Reynolds et g!. t1969) gave twice daily injecrions of 0.625 mg

of FSH on days 8, 9, f0. l-L and l-2 of an ll-d.ay IvLAP or ir{.GA treatment

and an injection of 0.5 mg of estradioL on day 2. The ratio of cows

which came into esi-rus within 5 days aft.er the end. of progestogen

feecl-ing, and the pregnancy rate at the first and the second, estrus

was 9,/11 , 5/9, 3/3 and IL/IA, 5/II, I/5 for the combined lr{Àp and t4GA

treatments' respectively. Percentage of pregnancies at first service

with twin embryos was 33% for tlAP and 20% for [lGA treatments. Ernbryo

degeneration appeared to occur with bot-h multipre and single e4bryos.

Vincent and Mills (L972) studied the effect of FSH on

ovulation rate and multiple births. colvs were treated ll to lB days

after the previous estrus with 5 mg of Norethandrol-one alone per

animal daily for 4 days or r.¡ith daity injections of FSFI for 5 days

with the total- dosages ranging from 6.3 - r2.5 mg by once or tlice

daiJ-y injection. More cotvs treated with FSH hacl multiple ovulatíons

(arreraging 1.9 ovulations per cow) and the higher l_evel of FSH produced

more uiultiple births. No signif icant d.if f erences v\7ere observed among

treattnents on conception rate. Total CR for t,he control group was 73%

for Norethandrol-one al,one it was 46% and was 55go for the FSH-treated

9roup. A higtrer percentage of corr's having rnultiple or¡ulations foll-o\4,ing

treatnent v¿ith FSH became pregnant than cor.,,s rvith a singl-e ovulation
(62t rrs. 48e¿) " The overa]l cR rvas considered sa'bisfact-ory C5zs¿). Ithen



the period of Norethandrolone treatment

the injection of 5 mg estradiol valerate

of the treatment in combination with FSH

although 73s; of these cows shorved estrus

treatment.

Beflows et al. (1969i studied the dose*response relationship

in synchronized ]¡eef heifers treated with FSI{. Heifers which received

a single injection of '/5 mg of FSH on the l-ast day of a 9-day MGR

treatment did not respond v¿el-l-. FSH injected on days 9, lo, and 11

(to a total of 75 mg) resulted in rnarked follicul-ar stimul-ation as

indicated by increased diameter and foll-icular fluid çeight. Level_s

betv¡een 12 and 25 mg produced a good ovarian response and littl-e

difference in response \ra-s observed between dosages of 25, 50 or 75 mg.

This was ínterpreted as evid.ence of a plateau in the dose*response

relationship. /Lni:nafs treated r,,¡ith l-2.5 or 6.25 mg gave ova recovery

which ranged from 65 to 8l.Be¿ and a fertil-izabion rate that was

comparable to the control-s, i-ndicating that ova v¡ere potentially

fertil-e- Synchronization tended to d.epress the ova recovery rate and.

resulted in a drop in the number of sperm seen surrounding each ova.

was increased to l-0 clays and

rvas gj-ven on the second day

injection, tÌre CR v¡as lor.¡

within 72 hr following
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Ilormonal Patterns in the Periphcral Bloocl of c¿rttle Du::irl

Synchroni. zed I-,,-strous

Progesl-erone

Gomes et al-. (1963) determined progesterone in bovine cL

using a sr)ectrophotometric technique. The values increased

significantly during the first 14 days of the estrous cycre, tTren

Cycles

precipitously declined to tl:e next estrus. Progesterone concentration

in the plasma from the jugular vein did not reflect the stage of cyc1e.

Plotka eL al-. (1967) assa)¡ed progesterone in jugular blood

by using a double ísotope derívative techniqrre. Average progesterone

fevels were lorvest 2 d-ays post.-estrus and were nearly as lor^i during

estrus. The concentration was doubfed by 12 to l_4 days post-es.trus,

then declined by approxinrately one-half by L to 2 days before the

next observed estrus. The average progesterone concentration r,,¡as

significantly higher at day 12 than duringr estrus or 2 days post-estrus-

Normal and
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concentrat.ion in periphera] blood by a competitive protein bir-rding

(CPB) techrrique. The concentration which rras fowest on days O to 2

increased to a maximum between days 12 and. l-5 of the cycle. fn many

cycles the varues after day 8 were v.rriabl-e and in some animals

Donaldsor-r et al-. (f970) determined the progiesterone

decreased markecity before increasi'g to a second peaìr around clay 14



The concentration decreased rapidly d.uring the 4 days before the

subsequent estrus

Kazama and l-Tanser [1970) employecl thin layer chronatography

to measure progesterone in peripheral- bfood. cot ]ected every 6 hr

from tl:e onset of estrus until- ovulation from five Hol-stein heifers.

There rvas little if any preovulatory productio¡r of progesterone in

the animals. Less than 60 ng/100 ml plasma during the 2 days before

estrus was deteci-ed in three heifers. The other two had 235 and 263

ng/IOO ml- of plasma 2 d.ays l¡efore estrus. The l-evef s clecl-ined. sharply

Lo 1l- and l-5 ng/ro] ml 1 day before estrus. The concentration was

not detectable in two out of the five anima]s from the onset of estrus

untj-l- 1 day after ovul-ation and was non-detectabl-e in four of five

heifers just before owul-ation occurred.

Hendricks et. al_. (1971) obtained. b]ood at 6.30 and 16.00 hï

everyday for 4 days duríng proestrus and estrus, and analysed for

progesterone concentration by a cpB method. The va]ues were at a peak

which averaged 7.2 ng/mr on the third and fourth day prior to estrus

in most cows. Hendricl<s et al-. (1970) reported that plasma progesLerone

concentration rvas ress than 0.5 ng/ml from o to l-5 hr after the

beginning of estrus v¡hen collected four to five times during estrus

at a 3 hr interval,. rn 25 of 37 determinations made duríng estrus,

progesterone was not detected (tess than 0.3 ng/nrl). The level

increased 0.69 ng/ð,ay through trre eixth d.ay after estrus. From clays



8 to 14 the mean conceni-ration contlnued to increase at an aver:a.ge

rate of 0"15 ng/day, and then decreased after da-y 16.

Sr,ranson et aI" (L972) noticecl tirat 1-he corpus ]uteum size

during the first tlrree estrous cycles in heifers \{ere signifícantly

larger than the avera.ge of CL of later cycles (P<0.01). Corpus

luteum size was smallest 2 days after estrus, increased continu.ally

Lo 2.2 cm on day 11 and then subsequently decreased to day 2 size.

Tiris pattern was comparable to the progesterone levef in the b1ood

determined by lþs CPB technique. Level-s increased betv¡een day 4 and

day 7 folJ-orved by further increase on day 11 to a peak of 6. 9 ng/m\

which occurred 3 days before estrus. Then it increased to 2.5 ng/nl

on day 2 and coi-rtinued to decline through day 2 following ovu.lation.

At estrus, serum progesterone averaged 0.2 ng/mi-.; ranging from

undetectable l-evels up to I ng/ml

Wattemann et al" LI972) determined perlpheraf bfood

progesterone levels in normal- esl-rus cycles of cols by radioiÍununoassay

(RIA). Blood was coll-ecLed on day 2,4,7 and 1l and daily from

day 18 until estrus. Progesterone d.ecreased rapidly during the 3 days

before estrus, remained low f::om day I through day 2 and increased.

from 0.92 ng/m1 on day 4 to 4.57 ng/m1- by day 1l; it then decl-íned.

before the next esLrus.

29

Ga.rverich g-t_ al. (1971) reported Lhat plasma p::ogesterone,

measured by CPB, in norntal cyqlj¡g co\^/s differe<l significantly iluring



the cyc1e, increasíng approximately 2"5 nq/mI during the 5 day lnterval

from day 1l to dal' 15. Levels averaged L2.6 ng/ml during the la¡er

period as coilpared to 5.1 ng/mJ- for the d-ay of esLrus. The luteal

phase ended aboul- 5 days before est-u::s as indicat.ed by a gradual

regression of the CL and a d.ecrease in peripheral progester:one level "

Robertson and sarda (197r) also obtained high progesterone levels up

to day l-5 which then decl-ined sharply to the nexb estrus. Christe¡rsen

et al. (r974) determined progesterone concentration in peripheral

blood selîum during the estrus cycle of three non-lactaLing Ì:eef co\^/s.

Progestin leve1s rose and fel1 coincident with growth a-nd regression

of the CL. Serum progestins were lowest on day O (f.30 ng/ml) and

remained l-ow until- day 4, when levefs began to increase, reachir-rg a

peak on day 15 (6.15 ng/mL). Thereafter, the l_evels decfined until

the next cycle.

Britt and ulberg 11972) nreasured progesterone leyels by a

CPB technique, during the estrus cycle before treatmen.b lr¡ith IIGA for

14 days (fecl at.1 ng/day). The levels rose from 0.5 nglml at estrus

(day 0) to 4.4 ng/mL on d.a1r 15, ttien dropped to 0.5 ng/nl during the

3 days preceeding Lhe next estrus. The l-evel-s fluctuated between 3.7

and 7.7 ng/mL during and for 2 days subsequent Lo the l.1GA, treai:ment.

These l-evels then dec::eased. fronr 6.9 Lo 3.1 ng./ml during the 3 clays

preceeding the first post-treatment estrus. Duri-ng the cycle subseque¡t

to MGA synchronization, the peripheral progesterone concenl_ration

increased from o.4 ng/mr on day 0 to 3.7 ng/ml on day 15. This was
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fol-lowecl by a drop from 3.4 to O"B ng,/ml cluring the 3 clays preceeilj-ng

the second post treafunent estrus. A fluctuation in progesterone

conceutration occurred during l4GA treatmentr even ti-rouglr. afl CL hacl

regressed t-o less than l-0 mnr in diameter by Lhe thircì day of MGA

acLministration.

Uendricks et al . (1970) observed a teigrher incidence of
fertil-ization failure and a retard.ation of the ova cleavage rate in
heifers rvhich had an avera-ge progesterone concentration more trr-an

2.8 ng/fl- of blood during the 4 days befo::e .rstrus"

lIill et al' (L97r) reporLed. progresterone levels cluring MGA

treatment for 14 days. The rean progester:one concentration r.vas

similar to the control- value obtaj-ned. on comparable days of the estrus
cyc1e. They indicated that MGA did not influence either the lif,e_
span or proges.terone secretion of t.he CL present rthen treatmc.lt bega,n.

Lamond et al. (1971) usj-ng the sarne CpB method as Hil_l et al. (1971)

measured progesterone concentration in f0 beef heífers d.uring and

after MGA treatment (0.5 rng/head/day). The treatment commenced, on
day 15 of the cycle and. continuecr for 16 days. Blood nas corr_ect.ed at
8:00 hr on day r-5 and. thereafter at 3-day intervars untir day 30 and
also 2 days af ter l'{GA f eeding was stopped. The co'centrar_ion in four
heifers declined between days 15 and, 20, r-he expected. time of cL
regressi-on, and remained 10w until the end of treatment. rn the
remaining heifers, plasma progesterone conce¡rt.rations fluctuatecl to a
¡ni¡ror degree in three hei-fers and a major degree in tire other trrree.
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Tvro days after the final MGA treatment proges.Lerone in the pla.sma

varied from non-detec'Lable -levefs to 1.3 ng/ml . rt was not-i_ced that

in two heifers that dtd. not show esLrus after the MGA regime, the

progesterone levels rose frorn 0.3 to 1.3 ng/ml between days 30 and

32 in one and to 5.7 ng/ml in the other 3 clays before the end of

MGA treaLment. The oi-her two heifers which were in estrus on clays

36 and 39, had progesterone concentrations of l-.7 ng/mL and 2.2 ng/mL,

respectively on day 30.

Randef et a]. (I972) treated dairy heifers with either

0.5 or 1.0 mg of MGA for 14 days and 62 hr later hal_f of 1-he heifers

in each group were injected u¡ith 200 mg of estradiol--f7F. progesterone

l-eve1s were measured by a RfÄ technique. The average progesterone

levels did not significantly differ between the groups fed either

0.5 or 1 mg of MGA f::om days 7 to l_4 of the treatrnent. progesi.erone

leve]s at 24 to 56 hr after the last feeding or al- 5 .Lo 9 days after
ovulation were comparable to the contro] group on days 7 and 14 of the

cycle. rrrespective of the estrogen treatmentr plasma progesterone

increased after IrfGA feeding from 3.g ng,/nJ_ at 24 hr 1-o 9.6 ng/ml at
80 hr and remained high for 88 to 120 hr.
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Lamond and Gaddy (1972) injected r-500 to 30oo r.u. of pMrs

to i¡rduce superovulation 4 days after an J_g-day IIGA or cAp treatment

e'ded" cows were fasted for 3 days after prr{s injection to preve't
excessive fol-1icul-ar clevelopmenL. Jugular blood r.¡as obtained on d.ar¡s



l-5,. 20, 25 and 30 after rnatíng and progesLerone concenLration v¡as

assayed by a CPB technique. The cows rvith multiple CL had plasrrra

prcAesteror-ìe concentrations that rvere consideral¡ly in excess of

normal levels. llolever, the relationship betr,¿een number of CL and

progesl-erone levels coufd not be clearly definecl because of Lhe

scatter of values.

progesterone l-evels in non-, single- and mul-tiple ovulating heifers

treated witlr FSil on days 10, f2 or 14 during a 14-d.ay MGA treatment.

Total progesterone decreased during the early days of MGA feeding and

this decline was most rapid in heifers which received 5.0 mg of

estradíol valerate on day 2 of the MGA treatment. Sutrsequent to MGA

feeding but prior to estrus, progesterone fevers were generally less

than l-.5 ng/ml-. Hill et a1.. (1971) reported levels of 2.4 Lo 6.I ng/ml

during MGA feeding while Britl- et al. (L972) reported them to be 3.7

Lo 7.7 ng/ml

Rich et al-. (1971) observed no significant difference of
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Chow et, gI.. (lglZ) using a CpB technique, observed tl-rat

plasma progesterone val-ue (days 4 to 0) after IifGA treatrrlent was

significantly lower than in control cycles and also did not present

the characteristic precipitous decline of plasma progesterone values

seeir in the control animals" Thus, ovarian secretory activity may be

al-tered. immediat-ely folloning MGA treatrnent ::esulting 1n a lor..¿ered

progesterone peak



Dobson et a1. (I973) measured progesterolle and estrogen by

RfA from tlt-e peripheral blood taken frorn animafs that rvere treat.ed

as fol-l-orvs: l) controls¡ 2) IrrGA for 14 days; 3) l{GÄ -t- 2500 I.U.

HCG at 72 hr after last MGI\ feeding; 4) ¡tCa {- 0.5 mg estradiol

benzoate on day r of t'fGA treatment + 2500 I.u" Pi.is at 36 hr + 25oo f.u.

IlcG at 72 hr after last IvIGA feeding. Bl-ood was coll-ected over an

estrous cycle in the control- animals and daily after the last dose of

IIGA until the day af ter estrus in the hor¡none-treated. co\^¿s. The

progesterone level in the control group decreased- from 9.0 ng/m1 at

4 days before estrus to 0.35 ng/ml on the day of estrus. Progesterone

concentration in group (2) v¿as at a basal revel- (less than f.0 nglml)

after withdrawal of MGA. fn group (3), the concentration vr'as very

low in six of the eight anima]s. ene other had a concenLration of

5 to 8 ng/mr and did not return to estrus for another 3g days, wiiile

the other had a concentration of I ng,Zml on days 2 and 3 of IrfGA

feeding which tl-ren fell to 1 ng,/mI after treatment. In group (4), all
anj:nals had a very 1ow concentration, except one whichr had concentration

of 9 ng/ml , in each sa:nple after MGA treatment ancl carne into estrus 10

days after MGA treatment. only one of this group conceived. The

progest-erone v¡as lov¡ for several days in those ar-iimafs which received

¡lGA, as cornpared to the contro] group, rvhich \{as fow on only the day

of estrus. The concentration lvas higher than nor¡na1 basal level-s

before estrus for those animafs v¿h.ich had Ii{GA treal-ment. These workers

suqgested that- lorv fertility may be caused by an afteration in the

raLio of progesl-erone to estrogen before estrus.
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Wettemann et al. (1972) reporl_ed that estradiol in the

peripheral bl-ood of the cow was lowest and. relatively constant cluring

the luteal pha-se of the estrous c)'cfe, averaging about 3.6 pg/nL

from day 2 through day 11. The val-ues increased Lo 4 .B pg/nil at

3 d.ays l¡efore heat, continued to increase to 9.7 pg/ml" about L2 hr

before the onset of heat and remained high on the day of estrus

(8.4 pg/nr) - christensen et al-. (r97L) found that estrogen r-evels

rvere highest (u6 pq/nl-) approximately 24 hr before the LIt peak and

rvere al-so elevated (I4l- pg/nl ). on days 5 and 6 of the cycle. Levels

during the remaj.nder of the cycle fl-uctuated between 99 and r33 pg/ml.

Flendricks et a!. (1971) observed that the est-rogen level fl-uctuated

within a range of 0.5 - r0.o pg/mL for bhe first 3 days of a 4-day

period prior to estrus in heifers. A major peaì< C15-25 pg/nl-) occurred

on the day prior to estrus " The estrogen concentrqtion rose to a peak

severaL itours prior to the release of LH.
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Echternkamp and Hanser (r97r) using a RrA technique¡ found.

the mean estrogen l-evel of estrus to be BO9 pg/100 ml_ and the teyels

for 3 days before and 3 days after estrus were 147, 422, 546 and 179,

176 and 169 pg/r00 ml, respectiveJ-y. shemesh et al-. (Lg72) determined.

estrogen Leve]s by a cpB procedure from peripherar blood which was

col-Ìected once daily, except that blood was collected every 4 hr from

24 hr before expected estrus untif the time of ovur_ation. Levels

increased gradualry from 1.5 to 7.6 mg/roO mr duri'g the 3 days



preceeding estrus and shQ\.¡ed a sharp peak of L7 ng/LOO ml about 4 hr

before the onset of estrus. The estrogen level had alreacly begun to

decline by the tine the first signs of heaL t¡ere detecl-ed and reached

its nadir (0.8 ng/100 ml) 12 hr later. Minimum values were inevidence

at the time of ovufation (20 to 32 yìr after onset of estrus). A

minor rise was observed on day 4 of the cyc-le, and a more sustained

increase occurred on days 10 to 13 with a peak on day 11. The pre-

estrus estrogen peak is short-lived and may be missed if the sampling

of bfood r.¡as not frequent enougtr-. This peak appeared to precede the

pre-ovula-tory surge of LFI. Blockey et al. LI973) and. Nancarrow

et al . (1973) em,oloying the same procedure as Shemesh et aI . LL9l2)

found that the levels of estrogen were much higher than those reported

by Slremesh et aI. (1972). Blockey et aI. 1L973) determined estrogen

from peripheral plasma to be 325 pg/mL on the day before estrus while

Nancarrov¡ et a1. (1973) reported a vafue of 6425 pg/nL 2 dal,s before

estrus in plasma obtained from the ovarian vein. Christensen et a1.

(1974), who employed a sofid phase RfA technique to measure estrogen

in normal- cycling beef cowsr reported that estrogen l-evels were

36

higlrest (<150 pg/mJ-) at 25.6 hr prior to the LËI peal< ancl l-8.1 hr príor

to the onset of estrus. They then decreased at 8 hr prior to ovulation

but rose again on day 5 of the cycle. Estrogen l-evel-s then did not

differ significantly betr.veen other days of the est.rus cycle"

Hachett et al-. (L972) measured estrogens by RfA during and

after lr'tAP synchrouization. All synchronizecl heifers had a surge in



plasma estrogens (65 pq/mJ) 2 .Jays after l4AP r^¡ithdral,¡al regardless of
t'¡hether they were 1-reated with estracliol benzoate or observed in
estrus- Llov/everr the vafues j.n treated heifers lA/ere several times

higher than tirose obser-vecl in the plasma of normal untreatecl cows at
the time of estrus. Thus, high estrogen lever-s may be a cause of
reduced fertirity often found in cattfe synchronized by progesterone

and estrogen treatments. Rodeffer gt al. (rgi2) determined es.trogen

levels during and after synchronization by progesterone injection
(either given dairy for 18 days or ever:y 2 days for nine injections).
Estradiol- valerate r,ras injectecl on day r. The mean estrogen peal<

preceeded the mean LI-I peak by about 5 days in normal- and syirchronized

heifers (treated for nine injections). ÊIowe\¡er:, in heifers given 1g

daiì-y injections, trre estrogen peak values were obse::ved 0.5 day after
the LH peak. This abnormar estrogen pattern may indícate the cause

of the fertility problem often encountered follov¿ing an lg-day treatment

of synchronizing agents. on the other hand, Hendricks and Lamond

(1972) observed that estrogen l-evels increased to a maxi¡nun or near

maxirnum ]evels on the day before estrus in ar-r- cows they sampred.
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Chow et al. (1972) reported that plasma levefs of estracliol-

were non-significantly elevar-ed duri'g MGA feeding. Daily estradiol
levers during the synchronized est-rus were significantly (p<.01)

higher than during the estrus follorving the synchronized heat and than in
the control group. No difference was detected betrveen cont.rol- a'd
second est::us estradior var-ues. Trrus ovari.an acl-ivitj.es may be artered



immediately folloling I.{GA treatment resulting. in elevation of

estra-diol levels.

Dobson et al-. C1973) reported on estrogen levels in con.b.rol

and hormone treated animal-s. I.n the control group Lhe concentration

increased from 7.0 pg/ml 4 days before estrus to f 4 .0 pg/nl çn Lhe

day of estrus, then decreased to 9.O 
^g/^t 

I day after heat. MGA

treatment al-one clid not alter the pattern of estrogen at the

synchronized heat and the animals which- receiyed I'IGA + HCG showed a

simifar concentration of estrogen to the follicular stage of the

control- and MGA-treated groups. However, HCG appeared to depress

estrogen level on day 4. The estrogen values \^rere also comparable to

those of Lhe control group in those that received I1GA -{- estradiol +

PMS and HCG.

LuLeinizing Hormone (LH)

JO

Rakha and Robertson (_1965) investigated the ti:rring of LËI

release from the pituitary gland during the bovine estrus cycle and

found a significant drop in both FSu and LH content in the pituitary

during a period of 0 to rB hr after the onset of estrus " varian

et al' (L967) measured LH in the blood of cattle by the ovarian ascorbic

acid dep]-etion (OAAD) technique and. found a LFi peak as high as 35 mug/lOO

ml pJ-asna 4 hr after the onset of esLrus. The duration of the peaJ< ivas

fimited to less than 3 hr and ovuÌal-ion occurred. 24 hr Lo 32 hr after



the LH surge. In late estrus about 2-5 wug/IO0 ml was detected, and

by day 7 of the cycle the level of LH increased about four-fol-d and

remained hígh untíl hhe mid-to late-luteal phase (days 12 to 16).

I{endricks et al . (1970) eniploying an RrA technique, reported that LI-I

increased markedJ-y at estrus to alr average of 40 ncl/ml in eight of

ten estrous periods studied. The rise coincided v¡ith the initiation

of estrus and reached its peak 3 to 6 hr later. ovul-ation occurred

22 and. 26 hr a.f ter the Lt{ peal< in tr¿o cows, suggesting that it

required some time for LH to complete its action on the fol-lic1e to

cause ovula.hion. A sJi-ght increase in serum LIf concentration was also

observed on day 8 of the cycle. christensen et al. (1971) coll-ected

blood at 2 hr interval-s and observed a preovulatory peak of LFI

(18-86 ng/m]-) 24 hr prior to ovulation and 9 hr aftert-he onset of

estrus for each cyc1e. The elevated feve] l-asted l2.l hr and levels

during the rest of the cycle varied from 0.6 to L.6 ng/ml-.
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Swanson and Hafs (1970) reported that LH increased to

8.O7 ng/ml on the day of estrus and. decreased to I.IO ng/ml 1 day

after- During estrus, LFI concentration was highest (2s.9 ng/mL) from

4:00 to 6:00 A.M. in four heifers but it was at 6:00 p.M. in a fifth

animal . r,IJ v¡as elevated for about 6 hr in each aninal . Estrus lvas

first observed from B hr before to 6 hr after the peak in serum LIl"

The heifers ovulated 31 hr after peak serum Lll and 30 hr after the

onset of estrus. Gaverich et al. (Lgir) observed a three-fol-d

increase in plasma LH which cha'ged linearry frorn cray 5 through day r.



The peak lasted tor 4 to I hr. From daily sam¡rl:'-ng i-t was found that

on the day of estrus the average LI{ concentration rvas 24 ng/mr, from

days 1 to 16, it vras fro¡n 0.4 io 0.6 ng/rnl, rthile from days I7 Lo

19 it was from 0.8 to I.2 ng/ml-.

liackett and Lyons (1971) reported that LII concentration

r'¡ere below I ngrlml d.uring most of the cycle but leve]s increased

around estrus and around mid-cycle in some animals. The highest

val-ue of estrus was 7.8 ng/ml whil-e it was 2.5 ng/mL near mid-cycle.
Nisrvender et al. (1969) detected a range of 12-60 ng/ml of LFI in the

serum of five heifers bled on the day of estrus and an average of

I.5-2.5 ng/ml rvas found during the l-uteal phase.

carr (r912) cor-rected blood at 2 hr-intervafs during two

successive esLrous periods and found. peak values of approximately

100 ng/mt of serum. There was evidence of a mid-cycle peak which

occurred about 11 days before the onset of the next heat.
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Hansel and Snool< (1970) report.ed that corresponding peaks

in LII and progesterone \.^7ere seen in some but not in all animals during

the futeal phase of the cycle, i.e., days 5 to 17. These seemed to
occur at alrout a 4 to 5 day interval and. one peak usually correspond

to the develo¡rment of a large mi<l-cycle non-ovulat.ed fol_licle. An

ovulatory ¡:eak of LII occurred short]-y before the begi'ning of heat.



Echternkamp and Fiansel U971,) reported that the peak of LIt at

estrus varied from 5.7 to 55 ng/mr. snook et af . (1971) coJ-rect.ed

bfoocl every other day throughout the estrus cycle and observed basal

levels of serum LH throughout most of the cycle of about 2 to 4 ng/mr.

Fl-uctuations were observed in all heifers and a small luteal phase

rise was noLed in all- animal-s s1-udied.. rhis rise occurred between

days 9 and 13. Thc mean value for the peak v¡as 4.6 ng/mJ., whire a

second. small rise in the ler¡el was observed 4 i-o 7 days before

ovul-ation rvith an average val-ue of 5.3 ng/ml. The major peak occurred

at the time of esLrus and ranged from 7 to 50 ng/mr. The luteaL

phase rise of LII leveL rvas thought to be correfated with¡- growth and.

atresia of anovulatorv fotlicl_es.

Christensen et al-. (Igl4) found. that during ilre estrous

cycle tire mean values of LH ranged from o "6 ng/mr on day l-5 to L.g ng/mJ.

on days 3, 4 and 13. An average pea]< of 58.9 ng/mr occurred at 7.4 br

after the onset of estrous and 24.r prior to ovul-ation. High levels

of LH fasted about 12 hr.

4J"

Rich et al-. (I9lI) reported that LII levels were l_ess than

I ng/m1 throughout a 14 day irlGz\-treatment with slight elevations

occurring afLer trsu injection on days 10, 12 or 14 of the treatment.

This might have been due to contanìination of LIJ in the FSiì preparation.

There was no signifiicanL difference j.n plasrna LH in single or multiple
ovul-ations. Randel et al. (Ig12) observed LH Levels of less than



I ng/ml on days 7 and L4 cf llGA treatment. Plasma LIt vas significanbly

(P<.005) higher 24 arñ,56 hz: after cessation of t'1GA hhan clu::ing the

MGA regirne. A further increase was evident- 5 and 9 days after

ovul-ation.

Hendricks and T,amond

of a 16 or 20 day progesterone

exceeded 7 ng/mL before estrus,

the t.reated cows. There hTas a

of ovul-ations and 'bhe length of

r^¡hat was considered the normaf

Rodeffer et al-. (I972) synchronized. heifers with progesterone

by giving a daily injection for r-g d.ays or every 2 days for nine

injections. The LH surge occurred 24 hr prior to ovul-ation ald 54.5 hr

after the onset of estrus, with no marked difference betv¡een the

treated. or control animals. Estrogen peaks were detected l_0 to 30 hr

followirlg the LFI release in three of four heífers in the lg-day

treatment group whife in five control heifers Lhe estrogen peak rvas

detected in three heifers prior to the LH rel-ease while one hei_fer

showed an elevated estrogen ]evel l-6 hr follorving the LIr peak. The

esl-rogien peak vras detected prior to or coinciding rr,ith the LFI surge in
the animals receiving progeste::one every other d.ay.

(1912\ injected. PI1S on the tast day

treatment. Plasma LH concentra.tion

and an LH peak occurred in most of

clear relationship betlveen the nu$ber

the period lvhich LH remained above

level ((1 nglml).

Hackett et ar-. (1972) reportecr that LH r-evers varied froin

0'5 to 4'6 ng/nl during MAP treatment'. Estrus was sy¡clronlzed v¡igrin



a 2 to 4 day period after MAP v¡itirdrav¡al and the animals had peak

l-evels of LFi which ranged from 65 to 46.8 ng/mL and corresponded.

closely with estrus.

The current hnor,v]edge concerning the normal leyel_s of

progesterone, estrogen and LH throughout the estrous cycle of the

co\r are sumnarized in Tabfes f, 2 anð.3, respectively. The profiles

of v¡hat may be considered as the norrnal levefs of LHr progesterone

and estrogen in t-l-re peripheral blood througi-rout the estrous cycle

of the cow are presented in Figure 1.
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T¡-tsLZ 1. Peripheral plasrna progesterone l-eveIs durlng the estr.ous cycle (ng./ml)
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TAtsLE 2. Peripheral plasma estrogen l-evel-s durlng the estrous cycle (pg,/ml)
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TABLE 3. Plasma LH levels during the estrous cycle (nglml)
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Trventy one post-partum and. three open Charolais X Angus

cross bred. cows were randomized into two grour)s of 12 corvs each.

All cows v¿ere hou-sed in the barn at the Glen]ea Research station,

university of },lanitoba and were all-owed good. quality hay and ivater

ad l-ibitum. They r^iei:e individually fed l_.0 mg of IrIGA per day

(in 1.0 lb of soybean oil meal) for 16 days. Animals were observed

twice daily, morníng and- evening, for signs of es'trus during and.

after MGA treatment. Group I hTas given a-n injection of PIrlS followíng

MGA treatmenL, while group rf anj-nals al.so received an injection of

HCG in addition to the pMS-

MATEIìTALS AND METHODS

PMS was injected 16 days after the estrus following last

MGA feeding in the cases where estrus v¡as observed; otherwise it

was given 20 days after the l-ast MGA feeding. FICG r¿.ras injec-bed

48 hrs following Plrlis treatment. pt{s v¡as given at a fever of 20oo r.u.

by subcutaneous injection to arl cowsi and 2500 r.u. of HCG was criven

by intramuscurar injection l-o cows in group rr. MGA, p¡ts and I.ICG

were obtained from the upjohn company, IJaver-Loclchart Laboratories

and Ayerst Laboratories' respect.ively. The experimental plan ancl the

interval from cal-víng to the various Lreatrnents for each corv j-s given

in Table 4.

48

After treabment, all co\rs r/ere moved to pasture ancl bred
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by natural service to a Devon bull of ¡trovcn fert.l.]-ity. Treatme¡ts

were staggered so that only one group of slx cov/s \,ras presented for

service at a time

Jugular blood v¡as obtained by vr:nj-¡ru¡cture from three cows

from group r and from three cows ln grou¡: rll . Brood also rvas

obtained from three post-parL.um non-treatecl control animals to
provide normal valu-es" Daily blood coll_ecLÌon began on the day after

the l-ast MGA feeding, r^,'hil-e twice daily cotLection vras clone on the

day of estrus or suspected estrus. About 33-40 ml- of blood tvas drawn

into a polyethylene tube and allowed to cl_ot overnight at 4oc. semrn

was separated by centrifugation at 4-5ocr ErDd kept frozen at _2ooc

until assal¡ed. col-lection continued untiÌ four days after th_e estrus

induced by g-onadotrophin treatment, or if gre cows did not show estrus,
cor-rection continued for eight to ten crays after the gonadotrophin

admi-nistration.

50

ince contror cows did not express heat for up to g0 days

after calving, blood collection hras made once daily for 24 days

beginning at an average of 89 days after caLving.



Steroid Ho::mone Assays

Reaqents and materials

l-. Ei:her: freshl-y opened cans of analytical grade anhydrous ether

from Bal<er Chemica.l Company were used for extraction of the

st.eroids from the serum.

2. Dextan-coated charcoa]: pre\^/ashed Norit A charcoal (t\atheson

Coleman and Bell) 25O mg and 2 mg oi Dextran T70 (Pharmacia) were

mixed in l-00 nl of phosphate buffer saline (PBS) and kept at 4oC"

During use, the mixture vras maintained in suspension at 4oC by a

magnetic stirrer. This preparation \.ras employed to remove the

unbound steroid.s" Approximately 90% of the 1abelled sl-eroid- in

the a]:sence of any antiserum was removed. by this preparatì_on.

3. Radioactive Steroicls: progesterone - 1, Z - 3H (sp.Act.50.3

ci/mM) and estradiol- - IIF - 6t I - 3u (Sp. Act. 46.6 Ci/nuy) were

olctained. from New Engtand Nucl-ear and. were diluted to a concentration

of 40 uCir/nl- in benzene: ethanol- (rai-io of 9:1) and stored at 4oC.

The radio-chemical purity rvas greater than 97å as ind.icated by the

supplier. Worlcing radioactive soLul-ions were prepared. by evaporating

an appropriate vofume of tire stock solution under a stream of

nitrogen (Nr) and t-hen redissolving the resiclue with PBS to a final

concentra-tion of ca. 10r000 CPM and fr000 CP¡l¡ respectively.

51



4. Nonradioactíve steroj-ds: progesterone and estradiol-17p obtained

from }.fann Research Laboratories v¡ere used for preparation of

' standarcls. They were diluted in absolute ethanol ancl stored at

-2OoC. I^lorl<ing solutions were prepared by evaporating si:irilarly

'bo thab described for the radioactive steroids and then diluLing

to desirecl concentration. The worl<ing solutions of radioact-ive

and nonradioactive steroids were l<ept at 4oC and \^/ere freshly

prepared each l{eelç.

5. Antisera: the progesterone antiserum (generously provid.ed by

Dr. G. D. liisv;ender, Colorado State University) v/as prepared by

j_rnmunizing rabbits with progesterone -6- hemisuccinate-BSA

(bovine serum albumín) and used at a dilutíon of 1:3000. The

estradiol antiserunr (#O29-I4, kind.ly supplied by Dr. B. V. Caldwell'

yale University) was prepared by immunizing sheep with estradiol-

I7F - l7-hemisuccinate-BSA and used at a dilutj-on of 1:100,000.

52

6. Phosphate buffer saline (PBS): contaj-ning 0.1% gelatine was

prepared by dissolving 1 gm gelatine (t(nox, unffavored), 1 gnt

Sodium Azide (NaN3), 9 gnn Sodium Chlorine (NaCl), 5.38 gm Sodium

Phosphate, monobasic (1r1aH2PO4) and 16.35 gm Sodium Phosphate,

dibasic (Na2IlPO4 .7 f:l,ZO) in 1 liter of doubl-e-distil-f ed. rvater and

the pH was adjusted to 7.00.

7. Scintillation fluid¡ one gallon of scintillation grade toluene



(Beck¡nan) was mj:<ed wlt]n 242 nl of concentrated liquid

scintillation, spectrafi-our PPO-POPOP (Amershan,/Searfe) to give

a concentrate of 6 gn/mL of PPO and 75 mgrlml of popop.

B. other reagents and materials ¡ Glass-dis1-ill-ed benzene v¡as

obtained from Burdicl< and. Jackson Lab. and U.S.p. grade absolute

ethanol from Canad.ian Industrial- Alcohols and Chemicaf Ltd. ancl

used v¡ithout further disti]l-ation. Disposabl-e 20 x 150 mm cu]ture

tubes (Kimble) were used for extraction of the steroids from the

sera and 12 x 75 mm disposable tubes were used for the rad.ioimmuno-

assay. A two-phase counting system, which contained f"2 ml of

sample in the aqueous phase together ivith fo.o ml- of scintiflation

fluid in the scintil-lation vial was employed after overnight

equilibration at counting temperature. All samples \^rere counted

in a Nuclear-chicago Mark rr liquid- scintifl-ation counter with an
I

efficiency for "H of 59e" and- a background of 16 CpIl.
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Progesterone Assay Procedure

In general, the

Abraham et al. (L97I) rvith

folfows:

f ) Extrac'i-ion of Serum

1. An appropriate vorume of pBS was added to a 20 x L5o m¡n culture

procedure is sinilar to that described

some minor modifications and outl-ined

by

AS



tube containing enough sample of make up to 1.0 ml.

2" O.l- ml of radioactive progesterone v¿as added (containing

abcut 1,000 CPM) . This tracer served for estimation of

recovery.

3- From a nervly opened can, g.0 ml ether was added to the tube

and. nixed for 30 sec.

4. The tube was placed in a freezer

frozen (about 2-3 hr).

5. The unfrozen supernatant was then

l-al:elled 'bube.

6. The extract was d.ried under a gentle stream

bath at 39oc.

7. The dried ether extract was dissorved in 1.5 mr pBS

for at least f0 min.

2) Preparation of Standard and Sample

a) Standard

54

at -20o until materíal was

decanted into

1. 0.1 ml- antibody was added. to each stanclard. tube.

2. 0.5 mI of a standard preparation to provide O.

2OO, 400 and 800 pg of progesterone was acìded

]abelted duplicate tubes.

a correspondingly-

of N, in a water

b)' shalcing

25, 50, 100,

to appropriately



3. 0.1- ml- of progesterone-3H (containing

to alL tubes and stirred.

4. Tubes were equilibrated overnight at

b) Sample

l. 0"1- ml antibod.y was added to all sample tubes.

2.0.5 mf of the dissolved ether extract was add.ed to the

sample tube.

3. 0.1 ml ãf progu=t.ro,re-3H (containing 10/000 cpM) v¡as added

to al-l tubes and st-tr-rred..

I0¿000 CPM) was added

4oc.

4. Tubes rvere equilibratecl overnight at 4oC.

c) Standard and Sample

55

1. 0.5 ml charcoal suspension $¡as added

sample tube, mixed and incubated for

2. Tubes were centrifuged for l_0 min. at 3,000 RptU.

3. The above two steps were clone at 4oC.

4. supernatant from each tube was decanted into a scintillation

viaL.

to

20

each standard and

min.



5. 10.0 m-L of scintillatiol'r fluid rr'as add'ed to each of the

vials and thoroughlY shaken'

6. All the vials

scintillation

4 min.

d) Recovery

were eo;uilibrated

spectrometer and

t. 0.5 ml of the dissolved ether extract ttas added' direcbly

into a scintillation vial (designated as recovery tube) '

2. O.l m} of progesterone-3H (containing lO0O CPM) was added

to a second scintillatìon vial with PBS to malce a total of

0.5 ml (designated as R-CPIt and' used in calculation for

percent recovery) '

3. 10.0 ml of scintitlation fluid was acld'ed' to Ï¡oth recovery

and R*CPM vials and thoroughly shaken'

overnight in the

each was l-hen counted for

56

4. Vial-s were then Placed

and v¡ere counted for 4

e) Calculations

Percent
recovery

in the scintilfation

min" after overnight

Only 0.5 ml from the total of l-'5 mt was used'

= Activitv couuted in recovçr'y-Ji¿rJ-ë--l!9
ActivitY in R-CPII vial

Therefore, percent recovery for f.5 mI of total serum usecl

Activit-Y it tu.olo@

spectrometer

equilibration -

ActiviLy in R-CPl'l vial



Percent Bound

Activity counted from 0 pg of standard preparation

(i.e., the absence of unl-abelled hormone) vras considered to

be 100% bound. i-Ience, percent bound. fcr each sta.ndard. or

assay sampJ-e = êqtlvlty- in standard or assay sample x fOO

Percent bound from known standard.s may be protted on ordinary
graph by using the Y axis as g" and. th-e X axis as concentration
i.t pg (fig. 2a). When the same data is transformed to a plot
of logit (Y) vs log (X) as suggested by Rodbard and Leivald

(1970) , a Ìinea_r retationship is observed (.rig. 2b). The

resul-ts reported hereiir were obtained by using the logit vs

1og plot.
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A1I standards and sa:nples were assayed in dupllcate.

The percent bound of the unknov¿n sample \{as conìpared with the

percent bound of the lçnor"¡n standard and the value (in pg/ml )

was calcufated as follows:

xpcr x I00
e" Recovery

Estroqen Assay Procedure

The general procedure is similar to that of progesterone,

but due to the extremely low values of estrogen in bfood the vofume

of serum used and the method to obLain percent recovery was modified.

Approximately 4.0 ml of serum was used and 0.5 ml of buffer lvas add-ed

to dissolve the extract. Recovery was obtainecl by adding 1000 CPM

of estradiol-17p-3H to the serum and f000 CPIr{ al-so was used in th-e

R-CPM tube. The cafculations were the saJne as for progesterone.

For both estrogen and progesterone, accuracy and. precision lvere

determined by adding a known a¡nount of the steroid to double distil-l-ed

l¡ater and proceeding as was done for tlr-e unknown sera.
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Precision, accuracy and sensitivity of RIA for steroid hormones

!:Sg::¿on - According to Ekíns and Nenman (1970)

to the reproductiv-ility of tlte measurelÌÌenl- and is

by the standard deviation of replicate estj¡rates,

precision is related

usually represented

assurning they are



normal-I1¡ distributed abou.t tl¡-e rrean. From Fig. 3a

of precision of any quantity h is rel-ated both to

estj:nate of the response (R) and the slope of the

at the corresponding polnt.

sensitivity - As applied to an assay teci-rnique, refers to the ability

of the system to measure the small-est anount with acceptable precision

(Ekins and Newman, 1970). Thus the technique is considered to be

more sensitive if it can measure a smafl-er amount with the same

precision or with even greater precision. This concept may be

formalized by defining the sensitivity of an assay as the precision of

measurement of a 0 quantity (Fis. 3b) . rt is cfear that sensitivity

merely represents a fimitingr case of the concept of precision in the

particular case where h, in quantity is equal to zero (nkins and

Ner,r'man 1970) .

'bhe measurernent

precision of the

dRresponse curve (Af_r)
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Fig.3a. Precision

conc

Fig. 3b. SensiLivity

conc -



a) Precision of measurenrent of h - Ah

ARh

b) Sensitivíty = precision of nreasurement of h when h = O.

Accuracy - Yiel-d of a vafue cl-ose to t}.e real value.

Precision and Sensitivity of progesterone standard. curve

Äh

S.D. of response Rh

dRldh
Rh

Data accunulated from iive different assays produced the

precision and sensitivity of the assay" At the 25 and 50 pg levels,

the precision was 4.4 and 4.3 pg, respectively. It lvas rvibirin 11.0

to 18.4 pq in the range from 100 to 400 pg, and 50.0 p9 at t:re 800

Levef (Table 5). Intra-assay data obtained. from quaclruplicate

determinations ind.icated that the precision ivas within I.46 to 11.55 pg

in the range from 25 to 800 pg (Table 5).
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Accuracy and Precision of Progesterone Assay

This was done by quantitating a

progesterone aclded to double clistill-ed

ether-extracted co\,ü serum. The mean,

coefficient of va.r:iation are presented

series of knorvn amounts of

lvater¡ anesLl:us ewe serum, or

the standard deviation and the

in Table 6 for the del-erminations



TABLE 5. Preclslon and sensltlvlty of progesterone standard curve

Evaluatlon based
on Í bound

25

50

100

200

400

800

ïnter-assay (n=5)

Bq. B6

7u "30

60.68

4:. gq

2 .\g

r.711

2.92

1.98

I Preclslon
l.
I'

I Sensltlvi
I
I

2.93

2.3\

4.Bg

tt ,52

5. 13

6.69

28 " 6tl

18. 6B

4.44 (.¡e)

4.:¡ (.qo)

11.00 (.27)

r.r.. 64 ( . 17 )

18.37 (.oe)

50.00 (.02)

C"V. Coefflclent of varlatLon
S,D. Standard devlation

1.47

r.25

Evaluablon based

Intra-assay (n=4)

on ñ bound

87.¡o

72.98

5B'5r

42.18

31. 39

19.33

.91

Precls ton

1. 4l{

"52

.94

.39

.26

Sensltlvlt
+

(expressea as ã)

1. 97

"BB

2,22

1.2lt

1.34

1"rt6 ("52)

3.13 ¡.tr6)

r_.79 ("zg)

5.87 (.r6)

6"19 (.oe)

1r.56 ( "02)

Ol
H



made from each of the materials. The coefficienl- of variation was

usually v¿el-l- below 2Oe¿ in all assays with the exceptiot'r of 1-he zero

level- in double distilled FIrO when the coefficient- of variation

reached 26.52. Sjrnilar quantitations were observed whether the

progesl-erone was added to water, anestrus ev¿e serum (both ínter-and

intra-assay) or cowts serum

The precision of the progesterone deter¡rinations declined as

the concentration increased from 25 pg to 800 pg. At higher levels

(400 and 800 pg) the measurement became fess acceptable especially

in inter-assay (Table 5).

Although the standard curve suggests the precj.sion and

sensitivity to be as fow as 25 pg, tTre accuracy a.nd precision

determined by adding known amounts of progesterone to r,¿ater (Table 6)

dicl not agree with the standard curve. Therefore, to get a conpromise

betrreen precision and accuracy, the sample shoufd contain at l_east

65 pg in order to get a resul-t with acceptable precision and accuracy.

A comparable situation is found. in the precision and accuracy of

estrogen determination and to justify both tire sarnple shoufd at teast

contain 12.5 pg of estrogen.
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Precision and. SensiLivity of Estradioj--I7p Standard Curve

Results presented from

that the precision was within

five

0.5

different assa.ys

to 6.5 pg in the

(Table 7) indicate

rarìge from 6 .2 lo



IABLE 6. Accuracy and preclslon of progesterone determlnatlon

Test
l"ledl umË

Double
dlstilled
Hzo
(Intra-assay)

! Progesb-
I erone
!conc" (pe" )

Ane s trous
evJe serum
(Intra-assay )

I'lo. of I
determln- |allons i

0
25

100
200
4oo
800

Ane s trous
el,le Serum
(Inter-assay )
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Amount quantltateci

q

4
4
4
4
4

4
4
4
4
4

4
4
Ir

4
4

4
4
4
4

4
4

0
100
200
4oo
800

= r c ñ t 1.V.zL ¡ 9.Y. I \
I

114.75
64.50

r53.75
27 3.00
439"00
8l-6.75

186
290
396
618
910

180
296
4rB
56U
878

265.16
327 . \r
362 . tl9q!1.93
563.57
878.10

Ether
extracted
coÌv serum

0
100
200
400
800

11. B0
R"I
o Ã?

1r "22
20"08
27 .20

16.6
30.5
)'Ì 1

35 .0
109.0

26 .0
29.0
24.7
3tt "7
39.8

27.6t1
8.03

18.4r.
29. B0
4q. !Z
13.21

26 "50
l-2.90
6.79
Ll"to
4. 50
3. 33

8.9
10.5
6"8
).b

11 0

14.4
e:7
5"9
6.2
4.5

t0.l{2
)Lq
5"01
6.74
7.89
1.50

0
50

100
200
400
800

Ël-.0 rnl 1n al"1 cases
C.V. - Coelfl.clent of varlatlon (expressed as 5)
S.D. - Sta¡rdard devlatlon



TABLE 7.
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Preclslon and sensltlvlty of standard curve for estradi.oL-I?ß

Evaluatlon based
on I bound

tf,. ¿

t2.5

25

50

100

ïnt er-as say

90'96

8t. zz

66.8t1

u8 "22

31. 04

19.48

IL"72

(n=5)

r.20

0.83

o.5o

r.52

2.09

r.7 tt

1" 06

recLs lon

Sens l-t1vlt

1. 3r

1.02

0 .74

3.15

6.73

8.9¡

9.04

200

l{ oo

pg (s1ope)

Jr

L.25 (.96)

0.86 (.96)

0.53 (.94)

2,23 (.68)

6"53 (.:z)

13.38 (.13)

25.25 (.04)

Evaluatlon based
on ñ bound

Intra-assay

93.011

86.28

7L.77

52.23

33.50

20.69

13.43

(n=4)

1.01

L. 15

0.88

1.0 4

0.39

0"43

0. 54

rec 1s1on

Sens 1tiv1t

1.08

1.33

L.22

1" 99

1. 16

2.07

4.02

+

pE (slope)

r.05 (.96)

t.3o (.88)

1.00 (,97)

1.40 (.74)

1.08 (.36)

3"30 (.13)

21.60 ( .02)

CFì

'È



100 pg and v¿as within 13.4 pg to 25.2 pg at

respectively. Quadrupì_icate determinations

following results: in the range of 6.2 to

v¡ithin 1.0 to 3.3 pg and was 2I.6 pg at the

Accu¡:ac}¡ qnd Precislon of Esi:radiol_-l7p assay

Table B presents data obtained from quantitatiye analysis

of a seríes of known amounts of estradiol-l7p (nz) ad.ded to doubLe

distilled water, ovariectomized e\,re serum, or ether extracted cow

serum. The coefficient of variation of intra-assay, rvhen a known

amount of E2 rvas added to djstil-led. water variecL from 2.0 to 9.4% al

level-s ranging from l-2.5 to 400 pg. rt increased- to f5.g% at the

6-25 pg level and 55.0e¿ at the o pg level. rn inter-assay the

coeff icient of variation ivas well- under 2oe. aL level-s betwer:n 12.5

to 400 pg. Likewise, it increased to 51.0% and 40.32 at the 6.25 and

0 pg levels, respectively. Since ovariectonrj-zed ewe serum and. etller

extracted cow serum already contained some initial arnounl- of estradiol,

the coefficient of variation was rvell- below 2Os¿.

the 200 and 400 pg levels,

rr'ithin an assay gave {-he

200 pg the precision was

400 pg level (Ta.ble 7).

65

Specificity

The cross reactions of selected steroicls with the progesterone

6p-BsA antibody as reported by Niswender (1973), is given in Tabre 9,

while those for the estrogen antiserumr as given by I,Iu and Lundy (1971)



TABLE 8.

Tes t
Medlum#

Accuracy and preclsLon of eetrogen assay

Doub 1e
dls t1l-1ed
Hzo
( Intra-assay )

Proges t-
erone

conc.

Doub 1 e
dls tl11ed
H20
( Inter-assay )

0
6 "zj

12"5
25
5o

100
200
4oo

0
6 "zj

i ¿"t
25
50

100
200
400

0
6.zj

12.5
25
50

100
200
400

0
6.zs

12.5
25
50

100
200

No. of
det ermln-
atlons

It
I Amount quanLlíated ¡lr
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4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5

4
q

4
4
4
3
4
4

5
5
5
5
5
5
5

0varlec toml zed
ewe serum
( Intra-ass ay )

2"r_B
).bJ

11.63
22"76
t19.TB

94"60
187. B5
340.31

2"4
4' ¡q

11"00
23.rr
41"76
84.74

174.83
372.76

I.20
.89

1.10
.tt5

L.96
3.12
5.98

13 "52

o "57
2.50
1"89
2.15
3.31
5 .67
5-112

15.24

0. 83
2'52
tt .59
3"84
2.63
4 "62

13"70
r4.01

3"82
2.7 5
2.03
2.1_B
7.t1g

L0. 2Ll
19.53

Ether
extract ed
cot, serum

55.04
15.80

9 .45
r.97
3.93
3 "29
3.18
3 "97

23 "7
51.04
r7.10
9.30
7.92
6 .69
3"10
4.08

ë4.0 nrl- 1n al-1 cases

27 "76
36.53
4s. lr
49. gr+

68.02
108.61
175.01{
326.20

20. BB

30.92
40.96
52 -97
78.36

r 28. Bl_
¿42.23

2.98
6.89

10.54
7 .69
3.86
4"43
7 .Bz
\ .29

rB.29
B.g
rt.9S
4.tl
9 .55
7 "95I .06



TABLE 9 Cross reactlon of varlous sterolds wlth antL-

progesterone 6-ß-B5A serum (l¡lswencler l-97 3)

Sterold

C' Sterolds

Progesterone
Pre glreno lone
1 1 o-Hy dro xYP roge s t erone
17o-Hy droxYProge s terone
A4 - Pregnene-20ß-o1-3-one

^4 
- Pregnene-20c-ol-3-one

5ß - Pregnene-lo, 204-d1o1
!cr - Pregnene-38, 20ß-dioI
Deoxycortl cosferone
Cortl c os terone
Cort 1 s one
Hydrocortisone

Crn Sterolds
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Test os terone
Â4 - AndrosLene - 3,l/-dlone
À5 - Androstene - 3ß, 17ß-d1o1
Dehy droep 1 andros te rone
Dlhy drote s t os terone

Crg Sterolds

I Cross
Re act 1on

Est radl o l-17c
Estradlol-1.78
Es t rone
Estrlol

100.0
3" 4
0.9
0.3
0"1
0.I

< 0.1
< 0"1

0.1
< 0.1
< 0.1
< 0"1

0.1
0"r
0.1
0.1
0.1

< 0.1
< 0.1
< 0.1
< 0.L



are present-ed in Table f0.

The only progestogen which l-racl considerable cross-reactivíty

with the anti-progesterone:6p-BsA serum \,ras pregnenolone ¡ 3.Aea

(Tabl-e 9). Two estrogens which had significant cross reaction rvith

the estradiof antibody were estrone (63.7e6) and estriol t18.7ea) ,

(Table l-0).

Luteinizing Hormone Assay

Reagents

1. Fhosphate Buffer: 0.188 9m NaFI2PO4.H2O, 2.643 gm

17.53 gan NaCl was dissofved in distill-ed H2O and

2000 ml. Final pH of 7"8.

6B

2. Phosphate Azide l3uffer:

phosphate buffer, final

3 . ls¿ BW-PO4-Azide Buf f er:

co.) was added to 495 ml

4. 3e; Rabbit Serum (RS)-PO4-EDTA Buffer: 18.6 9m

2.0 gm Na-Azide was added to 1000 ml of

pH 7.8.

a 1000 ml beaker, 800 nl Pi-rosphate-Azide buffer

the sol-ution was rvarmed and mixed. Th.. pll \,,¡as

and distilled iì2O was added up to l-000 ml.. 3.0

pipetted into 97 mt Phosphaie-EDTA l¡uffer.

Na2i{PO4 and

brouqht up to

5.0 grn egg white porr'der tsigma Chemical

of Phosphate-Azide Buffer.

EDTA was ¡:ut in

was added and

adjusted Lo 7.6

ml RS was



TABLE 10. Cross-reactlon of
estradlol antlL,ody

Es t rone
6-Dehydroe s trone
16 a-Hy dro ):y e 

" 
t 

"ot't"2-Hydroxye s trone
Estrone l-l4ethyl-ether
1-I4e lhy 1e s trone
Estrone 3-l4ethylether
2-Methoxyestrone

Compound

eeleeted com¡lounds with
(l'/u & Lundy I97I)

17ß -estradlol
Ethlny les tradlol
1/a-estradlol
6-Dehy droe stradlol
17 B-estradiol 3-methylether
2-Methoxyes trlo l-
Ethlnylestradlol 3-methyl-ether

Es tr1 o1
16 ,17-E-Ðistr1ol
l- 7-Eple s t 11o l-
lb-bpl-estrl-o_L
Estriol 3-nethylether

Tes tos terone
Andros tenedlone
Dehydroepi andros terone
Proges terone
I 7a-Hydroxyproges terone

L-Adrena l- 1ne
L-(-)-Tyroslne
Tyramlne
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Í cross-
reactlon

6s.l
¿.o
2"6
r.. 3
0"7
0"6
0"2
0"00

100
6"7
5"1
4.1
0.2
0.05
0"00

18. 7
3.3
3.3
1.6
0. 03

0.00
0. 00
0. 00
0. 00
0. 00

0.00
0. 00
0. 00



5. LFI Antiserum (#15 Ani-ibody): (obbained from G. D. Nisv¿ender'

Colorado State University). 10 ml distilled II2O was added to

vial to give a l-:400 díl-ution in 0.05 M EDTA-PBS and rvas stored

in 0.2 ml quantity in vial-s in freezer. For assety, O.2 ml rvas

dituted Lo 50 mf v/ith 3% RS-PO4-EDTA buffer to result in a

1:f00,000 dilution.

6. LH Stand-ard (N]H-LIJ-86): Obtained from the National Institute

of llealth, Endocrine Study Section, Bethesd.a., t4aryland. Serial

dilutions were made in 1? EW-PO4-Azide Buffer.

7. Labelled LH, tI25 was purchased from Cambridge Nuclear, Radio-

pharmaceul-ical Corp., Bilterica, Massachusetts and radioiodination

was done in accordance v¡ith- proced.ures by Niswender et al. (1969).

Procedure:

as modified
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1. 0.3 ml 1% Ei^1-PO4-Azide buffer was added to al_l tubes (10 x 75 mm

cul-ture tubes) .

The method is basically that of .Niswender et al. (7969) ,

by Ilowland (1971). The method in brief is as fol-l-ows:

a 0.2 ml serum v¡as added to appropriate tubes (each unknorvn sampte

wad. d.one in duplicate).

J. Following announts

prepare standard

of LII standard and buffer v¡ere

curve:

added to



diluent (m1)

0. 50
o.49
0.48
o.46
o .42
0. 38
0.48
0.46
o.44

LH Std. (ml-)

4.0.2 m] LËI antibody was added to all tubes (#15 at t:100,000

dil-ution) .

0. 00
0.01
o.02
0. 04
0.08
0.r2
o.02
0. 04
0.06

5. 0.1 ml- ¡L25-ru (3000 cpm) was added and mixed. Labelled LIt was

diluted in f% EbI-PO4-Azide buffer to approx. 3000 cpm.

6. Tubes were covered. with Parafirm and incubated for 5 days at

5oc.

ng LH

]L

7.0.2 ml 2nd antibod.y was added and mixed. To prepare 2nd antibody,

3 parts Goat Anti-Rabbit x-Globulin (Antibodies rncorp., Davis,

California) was dil_uted rvith 7 parts pO4-Azide buffer.

0.0
0.1
o.2
o.4
0.8
1.2
2.O
4.O
6.0

8. Tubes were incubated for 24 hr at 5oc during which time a v¡hite

ppt. forms.

o Itlixed ppt. and added f .0 ¡nl pO4-Azide buffer.

Centrifuged for 20 min at 2000 rpn.10.



11. Supernatant was poured into a second culture tube.

1"2. Both supernatant. and ppt. \^/ere counted for 2 min in a Paclcard

Tri-Carb gamma Spectrometer (l4odel 3001).

Calcufations

Percent Bound =

The standard curve was drawn by plotting percent bound

against concentratlon of LH. The results were plotted on ordinary

graph or on logit vs 1og paper. The remaining calculations v¿ere the

same as for the steroid assays.

activity of supernatant + precipitate
activity of precipitate

1t

x 100



Occurrence of estrus

None of the treated anj:nals \{ere observed in estrus during

the irtGA feeding period. Four of the l-4 treated cows expressed

estrus within 13 days af ter IvIGA withdrawal . Horvever, after pMS

treatment 10 of l-2 cows in group r showed estrus an a.verage of 5.5

days after injection (Table 11). Five of these coivs had recurríng

estrus which inc]uded the three cows rvhich rvere retained for blood

collection (Table 11). Nine of the 12 cows, which also received the

HCG injection, in group rr, came into estrus an average of 5.g days

following l-ast treatment (Table ll). Bight of them had recurring
estrus and this included one covr wldch was retained. for blood

coll-ection -

RESULTS
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None of the non-treated

they were kept in the barn for

observed in all of them within

the pasture.

Hormone levels

Non-treated controt ani-rnals

cows expressed estrus durlng the tjme

bl-ood collection. However, estrus was

10 days after they were transferred_ to

A normal

et al. (1970),

pattern

Flendricics

of progesl-erone

et al. (1970) ,

as descrilred by Donaldson

Swanson et af. (L972) ,



TABLB 11. Time interval from Pi'{S

Group Animal No. No. of days
to lst estrus

t*r

)

3

+
a._f5

*6

7
t*B

*9

*r0

1I
L2

or HCG treatment to estrus

bt; +

5

4

3

2J

5

18

7

6

7

0

7

T7

No. of days from
PI'IS induced estrus

to subsequent estrus

S.D. )

74

23

*13

*L4

15

*16
t*r7

*18
to 

r-9

*20

*2r
*tt
â""

*24

TI

35

I7

27

10

t6

s.5 t r.77

ì^_"(* I s.D.)

7

T6

7

7

o

(f

0

I
1

5

26

I

*
b

Cows observed to have recurring estrus
Excluding corrrs not responding to treaLment i.e. Nos. 6, 12, 14,19
and 23.

a Cog's retained for bl"oocl collecl-ion.

t2

25

11

2L

22

27

18

a

6

24

5.8 ! 2.97



Robertson and Sarda (I97L), Wettemann et al. (1972)¡ Sprague.et al.

(1971) and. Garvericl< et al. (f971), of estrogeu as reported by

i{endricks et al-. (1971), Shemesh et al. (L972), Van der tr'lalt et aI"

(1972), Wettemann et al. (1972), Echternkamp et al. (1971), Dobson

et al. (1973) ancl Christensen et al. (Ig74) and of LH as indicated

by Swanson et af. (7972), Chrisbensen et al. (L974), Carr (1972),

Wettemann and Hafs (1973). Snook et al. (I97I) and Garvericl< et al.

(Ig7I) was observed in the three non-treated cows thaL were sampled

(FiS. 4, 5 and 6). Although a definitive ovulatory LH peaks \^¿ere

not obtained by the regime of bfood collection in this study, rises

\,vere seen during the period. of low progesterone levels. Similarly,
estrogen levels increased during this same time. Although these

anjmals did not show overt estrus during ttr-e period of blood coll-ection

it is suggested from the hormone,profiles that all had or¡ul-ated. at
least once prior to the beginning of blood sampling. The progesterone

patterns also suggest that ovul-ation probably occurred. at approximately

day 14, day l-1 and day 16 of the sampling period in cows c1, c2 and

C3, respectively (Fig. 4, 5 and 6).

Group I, MGA + P¡1S treatment

75

Progesterone, LH and estrogen patterns in cowrs blood sampred

from group I (corv Nos. 1, 5 and g) are shown ín Figures 7, g and.9.

Each of these cows displayed a somewhat different response to I,{GA as

wel-l as to plrs treatmenl-, in terns of progesterone and estrogen

secretion. I'Io\^¡ever, the Lir pattern appeared to be sinrir-ar in all three
cows.
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AfLer the last day of }{GA-feeding (d-ay O) progesterone in

cow No. L (FiS. 1) remained l-ov¡ until PMS injection and LII also showed

only minor fluctuation. Estrogen a.Iso remained rel-atively l-ow with

littLe fluctuation during this period, indicating little follicular

growth. One day after PMS injection progesterone start,ed. to rise and

remained. altrove baseline levels with some fl-uctuation for 12 days.

Both LFI and' estrogen rose after PirlS injection. LFI remained between

2 to 3 ng/ml for several days then declined whil-e estrogen showed a

marked response rising up to more than l0o pg/ml for si:c days before

declining. Estrus rvas observed five days afcer pMS treatment during

which time both progesterone and estrogen were high (Fig. 7).

There \{as a rise in progesterone of short duration between

days 9 and 17 afler MGA treatment in cow No. 5 (Fig. g)-, perhaps

indicating incomplete cL development. LII remained low untir pMs

injection. Estrogen was very high immediately after IrrGA trentment
(suggestive of excessive foll-icular development) but then gradualty
declined to und.etectabr-e r-ever-s before plfs treatment. LH rever_s

increased immediately following PIrIS injection but progesterone did not
rise until- seven days later. There was a peak in estrogen reve]s of
the same magnitude as that of the non-treated. cows fi-ve d.ays after p¡fs

injection whicrr coincided with the time of observed estrus.

Hormone patterns suggested thai- ovulation rrad. occurred. in
corv No - g eight or nine days after ¡4GA treatmert ended as indicated by

B2

the progesterone'change (FiS. 9) High estrogen level-s rvere maintained



for four days prior to th-e rise ín progesterone. However, a LH peak

was not detected during this time. ir4ren Pl4S rvas injected (during this

presumecl luteal" phase), it stimulated further secretion of progesterone

but did not appear to extend the phase beyond that of normal length.

Progesterone dropped to baseline levels five days after pMS injection.

At this time both LI-I and estrogen were high and esLrus rvas observed.

Group If, MGA + ?MS {- HCG treatment

Progesterone started to rise on day 16 after MGA treatment

in cow No' 17 (rig. 10) ¿ indicating probable ovuration. LH decr-ined

to baseline fevefs on day 2 and remained l-ow until- after I-ICG injection.
An estrogen peal< rvas observed. on day 1, but row levers were then

maintained untir after HCc injection. There v¡as a smalr_ LH peak on

day 12 which may possibly be associated with the suggested ovur-ation
that occurred' on day 14 or l-5- when Ptls ì.¡as injected during the probable

early luteal phase a sj:nil-ar response of progesterone was observed as in
cow No- I (group t). LH did not rise untiL one day after HCG injecti_on
and was maintained between 2 to 4 ng/mr for several days before declining.
Estrogen started to rise after plfs injection and reached a peak eight
days later and then declined. The magnitude of the response rvas not as

high as in cows No. l_ and g (group I).

B3

Cow No. l_9

secretion to that of

during the first ni¡re

(f'-tg. 11 ) had a simil-ar pattern of progesterone

cow No. 5 in group f. LH sholed fluctuations

days after MGA treatment while estl:ogen was high
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and.constant, for l-he same period of time. This occurred prior to the

progesterone rise or probable ovulat.ion (fig. 11). After nine days

LH returned to basel-ine levels until PMS injectj-on. Estrogen declined

somewhat but remained more or less constant at relatively high levels.

PMS and HCG did not produce an inrmediate response in terms of

prog'esterone secrction but effectively elevated LIJ and estrogen.

Estrus was observed on the day of HCG injection at which time progesterone

was fow but LH and estrogen were high.

Cow No. 23 was observed in estrus on day I after MGA treatmen.h

which v¡as followed by a rise in progesterone for J_4 days (Fis. i-2).

Before the day of estrus high level-s of LH and estrogen were observed,

but both hormones returned to low levels d.uring the luteal phase. The

PrlS injection was made on the day before progiesterone declined to base-

line or day 15 of the estrous cycle. progesterone did not rise again

until three days after I{cG injection and it rose to more than tlo times

that of the normar val-ue observed in non-treated co!^/s. Both LH and

estrogen were elevated after PMS and ËICG injection d.uring which time

progesterone r¡/as low, however, no estrus was observed.

86

ïnterval- from cafving to first estrus
%

average

average

interval

The overa]1

of 74.8 days

for the three

from cal-ving

interval in treated cows was 74.2 ciays wiLh an

for group I and 73.7 days for group II. The

non-treated corvs v¡as l_22.3 dalrs. The average

to flrst feeding of Ì"IGA was 35.8 ciays (Table 4)
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Calvinct performalrce and gesta.tìo¡r lenqth

Only one treated cow (No. 3) produced trvin calves, while

L7 cows hacl single defiveries and 6 cows did not conceive (Table 12)

l\ccording to gestation perì-od cal-culateci. from first estrus after

PMS or HCG treatment only three cor¿s (No. 2,3 anð.23) appeared to

conceive at this estrus (Table 12). However, cow No. 23 did not

respond to PMs and HCG treatment and. was not observed in heat until

26 days following injection

8B



TABLE 12. Gestation periods and

- Group_
Animal

No"

1
2
3
4
5
6
7
I
o

10
11
I2

Treatment

MGA+PMS

cAlying perfg¡nr¿¡ce of, treAted and

II

No. of
calves

13
L4
15
16
T7
1B
19
20
2L
)2

*23
24

MGÀ+PMS

0
1
2
1

1
I
0
1
1
I
0
0

Calving
date

(1e73 )

12 May
25 April
20 April
29 May
14 June

2 July
9 June

tt 
:"""

30 May
13 June

23 July
13 June
13 June

31 May
12 June
18 Juj-y
7 June

24 Ù(ay

19 April
I .fune

Control

MGA+PMS

+HCG

control cows

Calculated date
of conception

(I972)

c1
c2
c3

MGA+PMS
+HCG

I
L

0
I
I
1
0
1

1
1
I
l"

I
I
0

o nu]ust
20 July
15 July
23 August
B September

26 Septenber
3 Septenber
7 September

24 August
7 September

16 October
7 Septenber
7 September

25 August
6 September

11 October
1 September

18 August

3.4 July
2 September

*Cow did not respond to

a

Interval frorn
estrous after
treatnent to

conception (days¡

1;
0

-5
11
J¿

o,

4;
20
,:

2L
27

76
35
35

72
)Å

73
0

l-5

treatment \:ntil 26 days later.

)
)
J

@



Effect of exogenous hormones

Only 16.6 percent of the treated cows calne into estrus

within 13 days following I'{GA treatrnent in this study rvhlch is in

contrast to the re¡rcrts by Zimbelman (1963), BriLt et al. (1972) 
'

Veenhuizen and Wagner LI974) and Darwah et al. (1965). The resul-ts

are, holvever, in agreement with Tilton et al. (1966) and Foote

et al. (1960b) who reported unsatisfactory results.

Review of the literature revealed that there is some

disagreement on the effect of progesterone, relative to the

interval from cafving to first estrus. Boyd (1969), Foote et aI-

(1960a) and Hilt et al. (197f) found no difference in the interval

between treated and untreated animals while Fosgate et al. (L962)

reported a delaying effect due to progesterone. The latter stated

that progesterone treatment caused. the interval from calving to

first ovulation to be longer (10 days) and resulted 1n more frequent

"quiet" ovulations before behavioraf estrus. Boyd C1969) was able

to inseminate first at 73 days after calving when treatment with

MAP started at 43 days postpartum and sj:nil-ar results \^Iere obtained

by Tilton et al. (1966), but treatment was started at 25 days

after calving in the latter studY.

DISCUSSION

90

The differing results are pe::haps caused by variation in

tjme after calving at whlch the progestogens were administered in



the various studies. Saiduddin et al. (1968) reported that

treatment started at 18 to 23 days after parturition resulted in

a shortened interval to conception. Brown et al. (L972) who used

DFIPA and gonadotrophin treatment, stated. that rvhen the treatment

was ini+-iated 5 to f9 days after calving it recluced the interval

to first estrus, but when it began 40 to 45 days postpartum it

prolonged the interval.

Differing compounds, dosages and routes of administratron

may also have contributed to the variation previously noted.

Variation in enrziron¡nental conditions and breed of animals used in

experiments may also be contributing factors to the d.eviatlons j-n

the results "

gonadotrophin treatment in .he present study by showlng estrus

within 10 days after injection (averaging 5.6 days), which is In

agreement with the results of Gordon et al' 1l-962) and Bellows and

Short (l-972). Hov¡ever, non-treated cows in the present study did

not show overt estrus until- an average of 122.3 days after calving

which is much longer than that usually encountered. Til-ton et al.

(1966), Zimbelman (f963), Foote et aI. (1960a and b), Foote (L962),

Fosgate (1961), Hill et al. (1971), Wiltbank ancl Cook (1958) 
'

Boyd (1969) and Spahr et al-. (1970) reported the interval from

calving to first estrus (in both dairy. or beef cows) ranged from

37 to 97.3 days. Tire J-ong interval of first estrus in the non-treated

9L

Seventy-nine percent of the cov¡s responded to



'cews and the fact that estrus was observed within 10 days after

being released to pasture emphasizes a possible confineillent

effect on behavioral estrus. Data on progesterone concentration

from the non-treated cows suggested that they had undergone

"quiet" ovulations.

This gives rise to the question of w-hether the return

of estrus in the treated cows was due to gonadotrophin or to a

change in environment. Dutt (1960) found that high ar¡bient

temperature delayed the onset of the breeding season in sheep.

Stott and Wil-Iiams (1962), Bond and McDowell (L972) and Gangwar

et al. (1965) reported that high temperature also prolonged the

estrus cycle in cattle. Neither the temperature in the barn nor

outsid.e in the pasture was recorded in this experiment, which was

done during the summer nonths (June - August). However, the

temperature recordings obtainec1 from the winnipeg weather Reporting

Station for the period of the study did not appear to be

excessively hiqh. clearly, other factors are involved, including

possible inadequacy of estrus d.etectíon white the animals were

being maintained in confinement. Since the cor^¡s were transferred

to pasture immediately fotlowing gonadotrophin treatment, a clear

cut inference could not be made rthether iL was the effect of

hormone treaLment or a change in envirorment and the possibility

of an interaction beLween these factors can not be overlooked'
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Hormone values

The highest progesterone value in the non-treated cows

during periods of high fevels ranged from 4.7 to 6.7 ng/ml which

is comparable to the levefs reported by Donal-dson et af. lLgTo) '

Hendricks et al. (1970), Robertson and Sard'a (1971), Sprague

et al. (L972), Swanson et al. (1972) and wettemann et al. (L972)

as determined by competitive protein binding (cPB) or by radio-

immunoassay (RIA). Most of the early literature reviewed

involved the use of the CPB technique to measure progesterone.

Niswender (L973) reported comparabfe results when either RIA,

CPB or doubfe isotope derivative methods r¡Jere compared.

progesterone level-s remained. below L ng/mL for 5 to 7 days in

this study which is in agreement with that reported. by Ðonaldson

et al . (1970) and Robertson and Sarda (1971) . Ho\'\¡ever' Sprague

et af. (f971) and Ctrristensen et al. (1914) did not report levels

lower than I ng/nL throughout the cycle.

Estrogen values obtained around the time of estrus in

this study, varied from a few pg/mI to almost two hundered pg,/ml,

as determined by RIA. Although estrous was not detected. in the

non-treated cours during the sampling period, the peaks seen

during the tow progesterone period (lvhich are probably the

result of increased follicular activity) varied from I0.28 to

27.3g pg/ml. These levels are comparable to those reported by

Itendricl<s et al-. cr971), Dobson et al . (1973) but are somes¡hat
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higher than those of Wettemann et !rI. (1972)'. Cl-rristensen et aI.

(I97L) reported that about 176 pg/ml was present on the day

before estrus and l-41- pg/nl was found on days 5 and 6. Values

obtained b)' CPB, as reported by Shemesh et al-. (1972), r.rere

higher than those obtained by RIA. I-Ie reportecl- that L52 po"/mL

was present a day before estrus, 34 pg/ml_ on the day of estrus

and the lowest value of 9 pg/ml was seen on days 1 and 2 of the

cycle. Horn¡ever, christensen et al-. (r9i4) reported hígher val_ues

than those of Shemesh et al. (I9j2) employing the RfA technique

(Table 1) - Si-nce estrogen has a shorter half-Lífe than progesterone

(usually less than a day) Vander uaLt et al. (rg72) and shemesh

et al. (L972), it ís difficult to say which value is relatively

cl-osest to the actual- peak. Most reports had high levels around

estrus with some mid-cycle peaJcs which is similar to the results

obtained in this study

The same situation is encountered in the LH values. The

very short half-]Ífe of LH mal<es 1t difficult to determine absol-ute

peaks unless very frequent bl-ood collections are made. The l:asal

l-evel of LFI r,,¡as less than I ng/ml in this study which is similar

to the results ol¡tained by Hendricks et al. (1970), swanson and

Hafs (1970), I{ackett and Lyons (197r), christensen et af. (rg7r) t

Gaverick et al . (1971). Hor.¿ever, Nislender et al . (1968) and Carr

(1972) obtained. baseline val-ues greater than l- ng/mr. The peak

vaLues reported in the literature during ,estrus are extremely

94



variabfe, being dependent upon frequency of blood coll-ection.

Carr (I972) who collected blood at 30 min íntervals report.ed

highest values of. L2O ng/mr-, while twice daily collection by

Snook ei al-. (IglJ-) resulted in highest values of 50 ng/ml-. The

peak values obtaíned in this study with daily coll-ection, ranged.

from l-.65 to 4.I ng/m1-. Mid-cycle peaks were observed, as

reported by Hendricks et al. (1970).

Hormone Patterns

Atthough estrus was not d.etected., normal patterns of

hormones in the non-treated cows were obtained by comparing

values to those in the l-iterature. Estrogen generally increased

greatly following a sharp drop J-n progesterone levels and

remained rather fow during the period of hlgh progesterone levels.

The estrogen peak was of shc -'t duration Cabout 1 day), which was

sj:nilar to the pattern previously reported by l{endricks et al.

(1972), Guthrie et a]" (L972), Shearer et al-. (1972) in swine; by

Scaramuzzi et al. (1970), Pant et al. (1972) and yuthasastrakosol

et a1. (1974) in sheep and by Wettemann et al. (1972), Christensen

et al. (f97I), Hendricks et al. (197I), Echternkamp and Hansel

(1971) and Shemesh e! al. (L912) in cattte. A few secondary rises

in estrogen leve} were also observed in this experiment, as was

also seen by Hendricks et aI. (L972) in swine, Scarariuzzi et al.

(1970) in sheep; Hendricl<s et al. (1971) and Shemesh et al. (L972)
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in cattle. The secondary peaks are usually reported to be lower

than the peaks seen at estrus but ln the present experiment the

secondary peaks r.rere seen to be hlgJ:er in two out of the three

non-treated cows which were studied. This m-ight be the result of

infrequent b]ood coll-ection and. the rea] absolute peak might have

been missed.

The time and. size of peak values for LH could not be

determined in this study because of the short half life of LH as

reported by Carr (1972\ and Niswender et af. (1968). Nevertheless,

the bl-ood collecLion interval of 12 or 24 hr in this study indicated

a tendency for LH to rise at approximatery the same ti:ne as estrogen

pea.ked. A tendency for LH to rise again was observed in all- non-

treated. animal-s, with an interval of 4 to 5 days after the firsb
peak.

Four of th-e six MGA-treated cows (no. 5, g, 17 and 19)

which were retained for brood coflection gave an indication of
ovufation or folli-cular luteinization, and. hence cL activity,

without behavioral estrus by having progest.erone r-evers higher

than baseline after ¡1cA treatment and. before pMS injection. Two

of the four (Nos. 5 and 19) had progesterone levers which indicated

a short life span of the cL, i-e-, progesterone i.ncreased on day 9

and dropped on days 17 or 19. These two co's arso did not readirv
respond to Pl'Is treatment in terms of progestero'e levels. The

reason for the short duration of the cL is not cr-ear. rt is ¡rcssibre
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that there was incompJ-ete developmenL of CL or only partial

luteinizatíon of the follicLes. one cow (No. 23) v¡as o]:served in

heat and ihis was fotlowed. by increased progesl-erone levels which

remained high for 14 days, wh-lle cow No. 1 did not have progesterone

above its baseline until after pMS injection. rn alL cows

progesterone \,'/as low for at least 9 days after MGA, treatment. This

has afso been reported by Dobson et, al. (1973) and chow et al.
(1972). High estrogen ]evels after IrIGA treatment were observed in
al-l cows, the durati-on of these high values varying from one to
eight days, followed then by a sharp drop. This indicate the

presence of active follic]es and four out of six animals ovulated

or had l-uteinized forlicr-es as indicated by a rise in progesterone

which occurred. a few d.ays after estrogen had dropped.

LH and, estrogen revers rose quickry following gonad-otrophin

treatment, regardless of the level 0f progesterone (or stage of
cr' activity) present at the time of injection. Gonadotrophin

treatment might have sti:nulated developing forricles during the
luteal phase to ovur-ate and prod.uce progesterone in addition to the
amount already present in the bLood or it might have stimulated
the afready present cr, to secrete more progesterone. Lamond and

Gaddy (r972) have reported i-hat there is a rer-ationship between

the number of cL and the quantrLy of progesterone in r-he blood.
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gonadotrophin treatrnent where esLrogen increased even during high

progesterone l-evefs. This points out that ovarian tissue is

responsive to PIrIS or l{CG treatrnent at all times. Thus, the action

of progesterone ln preventì ng ovulation is probably an inhibition

of LH release, rather than inducing insensitivity of the ovary to

LH. this would agree with the site of progesterone action as being

the pituítary or hypothalamus as reported by Schally et al. (Lg7O).

Kanematsu and Sarvyer (1965), Kawakami and Sawyer (1961), Docke

et aL- (1968), Baker et al. (1973) and Labhsetwar and Baínbridge

(1971) in the rat; by Fxl-ey er at-. (1968), Hitliard et al. (1966),

spies et af. (L964) and Hittiard et crf. (rg7r) in the rabbit and

by Arjmuro and Schally (1970) and lrlal-ven and Diaz (1971) in the

guinea pig.

ProgesLerone tends to depress the rer-ease of LH from the

pituitary and this is dependent some.hat upon the stage of cycre

at which the progesterone is applied (Redmond, l_96g). Ho\^/ever,

Ellington et al. (1963), Nellor and Cole (Ig57) and Labhsetwar

et al-. (1964) stated that progesterone had no effect on leve]s of
LH and FSH in the pituitary gland.. Kanematsu and Sawyer (1965) and

Exley et al-. (1968) reported that the site of progest.erone action
is on the hypoLhar-amus in brocking ovulation or release of LH in
the rat. On the other hand, Bal<er et al_. (1973), Irfalven and Diaz
(1971), Arimura and Schatly (1970) and irit_tiard (1971) favoured rhe
pituitary as the srte of progesterone action. stevens et ar. (1970)

suggested that there is a direct actlon of progesterone on the ovary.
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Many workers, Spies eb al. (1969), Hilliard et al. (1966) and Dock

et al. (1968), suggested both tire pituitary and, the hypothalamus as

the site(s) of progesterone action. Labhsetwar (I971) concluded

that progesterone rnay exert its action on all three regions, uí2.,

the ovary, pituitary and hypothalarnus. Injecbion of LH could

partially overcome the progesteione blocking of LH release, Hilliard

et a1. (1966) and Redmond (1968). ALso primming rvith estrogen could

reduce the piogesterone effect, Hill-iard et al. (1966) and Spies

et al. (1969), in the rabbit. rn cattle the action of progesterone

or the related. steroids is probably not directly on the ovary to

any great extent, since in this study cows No" 1, 7 and g showed

a response to gonadotrophin trea.tment as Ind-icated by high estrogen

and LH even durj-ng periods of high proqesterone levels.

col No- 23 (Group rr) probably showed the most appropriate

expected pattern of hormone l-evel-s according tc¡ treatment. High

level-s of LH and estrogen were seen in the blood shortly before

estrus which occurred at 14 days after the end of MGA treatment.

These subsequently were l-ow while progesterone v¡as maintained. at

higir levels" Gonadotrophin treatment was coincidental with the

ti-rne at which progesterone dropped and. this stimul_ated the greatest

l-evels of LH and estrogen found in the study. The ovulation

response was probably the highest in this animal si¡rce the highest

progesterone fevel recorded in the study (I5.2 ng/ml) rvas seen on

day 36, i.e., 11 days after gonadotrophin treatment (riS. 12\.
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PMS injection at 15 days after estrus thus seemed. to be the optimal

tjme to produce the greatest response, which is in agreement with

tlre findings of Gordon gl "t. 
(1962) and Turman eL al. (1969), ivho

also gave PIvIS on day 16 or Il of the estrous cycle and. obtained a

sa.tisfactory ovulatory response.

The mainl-enance of high estrogen and LH levels for several

days after gonadotrophin treatment r,qas noticed as compared to the

normal- cycles in non-treated cows in which the peak of both

hormones usually fasted only a day, or less. cov¡ No. 17 did not

show estrus after gonadotrophin treatment during the l-uteal phase

as v/as observed. in cow No. 1. rt may be that there was not a

high enough estrogen l-evel- in cor^¡ No. 17 to ind.uce j:ehavioral estrus.

This to some extent supports the thoery that a. proper ratio of

progesterone and estrogen is necessary to induce estrus, Hilliard.

et al. (1966) and Sples et at. (1969).
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only one covr produced twin calves. This cow did. not return

to estrus after Lhe one induced. by pMS, lvhile the majority of the

cows hacl recurring estrous period.s after pl.ls induced estrus and

produced only single calves. Thls contrl_buted. to the low percentage

of twins since conception occurred subsequent to any stimulatory

effect. The irregularities in the cycÌe length and the frequent

occurrence of sp]-it estrus afLer pMS or Hcc i:reatment may have

contributed to the lo' fertirity rate at the first heat subsequent

to gonadotrophin treatment. The appearnce of what might be considered



higher than "normal" values of LII and estrogens Lmmediatery after

gonadotrophin injection would indicate possible hormonal jmbalance

at this estrus.

There did not appear to be any dlffer:e'ces in hormonal

response followJ-ng PMS injectiorr as compared. to treatment with both

P¡{S and HCG.
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Syncl-rronization of postpartum cows beginning 35 days

after calving v/as not completely effectlve. The postpartum

interval- ín control corvs was longer than usual. Although a

normal pattern in hormone l-evels rvas observed around 103 days

after calving, animals did not consistently exhibit estrus until

released to pasture from the dry-lot condition. This result

suggests sorne environmental factor which affects the expression

of behavioral estrus. Further studies are needed to fully

investigate this point.

Gonadotrophin injections led to a quick response in

terms of estrogen and LH secretion even when progesterone \,vas

high. This suggests progesterone action by inhibiting LH release

is on the pituftary or brain rather than d.irect action on the

ovary itself. Gonadotrophin treatment should be administered.

about 16 days after estrus to obtain a satisfactory response in

terms of ovulation rate. Comparative responses, as effected by

PMS or PMS and HCG, can not be made unless the treatment is made

at the same st.age of the estrous cycle; which is difficult to d.o

in postpartum anestrus cows.

CONCLUSTON

LO2



1- Abraham, G. E., R. swerdl-off , D. Tulchlnsky and hr. D. odeLl . rg7L.
Radioinununoassay of plasma progesterone. J" cl-in. Endoc.
32:619.

2- Arimura, A. and A. V. Shal-ly. 1970.
releasing hormone induced
Endocrinol-ogy. 87 : 653 .

Baker, B. L., T. A. Erkin ancl L. N.
synthetic progesterone on
92:965.

3.

RNFERENCES

4. Baker, R. D., .rnd E. G. coggins. 1968. synchronization of estrous
and artificial- insemination in beef cattle. Can. J. Ani. Sci.
48:303.

5. Beflows, R. 4., D. c. Anderson and R. E. short. 1969. Dose-response
relationships in synchronized. beef heifers treated r,¡ith
Fol-licl-e stimulatinq Flormone (FSri) . J. Ani. sci. 28 :639 .

6. Bel-lows, R. A. and R. E. Short.
birth in beef cattl-e.
Reprod: 67.

Progesterone suppression of LH-
stimulation of LH release in rats.

August. L973. Direct acLion of
hypophysis. End.ocrinology.

7- Bl-ockey, M- A. de B., tr^i. A. ch-mley, L. cummins, M. perry and J. R.
Goding - 1973. Steroid. plasma levels about estrous in beef
co\^¡s. J. Reprod. Fert. 32:342.

8. Bond, J. and R. E. McDowell. 1972. Reproductive performance and
physiologicar response of beef femares as affected by a
prolong high environmental temperature. J. Ani. Sci.
35:820.

103

9. Boyd, L. J. L969. use of MGA in la-ctating dairy co\{s. J. Ani. sci.
29:185.

l0' Boyd, L' J' and J. B. Tasker. IgiL. FertiLity of estrous synchronizeddairy cattl-e treated with gonaclotrophins and insemination
at predetermined time. Vet. Record. g9:632.

rL. Britt, J. H., E. Iluertasvega and L. c. urberg. Lg72. I,lanaging
reproduction in dairy cattle: r. progesterone for controrof estrus in dairy cows. J. Dairy Sci. 55:59g.

L972. Superovulation and multiple
,f . Ani. Sci. X Biennial Slzmpo. Ani.



L2. Bfitt, J. [I. and L. C. Ulbert. L972. Melengestrone acetate
administration to dairy heifers ancl progesterone 1eve1s in
peripheral blood plasma. J. Reprod. Fert. 29:11-9.

l-3. Brown, J. C., D. W. Peterson and l^l . D. Foote. I91 2. Reproductive
response of beef cows to exogienous progesterone, estrogen
and gonadotrophins at various stages of post-partum.
J. Ani. Sci. 352362.

14. Carr, Vl. R. 1972. Radioimmunoassay of futeinizing hormone in blood
of Zebu cattle. J. Reprod. Fert. 29:11.

15. Chakraborty, P. I(., R. H. Kliewer and F. Hisaw, Jr. I97I.
Synchronization of estrus, reproductive performance and
lactational response of Holstein heifers treated wíth MGA.
. Dairy Sci. 54: l-866.

16. Chow, L. 4., tJ. W. Thatcher, J. C. Chenaull-, P. S. Kalra and C. J.
Wilcox. 1972. Effects of MGA on bovine plasma ovarian
steroids. J. Ani. Sci. 352239.

l-7. Christensen, D. S., J. N. i^Iiltbank and M. L. Hopwood. LglI. Blood
hormone leveLs during the bovine estrus cycle (abstract).
J. Ani. Sci. 33:25I.

18. Christensen, D. S., M. L. Hopwood and J. N. Wiltbank. 1974. Levefs
of hormones in the serum of cyclic beef cor,¡s. J. Ani.
Sci. 38:577.

19. Collins, W. E., L. !l . Smitir, E" R. Hauser and L. E. Casida. 1961.
Synchronization of estrus in heifers with M-AP and its
effect on subsequent ovulation and fertility. J. Dairy
Sci. 442 LI95.

20. Darwash, A. O., G. B. Marion and H. T. Gier. 1965. Effects of MGA

on bovine reproductive cycles. J. Ani. Sci. 24:915.

2l-. Dhindsa, D. S., A. S. I'loversfand and T. P. Snith. 1964. Estrus
control in beef cattle under ranch conditions (abstract).
J. Ani. Sci. 232904.

22. Dhindsa, D. S., A. S. Hoversl-and and I. P. Smith. .1967. Estrus
control in beef cattle fed Ml\P under ranch conditions.
J. Ani. Sci. 27:167.

23. Docker F. r, G. Dorner and K. H. Voigt. 1968. A possibfe mechanistn
of the ov'ulation-inhibiting effect of chlormadinone
acetate in the rat. J. Endocrinol-. 4l-:353.

r04



24. DonaLdson, L. 8., J. M. Bassett and G. D. Thorburn. I97O. Peripheral
plasma progesterone concentration of cor,¡s d.uring puberty,
estrous cycle pregr'ìancy and lactation and the effects of
undernutrition or exogenous oxytoxin on progesterone
concentration. J. Endocrinol. 40:599.

25. Dobson, H., L. J. Boyd and D. Exley. L973. CircuLating estrogens
and progesterone in bovine after synchronization with I'ÍGA.
J. Reprod. Fert. 33:23I.

26. DutE, R. H. 1960. Factors of temperature and light in reproduction.
IV.Biennial Sympo. Ani. Reprod.. J. Dairy Sci.: 43.

27. Echternkamp, S. E. and I{. Hansel . I9lI. pLasma estrogens,
l-uteinizing hormone and corticoid in post-partum co\rz
(abstract). J. Dairy Sci. 54:800.

28. Ekins, R. and B. Newman. 7970. Theoretical- aspects of saturation
analysis. II l(arolinslca S)rmpo: Steroid Assay by protein
finding: 11.

29. Ell-ington, E. F., A. N. contopoulos and 14. T. clegg. 1963. The ro]e
of progesterone in the regulation of prod.uction and rel-ease
of anterior pituitary hormone in gonadectomized sheep
(abstract). J. Ani. Sci. 22:856.

30. Exley, D., R. J. Gillert, c. VI. Harris and R. D. Nadler. 1968. The
site of action of CAP in blocking ovulation in 1-he mated
rabbit. J. physioi-. (London). 1965 2697.

31. Fahning, M. L., R. H. schultz,. E. F. Graham, J. D. Donker and H. w.
Mohrenweiser. 1966. Synchronization of estrous in dairy
heifers with I4Ap and its effect on conception rate. J.
Reprod. Fert. 12:569.

32. Foote, v.t" D., E. R. Hauser and L. E. casida. l96oa. rnfl-uence of
progesterone treatment on post-partum reproductive
activity in beef cattle. J. Ani. Sci. 192674.

33, Foote, W. D., H. J. V,leeth and J. E. I.Iunter. 1960b. Effects of
ovarian hormones on post-partum reprod.uctive activity in
beef cows. J. Ani. Sci " l_9: t321.

34. Foote, vl. D- 1962. Reproductive activity of hormone treated
post-partum cows. J. Ani. Sci. 2I|IO22.

35. Foote, !{. c. and D. J. Matthews. L962. Effects of progesterone
injecLions on synchronization.of estrous and on subsequent
fertility in the ewe (abstract). J. Ani. Sci . 23;657.

105



36. Foote, Ft. D. and M. B. Radnall. L972. Beef and dairy cows response
to gonadotrophins. Proceed. Western.Sect. Amer. Soc. Ani.
Sci. 232301.

37. Fosgate, O. T. 1961. The influence of exogenous progesterone upon
post-partum reproductive activities in the bovine. J.
Dairy Sci. 44:Il-86

38. Fosgate, O. T., N. I,l . Cameron and R. T. l4cleod. 1962. The
influence of 17-alpha-hydroxyprogesterone-n-caproate upon
post-partum reproductive activity in bovine. J. Ani. Sci.
2I¿79I.

39. Fulton, R. K., L. E. Bal-l- and J. N. l{il-tbank. I97I. Estrous control
with chlormadinome acetaLe and estrogen. J. Ani. Sci.
33 t254.

40. Gangvrar, P. C. r C. Branton and D. L. Evans. 1965. Reproductive
and physiological response of Holstein heifers to
control-led and natural climatic conditions. J. Dairy Sci.
48:222

41. Garverick. H. 4., R. E. Erb, G. D. Niswender and C. J. Callahan.
L977" Reproductive steroids in the bovine. III Change
during estrus cycle. J. Ani. Sci. 32:946.

42. Gomes, !rt. R., V. L. Estergreen, O. L. Frosü, JT. and R. E. Erb.
1963. Progestin l-evel_s in jugular and ovarian venous
blood, corpus luteum and ovaries of the non-pregnant
bovine. J. Dairy ^ci. 46:553.

43. Gordon. r., G. I¡Iil-l-iams and J. Edwards. 1962. The use of serum
gonadotrophin in the induction of twin-pregnancy in the
cow. J. Agri. 59:143.

44. Guthrie, H. D., D. M. Hendricks and D. L. Handl-in. Lgi2. plasma
estrogen, progesterone and luteinizing hormone prior to
and during early pregnancy in pigs. End.ocrinology.
9I:675.

45. Hackett, A. J. and R. K. Lyons. IglL. DaiJ_y circulation LH in
dairl' heifers (abstract). J. Dairy Sci. 54:800.

46. Hackett, A. J., R. J. Schechter and Ìf. C. Hobson, !V. Hansel and
P. J. Ross. 1972. Luteinizing hormone and estrogens
during synchronizat.ion (abstract,) . J. Ani. Sci. 35:244.

47. Hansel-, W., P. W. Itfalven and D. L. Bl-ack. 1961 . Estrous cycle
regulation in bovine. J. Ani.. Sci. 20¿6I .

106



48. Hansel, W., L. E. Donaldson, W. C. V[agner and M. A. Brunner. 1966.
A comparison of estrous synchronization methods in beef
cattle under feedlot conditions. J. Ani. Sci. 252497.

Flansel, Vtr. and R. B. Snook. I97O. Pituitary ovarian relationship
in the cow. J. Dairy Sci. 53:945.

Hendricl<s, D. M. and J. F. Dickey and G. D. Niswender. I97O.
Serum luteinizing hormone ancl plasma progesterone levefs
during the estrus cycle and early pregnancy in cows.
Biol. Reprod. 2:346.

Henclricks, D. iU., J. R. []iIl- and J. E. Dickey. 1970. Relationship
between plasma progesterone concentration and early
mortality in the colvs (abstract). Proc. Sco. Study
Reprod. Cofumbus, Ohio, Sept.9.

Hendricks, D. M., J. F. Dickey and J. R. Hil1. I97I. Pl-asma
estrogen and progesterone levels in cov¡s prior to and
during estrus. End-ocrinology. 89:1350.

Hendricks, E. M., H. D. Guthrie and D. L. Handlin. 1912. Plasma
' estrogenr proges'terone and LH levels during estrous cycle

in pigs. Biol- " Reprod. . 6:210 .

^q

50.

51.

52.

53.

54. Hendricks, D. M. and D. R. l,amond. 1972. llormonal interrefations
in beef cows with induced multiple ovulation. Nature.
2352222.

55. Hill, J. R., D. R. Lamond, D. M. Hendricks, J. F. Dickey and G. D.
Niswender. 1977. The effect of MGA on ovarian function

' and fertil-ization in beef heifers. Biol. Reprod. 4:L6.

56. Hill, D. D.r J. N. I¡Iittbank and D. G. LeFever. L972. Induction of
post-partun estrous in beef cows. Proceed. Western Sect.
Amer. Soc. Ani. Sci. 23:9.

r07

57- Hilliard, Il ., H. N. I{ayward, H. B. Croaxtto and C. H. Sawyer. 1966.
Norethindrone blockage of pituitary gonadotrophin release
counter by estrogen. Bndocrinology. 78:151.

Hilliard, H., A. V. Schally and C. H. Sawyer. 1971-. -Progesterone
blockage of the ovulation response to intrapituitary
infusion of LH-RFI in rabbits. Bndocrinology. 88:730.

58.

59. Howland, B. 8., A. I'1 . Akbar and F. Stormshak. I97I. Serum
luteinizing hormone l-evels and lutea1 weight in ewes
following a single injection of estradiol. Biof. Reprod..
5: 25.



60. IGnematsu, S. and C. H. Sawyer. 1965. Blockage of ovufation in
rabbits by hypothalamic implants of norethindrone.
Bndocrinology. 76:69I.

61 . Kav¡akami, M. and C. H. Sar.{yer. 1961. Effect of steroid anti-
fertility agent on brain function of the rabbit. Sci.
134:1430.

62. Kazama, N. and W. Hansef. I97O. Preovulatory changes in the
progesterone fevel in peripheral blood plasma of
Holstein heifers. Endocrinology. 86:252

63. Labhsetwar, A. P., W. J. Tyler, R. K. Meyer and L. E. Casid-a.
1964. Effect of gonadal- hormone on the gonadotrophic
activity of the anterior pituitary gland of the spayed
heifer. J. Ani. Sci. 23:569

64. Labhsetwar, A. P. I97I. Exploration of site(s) of action of
progesterone in inhii:iting ovulation in rats. Biol.
Reprod. 5: ll-5.

65. Labhsetwar, A. P. and J. c. Bainbridge. I97L. Inhibition of
ovulation by intracranial inplantation of progesterone
in the four day cycle rat. J. Reprod. Fert. 27:445.

66. Lamond, D. R. L964. Synchronization of ovarian cycle in sheep and
cattle. Ani. Breed.. Abst. 322269.

67. Lamond, D. R. 1964. Hormonal synchronization of ovulation in
beef heifers and fertility after artificial insemination.
Aust. J. Agri. Res. 15:467.

68. Lamond, Dr R., J. F. Dickey, D. M. Hend.ricks, J. R. Hillf Jr. and.
T. M. Lel-and. Ig7I. Effect of a progestin on the bovine
ovary. J. Ani. Sci. 33:77.

69. Lamond, D. R. Lg72. Hormonal- induction of multiple ovulation in
the bovine. Proceed. Western Sect. Ämer. Soc. Ani. Sci.
23 : 591.

70. Lamond, D. R. and R. G. Gaddy. Ig12. plasma progesterone in cows
v¡ith multiple ovulations. J. Reprod. Fert. 29:307.

7I. Laster, D. B., E. J. Turman, D. F. Stephens and R. F. Renbarger.
I97L. Ovulation rate of beef cows and hei-fers treated
with PMS and IiCG. J. Ani. Sci. 33;443.

72. Liang L. and o. T. Fosgate. 1971. Estrous synchronizaLion and
subsequent fertility in dairl' catt-le treated. v¡ith 17 -
etllyl-l9-nortestosterone (Nilevar) and l7 -ethynyl-l9*
nortestorone (SC 4640). J. Ani. Sci. 33:96.

108



73. Malven, P. V. and R. Ruiz-Diaz. I97I.
intracarnial implant of ttAp.

74. Nancarrow, G. D., J. Buckmaster, l^I. Chamley, R. I. Cox, I. A.
Cumming, _L. Cummis, J. p. Drinan, J. I(. Find1ay,J. R. Goding, Jr., B. J. Restall, W. Schneld.er-and.
G. D. Thorburn. r9i3. Hormonat changes around estrous
in cow. J. Reprd. Fert. 32:320.

75. NeLlor, J. E. and. I-I. H. cole. 1956. The hormonal_ controf of
estrous and ovulation in beef heifers. J. Ani. Sci.
15: 650

76. Nellor, J- B. and H. H. cole. rg57. The infruence of exogenousprogesterone on forr-icur-ar development and. pituiÉàry
hormonal content in beef heifers. J. Ani. sci. r_6:15r_.

77. Nelms, G. F. and. v{. combs. 1961. Estrus and fertility in beefcattr-e subsequent to oral adrninistration of 6-methyl-f7-acetoxyprogesterone (provera), J. Ani. Sci . 20:975.
78. Niswender, G. D., J. F. Roche, D. L.

1969. Radioimmunoassay of
cycle and early pregnancy
Med. I29:90I.

Inhibition of ovulation by
J. Ani. Scl . 32: 9l-9.

79. Niswender, G. D., L. E. Reichert, Jr., A. R. Midgley, Jr. and.A' V. Nalbandov - 1969- Radioinìmunoassay for bovine andovine luteinizing hormone. Endocrinol.gy. ga:Lràa.
80. Niswender, G. D. Ig73.

specificity of
22:4I3.

8l-' oxenreider, s. L. and. R. M. Àferampy. 1966. Factor affectinq post_partirm changes in beef cows. J. Ani. Sci . 25:1264.
82' Pant, H' c-, c. Hopkinson and R. J. Fitzpatrick. rg72. pr_asmaestradiol-, progesterone and luleinizing hormoneconcentration during ovine estrous cycle. J. Reprod..Fert. 31:501.

83' PLotlcê' E' D', R' E- Erb, c. J- calr-ahan and. r¡I. R. Gomes . '.967.Levefs of progesterone in peripherar- br-ood plasma duringthe estr:us cycJ-e of the ¡ovi'"r J. Dairy sci. 50:r15g.
84. Rakha, A. M. and H. A. Robertson. 1965. Changes in l-evels ofFollicr-e-stimur-ating Flormone ancr Luteinizing Hormone inthe bovine pituitary gland at ovulation. J. Endocri.3t:245.

85' Randel, R. D., c. J. car-lahan, R. E. Erb, ir. A. Garverick and B. L.Brown. I972. Effect..of I,IGA on pJ-asma progesterone, LHand totar corticoids in clairy rruiiur". J. Ani. sci. 35:38g.

109

Foster and A. R. Midgley, Jr.
luteinizing hormone during the

in ewe. proc. Soc. Exp. Biol-.

ïnfluence of site of conjugation on theantibodies to progesterone. Steroid..



86. Redmond, !,t. c. 1969. ovulatory response to brain stimul_ation or
exogenous LiI in progesterone treated rats. Endocri¡otogy.
83:1013.

87- Reynolcls, rnl. L., R. A. Bèrr-ows, T. M. DeRouen and D. c. Myerhoeffer.
L969- Reproductive performance of cor^¡s fed. l4Ap or MGA
injection with FSH (abstract). J. Ani. Sci . 2g;I97.

88. Rich, T. D., c- L. Johnson and R. D. Rander . LgiL. Hormone r_evelsín MGA fed heifers injected with estradiol- val-erate and.
FSrr (abstract). J. Ani. Sci. 33:1162.

89. Robertson, H- A. and. r. R. sard.a. rg7L. A very early pregnancy
test for mamrnars: its application to cor^i, ewe and sow.J. Endocri. 49:4O7.

90. Rod-bard, D. and J. E. Lewar-d. rg7o. steroid assay by protein
binding. II Karofinska Sympo. Steroid À="åy-by protein
binding: 79.

91. Rod.effer, G. H., M. L. Hopwood and J. N. wil_tbank. Lg72.
Luteinization hormone and estrogens foltowing estrous

. control (abst::act ) . J. Ani . Sci . 34: 901_ "

92' Roussel , J- D. and. J- E- ì3eatty. 1969. Effect of MGA onsynchronization of estrus. subsequent fertirity andmi.k constib.uents of ractating aairy corvs. J. Dairy sci"52:2020 .

93. Saiduddin, S:_å {: -M., Quevedo and trri. p. Foote. 196g. Response ofbeef cows tõ exogenous progesterone and estraAjll atvarious stages of post_partum. J. Ani. Sci. 27:l_015.

94. scanlon, p-, J. sreenan and r. Gordon. 196g. Hormonar- inductionf superovul-ation in cattle. J. Agri. Sci. 7O:I79.
95' scaramuzzí, R. J., B. V. caldwer-l and R- M. Moor. rg70. Radi-o-immunoassay of luteinizing hormone and estrogen duringestrous cycle of the ewe. Biol_. Reprod. 3:110.

110

96. Schwartz, F. L. and
in bovine.

97 ' schally, A' v', A. F. parl0w, lrr. H. carter, 14. saito, c. y. Bo\,,/ersand A' Arimura - rg70- stud.ies on the site of actionof oral contracepti-ve steroids. rf plasma LII and. FSHfever-s after administration of anti-fertirity sleroia anaLit-RH. Endocrinologl,. 96: 530.

98. Shearer, I. J., K. purvis, G. Jenkin and N. e. Haynes . ,g72.peripheral- prasma progesterone and. estradiof-r7 tever_sO.a::: and after puberty in gilts. J. Reprod. Fert.30:347.

D. R. Shelby. 1969. Induced multiple ovul_ationJ. An-i.. Sci . 29:199.



99. Shemesh, M., N. Ayalon and. H. R. Lindner. Lg72. Oestradiol leveIs
in perlpheral bloocl of cows during oestrous cyc1e. J.
Bndocri. 55:73.

Loo- snook, R. B. ' R. B. saatman and w. Ilansel . LglL. serum

iï?::'::;::":":o:ì::'ï:å:3,i:iff .'"å;i;,Ëurins,he
101' spahr''' 

å;i,i'.l;.ili='"f'oli.";:ï:"'rri;lî' Estrus conrrol ror

102- spies, H. G., K. R. stevens, J. Hilliard and c. H. sarryer. 1969.
, The pitultary as site of progesterone and chl-ormadinone

blockade of ovulation in rabbit. Endocrinology . g4:277.

103' sprasue, uiråi:';,3;"ï::î:::'*lå 
i; î]iï:ï: ilirJ;J;.*;i::å"o.of cycllng beef co\^/s. J. Ani. Sci. 33 :99.

104. stevens' K. R., H. G. spies, J. Hilr-iard and c. H. sawyer. 1970.
sites of action of progesterone in blocking ãvuration
in rat. J. End.ocri. 86 ¿97O .

l-05. Stolt. H. H. and R. .T. t(jllians. Lg62. CAuses of low breeding
efficLency Ln d.aLrv cattle assoclated t¡ì.th seasonal

. high temnerature. J. Dairy Sci. 45:1369

106- swanson, L. V. and Ir. D. Hafs. 1970. Luteinizing hormone andprolactin in blood serum throuqh estrous in heifers.
J. Daìry Sci. 53:652.

107. swanson, L. v., H. D. Hafs and D. A. Morrfow. i-972. ovarian
characterrstics and serum ruteinizl.ng hormone, prolactrn,
procesterone and glucocorticoid from first estrus tobreeding size in Hor_stein heifers. ,T. Ani. sci. 34t2g4.

108' Tilton' J. E-, E. J- Turman and D. F. stephens. 1966. Effect of
MAp and estradiol on reproductive activity in post_
partum beef cows. J. Anl. Sci. 25:1264.

109' Trimberger, G. r^r . and w. rianser-. 1955. conception rate and.
ovarian function follor+ing estrous controf blz progesterone
injection in dairy cattle. J. Ani. Sci. t4-:224.

110. Tripathe, v. N. a'd It. E. Howerl . 1969. Effect of group feeding
of DHPA in combination with an inJection oi eslradiol
valerate and MGA on estrus synchronlzation and conception
in beef helfers. Can. J. Anl. Sci. 49:l_l_3.

111



11I. Turman, B. ü., D. B. LAster¡ R. E. Renbarger, D. J'. Stephens and
R. lI. Edwards. L969. The ex¡:erlmental productlon of
mulLipre blrth ln beef cows by honnone injection. Ani.
Sci. Res., Ohio Agri. Exp. Station. Apriì-:5.

112. ulberg, L. c. and. c. E. Lindley. 1960. use of proqesterone and
estrogen in the control- of reproductive activities in
beef cattle. ,J. Ani. sci. 19:1132.

1l-3. Vanblake, I{., IU. A. Brunner and i¡¡. Hansel . 1963. Use of CÄp in
estrous cycle synchronization in dairy cattle. J.
Dairy Sci. 46:459.

1L4. van der walt, L. 4., T. G. Dunn and c. c. Kaltenbach . rg72.
Radioi:nmunoassay of plasma estrogens. proc. westernsect. Arner. soc. Ani. sci. 23:51g.

]15. Varian N. 8., D. M.
activity

116. Veenhuizen, E. L. and J. F. Wagner. 1964. Synchronization inbeef heifer and post-partum cov¿. J. Ani. sci. 232L229.

1l-7. Vincent, C. K. and
multiple

118. Wagner, J. F., E. L. VeeÏruizen, R. p. Gregory and L. V. Tonkinson.1968' Fertility in beef heifer followlng treatnient withCAp. J. Ani. Sci. 27:L627

l-19' wettemann' R. P-, H. D. Hafs, L. A. Edgerton and L. v. swanson.r972- Estradiol and. progesterone in blood serum d,urinqthe bovine estrus cycle. J. Ani. Sci. 34:1020.

120' wettemann' R. p- and H- D- Hafs. rg73. LH, prolactin, estradioland p¡ogssterone in bovine blood serum during earlypregnancy. J. Ani. Sci. 36:51.

TT2

Hendricks and R. M. Melampy. L967. OAJ\D(LH) in bovine plasma. J.'Ãni. Sci. 26:L496.

A. C. Mllls. 1972. Gonadotrophin levels forbirths 1n beef cattle. J. Ani. Sci . 34277.

121. Wiltbank, J. N. and A. C. Cook.
performance of nursed
Sci. 17:640 -

122. Wiltbank, J. N., R. p. Shumrvay, W. R . parker and D. R. Zimmennan.
1967 ' Duration of estrous, time of ovulation andferti-r-ization rate on beef heifers synchrc,nized withdihydroxy-progesterone acetophenide.,f. Ani. sci,262764.

123. I^Iiltbank, J- N. and c. w. I(asson. 196g. synchronì_zatr-on of estrusin cattle with an orar progesterone aqent and injectionof an estrogen. J. Ani. Sci . 27:l-13.

1958. Comparative reproductive
cows and nilked coq7s. J. Ani .



I24. \Iu, C. and L. E. Lundy. 1971. Radiojmrnunoassay of plasnta
estrogens. Sterold. lg:91.

125. Yuthasastrakosol, p., B. E. Howrand, s. simaraks and w. M. parmer.
r974- Estrogen-induced LH release in progesterone-
treated ovariectomized eÌ.¿es. can. ,T. Ani. sci . s4:565.

126. ziroberman, R. G. 1961. The control of estrus and ovulation inheifers by orally administered. lifÄ.p. J. Dairy Sci.
44 tLL95

I27- Zimbel-man, R. ç. 1963. Deterrnlnation of minimum effective dose
of MpA for control of the estrus cycle of cattl_e.
J. Ani. Sci. 22:1051.

r28- Zimbel-man, R. G. and L. w. smith. 1966. contro] of ovulation incattl_e with MGA. I. .t. Reprod. Fert. ll:1g5.
r29. Zimbelman, R. G- and L. w. smith- l966. contror- of ovuration incattle with MGA. II. J. Reprod. Fert. 1l:193.

130. Zimbelman, R. G., J. l¡1. Lauderdale, J. H. Sokalowski and T. G.Schalk. I97O. Safety and pharmacologic evol_utions
of MGA in cattle and other animals. The J.A.V.M.A.
157 : t_528.

113



XI(NTId¿V



TABLE 1 Serum levels of progesterone, estrogens and LH I'n

Cow No. Cl

Day Progesterone (ns/nl-)

0

l_

2

3

4

5

6

.7
I
2

10

11

l2
r3
rll

.,15
16

r7
L8

19

20

2L

22

23

x

2.83
2,66
2.99
2.94
3 "2\
tt "7r
t1.oT

3.19
4.68
3.82
3"BB

3.46
0. 87

0 .70
0.76
'0.7It

0.88
1.38
1 .39
2. L0

2.30
2.9\
3.38
3.05

s"D.

0 .39
0.15
0 .07
0 .07
0.35
0 .39
0 .03
0 .11
0 .11
0.23
0 .31
o "27
0.26
0 .07
0 .00
0 .03
0 .03
0 .00
0.06
0.07
0.19
0.23
0 .39
0 .00

Estrogens (ps/nJ.)

x

3.52
4 .14
6.59
lr .90
4.tz
3.87
3 -'t7

2.92
3 .91

3.69
5. q3

7 .37
9.52

15.54
8.73
4 .90
8. 43

7 .86

9.64
9 .51

17.¡{5
tt.2g

3.38
q .47

1l4'

S.D.

0 .02
r.25
I .61

0 .70
t.57
0 .90
0 .00

0.rL
0 .16

0 .04
1 .55
0 .91
0 .73

2.75
r.37
2.67
0 .08
1.82
I .65

2.59
1 .08

2.14
0 5-?

I .91

LH (mg,/ml)

x

0 .50

0.52
0.55
0 .50
o.57
0.55
0.32
0.32
o.57
0.55
0.15
1.95
3 "62
l_.90

0 .95
0 .65
0 .65

1.30
0.95
0.67
o ,67

0 .60
0.55
0.57

S.D "

0 .00

0 .03
0"07
0 .00
0 .03

0 .00
0 .14

0 .1ll
0 .03

0 .07
0 .00

o.10
0.38
0.00
0 .07

0 .07
0 .00

0 .00
0.1lt
0 .03
0 .03

0 .00
0 .07

0 .03

ÈDay 0 = sLart of bloocl coLlectlon (90 days post caLvlnß).



TABLE 2

DayF Progesterone (ng/rr.t) Estrogens (pg,/n]-)

Serum 1evels of progesterone, eebrogens and LH ln
Cow llo " C2

0

1

2

3

4

5

6

7

I
9

10

11

12

13

r4
I5
16

t7
r8
19

20

21

22

23

I

5.10
5.43
6.5t1
t+ "TT
6. q9

6.TIt
5.55
4.60
0.32
0.25
0 .16
0.21
0. 51

1.22
L.55
3 .08

5.27
'4.02

Ir .63

5.32
5.35
q.8B

4.66
5"7\

S.D.

0.\7
0 .00
0 .00
0.00
0.39
0.35
0 .00

o.o0
0 .00

0 .09
0.22
0 .00
o. L1

0.r5
0.23
0 "11
0 .70
0 .35
0 .51
0.78
0 .03
0.r5
0.07
0.27

x

10 .19

9 "78
10 .66

6.57
5 .30

B"q4

5"58
9 "99

13.46
Llr .63

4 .63

5.60
7"11
6 "52

10 .73
6.48
8.05

13.51{

4.87
6.4r

12.03
3.30
3.811

7 .69

115

s.D "

0"16
0 "33
2.10
0.65
0.37
0"61
0.77
1.01
0.54
r. 66

2.27
r.(7
1.93
1.42
0 .20

1.33
0 .14
0.21
Ì .73
0 .02
1.50
0 .30

0.75
0.40

LH (ng,/nl-)

f I s.D.

0 .60 0 .07

r.qo ,0.10
o.72 0.03
0 .60 0 .07
0 "52 0.03
0.60 0.07
0.j7 0.03
0.65 o.07
r.52 0 .10

r.65 0 . oo

0.60 0.07
0 .57 0 .03
o "65 o "oo
0.65 o.oo
o.65 o.oo
2.10 0.14
0.32 0.14
o .r5 0 .00

o .57 o .03
0.55 0.02
2.10 0.14
o .32 0.14

3,oT o.2ll
o .57 0 .03

äDay 0 = sLart of blood collectlon (89 days post cal-vlng).



TABLE 3

Day# Progesterone (w:/nl)

Serum levels of prou-esterone, estro¿ens and Ltl 1n

Cow llo. C3

0

I
2

3

4

5

6

7

I
9

10

11

T2

13

lll
r.5

16

t7
18
19

20

2T

22

23

x

L.22
t.22
3 .36
3 .00

3.92
5.57
3.48
4 .06
\.66
\.23
q.82

3.79
2.5r
0.q2
0. q2

0 .34
0.52
0.26
0. 58
0.71
r. . r.6

2.7tt
q.l_9

4.08

S.D.

0 .0r
0 .02
0.34
0 .08
0.62
0.04
0 .00
o.2r
0.08
o .1¿l

0.011

o .12
0.05
0 .00
0.03
0 .0lr

0.05
0 .01
0 .00
0.02
0 .04
0.12
0 .20
0 .05

Estrogens (pe/nI)

i

10"35
1o .71
12.t47

11"85
10.48
9.83
5.65
5.40
5.64
6.25
6.29
5.92
5.97
I .gg

10.18
3.BB
2.54
5.49

27 .39
4.50

20.00
7 .\7
2.7 4

3.50

116

S.D.

0."36

0.25
0 .06
o.40
0.82
0.gr
0 "22
0.16
0.69
0 .60

0.7\
2.75
1 .03
2.2\
t.75
0 .53

1.14
0.13
0 .09
1.3q
5.11
3.18
1.12
0'.00

LH (nz/rnl)

0.65
0.32
0 .50
0.57
0.75
0 .85
0.52
0 .57
o -55
0.60
0.60
0.62
0 .65
t.7 2

I. 20

0.67
0 .70
r.77
0 .70

.0.70
0.57
0.55
0.52
2.22

post calvlnf).

x S.D.

.o .07
0 .24

0 .00
0 .03

0 .07
0.07
0 .03
0 .03

0 "00
0.00
0 .00
0 .03
0.00
0 .31

0 .07
0 .03

0 .00
0 .03

0.00
0 .1ll
0 .03
0 .07

0 .03
0 .2lt

ËDay 0 = start of blood coÌl-ect1o¡r (BB deys



II7

Serum 1eve1s of progesterone, estrogens and LH
1n Covr llo. 1

LH (ne/nl)

s. D.

0 .17
0.07
0 .10
0 .07
0 .14
0.03
0 .10
0 .00
0 .00
0.03
0 .07
0 .07
0.r4
0.03
0 .00
0 .00
0.03
0 .00
0 .07
0 .00
0.21
0 .07
0 .07
0 .17
0.03
0.56
0.56
0 .06
0.14
0.35
0 .1-0
0.10
0.211
0 .00
0 .07

x

DayNx Progesterone (nS/nI) Estrogens (pg/nl)

0.37
1.05
L.77
1.15
r.25
0.87
0.52
0.1{5
0.60
0.57
1.45
1. 10
0.70
0.57
0.60
0.55
0.7?
0.70
1. 20
0. 60
2.95
2.7 5
3.05
2.60
2.27
3 "20
3. t0
2. 10
2.20
2.25
1. B2
r.67
t.5l
l. t5
0.95

s.D.

1.03
2.3tt
1.06
0. 16
o.92
3.02
0. 53
0. 8L
0. 34
0.28
1. 39
0.58
2.L6
0.28
2. rt5
0.04
0.60
r. 53
0.21
r..42
2.02
4.70
2.7 5
3. 30
0.83
\.29

23 .2\
L0.54

7 .57
r6.66
L. 52
0.1t0
r.57
3.32
ù.45

8.29
13.85
T.tt9
7 .TT
5. ll0
6.90
2.50
3.90
3.56
3.97
4. 53
8. ro
[t.72
7.11
8.91
9.t15

11.38
16. B3
7.78
6. 6r

r.1. 83
32.28
70.34
0r-. r.6
12. 80
50.L3q7.09
84.83
ß.tt7
Br.o2
59.89
23.06
13.20
9.87
7. 8q

s.D.

0.04
0 .07
0.20
0.00
0.07
0.00
0 .01
0 .02
0 .00
0.02
0 .01
0.0r
0.01
0.0r
0 .02
0.02
0.00
0"00
0.02
0.02
0.02
0.03
O.II
0. r4
0.57
0. rl
0 .00
0 .00
0 .00
0 .00
0.03
0.110
0 .00
0.31
0.l6

TAI]LE 4

î.

0 0.211
I 0.29
2 0.\2
3 0. ll0
4 0.31
5 0.27
6 0.15
7 o'11{
I 0.34
9 0.26

10 0.22
1t 0.20
L2 0.17
13 0.23
Ì4 0.26
15 o-tl
16 0.19
17 0.21
18 0.21
19 o.z7
20 0.23
21 0.73
22 r.23
23 2.33
2\ 3.88
25 A.M. 11.21
25 P.M. 3. t5
26 \.29
27 2.99
28 2.39
29 t.52
30 2.3q
31 6.07
32 1.09
33 o.6q

1
I
l_

I
I
l_

I

IrltA feedingå*Day 0 = day afber last



I18

Serum levels of progesterone, estrogens and LH
1n Cow llo. 5

Day** Progesterone (ng/nù) Estrogens (pe/nt) LH (ne/nl)

S.D.

2 .O5 0 .07
o. jj 0.07
0. 55 0 .07
o .65 o .07
0.55 0.07
o.7o 0.28
0.47 0.03
o.T5 0.15
o .65 o .07
0.50 0.00
o.27 0.03
o.37 0.10
o.15 o.oo
o.llo 0.11{o.15 o.oo
0.20 0.07
o.55 0.02
1.35 0.07
1.00 0 .00
o-77 0.03
2.95 0.21
3.55 0.07
3.7j 0.35
2.90 0.28
2.92 0 . 24q.10 0.00
3. t{5 0.91
2.90 0 . 28
2.95 o . 21
2.80 0.00

xs. D.

0 .14
2.86
L.26
0. 05
L. 56
2.22
2.52
r.62
0.38
0.7\
1. 3q
0. 50
0 .31
0.86

x

16'36
2t1.05
18. 33
20. I
2\ .67
2l-.6tt
19 .2\
17.91

8.77
6.27
7 .97
3. 89
3.86
2.44

<2
<2
<2
<2
<2
<2
3.95q.83
3.65
3.69

13.05
5.90
8. 4r
6.27
7 .3\
9.06

S. D.

0 .01
0.00

TAELE

x

0 .02

0' 0.15
I 0.23
2 <.1
3 <.1
4 <.1
5 O.Lz
6 <.1
7 o.1o
I 0.14
9 0.14

L0 0.73
11 r.28
12 1.82
13 2.81
14 2.1t8
15 2.93
16 3.09
r7 o.55
18 0. 16
19 0.11
20 0. t3
2t <.1
22 <.L
23 0- 21
2\ 0.18
25 A. M. o .61
25 P.M. 0.82
26 r.26
27 3.7 2
28 5.78

0 .01
0.01
0.06
0.06
0. q1
0.06
0.00
0 .00
0.17
o .29
0.06
0.05
0.02
0.00 o.26

t. 49
0.56
0. r4
2.05
0.54
0.l1
0.37
0.23
0 .02

0.01
0.02
0.00
0 .00
0.03
0. 23
0.23

*t{Day 0 = 'lay after last ltlGA feedlng



tl9

Serum 1evels of progesterone, eslro¿en and Ll{ ln
Cow llo. B

LH (ns,/nl)

s.D.

0.07
0. l_7
0.63
0 .07
0 .03
0 .03

. 0.11{
0"00
0 .07
0 .03
o.2u
0 .03
0.28
0 .24
0 .00
0 .00
0.24
0 .3r
0 .00
0.03
0"00
0 .3r
0. r-4
0 .00
0 .17
0 .00
0 .00
0 .10
0. l_7
0 .00
0.21

ig

Dayx* Progesterone (nE/nI) Estrogens (pe/nt)

0 .70
0.97
1.60
L.65
0.72
0"87
r. 30
0 .60
0.55
0.72
o.32
0.52
0.35
0.32
0.55
0.50
0.32
0.27
<.05
0.52
2. 80
3. 23
3.00
2.80
2.t|2
l.l .60
2. 30
2.12
r "57
1. 55
1. 50

S.D.

2.TT
o. B2

+

0.15
0.48
o .69
0"72
0.48
0.77
L.97
I. 3I
o.75
0 .29
0.23
0.02
0.17
2.6r
0.04
0 .00
1. 20
2.22
0 .01
r.97
3.88
1.41
1.41
5.65
2.16
0.15
0 .65
2.58
0. 84

x

8. 16
9.93

13 .67
L3.95
24. 1l_
23.9r
2t4.83
29.t+It
5.86
8. 15

r5.18
9 .6ll
6.Br-
5-T6

12. B3
2l-.5tr
12.26
9.97
7.94

11.85
r.B. qr-

4¡.3r
¡{ 2. 13
8t. re

1 25 .00
120.00

20.85
10.92

7. 83
r-q.81
6.93

S. D.

TABLE

ft

<.1
<.1
<.1
<.1
<.1
<.1
<"1-
0.38
0.12
0. 58
].. BB
t. 51
3.05
3.38
u.93
4.10
5. 60
4.88
6.90
5. 38
8. 50
9.\5

r.1.62
6.zr
t.0g
o. Bo
0 " 64
0.33
0.60
q.35
5 .2\

0.54
0 .17
0.14
o.23
0.17
o .23
0 .00
o.23
0. 23
0.86
0.62
0.58
0 .07
0.1{g
0.36
0.73
0 .00
0.25
0.11{
0.17
0.03
0 .03
0.11
0.05

0
I
2
3
4
5
6
TI
9

10
11
T2
r3
llt
15
16
I7
18
L9
20
2L
22
23
2\
25 A.M.
25 P.M.
26
27
28
29

ësDay 0 = day after last ¡fGA feedlng



I20

Serum 1eve1s of progesterone, estrogens and LII ln
Cow llo. 17

LH (ns,/nl)

s.D.

0 "770.35
0 .00
0 .00
0 .07
0 .03
0.07
0 .07
0 .00
0 .03
0 .00
0 .07
0 .10
0 .03
0 .00
0 .07
0 .14
0.07
0 .00
0 .03
0.03
0 .00
0. B2
0.17
0.38
0 .17
0.31
0.21_
0 .07
0 .00

x

Estrogens (pe/nt)

\.05
I'75
0 .60
0 .60
1. 35
1.02
1.20
0 .85
0.50
0.q2
0.45
0.65
r.92
1.02
0.50
0.65
l. 15
0.55
0.tr5
o.q2
0.37
0.35
3.40
3.87
2.82
2.67
2.22
2.r5
2.7 5
1. B5

s.D.

2. t19

2.22
r.95
0 .00
0. 28
0.99
2.II]
0.22
0.84
0.11
o.6r

.ï

6.\z
t2. \5
5.62
4'30
3"42
q. 61
4.07
5.7 8
6. 88
5"06
6.tz
7.03
7 .26
3.00
4.2r
3.02
3.7 2
5.55
11 .82
\.37
7 "22
9.12

13. 89
22. BB

. 37 .II5
33. 4

51t.23
6r.29
21. 10
5.37

Dayxr Progesterone (ng/nl)

s. D.

0.57
0.68
0. 88
0.92
0.21_
0 .13
1. r3
0.15
0.,18
0.14
0.16
0.43
0.51
6.73
1. 7B
7.7\
2.r3
1.06
1.32

TABLE

i
<.1
<.f
<.1
<.1
<.1
<.1
<.1
0.17
o.22
0. 16
0. l_5
0. 10

.1
"1.1

0.41
0.70
1.05
3. i5
3. 20
6.80
6.35
7.00
8. B0
8.7 5
8. 55
5.20
6.90
5. 80
4.02

0.03
0"01
0.02
0 .01_

3:31

0
I
2
3
4
5
6
7
I
9

10
11
I2
I3
14
t5
16
I7
18
19
20

0.02
0.02
0 .01-
0. 21
0.00
0 .00
0.21
0. 28
0.56
0.07
0. 2r
0.00
o.ttz
0.54
0.82

0 = day after last I1GA feedlng

2T
22
¿5
2\
25
26
27
28
29

* *Day



TABLE 8

Dayxr Progesterone (nZ/mI)

Serum levels of progesberone,
Cow llo. 19

0
I
2
3
4
5
6
7
B

9
10
11
T2

x

<.1
0.31
<.1
<"]

. <.1
<. l-
<.1
<.1
<.1
<.1_

0.27
o .59
0.97
3.05
2.3r
2.1+\
2. 3B
2. \3
0.62
0.27
0. t7
0. 20
0. r6
0.17
o.26
0.37

S.D"

il;

Estrogens (pg,/nI)

T2I

estrogens and LI{ ln

x

16.00
18.93
r6.98
20.53
19.93
25.13
28. B6
23.90
11. 53
rll.73
I2. 13
r5. 10
14.04
l-2.96
16.31
12.95
11.96
15.66
!5. t12

r.2. 34
19 .09
66.14

.65.65
9T .tz

100 .00
111.7.175

13
r.4
I5
16
T7
1B
r9
20
2I
2L
22
23
2tl

É S.D"

r.7 5
r.24
0.92
1.02
1. 23
1. 86
3 -72
1.90
1.96
0.69
0.55
0.73
t.35
0 .16
2.rg
1- 20
o.5T
0 .70
2.26
0. l-6
L. g0
2.r7
0.33
2.38
1.06
8. 80

il;
0 .00
0.09
0.15
0 .00
0.0r
0.I0
0.10
0 .00
0 .01
0 .01
0.02
0.02
0.02
0 .00
0.00

A.M.
P.M.

LH (ns/nl)

x

0 .70
0.55
2.7 2
2.10
0. B0
3.25
1. lto
2.u2
0.q5
0.90
0.50
0.50
0.75
0 .37
0.22
0.37
0 .30
o.6o
0.55
0.70
4 .00
5. 50
3.75
3 .00
3.00
2. 80

S.D.

to.oo
0 .00
0 .03
0 .00
0 .00
0 .00
0 .00
0.1_7
0 .00
0 .14
0 .00
0 .00
0"07
0. 10
0 .10
0 .10
0 .00
0.00
0 .07
0. 14
0 .00
0 .00
0.35
0.00
0 .00
0 .28

s*Day0=dí.yafter last I\IGA feedlng



I22

Serum levels of progesterone, eøLrog,ens and LH ln
Cow No" 23

LH (ne/nl)

S.D.

0.14
0.28

'o.oT0.07
0.49
0.35
0 .14
0 .00
0 .00
0 .00
0 .17
0.03
0 .10
0 .00
0 .03
0.00
0.03
0"211
0 .03
0 .03
0.17
0 .03
0.28
0. r.7
0.28
0 .07
0.00
0.42
0.35
0 .00
0 .03
0.35
0 .00
0. 70
0.35
0.31
0.31
0 .00

x

Estrogens (pe/nl)

1.90
r.7 5
r. 35
1.15
5 .20
3.78
2.70
0.31
0 .60
1.90
1.42
0.77
o.77
1. 50
0.52
0.55
1.07
0.32
0.52
0 "52
r "27
0.52
0.35
0.77
1. 50
3 "95
5.55q.20
3.25
4 .00
\.57
\.25
L¡.oo
3.25
2.75
2.52
2.52
2.7 5

S. D.

0.88
0.49
0. 33
T.I7
0.25
0. B6
0 .96
1.44

'x

6.77
8. B7
9.05

10.39
13.94
]-3.96
13.88
15. 6B

6. rI
5.90
6.2t1
8. o4
8.23
7.93
7 .70
6. 5r
7. oo
6. 31
7 .7.r
6.\6
6.79
6.q4
6.87
7. 68

. 7 -ztl
15. B5
\z. zB
36 .62
48.03
58.49
6o .69
82.4r
89.03
9B.oB
83. 6r
58. B9
38.27
r7.9q

Day x x Proges terone (ng,/:r;.l-)

0 .03
0. 14
0 .58

. 2.05' 0.12
0 .98
0.93
1.01_
0.16
0.46
r. l_5
0"84
0.25
0.32
0. 50
0.29
0. 28
0. 7B
1r.14
5.29
1. 61
7.31
5.26
0. B1
3.81
5.29
0.79
2.79
!.zL
2.43

S. D.

TAELE 9

x

<.1
<.1
<"1
<.1
<.1
<.r
<.1
<.1
<.1
<.1
<.1
o.25
o.72
1. 05
3.73
t.t.03
3.94
4.1{1
4.li4
3.45
5.05
4. 54
6. r4
5. B8
5.53
1. 10
0.36
0.39
0.37
0.41
l_.33
ll. 15
6.48

11.67
12.61
r.3 . 29
l^2.73
r.5.23

0
1
2
3
4

5
6
7
I A.M.
I p.M.
9

10
11
I2
13
14
r_5
16
TT
1B
19
20

0 .0I
0.07
0"07
0. 28
0. 19
0 .00
0.24
0.38
0. 53
0.19
0.33
0. Lll
0. 2l{
0. l_0
0. r4
0.01
0.02
0. 00
0.0r.
0.08
0.45
0.23
0.60
0.98
0.48
0.16
1. IL

ËËDay 0 = day after last nlGA feedlng

2l_
22
23
2\
25
26
27
28
29
30
31
32
33
34
35
36


