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AB STRACT

' Mi I k and bl ood samp'les vrere col I ected concurrentìy

from cows during a normal estrous cycìe to determine the ,, -,,,'.,

rel ationship between mi I k and peripheral bl ood I evel s of 
i

progesterone. A non-extraction radioìmmunoassay (RiA) pro

cedure vJas used to determine the concentration of progesterone .,:,,, ,,,,,:

in the milk. The same procedure was subsequently used to "';'1.."ii'''

]t, rt,'¡,t:.,..,'
determi ne the concentration of progesterone i n m j I k sampl es 1'"';.".'""

coll ected on days l, 2, 3, 10, 17 and daiìy thereafter until
day 60 postpartum from 52 heifers and cows which cal ved

between Muy, 1978 and Apri ì , 1979. The progesterone profi I es

thus obtained were used to evaluate postpartum ovarian

activity.
The pattern of change in mean progesterone levels

duringtheestrouscyc1ewassimilarinmilkandbloodserum
with a highly significant correlation (r = .9.|, p < .0.|) 

i,i:,.i¡*
between levels in the two fluids. The levels of progesterone 

1,.,,,.,,,,,,

in the two fluids were comparable around the time of estrus, "'"".-'.",

but mil k I evel s were general ìy 3 to 4 times h'igher than serum :

I evel s at other stages of the cycl e

The milk.progesterone profiles indjcated that all i,, .',t,,,',
; ¡riii::i:Y:]..-j...''u

animals had resumed ovarian activity by day 17 postpartum.

Many of the animals (31 of 52 or 59.6%) did not appear to 
i

exhìbit any abnormal ovarian activity prior to the first



postpartum ovul ation. i n these animal s, mi I k progesterone

general ly remai ned I ov¡er than 3 ng/m1 after caì vi ng; but a

transient rise occurred about 4 to 7 days prior to the first

ovul atjon. Seventeen other animal s had high progesterone

levels (t 40 ng/nl in some cases) after calving for a varjable

period .of time, but not beyond day 30 postpartum. The average

'length of the first postpartum cycìe was estimated to be 20

days which is comparable to that of a normal cycle. 0ut of

a total of 41 animals for which post-calving breeding data

were available, 46.3% (19 of 4l) exhibited variable degrees

and types of abnormal ovarian activity during the postpartum

perìod as evidenced by: (i) high progesterone levels with no

apparent ovulation until after day 50 to 60 postpartum whjch

may be an indication of an incidence of follicular cysts or

luteinization'of deve'l oping follicles (3); (ii) extended first

postpartum cycle lengths ranging from 26 to 39 days (9);

( iii) failure of corpus luteum regression after the first

ovulation, indicated by persistent high progesterone levels

after that ovulation (6); (iv) hypo-ovarian activity indicated

by I ow progesterone I evel s throughout the 60-day postpartum

period (l). The average interval from calv'ing to subsequent

conception was non-significantìy (p >.05)'longer for these

anjmals (l4l + 50 days, mean + SE) compared to those showing

no abnormal ities (ll4 + 36). Number of insemjnations per

conception was not affected.

't 'l
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Average i nterval i n days from parturi ti on to fi rst

ovulation was significantly (P < .05) longer for animals aged

2 years at the time of calving (27.4 + 1.7) than for those

aged 3 to 4 years (Zq + 1.2) and 5 years or more (Zq + 1.7).

Animals which calved in the fall and winter (Sept. 21

l4arch 21) had a signif icantìy (P. .05) ìonger interval to

first ovulation (27.6 + 1.2) than those which calved in spring

and summer (22.6 + l.l). Level of milk production did not

affecttheinterva]tofirstovulationbutappearedtocompound
the seasonal effect si nce the high mi I k producers which cal ved

in fal I and wi nter had a signif icantly (P . .0.l) 'longer

interval to first ovulation than their counterparts which

calved in spring and summer.

Ì:'. ..r -:
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INTRODUCTION

Profìtable dairying requìres high nilk production

maintained by efficient herd management. Reproductive

performance consti tutes one si gni ficant aspect of herd

management that requi res careful attenti on. Reproducti ve

activ'i ty during the postpartum period of the dairy covr

influences post-caìving breeding efficiency, jnterval to

successful conception, câlving ìnterval, and subsequently

milk productìon. Research indicates that rnaximum life-
time production of dairy cattle can be achìeved vrith an

optimum cal vi ng i nterval of I I to 12 months. hlì th current

management practices, this vloul d requìre shortening the

í nterval to fj rst j nsemj nati on' postpartum to abo ut 50 to 60

days in order for couJs to conceive by approximateìy B5 days

postpartum.

hlith the necessity of a short interval to first
insemination, the detection of reproductive activity during

the earìy postpartum period becomes vi tal to maintaini ng

high reproductive effjciency. 0ne of the current techniques

used to ga'in a better understandi ng of aì ì phases of re-

productive function is the determination, by radioimmuno-

assay (RIA), of circulating levels of various reproductive

hormones that control the acti vi ty of reproducti ve organs.

!:.::.::a.:.-

.:,11:.::l

'.. . . ::.'..



Peri phera'l pl asma progesterone concentrati on, for exampl e '

has been shovun to be a usef ul monitor of corpus I uteum (CL)

functi on durj ng aì ì phases of reproducti ve functi on

(Thibier et.â.l., 1973). 0ver the past ten years, Progesterone :.,;,,,,,,;

has.been shown to be present in milk, and changes in its

concentration during various stages of the reproductive cycle

paral I el those seen i n peri phera'l pl asma (Darl i ng et. al . , 1972; 
i: :, ,

'.:-: 
"-:,. 

, _':

Heap et.al., 1973; Hoffmann and Hamburger' 1973; Thibjer, 1974). ;:':r'''':irìì

The ease of milk sampling coupled with the establishment of u ;",;,.1-,..:'. :::.

rapi d RIA procedure for the determj nati on of progesterone i n

mi I k v¡hi ch does not requi re a sol vent extracti on of the

steroid fraction, has given milk a consìderable advantage

over plasrna aS a b'iologicaì flujd for assay. The measurement

of mi I k progesterone at vari ous phases of reproducti on has

theref ore been deve'l oped as a routi ne practi cal ai d i n

pregnancy diagnosis and estrus verification in countrjes

such as Bri tain, Germany, France, the Uni ted States, and more

recently Canada. I'Jhile research continues in these areas' ¡-:."t'
it,r.t,'-...

studìes involving the use of milk progesterone to monitor 
r,,..'..t' ''_ :'

ovarian activìty during the early postpartum period are

I imi ted. Routi ne measurement of mi I k progesterone duri ng

this period could help predict the t'ime to start postpartum 
.;:,::.:,.:
:Ì'!ll'::ri':i:

insemination prìor to 60 days or aid in the early identification i'r:'[ìrrìi'

and correcti on of mi nor trans i ent ovari an abnormal i ti es that



':
3

may otherwj se extend the postpartum anestrous perj od. Th i s

study was initiated, therefore, v¡ith the follor'r'ing ob,'iectives

in mind:

(l ) to moni tor postpartum ovari an acti vi ty of dai ry 
,::.:1,,

covJs using milk proqesterone determination, "::.r:'

(2) to identify and perhaps determine the effect of

abnormal ovarian function in the ear'ly postpartum 
ì,r,'...,-.i,

period on the subsequent interval to successful :1:: '
:j: :'

it'..lt uiConcepti On, âfl 
r:,..r,i.r:.:.1

( 3 ) to determi ne the effect of âgê, season of ca1 vi ng

and earìy postpartum mi I k proclucti on on the i nterval

to first postpartum ovulatjon as indicated by the

milk progesterone Profìle.

íiç.-:i:ilii
: : _: -11,

L-ll.:::.1':
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L ITIRATURE REV I EId

Thi s revi ew i s di vi ded i nto three major parts. The

first part provides a brief summary of recent research

data regardi ng progesterone I evel s i n serum and mi I k and

their pattern of change, which reflects luteal activity

during the estrous cyc1e. The next section will deal with

various aspects of postpartum reproductive activity in

cattle. The nature of these activities and the progesterone

profiles associated vlith then wìll be discusseci. Post-

partum estrus and ovulation, breed'i ng and conception' calv-

i ng i nterval s, ârld factors that affect these events wj I I

al so be presented. The fi naì part wj I I focus on factors

that i nfl uence the I evel of progesterone j n mi I k and the

possible use of milk progesterone information ìn reproductive

management.

Reproductive hormones knòwn to be involved in the

nechani sms regul ati ng the bovi ne estrous cycì e i ncl ude;

luteinizing hormone (LH), follicle stimulat'ing hormone

(FSH), estrogen and progesterone. Progesterone, a key

hornione jn regulating the estrous cycìe, is secreted mainìy

by the corpus luteum. Therefore, changes in circulating

esterone Changes Duri ng th e Estrous



'l

level s of progesterone reflect changes in the functi onal

status of the CL as well as the reproductive status of

the animal i n general .

Different assay techniques used to study progesterone

I evel s i n both peri pheral bl ood and mi I k have provi ded

j nformati on on progesterone changes duri ng the enti re estrous

cycìe (Stabenfeldt et.â.|., 1969; Pope et.al., .l969; Hendricks

et.al., 197O; Snook et.al., l97l; Garverick et.al., 1971;

Robertso n, 1972; Heap et.al., 1973; Gartland et.ô1., 1975).

Al though there is good agreement among various workers re-

gardi ng the general pattern of change, absol ute progesterone

levels at different stages of the esirous cycìe vary con-

si derab'ly. Progesterone I evel s are I ow at estrus and f or a

few days thereafter. A rise begins on day 3 or 4 after

estrus and a peak is reached at about day ll of the cycle.

Levels fl uctuate sì ightly over the next few days, unti I

about 4B hours prior to the next estrus; a precipitous fall

to the typical estrouslevels then occurs. In both dairy and

beef cows, blood progesterone varjes from undetectable levels

to about 1.5 nglml at estrus and remaìns below 3 nglml until

about 3 to 4 days after estrus (Hendricks et.al., .l970'

snook et.ô1., l97l; Robertson, 1972; Christensen et.al.,

1974; App'leyard and Cook, 1976). However, a much higher

value of 5.1 ng/ml for the day of estrus and 4 days there-



after was reported by Garverick et.ô.l., (.l971). The avera.ge

mid-cycle peak values of blood progesterone range from a low

of 3 ngl*l (Robertson, 1972) to a high of 12.6 n9/nl (Garverick

et.al., 1971) and occur between day 'l 1 and 18 of the cycle. ,.

However, most workers have reported average values of approximately

6 ng/ml for the same period.

Mi I k progesterone 1 evel s have been shown to paral I el those

reported for peripheral blood during the estrous cycle, although

they may be much higher (Heap et.â.|., 1973; Schiavo et.â1., 1975;

Mauer et.ô1., 1974; Matuszezak et.al. , 1974; Gartland et'al ',
1975i Dobson et.al.,.|975). Most reports indicate that at the

time of estrus, m'i lk progesterone values range from I to 3 ng/n1 -

However, lower values (0.5 ng/ml or less) comparable to the

va I ues frequentìy reported for peri pheral bl ood at estrus, have

also been reported (Hof,fmann et.al., 1976; Pennington et.al.,
1976). Simiìarly, although most reports indicate that the mid-

cyc'l e peak val ues average approximately I 0 ng/ml , hi gher val ues

averaging 20 nglmt (Pennington et.ô.l. o 1976a) and above 30 n9/m1 i''ì:.,'1,

(Hoffman et.â1., 1976) have been reported for the period from i.'.,,'tt,,,:r:ì :.:'

days ll to l8 of the cycle.

The di fferences i n rel ati ve progesterone concentration at

a particular stage of the cycle reported by different authoFsr .,.,,.:,,,",
';i,,,.,;f

may reflect individual animal differences, as well as differences

in assay techniques ernployed. In addition, the estimated

concentration of mi ì k progesterone wi I I depend on whether the 
ì



assay was performed on whole milk, skim or cream samples,

since milk progesterone concentration correlates highly with

milk fat concentration (Hoffman and Hamburger, 1973; Nuti et.al.,
ì975; Pennington et.â1., l976; Pope et.ô.|., 1976t Ginther et.al., ,",:,','.

1976). For any one animal, however, the pattern of progesterone

change over the estrous cyc'le provides a useful means of monitor-

ing typical or atypical ovarian activity and cycl icaì behaviour. ,',,',.'..',, ,.

'.,' r, :-:, 
.- 

:-'.: : i::

Postpartum Reproductive Activity and Ferti'l ity
l) 0varian activity during the early postpartum period

A number of studi es have been conducted to i nvesti gate

ovarian activity and the profiles of reproductive hormones

during the early postpartum period of the cow (Labhsetwar

et.al., 1964; Erb et.al., 1971; Darling et.al., 1974;

Arije et.â1., 1974; Lamming and Bulman, 1976). Wagner and

Hansel (1969) and Morrow et.al., (1969a,b) have reported

that i n most I actati ng cows there i s a suppress ion of

follicular development which does not last beyond 7 to l0

days following parturition. The pituitary at this time

contains more FSH than LH (l-a¡hsetwar et.ô1., 1964;

Saiduddin et.al., 1968a), and there is also a high and

fluctuating pìasma level of proìactin (Rriie et.â1., 1974)

which might be responsible for the transient suppression of

ovarian activity. The pituitary LH and FSH concentrations

L'ì.', ..r:..:-:t: l
': --:. l tl::.
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then increase with time, ôccompanied by an increase in

fotlic'le development (Saiduddin and Foote, 1964; Labhsetwar

et.al. , 1964; Graves et.â1., 1968; l^Jagner et.al., t969).

Similarly, plasma levels of LH remain loul until approximately 
,,,,.,,.,,,:,,

6toBdayspostpartumwhensmal]episodicreleaSesofLH
(peaks of I - 2 nglnl) begin to occur (llebb et. al . , 1977).

These episodic LH releases increase in magnitude for several
: : : . :.. :'r:

dayS thereaf ter (Edgerton and Haf S , 1973; KeSler et. â1., ,.."''".:'""

1g77; Fernandes et.al., l978), and occur more frequently ,,,,"''
,.,..t, ''ì:1:l

about 2 to 3 weeks before the fi rst poStpartum estrus

(Humphrey et.al., 1976; Raw'l 'i ngs et.ô1., 1979; Stevenson and Brit

1979), with preovulatory surges of 5 to 9 ng/ml (l^lebb et.al.,

1977 ) in cows which ovul ated. Ariie et. al . (1974) reported

that fol I icles B to l0 mm. in diameter \^/ere palpable on the

ovarìes of beef cows '14 to 30 days af ter ca'lv'i ng. These

follicles grew for a few days, became atretic and lvere then

replaced by other growing fol I icles.

0ther hormones associated with postpartum ovarian i,..:;r.,"'
..t. ,'.

activity have been studied. At the time of calving, the 
,,,;,,.,',,:,,,.,

progesterone level is low and remaìns lov¡ for a Variable 
I :

period of time due to regression of the cL of pregnancy

(Labhsetwar et.â'l., .l964; Erb et.â1., l968a,b; 0xenreider, 
,,,,,.1,,.,.,

1968; l^iagner and Hansel, 1969; Donaldson et.â.l., .|970; 
'r.::j:r'':r'

Srnith et.al., ì973; Ariie et.al., 1g74)- Perìpheral

progesteroneconcentrationsgreaterthan]ng/'lare



assocjated wjth the presence of a CL or a lutejnized

folljcle (stabenfeldt et.al., 1969; SvJanson et.al., 1972)-

Prior to the onset of the first ovarjan cycle' a srnall

rise in blood progesterone occurs, persists for 3 to 5 days 
:1,,:..,...,:,,

and then rapidly decl i nes (Pope et. al ., I 969; Donal dson

et.al., 1970; Erb et.ô.l., 1971; Robertson, 1972; Hendricks

et.al., 1972; Tribble et-a1., 1973; Ariie et'al', 1974;
::,.,-: .::.,..

1¡ebb et.al., 1977). T¡ibble et.al. (1g73) observed that ,'t:,,.t,f'' :.

"this transient rise in progesterone as wel I as 20g-djhydro- i,..,']ì,ti
Ì'ti':. : rl::ì

progesterone, followed a sìgnificant rise in LH and may

thus be associ ated wi th fol I i cul ar I ute inizati on as

suggested by Robertson (1972). Trjbble et.al. (.]973) also

suggested that the 20ß-di hydroprogesterone i s requi red to

return the system to a cyclic pattern. Similar observatjons

of a small transjent rise in milk progesterone before first

ovulation have been made in many an'imals (Lamm'ing and

Bulman, 1976; Bulman, .l978). Estrogen concentration during 
l

the early postpartum perìod is high'ly variable. Immediately ;1.,,,,
': '::.1 '.:.'

following parturition, estrogen levels (urinary and blood) f,,i.'.';,'
: :-: ;:j ::'::l

drop markedìy (Hunter et.ô.l., 1g7o; Ariie et.al., 1974) ::'

and f I uctuate rvi de'ly thereaf ter (Erb et. al . " l97l ; Ariie

et. al . , 1974). Tolvards the I atter stages of the earìy 
,,-.,i.,.

postpartum period (around 40 da,vs postpartum), estrogen Ht''

levels are genera'l ly several times higher than those

observeddurjngthefirst2weeksofpregnancy(Randeìand'...

;ì .::.. rti-:,
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Erb, l97l ) or during estrous cycìes which occur 60 or more

days postpartum (Garverick et.al., .l971 ). However' a high

proportion of otherurj se normal cows do not exhi bi t estrus

duri ng the f i rst postpartum ovul ation (l'lorrow et' ôl ' , 1966;

ir'lari on and Gi er, 1968 ; Erb et. a1 . , 1971; Robertson, 1972;

Thatcher and hlilcox, 1973; Lamming and Bulman' 1976)' These

"silent" ovulations are norma'l 'ly follouled by subnormal

deve'lopment of I uteal ti ssue and a shortened I i fe span of the

corpus I uteum. Robertso n (1972) reported that a vagi nal

mucus di scharge was generai ly the fi rst i ndi cati on of the

res umpti on of ovari an acti vi ty after parturi ti on. He

expìainecl that this mucus discharge possibly accompanjes a

peak re I ease of estrogen whi c h, i n the absence of any pre-

conditioning period by elevated progesterone levels, does

not result in oVert estrus but does result in a release of

LH that produces either an ovulation or a I utejnized

follicle. Erb et.al., (1971) have postulated that;

a) the re-establishment of ovarjan cyc'l icity after

calving requìres an initjal overstimulation by FSH

and consequent high estrogen production, and

b) high estrogêh, in addition to temporari ly inhibitittg

FSH, causes morphol ogi cal al terati on of the

fol I icles and alters steroid synthesis to favour

progestin production instead of estrogens' thereby

initiating further release of FSH'

!,:l:,L-i,j.
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2) Factors that affect the ìength of postpartum anestrus

The literature reviewed indicates that ovarian activity

is resumed fairly soon after ca'l ving (7 to l0 days). llow-

ever, it seems that the endocrine balances reguired to support

normal estrous cycles and to re-estabt ish fertil ity are re-

stored gradual ly. This i ntroduces a period of postpartum

anestrus in the cow, the length of which is affected by

n umerous factors other than di sease.

Before the successful re-establ ishment of pregnancy

foì'l owi ng parturi ti on, the uterus of the cow must f i rst
undergo extensive regression and regeneration of new uterine

tissues, a process called uterine involution. tlterine

involution occurs very rapidly after calvjng and norrnaìly

takes about 30 days to copplete (Morrow et.â1., .l966; Gier

an d l,lari on, I 968; Ri esen et. al . , I 968; Ì.'lagner and

Hansel, 1969; Rakha et.al., l97l). l^Jhile the early onset

of postpartum ovarian activity'and ovulation is not dependent

on the Sross uterine invoì ution, Irlarion and Gier (1968) have

suggested that the characteristic short I ife span of the

first CL after parturition may be caused by cytological

conditions in the endometrium which have not yet returned

to pre-gravid conditions. More recently, Foote (1978) has

s uggested that the major reason cows fai I to exhi bi t normal

estrous cycl es foì ì owi ng cal vi ng i s poor or i nconrpl ete

uterine i nvol ution. Suckl i ng has been shown by some workers

t.. :: :
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(Lynn et.â1., 1966; Casida et.al., 1968; Riesen et.al.,
l968; Lauderdale et.al., 1968) to enhance uterine

invol ution, but other investigators (0xenreider, .l968;

l,lagner and Hansel, 1969; I'loller,1970; 0xenreider and

I{agner, 1971; E'l -Fouìy et.al., 1976) have observed little
or no effect of nursing on uterine involution. The time

required for complete uterine invol ution is generaì ly 'longer

in pì uriparous cows than i n primiparous cows (Buch et. âl . ,

1955; Quevedo et.al., 1965; Morrow et.al., 1966; Marion

and Gier, .l968; Araujo et.â.l., 1974) and is also longer in

winter and fall than in summer and spring (Buch, 1957;

Norwood, 1963; Marion et.al., 1968; Cheredkov, 1970;

El -Fouìy et. al . , 1976; Gospodi nov and Kostov, 1976) .

In addition to early uterine involution, normal

estrous cyc'les must be establ i shed ear'ly enough to ensure

good postpartum fertility. There is a considerable amount

of i nformati on on the i nterval from caì vi ng to the establ ish-

ment of cycìic ovarian activity and factors that affect this

interval. First ovulation normalìy occurs earlier in dairy

col'rs (10 - 45 days postpartum) than in beef cows (36 - 70

days). Simiìarìy, first estrus occurs earlier in da'iry

cows (30 - 72 days) than in beef cows (46 - 104 days)

(Casida et.al., l968; Morrow et.al., l969a,b; Casida, 1971;

Bulman, 1978). The'longer interval to first ovulation and/

or estrus in beef cows is'l argeìy attrìbuted to suckling

:. .._.:.
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whi ch has al so been found to extend postpartum anestrus i n

da'i ry cows (l^liltbank and Cook, 1958; Saiduddin et.ô1.,

1968b; ü,lagner and Hansel , 1969; 0xenrei der and l,rlagner, 1971;

Short et. al . , 1972; Engl and et. al . , 1973; Carruthers et. al . ,

1977) . The mechani sms by whi ch suckl i ng s uppresses post-

partum ovarian activity is not clear. However, the findings

of Reisen et.al. (.l96S), Wagner and Hansel ('l969), and

I.lagner (1970) indicate that it might be related to mammary

stìmulation which was found to affect endocrine function.

Furthermore, the beef covl which i s suckled several times

per day compared to the trvice daily milking of the dairy

cow has a I onger peri od of postpartum anestrus, even though

the dairy cow loses reìatively more ureight during earìy

lactation (Lamming, .l978). 0varjan activity is initiated
earlier in non-suckled cows (Tribble, 1973; Connor et.al.,
1974), but suckling apparentìy did not affect pituitary
FSH concentration (Saiduddin et.al., 1968a), average

serum progesterone (Tribble, 1973) or prolactin levels

(Carruthers et. al., 1977). It did, however, depress average,

serum LH levels (Short et.al., 1972; Carruthers et.a1.,1977).

In addition, 'rrlebb et.al. (1977) reported that prior to 20

da.lc postpartum, both LH and progesterone responses to

intravenous gonadotropìn releasing hormone (GnRH) injections

were lower in suckled cows. It is generaì'ly considered

that the suck'l ing stimulus inhibits the release of

i.iit,:
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gonadotropins and acts via the hypothalamus to influence

the release of GnRH and pro'l actin inhibiting factor (PIF).

In sheep, Lammi ng et. al . (1974) observed that the occurrence

of postpartum hypo-ovari an acti vi ty was associ ated wi th hyper-

prol acti nemi a, i nferri ng that prol actj n affects ovari an

functi on; and several other authors have suggested that there

is a direct suppressive effect of prolactin at both the

ovarjan (Thorner et.al., 1974) and the hypothalamic level

(Thorner et.al., 1974; Aono et.al., 1976).

The level of mi I k production al so affects the period

of postpartuni anestrus but to a I esser extent ( 0xenre i der

and I,Jagner, l97l ). The indications are that higher levels

of milk production result in longer periods of postpartum

anestrus (Marion and G'i er, .|968;0xenreider atrd ]aagner,

I 97.l ). However, 0l ds and Seqth ( I 953 ) found that lvhi I e the

correlation between milk production during the first 120

days after parturi ti on and the number of days from caì vi ng

to first heat was signifìcant (P. .05), the level of milk

production accounted for only 0,.g% of the variation in the

anestrous period. Lactation is an energy-demanding process.

The plane of nutrition, and in particular energy intake, is

therefore stated to have an important influence on reproduction

duri ng lactation (l^liltbank et.al., 1965). In a l97l study,

0xenrei der and hIagner found that both I actati on and I ow

energy i ntake del ayed postpartum fol I i cu I ar growth and

ovulation in primiparous Holstein females. Both factors
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al so had a depressj ve effect on p1 asma gl ucose I evel duri ng

the f j rst 8 weeks postparturn; pl asma g'l ucose I evel i n turn

was correl ated negati vely wi th the postpartum i nterval to

occurrence of ì arge fol I icl es and subsequent ovul atj on.

McCl ure (l 968b) had Dreviously demonstrated a relationship

between hypoglycemia and infertility in dairy cows. l^lith

regard to how hypoglycemia may exert jts influence' llowland

et.al. (1966) have speculated that since brain tissue

functi on depends on g1 ucose for i ts energy source ' even mi I d

hypoglycernia may depress hypothalamic functjon, thus resultìng

in a I oss of ovarj an acti vi ty. It therefore seems that the

level of milk productìon coupled with the availability of

energy to the animal prior to parturition w'i ll influence

ovarjan act'i vity after calving. Indeed, Carman (1955) found

a very high correlation between the pe¡iod from parturition

to first estrus and mÍlk production in the precedjng ìactation.

Somewhat rel ated to mi I k producti on and energy i ntake

are the effects of age and season of calving on the length

of postpartum anestrus. . The I i terature rel ating to the

effect of age at caìvìng 'ìs scanty and inconsistent. Both

llJarnicl< (1955 ) ancl Buch et. al . (.|955 ) reported that age at

caì v'i ng appeared to have I i ttl e rel ati on to 'length of post-

partum anestrus. 0n the other hand, Kohl j and Suri ( I 957 )

found that the age of the cow had a great influence on the

interval to f i rst estrus urhi ch was I onsJest f or cows aged
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5 to 6 years and over 12 years. The interval was similarly

I ong for fi rst-cal f hei fers; and gradual 1y decreased to the

5th I actati on. hli I tbank and Cook ( I 958) have al so reported

that there was a tendency for a shorter interval between

cal vi ng and fi rst estrus as the cow grew ol der. seasonal

effects on the i nterval to fi rst postpartum estrus are more

consjstent. The intervaì tended to be longer when cows

calved in v¡inter compared to summer (Buch et.â.l., 1955:

Buch, 1957; tlJiltbank and cook, l95B; Zoarol and Polasek,

1969; Moskalenko, 1970).

Associ ated wi th the fi rst two ovul ati ons postpartum

is a high Íncidence of cystic follicles which may further

extend the postpartum anestrus. The incidence of follicular

cysts was f ound to i ncrease wi th 'i ncreased mi I k producti on

(Johnson et.â1., 1966; Irlarion and Gier, .|968), but was not

related to age at calving (l'larion and Gier, 1968). It has

been Specul ated that seasonal stresses compound the effects

of producti on stress as causes of fol I icul ar cysts, si nce

there is a higher occurrence of cystic follicles during

fall and urinter (Roberts, 1955; Ì'lorrow et.al., 1966; Marion

and Gier, l96B). Both l4orrow et.al. (1966) and Marion and

Gier (.l968) have ìmplicated cystìc follicles as direct

causes of delayed estrus postpartum. t4ost follicular cysts

ffiây, houleVer, resol ve themsel ves wi thout treatment.

i'. :;. t.,.:
:l-.r'-'
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3) Postpartum interval to breedjng

0ne of the important factors that i nfl uences produc-

tivity of the dairy cohf is her caìving interval. Extended

i ntervals to first service and subsequent successful con-

ception results in longer calving intervals (Bozworth, et.al.,
1972; Charnetzki et.ê.l., 1978). There is evidence to suggest

that breeding early i n the postpartum period can reduce the

caìv'i ng interval (0lds and Cooper, 197O; I^Jhitmore et.al.,
1974). According to a review by Britt (1975), long-term

effects of early breeding (at fjrst estrus or first estrus

after 40 days postpartum) on reproducti ve performance ì s

uncl ear. However, the disadvantage of earìy breedi ng appears

to be lowered fertil ity since covls bred early require nore

inseminations per conception. Although service interval

alone may account for 16.8% of the variance in the interval

from parturition to concept'ion (Touchberry et.al ., 1959),

l^Jhitmore et.al. (1974) have reported that inseminations at

fi rst postpartum estrus did not affect ferti I ity of

inseminations later in the postpartum period. The situation

can be summarized by the observations of Harrison et.al.
(1974) that it was difficult to obtain consistentìy short

calving intervals during each lactation of a colv's life in

the herd.

The optimum calving interval for maximum milk

production is uncertain. However, evidence indicates that
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increased milk production per day in the herd could be

achi eved by reduci ng the cal vi ng i nterval to 12 months or

less (Speicher and l4eadows, 1967; Louca and Legates, 1968).

Through personal communications, Britt (.l975) has reported

that cows bred at fi rst postpartum estrus duri ng each of

three cal vi ng i nterval s produced I ess total rní I k than colvs

bred at the fi rst estrus after 74 days postpartum. But,

si nce the early bred cows had a shorter average cal ving

i nterval , thei r producti on per day of I i fe was nore cornpared

to the I ate-bred cows . Another report referred to by Bri tt
(1975) indicated that maximum milk y'ieìd per day between

concurrent parturitions was achieved with a calving interval

of ll months. Milk yieìd per day decreased v¡ith either

shorter or longer calving intervals. Summarìzing the results

of seven studjes, Britt (l 975) concluded that maximum milk

yield per day of herd life occurred when ca'lv'ing jnterval

was about ll months. Yet, jn certajn individual lactations,

milk yield increased as calving interval increased. High

producing animals tended to yield more milk per day with

calvi ng i nterval s of more than 14 months cornpared to low

produci ng animal s vrhich had cal vj ng i nterval s of I ess than

12 months. lÁli th proper management of the postpartum cow

and adequate heat detection, it is possible to achieve a

desi rabl e ca1 vi ng j nterval of I I to 12 months wi th respect
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to maximum mi I k producti on, by starti ng to breed cows at

fi rst estrus 50 days postpartum ( Foote, 1978) .

Mi I k Proqesterone as a Tool i n Reproducti ve Management

The establishment of the presence of progesterone

i n mi I k has generated considerable interest and extens i ve

research into i ts potential use as a cl inical tool to aid

reproducti ve management. Among vari ous areas of research,

the use of ni I k progesterone I evel i n early pregnancy

diagnosis has received considerable attention (Heap, et.al .,

1973; Shiavo et.al., 1975; Dobson and Fitzpatrick, 1976:'

Heap et. al ., 1976; Hoffmann et. al . , 1976; Pennington et. al . ,

1976; Pope et.al., 1976; Laing, 1976.). Milk progesterone

level is knov¡n to be cìose'ly related to the growth and

secretory function of the CL in the norma'l cycìe and in

early pregnancy (Laing and Heap, 1971; Heap et.al., .l973;

Heap and Laing, 1974; Darl ing et.â.l., 1974; Hoffmann et.al.,
1974; Dobson et.al., .l975). lvlilk progesterone concentrations

obtajned after 20 days from the time of breeding t^rould

therefore reflect ovarian enciocrine activity. Thus in non-

pregnant anirnals, progesterone concentration after 20 days

post-matinS¡ will be low sÍnce the CL regresses on about day

17 or 1B of the normal cycle; while in pregnant anjmals,

the CL s urvi ves and hence mi I k progesterone I evel wi I I be

similar to mid-cycìe levels. This forms the basis of the
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mi I k progesterone test for pregnancy di agnos i s. The exact

concentration of mi I k progesterone which forms the criteria

for distinguishing between pregnant and non-pregnant animals

is not consistent and is influenced by sampling techniqu ,: 
,.,

and assay procedure. The lower limit for non-pregnancy

used by various workers has varied from less than 2 ng/^1

(Hoffman et.â1., 1g76) to less than 8 ng/ml (Pennington 
;.,,., ; ,

et. al . , 1976); and the upper I imit f or pregnancy f rom greater ,;',;. ',

than 7 ng/n1 (Dobson and Fitzpatrick' 1976) to greater than 
',.,',i,',l"'. i.'- .

ll ng/nl (Pennington et.al ., 1976). Simi'lar'ly, the ideal

time to collect milk for early pregnancy diagnosis is

uncertai n. Mi I k sampl es have been taken anytime between

day l9 to 28 after breeding. Taking into account normal

variati on i n cyc'l e I ength, Heap et. al . , (1976) have suggested

that samples taken at 21 days after breedìng would probab'ly

provide the most reliable results, since they Ìtere most

I i kely to be taken duri ng a tjme of I ov¡ progesterone

production in non-pregnant animals returning to estrus' i',1 
,,,. ,. 1., 

.

However, Pope et.al., (.l976) have proposed the fol'lowing ,,,.-,t,,,
': : : : : --

expl anati ons that may account for fal se pregnancy di agnoses

20to 21 daYs after breeding:

a) 0vuration may have occurred at the normal time but 
¡,r;,1,,,

fertilization may have failed and the CL had a l:.-::i:ii'ri

I i fe span shorter or ì onger than normal ' As a

resultprogesteroneconcentrationcouldhavebeen
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rather hi gher than expected for non-pregnancy at

20 to 21 days post-breeding leading to a false

d'iagnosis.

b) The mechanism vrhereby the Iifespan of the CL is 
,1..,,.,,,

termi nated, i f no concepti on occurs, can fai I

al together and lead to the persistence of a

Se.retOry CL. 
,,:.,i.,,,

c) There might be an abnormal deìay between observed '".''r,''

estrous behavi our when the animal was bred an¿ ;" "'i j.ì 1.: -: ì.

ovul ation; thi s woul d I ead to a fal se pregnancy

diagnosis at 21 days post-breed'i ng.

d) Diagnosis made 20 to 21 days after breeding may be

correct and subsequent findi ngs that animal s vJere

. not pregnant be due to ear'ly embryonic death.

Laing (l 976) reported that experience with physicaì

examination for pregnancy indicates that positive diagnosis made at

42 days in heìfers and 50 days in cows are reliable,
presumably because the period of embryonìc mortality is ,-' -,

:;,:

over. Assay of samp'les taken at this time must however be ,,,.',,
,tt,,: 

lt',t,t,

i nterpreted wi th care s i nce the timi ng does not al I ow any

dj sti nction between pregnancy and mid-cycl e val ues.

Irrespecti ve of the time of sampl i ng and the assay procedure
i:.,.r,,..:.r,

used, there j s good agreement among wOrkers that the accuracy ii¡:¡'r'''i

of negative (non-pregnant) diagnosis, as confirmed by non-

return data or palpation at a later date, is higher (average
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of 95 - 100%) than that of positive diagnosis (75 - 80%).

Mi lk progesterone has also been used experimental ìy

to plan inseminatjon and in the diagnosis and treatment of

subfertility in dairy cattle. Hoffmann et.â.l., (1976)

measured mi I k progesterone at the time of i nsemination and

found that 13% of the animals with no chance of conception

could be identified at this t'ime. This probìem is associated

wi th i ncorrect estrus detecti on due to "s i l ent" heat. 0n

one farm, the authors Were able to correct a ìong series of

reproducti ve fai I ures by aSSess i ng the mi I k progesterone

level at the time of insemination and drawing the farmer's

attentÍon to this failure in management. In 1976, Lamming

and tsulman devel oped postpartum mi I k progesterone profi I es

for dairy cows and used it to identify three types of

"abnormal" ovarian activity: a) hVpo-ovarian activity, b)

persistently high progesterone I evels (persistent cL); and

c ) unobserVed or "si lent" estrus. The authors suggested

the use of this method as an aid to the investigation of

some types of inferti'l ity in the cov',. hlhen cows wi th

persistent CLs and those exhibiting "silent" estrus were

treated wi th 0.5 mg prostag'l andi n F Zo anal ogue (IC I 80996 ) '
they responded to the treatment. Treatment of cows t'ri th

hypo-ovarian activity with a singì e intramuscular iniection

of 0.5 mg GnRH initiated cyc'l ic activity as it did in an

earlier study reported by Britt et.al., (1974)- An
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alternative treatment by the insertion of a progesterone

releasing intravaginal device (PRID) for 14 days resulted

in subsequent luteal activity, with post-treatment estrus

and pregnancy occurri ng i n some of the animal s.

In view of the considerabl e disagreement on the

concentration of progesterone in cow's milk, researchers

have 'l ong suspected that factors other than those rel ated

to assay technique are involved in determining concentration.

It is well known that milk which is drawn first in the

milking process contains less fat than milk draurn later,
whereas there is no difference in the proportion of other

major constituents of milk obtained at various times during

the milking process (Smith, 1959). There is notv considerable

evidence to indicate that changes in milk progesterone

and fat concentrations show a high po¡itÍve correl ation

(Darling et.al., 1974; Hoffmann and Harnburger, 1973; Hoffmann

et.al., 1974; Nuti et.al., 1975: Shiavo et.al., 1975: Ginther

et.al., ì976). The level of milk progesterone may therefore

be influenced by time and method of samp'l ing during the

mi'l king process. This is confirmed by findings that milk

from the latter stages of milking contains more progesterone

(Shiavo et.al., 1975 ) and that evening milk generally

contains more progesterone than morning milk (Dar'l ing et.al.,

197 4; Heap et.âl . , 1976) . Mi I k progesterone concentrati on

correlated not onìy with fat content but also hjghly with

ìr':
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total nitrogen (Thibier et.al., 1976) and protein content

(Heap et.al., 1976). The extent to whjch djfferences in

milk progesterone caused by differences jn milk fat level

affect the assessment of ovarian activities using milk

progesterone data i s uncl ear. HoweVer, Penni ngton et. âl . ,

(1976) have indicated that the stage of the reproductive

cyc'le was the primary determ j nant of progesterone

concentrati on i n mi I k. Cows showed greater than ten-fol d

changes i n progesterone concentrati on duri ng the estrous

cycl e, whi I e mi I k fat percentage normaì ly changed I ess than

two-fol d. Furthermore, they observed ihat al though non-

extracted m j I k yie'l ded hi gher progesterone val ues than

extracted milk, this did not render jnvalid the criteria

used for pregnancy diagnosis.

':..-|.'.j::.:
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MATERIALS AND METHODS

Exoerimental Animal s

A total of 61 Holstein and crossbred Holstein first-

calf heifers and mature cows from the University dairy herd

at the Gl enl ea Research centre rvhich cal ved ei ther unaided

or with minimum aid between 4th May 1978 and 26th April 1979,

were involved jn this study. At the time of calving, the

ages of these animals ranged from about 2 years to ll years'

Nine of the animal s were withdrawn from the experiment for

the following reasons; illness (4) ' death (l ), violent

behaviour (l ), ârld abrupt terminatjon of the study about two

weeks earl ier than schedul ed because of the evacuation of

the herd from Glenlea because of threatened flooding (3)'
, A1 though a research herd, the animal s were fed and

managed in a way that could be considered typica'l of a

commercjal operation. They vrere housed in individual stalls

in a conventional enclosed stanchion barn. In summer and on

the warm days of spri ng and fal I , they were sent outside

between 0B:00 and l3:30 hours. Grajn was always fed prior

to both morning and afternoon miìkings. Siìage and/or hay

was fed between mi'l kings and at night. l¡later was available

at all times.
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Experimental Procedures

(i) !.qmp1e Collection

Each animal was put on the experiment immediateìy after

cal vi ng. Þli I k samp'l es u,ere col I ected f rom the animal duri ng

the afternoon mi 1 ki ng ( ì 5:00 hours) on each of the fi rst 3

days postpartum, ârìd on days l0 and 17 af ter ca'lvi ng; sampl es

were col I ected dai ìy thereafter unti I day 60 postpartum i n

most cases. I n a few caseS, mi l k sampl i ng Was termi nated

prior to 60 days when the milk progesterone profile indicated

that postpartum ovul atjon had occurred on two occasions. The

mi I k sampl ing procedure i nvol ved dravri ng a few stri ppings

from each teat at mid-milking into a labelled plastìc "whirl-
pak" bag containi ng potassium dichromate preservative tabl ets.

Samples were immediately cooled to 4"C and stored in the barn

and transfered once a week to the laboratory where they were

agai n stored at 4"C unti I assayed for progesterone. Sampi es

were normal ly assayed wi th i n 2 weeks of col I ecti on .

In a preliminary experiment to confirm the paralleljsm

between serum and mil k progesterone levels, blood and mil k

samp'l es were ta ken concurrentìy duri ng af ternoon mi I ki ng,

from three covìrs over a complete estrous cycle. Milk

collection was by the same procedure described above, while

bl ood col I ection was by vein-puncture of the coccigeal vein

with a steriìe hypodermic needle attached to a 7 ml vacutainer

tube. B I ood sampì es were stored overnight at 4oC and then
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centrifuged to obtain serum which was stored at -20"C until

assayed for progesterone.

(ii) Progesterome Assay Procedures

Mi I k

The concentration of mi I k progesterone l'ras determi ned

by a RiA procedure essential ìy similar to that described by

Heap et.al. (1973) in which the assay.was conducted on non-

extracted mi I k. hlel I mixed sampì es were fi rst di I uted I 0-

fold with phosphate buffer, pH 7.0 (1.0 g gelatine; 1.0 g

NaNr; 9.0 g NaCl; 5.38 g NaH ZP}q.HZ0; 16.35 g Na2HP0 4.7H20

in lL distilled water). Portions of the diluted milk (0..I ml)

were then pìpetted jnto a series of duplicate tubes and to

each tube was added 0.5 ml phosphate buffer. At the same

ti me

containing 0.5 ml solutions of known amounts of progesterone

(Standard concentrations of 0, 25, 50, I 00, ?00, 400, 800 pg)

in buffer and 0.1 ml milk with little or no detectable

progesterone. Mi I k used for thi s purpose was taken from a

non-cyclìng, non-pregnant lactating cow and diluted l0 fold

with phosphate buffer. Portions (..l ml ) of a hjghly specific

progesterone anti serum ( Pool #37 , generously suppl i ed by

Dr. G.D. Niswender, Colorado State University) tfrat had been

di I uted with phosphate buffer sol ution was added to al I

standard and sampì e tubes. The anti serum was prepared by

immunizing rabbits with progesterone-6-hemísuccinate-bovine

t. : t,t'
i::i ,;. jl l
I l: 'r:.i
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serum albumin, and was used at an initial dilution of l:3'000'

Following the addition of the antiserum,0.l ml [1, z-3H]

progesterone wìth a total activity of about l0'000 cpm was

added to al t tubes. Al l samp'les were then mixed on a vortex

and incubated at 4oC for a minimum of 3 hoursr or overnight'

After incubation, 0.5 ml charcoal suspension, conta'ining 250

mg washed charcoal (Norit A) and 25 mg dextran T70 per 100

ml phosphate buf f er, was added at 4"c . The samp'les were then

thoroughly mjxed, incubated at 4"C for 20 mins., and centri-

fuged at 800 g for I 0 mi ns. The supernatant contaì ni ng the

antibody-bound progesterone was decanted into disposable

pìastic vials and counted in 4 ml of "Aquasol " scintjìlation

fluid, after a minimum of 3 hours equilibration at 4oC. The

concentration of progesterone in the unknown mil k samples

were then extrapolated from the standard curve readings.

To determine intra- and inter-assay coefficient of

variations, a pooled mil k sample derjved from cows at various

timeS postpartum WaS i ncl uded i n the rou ti ne progesterone

assays performed weekly. The mean progesterone concentration

in the pool ed sampl e f rom I I i ndependent assays v'ras 23.9 +

0.7 ng/ml with intra- and inter-assay coefficients of

variation of 9.2% and 14.1%, l êspectively. The intra- and

i nter-assay coeffic i ents of variation uJere cal cul ated as

described by Rodbard (.l971).
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S erum

Progesterone concentration i n serum was determj ned by

the RiA procedure modified by Yuthasastrakosol (1975)' whích

was based on a method described earlier by Abraham et.al.
(1971). The same highìy specific antìserum (poo1 #37),

2

[], 2-"H] progesterone and the progesterone standard sol utions

used in the milk assays were employed in the serum assays.

All serum samples were analysed jn a singìe assay. The

aVerage percentage recovery of 
"-Orogesterone 

after the

extraction process was 76.8 + .4 (n = 4) and was used to

correct the resul ts for procedural I osses.

I nterpretati on of Mi I k Proges terone Data

After the compl etion of al I assays, mi I k progesterone

concentrations on days l, 2, 3, I 0, 17 and dai 1y thereafter

up to a maximum of 60 days postpartum were obtained for each

animal . These postpartum progesterone profi I es were used

to determine the time of first postpartum ovulation, other

subsequent ovul ations, and the nature of postpartum oVarian

actjvity based on the recognition that the pattern of

progesterone changes i n mi I k and bl ood refl ect ovarian

activity. Postpartum ovulation u/as presumed to have occurred

when mil k progesterone concentration increased progressively

from levels lower than 2 ng/^1 (usual'ly < 'l n9/ml) to levels

greater than 5 ng/mì within a period of l0 consecutive days.
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Parameters Studied and Treatment Al I ocation

Part of the study i nvol ved investigating the effect of

postpartum ovarian activity on subsequent fertiìity. The

postpartum breedi ng record of each animal was therefore used ,'..',.'",

to evaluate the interval from calving to conception, and the

number of inseminations required per conception. 
,.:

The other part of the study involved investigating the 
.;,...,,
.: l ,

effect of season of calving, age at calving and level of 
;i:;,,:111,;

mil k production on the jnterval to f irst postpartum ovulation. "':"'''

Based on the mi ì k progesterone profi I es establ i shed earl i er

for each animal, the interval from caìving to first post-

partum ovul ati on was determi ned. The age and season of

ca1ving,andtheaVeragemilkproductionforthefirst4
weekS postpartum Were also recorded for each animaì. Treat-

ment groups of spring plus summer (l4arch 21 - August 21) and

fallpìuswinter(August22-March20)forseasonofcaìving;
2, 3 to 4, and 5 or more years f or age at calving; Iow ,.,.,.

(. 22.7 Kg/day), medium (22.7 - 31.8 Kg/aay), and high (, 3.l.8 '..t;'
., . . ir:,

Kg/day) for ìevel of milk production were then defined. The '';::

postpartum i nterval to f i rst ovul ation data were subsequentìy .,{:j

allocated to these treatment groups to produce tv¡o randomized

block des'ign (ngO) tables comprising treatment groups of age ,j.,.l'i

at caìving on one hand, miìk production on the other and

season of calving common to both.
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Statistical Procedures

The stati stical analyses performed were based on

procedures described by Snedecor and Cochran (1967). Ana'lysi

of variance (Anova) for a one-way classification of means

wi th unequal samp'l e sizes was used to test the ef f ect of

postpartum ovarian activity on interval to conception' To

test the effect of â9ê, season and level of milk production

on the i nterval to fi rst postpartum ovul ati on, the Anova

procedure for a two-way c I assification of means v¡i th unequal

samp'l e sizes was empl oyed. The t-test was used to detect

significant differences between seasonal means' while

differences in age and I evel of mjl k production treatment

means were tested by the Student - Newman-Keul's (SNK) test'

i :.r.:
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RESULTS

Rel ati onship Between Serum and Mi I k Prc esterone Concentrati ons

Durînq-tIe Normal Estrous CYcle

The changes in mean serum and mi I k concentration of pro-

gesterone of three cows during the estrous cycle are shown jn

Figure l. The general pattern of change was similar in both

biological fluids, but the mil k progesterone concentrations

were 3 t,o 4 times hi gher than thei r correspond i ng serum I evel s

between days 5 an d 17 of the cyc'l e. As mi ght be expected,

mi I k progesterone concentrati on was I ow (' I ng /m1) on the day

of first estrus (day 0); levels then began to increase

steadily by day 2 of the cycle reaching, oh day 5, a mean

level of 6.7 ng/nl compared to a mean serum level of 2.2 n9/ml

at this time. No blood samples were taken prior to day 5.

Both serum and mj I k progesterone I evel s conti nued to ri se

after day 5 with the milk levels increasing more dramaticalìy

than serum I evel s. The mid-cycl e concentrations obtained

between days l0 and l5 showed small fluctuations in serum

progesterone buta trend of increasing concentration in milk

with mean peak values of 5.5 ng/nl and 21.5 ng/ml being seen

on day l5 in serum and milk, rêspectively. The progesterone

I evel i n both serum and mì I k dropped prec i pi tousìy after day

l5 reaching levels lower th-an I ng/ml two days prior to the

next estrus.

The correl ation between serum and mi 1 k concentrati ons
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of progesterone was found to be highly significant ( P . .01 )

in all three animals. The correlation coefficients obtained

l'lere 0.9.|, 0.93 and 0.88.

Postpartum 0varian Activity Based on Milk Progesterone Profile

The activity of the ovary from calving to a maximum of

60 days postpartum was examined for each of the 52 animals

using their mil k progesterone profiles. The concentratìon

of milk progesterone during the fìrst 3 days postpartum

generally ranged from less than I ng/ml to as high as 9.7 ng/ml

with a mean of 2.7 + .4 ngln1 . A ìarge proportion (69.4%) of

the animals had average concentrations of ? ng/m1 or less.

The concentration of mi I k progesterone on day I 0 postpartum

was simi'lar'ly variable with a mean of 3.1 + .5 ng/nl and was

either comparable to or higher than the mean concentration of

the first three days jn 60.9% of al I anìmal s.

A compari son of the I evel s of mi I k progesterone on days

l0 and 17 indicated that some type of ovarian activity had

resumed i n al I animal s by day 17 postpartum. The progesterone

profi I es hou¡ever reveal ed that some of these animal s exhi bi ted

abnormal ovarian activity at one tjme or another during the

period from calvi ng to 60 days postpartum. Judging from the

concentration of milk progesterone, 3l of the 52 animals did

not appear to exhibit any abnormal ovarian activity prior

to the first postpartum ovulation. The postpartum milk

:



: _: _-: -:

2trJJ

progesterone profi I es for four of such animal s are shown i n

Figures 2 and 3. In these animals, the concentration of

mil k progesterone genera'l ly remai ned low (3 n9/ml or I ess)

after day 3 postpartum except for a transjent rise that

genera'l 'ly occurred about 4 to 7 days prior to the first

ovulation. In 17 other anjmals' milk progesterone concentration

was much higher than 3 nglm1 (hjgher than 40 ng/ml in some

animals) prior to first ovulation for a prolonged and variable

period of time which did not extend beyond 30 days postpartum'

This may be an indication of either luteinization of develop-

ing follicles or the development of cystic ovaries which were

resol ved spontaneously. Al I but one of these animal s cal ved

either in the fall or the winter'

The concentration of mi I k progesterone at the presumed

f irst ovul at jon general'ly ranged f rom I ess than I ng/m'l to

3 ng /n1. The minimum detectable level using the assay was

I ng/ml and the progesterone concentration at the first

ovulation was equal to or lower than this value in 63'5% (33

of 52) of the animal s. The I evej s of progesterone secreted

during the entire f irst postpartum cycle, âS i nd'icated by

mid-cyc't e peak I evel s, varied f rom animal to animal . As

demonstrated in Figure 2, the mid-cyc'l e peak I evel of pro-

gesterone was about 50 n9/ml for Leora compared to only about

l0 ng/ml for Elsie. 0n the other hand' both valerie and

Lenora (fig.3a and b) had mid-cycle peak progesterone levels

:, :j:
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of about 35 nglml . Levels as high as 60 ng/nl and above were

seen i n six animal s. Al though mi I k progesterone profi I es

coveri ng the enti re 60-day postpartum period were obtai ned

for 77% of atl the animals, only seven had two distinct 'ì, ,

ovarian cycles within this period. In these animals the

I evel s of mi I k progesterone tended to be hi gher duri ng the

second cycle than during the first. This is demonstrated by 
,..,1;

the progesterone prof ile of Elsie (Fig. 2b) ìn vuhich peak mid- ::':r"

. : ,.:::.::

cycle progesterone concentration of the second cycle Was 20 iiiij':

nglml compared to only about l0 ng/nl i n the f j rst cyc'l e.

Figure 4 depicts the composite milk progesterone profiie

during the first postpartum ovarian cyc'l e of 22 animals that

had no abnormal post-calving ovarian activity. A transient

riseinmilkpro9esteronewhichbegan7dayspriortothe
first presumed ovulation and peaked at day -4 at 3.0 + .6 n9/ml 

,

is clearly demonstrated. The concentration of milk progesterone

then decl ined and at the time of presumed ovulatìon l^ras less
¡,;ï.ì,

than I ng/n1 . Milk progesterone concentration then rose .,,'
sharply and steadìly reaching. a mean level of 25.5 + 2-4 n9/mt i,;t':t,,

by day 9 of the cycl e. For the next 7 days, the rnean m jd-

cycle levels fluctuated sìight'ly between 24 and 26 nglmì. A

drop in milk progesterone concentration occurred after day 16' ':r.,
.';:'

reaching mean levels of I I .2 n9/ml 4 days later when the

next ovulation was presumed to have occurred. The concentration

of progesterone ìn the milk began to rise again after this

ovulation. ,ñ
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The I ength of the f irst postpartum cycl e l',as variabl e.

Based on the mi I k progesterone profi I es, the shortest and

longest first postpartum cycl es among animal s with no apparent

abnormal ovarian activity brere l4 and 24 daysr rêspectively. .., 
:1..ì*,

The average ìength of the first cycle for these animals was

20 days which is onìy a day shorter than the average of 21

cohr. Among the seven animals which had two distinct ovarian 
'

.... : r, 
,,:.. cycìes by day 60 postpartum, the 'length of the second cycle i.,r,.'l:;.¡j,

in comparison to that of the first was longer by an average

of 3.3 days in four; the same in one; and shorter by an

aVerageofl.5daysintwoanimals.Forthisgroupofanimals,
the tength of the second cycle ranged from l8 to 22 days.

Postpartum breeding data u,as available for a total of , ,

41 animals which had gone through at least one complete

ovarian cycle by 60 days postpartum and/or had a progesterone

:profiìecoveringtheentire60-daypostpartumperiod.Nine
: :'r:':::::t:-_t:- ::.t ...a.

teen of these animals exhibited various degrees and types of " "i,
..r .:: :: ì.''.:..,",, abnormal ovarian activities which were reflected in their milk ::';, 

;1.;
t:'

progesterone profiles. 0ne anjmal in this group (4. Leo,

FìS.5b) had what is suggested to be hypo-ovarian activity,

f s evidenced by low milk progesterone concentrations which i',,fir,':it

fluctuated from less than I nglrl to a maximum of only 4 ng/^1

throughout the 60-day per i od . There was fa i I ure of CL

regression after the first presumed ovulation in six other

, animals. The progesterone profile of M. Queen (ftg. 5a) ,.,,ì1,,.ì!,
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demonstrates what might be considered to be the typicaì

situation in these animals. After the first ovuìation, the

progesterone concentration i n the mi I k rose sharp'ly, as i n

a normal cycìe, but the precipitous drop in progesterone that

usual ly occurs on day 17 or l8 of a normal cyc'l e, I eadi ng to

the next ovulation, did not occur in these animals. Instead

mi ì k progesterone concentration fluctuated at I evel s higher

than I 0 ng/ml throughout the remai nder of the postpartum period.

In three animal s, the concentration of mi I k progesterone was

high (t 5 ng/ml) either right from day I postpartum or by day

17, and fl uctuated at high I evel s thereafter with no apparent

ovulation until after day 50 to 60. The progesterone profiles
of two of these animal s are depr'cted in Figures 5a (R. Mayne)

and 6 (S. LadV). In R. Mayne, the concentration of milk

progesterone dropped drasticaì ìy on two occasions (days 26 and

45) but never reache.d the typical low ovulatory levels of less

than I nglml usual ìy observed in the other animal s that þ/ere

considered to be normal. The nature of the progesterone

profiles in these animals suggested an incidence of either
ovarian cysts or luteinization of growi ng fol I ic'les for a pro-

longed perìod of time. The type of ovarian abnormaìity

exhibited by the largest number of animals (9) was an extended

first postpartum cycle length (beyond 24 days) as demonstrated

jn the progesterone profile of S. Vision in figure 6. The

length of the fìrst cycle in these animals ranged from 26 to

'I l

@F f"llAtlli"erËA

Ålen¡rr.lt"9

39 days. This is an indication of a delay in CL regr
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which occurs normaì'ly on the 17th or lSth day of the cycle.

The normal range of cycl e I ength in cattl e is genera'l ìy

accepted to be 17 to 24 days (Heap et.al. 1976).

The remaining 22 of the 41 animals which had postpartum .,,,,,,i.,,'

breedi ng data, hôd at I east one normal ovar jan cyc'l e between

parturition and day 60 postpartum and none of the observed

ovarian abnormalities. These animals were therefore classified 
ii,,¡;-r,t
i::--:'.:-:

as having normal postpartum ovarian activity. As shown in 
l

Tablê l, the mean interval f rom calving to conception tended I' 't;;

to be ì onger for animal s exhibi ting some degree of ovarian

abnormality (l4l + 50 days) compared to those which had normal

ovarian activity (ll4 + 36 days), but this difference was not

statistical'ly significant (P > .05). In addition, the

proportjonofanimalsthatbecamepregnantby85dayspost
partum was higher for the animals with normal ovarian activìty
(22.7"/") than for those with ovarian abnormalities (15.8%). : ,,

By 150 days postpartum, 77.3% of the "normal" animals had , ::.,
: :::j:r::;'.:

become pregnant compared to 57 .9% of the "abnormal s ". The 
,:,,,,,,.1
.;.:.; ;:1; ; ;: 

'

average number of jnsemjnations required per conception was ,'':,'.,.,-,:'

however comparable in the two groups.

In Table 2, the extent to which the various types of

abnormal itì es af f ected the interval to postpartum conception ,'.,i,:,,.
li l r:='

are shown. Animal s i n which the first postpartum ovulation

was deìayed until after day 50, had the longest mean interval 
:

'' :

of .l74.8 days to conception. Thjs vras followed by 147 days I 
'

for animals with an extended first postpartum cycìe length ,:,,,,,,,
; '-,,.r:.:-' :
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TABLE l: Effêct öf 0Vârian ActiVity on the InterVal Fróm Calúing to Conception

TABLE 2: Interval to Postpartum Co

@

Ovari an
Acti vi ty

No.
of

Animal s

Interval from Caìving
to Conception (days)
MEAN+SE I RRruEE

I

% Anlma'ls Pregnant
by Various Days
Postoartum
85[roolr2o tr5o

No. of
lnsemi nati ons

Per
Concepti on

Normal

Abnormal

22

l9

i 1 {+36

I 4l +50

60-200

76-231

22.7

15.8

3r.8

26.3

63.6

47.4

77.3

57 .9

ì.6

1.7

Iype of 0varian
Abnormal ity % of Fotal Abnormaiities

Mean Interval
to Conception

ld¡vc I

1) High progesterone levels
with no apparent ovulation
unti I after day 50-60 post-
partum

2) Extended first postpartum
cyc'le 'length (26-39 days)

3) Failure of CL regression
after first ovulation

4) Hypo-ovarian activity

I 5.8

47.4

3l .6

5.2

174

147

128

97

0

0
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and 128 days for those in which there was a failure of CL

regression after the first ovulation. The animal with hypo-

ovarian activity had a relativeiy short mean interval to

concepti on of 97 days. , ' ',

Interval From Calving to First 0vulation: Effegt 9f Age'

lt 

" 
"-t'Both the age of the animal and season of calving affected l.,i','-,

the interval from parturition to first postpartum ovulatio 
,,,,,,.,:

based on the milk progesterone profiie obtained for each i:':::;r:::r:':i

anima].AsshowninFigure7aandb,themeanintervalfrom
calving to first ovulation was'longer for animals caìving in

fal I and w'i nter compared to those cal vi ng i n spri ng and summer

in all three age groups. Mean interval to first ovulation was

significantly (P < .01,t-test) longer in 2-year-old heifers which

calved in fall and winter (30.5 + .l.6 days) than in heifers

r^rhich calved in spring and summer (24.2 + 2.6 days). Simi'lar'ly'

cours aged 3 to 4 years, which calved in fall and u¡inter, had ô 
,,,.:,ir:,,,

significantly (P. .0t) 'longer interval to first ovulation 
,,,,,,

(25,.3 + 1.7 days) than those t¡hich calved in spring and summer i"''":'""

(22.8 + 1.6 days). As well, among the cows aged 5 years or

more, the interval to first ovulation was significantly (P'

.01) longer by an average of 6.3 days for the ones that calved 
,,,.,..1, ,,,

in fall and wjnter over those which calved in spring and

Summer.Aìthoughtherev,JaSnosignificantinteraction
between age and season of cal vi ng, the di fferences

between spri ng-Summer and fal I -wi nter cal vi ngs i n terms of i .'
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the interval to fi rst ovul ation was smal I est in the cows

aged 3 to 4 years. In both spri ng-summer and fal I -winter

however, the mean interval from calving to first ovulation

was significantly (p < .05) longer in the 2-year-old heifers

(rtg. 7a). There was no signifjcant difference in the

interval to first ovulation between the 3 to 4-year-olds and

the cows aged 5 years or more. Thi s i s further demonstrated

in Figure 7c which features a combination of the data from

all four seasons.

i:,jf.:ìIli.i:.:.

The effect of the Ievel of miIk production du¡ing the

first 4 weeks postpartum and season of caìving are presented

in Figure 8. Level of mi I k production in the ear'ly post- ;

partum period did not affect the mean i nterval to fi rst

ovulation. For animals that calved in spring and summer, the

mean j nterval from caì vi ng to fi rst ovul ation for the 1 ow,
,'

medium, and high milk producers v,as 24 + 2.0, 23 + l '6 and '

.l8.8 + l.l dâVS, respectively, but these differences were not ; : i;:,j:::,,,::
:l :.'.:',iij:..ir.i:,.

signif icant (p > .10) (Figure 8a). Simi'larly, mean intervals '1:¡:,¡:¡r¡1:"¡¡1¡

to first ovulation were not significantly different between

I ow, medium and high producers that cal ved i n fal I and wi nter.

However, among the high producers, the mean interval to first

ovulation was significantly (p < .05) longer for animals which ;' ' ':'
itit'*'*

calved in fall and winter (28.5 + 1.5 days) compared to those

which calved in spring and summer ('18.8 + l.l days)'

Differences in the mean interval to first ovulation between

spring-surnmer and fall -winter calvings !.rere not signif icant
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for the low and medium mil k producers. l,lhen data f ron al l

the four seasons were combined the intervaìs to first

ovul ation, as shown i n Fi gure 8b, were comparabl e for the

low, medium and high Producers.
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DISCUSSION

The validity of using changes in milk progesterone

concentration as an index of ovarian activity is based, in 
,,,,.,,,,,.

part, ofl the parallelism between the levels of progesterone

in miìk and blood which has been observed by earlier

investigators (Heap et.ô1., 1973; l4auer et.ô.|., 1974; Gart.land ::.:;:.:
,:, :¡1.:.,:

et.al., t975; Dobson et.ô1., t975). In the present study, th. :":',",''

i : . .:.:

similarity in the pattern of progesterone changes throughout ji,t1"':;

theestrouscycìewhichresultedinthehigh]ysignificant
correlation between the concentrations of progesterone in

nrilk and serum support these earlier findings. Furthermore,

the levels of progesterone in milk were three t,o four fold

higher than their corresponding leveìs in serum between days 
,

5 and l7 of the estrous cyc'l e which is i n agreement wi th the

earì ier reports (ttatuszezak et.ô1., 1974; Schiavo et.al., .l975). 
, , l.
:

In addition, the milk progesterone concentration of less than 
,,,,,,,,,,,,

I nglrl observed at the time of estrus in this study is simiìar i:ìif,
i,:t,,::.. .:,,

to the ìevels reported by Hoffman et.â1., (.l976) and Pennington ,,,,,:l:::,

et.al.(]976)andcomparab]etothefrequentìyreportedlevels
i n serum at estrus. The peak mid-cycl e progesterone I evel of

5.5 ng/ml for serum is similar to ìevels reported by most l.',,,
L:rìij j ! aìl

workers (Hendricks et.â.l.,'.l970; Snook et.â1., l97l; Christensen

et.al., 1g74; Appìeyard and Cook, 1976). However, the peak mid-

cycìe]evelof2l.5n9/m.lìnmi]kishigherthanthefrequent1y
reported va'lues of around 10 ng/ml (Dob.son et.al., 1975) but ,,,,,,,

l:r,:.i lrrl :.:
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comparable to the levels reported by Pennington et.al. (197 6a).

At though I evel s of progesterone are rel ati vely hi gher i n mi I k

than in serum, the bovine mammary glands apparently do not

synthesi ze or metabol i ze progesterone ( Heap et. ôl . , t 975b) .

Fu^rthermore, progesterone excreted via milk represents no more

than 3% of the production rate in goats (Heap et.â1., ì975a) and

cows (Heap et.â1., .l975b). Therefore, the high levels of

progesterone in milk has been attributed to a high concentration

of the steroid in the ìipid fraction of milk owing to the

relativeìy greater soìubility of progesterone in 'l ipid than in

aqueous media. Heap et.al. (1975b) have shown that about 80%

of admi ni stered tt-Orogesterone enteri ng mi I k was found i n

fat, 1g% in casein and 1% in aqueous fractjons of milk. A

si mi I ar di stri butj on was observed when tt-Orogesterone was

added to cow's milk in vitro.
The general ly I ow I evel s of mi I k progesterone observed

during the first 3 days postpartum is consistent with an

earlier observation that the CL of pregnancy is present but

regressing between 2 to 4 days after parturition (0xenreider,'
.l968). The levels of milk progesterone indicated that all

the animal s on thi s study had resumed ovari an acti vi ty by

day 17 postpartum. I t ¡ras however impossi bl e to determi ne

exactìy when this ovarian activity was initiated since no

progesterone determinations were made between days 3 to l0

and l0 to 17. Nevertheless the fact that 60-9% of the

animal s had, on day I 0 postpartum, PFogesterone concentrations
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which were comparable to or higher than the mean level during

the first 3 days, ffiôY suggest that at least some of these

animal s had resumed ovarian activity by that time. Previous

reports have i ndicated that the suppression of ovarian

activìty after parturition does not last beyond 7 to 10 days

(l¡Iagner and Hansel , 1969; l4orrow et.al ., 1969 a,b) .

The transient rise in mil k progesterone concentration

prìor to first ovulation observed in the anjmals exhibitìng

no ovarian abnormalities is consistent with the findings of

Lamming and Bulman ( 1976). The first ovulation postpartum

is generally known to occur u¡ithout estrus and is said to be

fol lowed by a shortened luteal I ifespan' Indeed' Marion and

Gier (.l968) and Morrow et.al. (.l966) have estimated the average

length of the first postpartum cycle to be l5 days. In the

present study, drtimal s were only casual ìy observed for Signs

of estrus at the time of mi'l kin9, and none was found in heat

at the first ovulation. 0nly one animal had a typjcaìly short

first postpartum cycle ìength but contrary to the earljer

reports (Morrow et.al., 19661 Marion and Gìer, 1968; Erb et.al.,

l97l), the average length of the first cyc'l e uras comparable to

the length of a normal cycle. Furthermore, in five of the

seven animals which had two cycles, the length of the first

cycle Was either comparable to or ionger than the second.

The tendency for higher I evel s of progesterone i n the second

cycìe of these animals support the observations of Edgerton

: :':.:.:4, I
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and Hafs ( 1973) and Fernandes et.al . (1978) tfrat average

progesterone concentrations i ncrease throughout the post-

partum period. Although it was impossible to detect any

ovulations prior to day 17 in this study, some may indeed

have occurred since postpartum ovulation in the da'iry cow

has been estimated to occur anytime between days l0 to 45

(Casida 1971, Bulmano 1978).

The majority of the ovarian abnormal ities which seemed

to indicate either luteinization of deveìopìng fol I icles or

deveìopment of follicular cysts occurred in the very earìy

postpartum period, but they degenerated spontaneously before

day 30. However, three similar abnormal itjes persisted

beyond day 50 postpartum and resulted in the longest mean

i nterval to conception. These fi ndi ngs thus provide further

evidence for the assertions of Morrow et.al . ( 1966) and

Marion and Gier (1968) that although cystic foll icles may be

direct causes of delayed postpartum estrus and/or ovulation,

most of them resolve themselves without treatment. Further-

more, this type of abnorma'l ity occurred almost excl usively

in fall and winter as had been reported by earlier investigators

(no¡erts, j955i Morrow et.al. o 1966i Marion and Gier, .l968).

The next major type of abnormality was the failure of CL

regression after first ovulation. This was spontaneously

resol ved before day 40 producing what amounted to an extended

cycìe length in six aninals. Two of the ovarian abnormal ities

Ì : : :::'1
,., 

1_:.....



55

identified in this study - hypo-ovarian activity and

persistent CL - were also observed by Lamming and Bulman

(.l976) through the use of similar mitk progesterone profiles.

0n the average, the interval from calving to conception was

longer in the animals with postpartum abnormalities although

the difference in comparison to the "normal" animals Was not

signifjcant. In accordance v¡ith management practices which

rnay be similar on most commercial dairy farms, the detection

of estrus and first postpartum insemination of animals on

this study were done between days 60 to 75. The results

reported here however i nd icate that, oh the average most

animals had their first postpartum ovulation before day 35.

The use of postpartum mi I k progesterone prof i I es, ôS cl ear'ly

demonstrated in thi.s study, cou1d, therefore heìp in the

identification and possible treatment of ovarian abnormalities

before day 60, thus shorten'ing the i nterval to conception.

The i nterval f rom cal v'i ng to f irst ovulation lvas

affected by both the season of calv'ing and the age of the

animal . CaI vi ng i n fal I and wi nter i n compari son to spri ng

and summer produced I onger i nterval s i n al I the age groups.

This is similar to the observatìons of other workers including

Buch et.al. (t955), Wiìtbank and Cook (.l958) and }loskalenko

( 
.l970). In agreement with the findings of ll'Iil tbank and Cook

(1958), the ìnterval was signif icantly 'longer in 2-year-old

hejfers than in all other cou,s aged 3 years or more. This



is, hou¡ever, contrary to the findings of Kohli and Suri

(t957) tt¡at the interval to first estrus was longest for

cows aged 5 to 6 years and over 12 years. The insignificant

differences in the interval to first ovulation due to level , .r:,,,,

of mil k production supports the suggestion of 0xenreider and

l',lagner ( t 971 ) that the I evel of mi I k production has only a

timited effect on postpartum anestrus. However, the levelofmilk 
,,,,i1,,,,

production appears to be compounded with the Seasonaì stress 
': 

';',"1' :

::Í',ì.,. .

since the interval to first ovulation among the high miìk _ ::ir:;:'.

producers was significantìy longer for those that calved in

fall and winter.

The results indicate that milk progesterone could be

a useful monitor of ovarian actìvity and could be a useful

adjunct in diagnosis of infertiìity problems. Further research

isrequiredtoestablish,inthecaSeofpostpartuminferti]ity'
the optimum period to obtajn milk progesterone profiles. A

2l-day profile, obtained possibly betvleen day 30 to 55 post- 
,:.:,:r:i:.,,.

partum, may be useful in providing information regarding the 
,.tl ,,,'

reproductive status of the animal. tt"t'tt,
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SUMMARY OF RESULTS AND CONCLUSION

Below is a summary of the results obtained from this

study and the conclusion that can be drawn based on these

resu I ts :

I ) There was a highty significant (P < .0.l correlation

betvreen the I evel s of progesterone i n bl ood and mi I k

samples collected from three cours over an entire

estrous cycì e. The generaì pattern of progesterone

change was similar in both fluids.
2) The concentration of progesterone at the time of

ovul ati on u,as general ìy comparabl e i n both serum and

mi I k.

3) The determi nation of progesterone concentrati on i n

mi l k sampl es col l ected on days l , 2, 3, .l 0, 17 and

dai ìy thereafter unti I day 60 pos tpartum uras effecti ve

in monitoring ovarian a'ctivity. Four different types

of ovarian abnormalities were identified using this

technique: ('l ) hi gh progesterone I evel s rvi th no apparent

ovulation until after day 50-60 postpartum, (2) extended

fi rst postpartum cycl e I ength, ( 3) fai I ure of CL regressi on

after first ovulation, and (4) hypo-ovarian activity.

These abnormalities resulted in a 'longer interval to

conception.

4) 0varian activity resumed by day 17 postpartum in aìl

animals and on the average first ovulation occurred by
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day 35 in the majority of the animals. A transient

rise in milk progesterone occurred 4 to 7 days prior

to thi s ovu I ati on.

5) The length of the first postpartum cyc'le was comparable

to that of a normal cycle. The level of progesterone

secreted during this cycìe was, hou¡ever, lower than

normal.

6) The interval to first ovulation was signifcant'ly'longer

when animaìs calved in fall and winter and in 2-year-

ol d hei fers. The I evel of mi I k producti on duri ng the

early postpartum period, however, did not affect this

i nterval al though i t appears to be compounded wi th the

effects of the fal I and wi nter cal vi ng.

Based on the results obtained in this study, it can be

concl uded that the devel opment and careful i nterpretati on of

a mi I k progesterone prof i'le f or the postpartum dai ry cow or

hei fer i s effecti ve i n moni tori ng ovari an acti vi ty duri ng the

early postpartum period.

ir:i:-:r'''::

. t; ..:
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TABLE I: Concentration
Milk of Three

of Progesterone
Cows Duri ng the

(nglml) in The
Estrous Cycl e

Day of
Cycìe

C0l^JS

M. Queen Leona Lenora s.E.u.(t)

0

1

2

3

4

5

6

7

8

9

l0
ll
12

13

l4
l5
t6

-3
-2

-t
0

l
2

3

0.5

0.5

t.0
2.8

3.5

6.6

3.8

9.6
9.6

I 3.5

ll.5
8.9

18.5

17.0

20.0

19.0

ll.0
5.0

0.5

0.5

0.5

1.2

3.2

4.8

0.5

0.5

1.6

3.3

4.0

7.1

8.8
15.5

17.5

t 8.5

17.5

ì8.5
19.0

16. 0

24.5

25. 0

,.,
t.0
0.5

l.l
1.0

4.5

0.5

0.5

1.85

2.0

3.4

6.4

6.4

8.9

?1 .0

15.0

21.5

17.5

15.0

23.5

20.0
.l9.0

3l .0

15.2

0.5

0.5

1.5

2.7

3.6

6.7
6.3

il.3
16.0

15.7

t 6.8

ì 5.0

17 .5

t8.8
21.5

21.0

12.0

0.85

0.7s

0.5

l.l
2.1

IL7

0

0

0. 3l

0.4.|

0.2
0.2

1.4

2.1

3.4

1.5

2.9

3.0

1.3

2.4

1.5

2.0

1.4

0.4

0.3

0

0.1

l.l
0.2

Cycìe Length
(days ) 2121 l9
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TABLE 2: Concentration of Progesterone (ng/mt) in The
Serum of Three Cows During the Estrous Cyc'l e

Day of
Cycìe

0

I

2

3

4

5

6

7

8

9

t0
ll
12

l3
t4
t5
l6
-3
-2
-ì

0

t

2

3

COhJS

M. Queen Leona Lenora s.E.M. (t)

0.5
0.6
t.6
1.5
2.4
2.9
3.8
4.3
4.6
3.6
6.2
4.5
5.8
5.2
4.0
5.5
4.5
6..l

.l.6

1.4
2.1
2.3
4.2
4.4
4.2
4.1
6.1
4.5
5.ì
3.3
1.7
0.6
0.3
0.2
0.4
0.5
0.9

2.2
2.6
3.5
3.3
3.6
4.8
3..l
4.7
4.6
6.5
5.8

t.0
0.9
0.5
l.l
t.0
t.0

2.2
2.6
3.3
3.4
3.8
5.t
3.9
4.9
5.3
5.0
5.5
3.9

0.8
0.6
0.4
0.7
0.7
1.0

o.+
0.7
0.6
0.7
0.2
0.5
0.4
0.5
0.5
0.8
0.2
0.6

0.2
0.3
0.2
0.4
0.3
0.1

Cycl e Length
( days ) 21

)'''a at',1

19 21
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TABLE 3: Cows I,lÍth Normal
Moni tored by Mi I k

Postpartum 0varian ActìvitY As
Progesterone Profi I e

Cows
Length of Fi rst

Postpartum Cycle (days)
Interval to

Conception (days)
# Insemi nati ons
Per Conception

B. Visigoth
B. Elsie
R. Lenora
S. Valerie
B. Leona

S. Gem

A. Joan

S. Lola
B. Vendette
M. K. Queen

R. Nora

R. Queen

K. Nora

M.I¡l. Queen

M. Juanna

C. Ann

C. Rosie
B. Vendome

F. Lois
S. Kathy
Y. Pri mrose

R. Fusion

Totals
lr = ?.2

Mean

22

21

22

l8
l9
21

17

22

21

20

21

22

l9
l9
21

20

21

23

17

22

24

t4

t08
158

ll6
102

ll0
90

134
.l33

112

71

80

60

t6l
73

9B
.l05

6l
t 54

ll0
121

158

204

I

3

2

2

I

I

2

2

2

I

I

I

I

I

I

3

I

3

I
't

I

3

446

20

25'l5

lt4 + 36

36

r.6 1 .8

i,-r.:
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TABLE 4: Cows hJith Abnormal Postpartum 0varian Activity
As lt'loni tored by Mi I k Progesterone Prof i I e

Cow

Queen R.
P. Pri ncess
B. Leona
F. Elsa
S. Vision
hJ. Queen
R. Melanie
B. Roya ì
J. Lady

M. M. Queen
L. Ma rk
A. Patricia
R. Joanne
M. C. Nora
S. Primette

S. Lady
C. Lois
R. Mayne

A. Leo

Total (n = l9)
Inle a n

Type of Abnormality
Extended fjrst postpartum

cycl e 'length

il

il

il

il

n

l¡

High Prog. Levels rvith no
ovulation until after day

il

il

Hypo-ovarian Actìvity
It

Interval to
Conception (da

I l6
217
170
231
117
140

79
76

177

106
87
83

114
180.l98

50
.l53

140
203

97

2684

l4l + 50

# Inseminations
ys) Per Conception

ì

33

1.7 t .e

26 d ays
27
2B
39
32
39
30
39
34

Failure of CL Regression After
first ovulation

2
3
3
3
I
3
I
I
I

I
I
I
3
I
3

2

I
I

l;lr ..rli.r::.,
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TABLE 5: One-way Analysis of Variance
Si zes: Effect of Postpartum
Interval to Conception

wi th Unequa'l
0varian Acti

Sampl e
vity on

Source of Variation df MSSS

Between Cl asses
(type of 0varian

actìvity)
I^Jithin Classes
(error)

TOTAL

39

40

7401.4

7164r.0

79042.4

7401 .4

t836.9

4.0 NS
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Fi rst 0vuì ati on ( Days ) :

of Cal vi ng
TABLE

Sea s on

Spri ng

Fal I &

Mean

TAB LE 7:

Mean

&

n

lti
n

Summer

nter

22.6+1 .f
22

ç
27.6+1.2'

z+
ii.ir.: -:r .¡\1-;:::.

i :r- ::'
'a::::t-:

Horizontal and vertical means wi th different superscripts are
stati stical ìy di fferent ( P

correspondi ng means wi thi n seasonal groups ( SNK test) and age
groups ( t-test) .

Two-hlay Analysi s of Variance wi th Unequal Sampl e

Sizes: Effect of Age and Season of Calving on
Interval to Fi rst 0vul ation

Age at Ca1 vi ng (years )

2 3-4 5 or

24.z+2.6a 22.B+l.6ab 20.8+ì.
6.l06

30.5il .6c zs.3+1 .td 27.i+2sd
699

27.4+1.79 24.0+1.21t 24.0+1.

Source of Variation df MSSS

Season of Cal vi ng

Age at Caìving
Interaction
l^Iithin-cell Means

Total

I

2

2

40

45

38. I

t5.1
4.7

57 .9

38.1

7.6
2.3
4.0

g.5*

l.g+
0.6

*P < .05

*f *us non-si gnificant but
di fferences

SNK test showed significant
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Fi rst 0vul ati on ( Days ) :
Production and Season of

TABLE 8:

Spri ng

Fall &

Summer

l,li nter
n

Level of Milk Production lst 4 wks Postpartum

Low(<22.7 Kg/ day) ¡le¿'¡ un(22.7 -31.8) Hi gh(>3t .8) Mean

&

n

22.0+1.1

22

27 .3+1.2

24

i:-.::i..

Horizontal and vertical means with different superscripts
are statisticalìy different (P < .05). The comparisons are
between corresponding means within seasonal groups (SNK test)
and mi I k production groups ( t-test) .

TABLE 9: Unequa'l Sampì e
Level of Post-

of Cal vi ng on

Two-l^Jay Analysis of Variance l^Iith
Sizes (weighted t4eans): Effect of
Partum Mi ì k Producti on and Season
Interval to Fi rst 0vul ati on

24.1+2.}ab

B

28.2+2.6b

5

l8.B+l . I 
a

4

28.5+1.5b

ll

26,2+1 .6c

l3
24.ì+1.3c

]B

23.7+1 .7c

t5

Source of Variation df SS 14s

Level of Mi I k Production
Season of Cal vi ng

Interaction
Within Sub-classes
Total

2

ì

2

40

45

37 .4
248.8
98.7

172.0
556.8

t8.7
248.8
49.3
29.3

0.6
8.5*
1.7

I

I
:: ir,:

*P



APPENDIX I I

Levels of Milk Progesterone in 52 Post-
parturi ent Hei fers and Colvs Whi ch Cal ved

in Four Different Seasons
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SPRiNG (March 20th - Junê 20th, I 978)

B. VI SI GOTH AGE: 2 Yrs

Mi ì k Progesterone Day Mi I k Progesterone
Day Postpartum ' "Concn. (nglml ) ' 'loqtpartqm' ' "Concn: '(n0

I

2

3

il
l8
l9
20

21

22

?3

24

?5

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

4l

2.0

2.0

2.6

0.9

0.7

0.8*
t.5
7.5

9.5
7.0

t0.0
t0.0
9.0
5.5

5.0

5.1

5.2

10.0

5.0

4.0

4.0

4.5

4.0

3.9

4.1

5.0

2.3

3.9

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

6l

62

63

1.5*
.l.9

2.8

3.8

7.0

I I .0
.l4.5

17.5

24.0

27.5

3t .5

38 .5

3l .0
30.0

19.5

21.5

35.0

14.5

18.5

1.5

1.5*

*Presunpd ovulation



P. PRINCESS

67

AGE: 3 Yrs.

Milk Progesterone Day
rtum Concn. (nq/ml Post rtum

Milk Pro
Concn:

terone
mlPost

I

2

3

ll
IB

l9
20

21

22

23

24

25

26

?7

28

?9

30

3l

32

33

34

35

36

37

38

39

40

4l

0.5
1.3

1.4

0.5

0.7
0.7

3.6

1.4*
3.8

t0.0
7.5

7.5

10.0

12.5

15.0

16.5

I 3.5

?9.0

26.0

24.0

26.0

30.0

26.0

lB.0
?3.0

29.0

I 7.0

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

16. 5

15.0

19. 0

9.5

1.0

1.0

1.0

0.5*
1.0

1.0

8.0

9.5

12.5

18.0

20.5

21 .0

27.0

35.0

45.0



'ut

B. ELSIE AGE: 6 Yrs .

Mi'lk Progesterone
Da.y Postpartum ' ' ' Concn'. (nq/ml )

Day Mi'lk Progesterore
Postpartum' " Conc.' (ng/ml)

I

2

3

l0
l5
l6
17

t8
t9

20

21

?2

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

3B

1.9

1.8

0.5

3.5

1.6

4.0

3.7

3.5

0.8

0. 5*

1.9

1.6

4.7

4.5

6.8

6.8

2.8

4.8

3.4

10.5

10.0

10.0

9.5

7.0

4.9

5.0

3.0

2.9

39

40

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

5.9

3.0

I .5*

4.5
7.5

8.0

lt.0
lt.0
12.5

19. 0

20.0

18.0

I 3.0

19.0

1.0

<.l.0

<1.0

<1.0

<1.0

<1.0

<.l.0*

1.3

:':ì.:::tr"ì.

i:,a'.i:!.r? aiSxi;:i ri
i:,-ii.Ì¡,'.,.:¡i;,iÈÈ.ii
,: ': ì.1::. t.fili .:

i. . : .: ' .'



ÂoVJ

A. A. LEO AGE: 6 Yrs.

Mi 
'lk Progesterone

Day Postpartum Concn. (nq/ml)
Day Miìk Progesterore

Fostpartum '- Conc; (nq/ml )

l
2

3

t0

18

l9
?0

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

41

3.4

3.3

2.0
<0.5

1.6

0.9
.¡.6

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5
.¡.5

.l.3

1.0

1.0

1.0

1.0

3.t
1.4

2.1

2.9

4.0

2.6

1.0

1.0

2.6

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

1.0

1.0

1.4

2.2
2.5

1.6

1.5

3.0

3.4

3.0

4.4

3.2

2.9

1.0

3.4
2.9

3.0

2.2

ir..-:.!::.
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B.T. QUEEN AGE: 6 Yrs.
Milk Progesterone Day Milk Progesterore

Day Postpartum::' : 'Concn; fnq/ml) ' 'Postpartúm'''Concn;'(ng/ml)
I

2

3

l0
17

l8
l9
20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

2.9

2.7
<0.5

2.0

14.8

16.0

23.0

24.0

33.5

35 .0

37.0

50. 0

50.0

50.0

32.5

I 5.0

17.0

14.5

12.5

4.5

3.6

3.3

2.9

3.0

5.0

8.0

4.1

5.5

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

6.5

7.5

9.5

11.5

35.0

27.5

45. 0

32.5

12.0

12.0

l6 .0

21.0

14.5

il.0
ì 4.5

20.5

24.5

16.5

25.0

21 .0

!..::-i

-'.:::ì¡:.
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Q. ROCKETTE AGE: ll Yrs.
Iuli I k Pro
'Concn.

sterone
ml Pos artum

41

42

43

44

45

46

Milk Pro
'Concn.'

s terone
ml

Day
Fos

t

z

3

l0
17
.lB

l9
20

21

22

23

24

25

26

27

28

?9

30

3l

32

33

34

35

36

37

38

39

40

2.0
<0. 5

3.6

4.8

1.3

0.9*
l.t
r.6
2.3

4.3
8.3

9.3

9.5

8.0

12.0

15.0

l6 .0

17.5

17.0

I 3.5

ll.5
I3.0
9.8

. 9.3

I1.0
19.0

18.5

l9 .5

I 3.5

4.1

1.0

0.7
<0.5

<0.5

ii:,.:.:,r'
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SPRING 1979

M. ROSA

Da.y Postpartumrr I Milk Prosesteron Conc, (nq/ml)

AGE: 2 Yrs.

1

2

3

t0

17

18

l9
20

21

22

23

24

25

26

27

28

?9

30

3l

32

JJ

34

35

1.2

1.0

1.0

2.0

6.9
2.6

2.8

2.1

3.0

3.3

2.9

2.1

7.0

6.7

7.0

5.2

4.3

3.7

3.3
<1.0*

2.0

3.5

5.0

i:r!:ii::':'..:l



S. QUEEN
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AGE: 2 Yrs .

1

2

3

10

17

l8

l9

20

21

22

23

24

25

26

27

28

29

30

1.0

1.2

1.3

1.8

?.0

3.1

2.4

3.7

3.1

2.4

4.5

2.7

3.I

3.9

1 .7*

4.1

7.2

7.2



:;i;ì¡71rjr";Ç1t{;:;1x-f:;a-:;;-j¡:¡:;'a:jfì!*.ii¡.{iil+jlif.f,r:.ftãi.¡å!,if - . ,^ ì-,._+:-_,-i1:*1.:iì,+
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SUIr'IMER (June 2l - Sept.22, 1978)

Mi I k Progeste rone Day l'îi 1 k Proges terone
Day Postpartum

M. LADY

I

2

3

l0
17

IB

t9

20

21

22

23

24

25

26

27

28

29

30

3l
32

33

34

35

36

37

38

39

40

AGE: 2 Yrs.

23.0

24.0

53.0

5t.0
48.0

44.0

60.0

44.0

13.0

12.0

10.0

7.1

7.1

7.9

5.7
5.7

<1.0*

3.0

3.5

6.7

1.0

0.5

0.8

0.5

5.8*
5.8

8.0
21.0

12.5

38.0

3l .0
20.0

25.0

28.0

21.0

28.0

45.0

45.0

30.0

28.0

37.0

45.0

44.0

33 .0

35.0

33.0

21.5

2l .0

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

':1_. .j



F. ELSA
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AGE: 2 Yrs.

Post rtum

I

2

3

t0

17

t8

l9
20

21

22

23

?4

25

26

27

2B

29

30

3l

32

33

34

35

36

37

38

39

40

Milk Pr
Concn.

sterone
ml 'Post

Day r4itk P sterone
rtum Concn. ml

2.2

1.9

l.B
.l.0

4.4*
5.0

6.6

6.0

10.0

1s.0

t0. 5

9.8

13.5

20.0

23.0

24.0

20.0

22.0

21 .0
.l0.0

12.0

ll.0
11.5

9..l

I0.5
6.3
4.3
6.0

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

9.5

5.7

7.5

il.0
I4.5
9.0

12.0

7.3
9.3

t8. 5

t 3.5

6.8

1.8

1.7

1.0

1.0

I .0*
1.0

7.5

7.0

#:ì!:qi':):i{¡:r!4
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S. VISION AGE: 2 Yrs.

Day posrparrum -öli.li9?ii)fiii'.
-j

1

2

3

l0
17

IB

l9
20

21

22

23

?4

25

26

27

28

29

30

3l
32

33

34

35

36

37

38

39

40

1.0
.l.0

1.0

1.5

1.0

ì.0
.l.0*

t.9
l.B
1.7
.l.8

1.6

3.5

9..l

9.5

4.7

il.0
17.5

15.0

17.5

22.5

8.0

4.7
5.1

3.7

6.0

8.0

6.8

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

4.0

4.6

8.5
6.9

6.3

7.8

6.6

3.6

1.7
< l.0
< I .0**
<1.0
< 1.0

4.7

6.4

7.3

I4.0
I 3.0

**Observed estrus

f].,.,.:, ,;,:
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M. K. QUETN AGE: 2 Yrs.

Fostpartum

I

2

3

t1

]B

t9

z0

21

22

23

?4

25

26

27

28

29,

30

3l

3?

33

34

35

36

37

38

39

40

4l

lvli lk P sterone
Concn. ml

t.0
1.0

1.0
.l,0

4.7

8.5
12.0

I4.0
16. 5

29.0

23.5
¿?

2.0
.¡.5

l.l
t.5
I .0*

1.2

3.5

7.5

16.0

12.0

23.0

t6.0
39 .0

23 .0

20.5

26.0

Fost
Milk Pro

LOnCn.
terone

ml

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

3t .0

45.0

34.0

30.0

18.5

30.0

4.5

1.0

l.l**
4.0

2.5

2.4

2.5

5.0

9.6

29.0

l¡1¡,1'ì¡ì,r.,
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M.B. LEORA AGE: 3 Yrs.

Milk Progesterone
Conc. '(nq/ml )

Milk Pro
'Concn. '

terone

I

2

3

l0
17

l8
l9
20

21

22

?3

24

25

26

27

28

?9

30

3l

32

33

34

35

36

37

38

39

40

0.5
1.0

1.0

1.0

t.0
.l.0

1.0

?.1

3.0

4.2
<1.0

<1.0

<1.0

<1.0*

<1.0

ì.0
12.0

I 7.0

26.0

?7.0

23.0

12.0

24.0

2?.0

37.0

20.0

27.0

44.0

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

51 .0

36.0

20.0

8.2
2.9

1.3*
2.2

2.1

2.7

11.0

I4.5
27.0

27.0
.l7.0

23.0

27.0

20.0

37.0

28.0

26.0
'::-,.:ì

r': : :-.- r.



S. GEM
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AGE: 3 Yrs.

r0ne
r)

te
ln

sMi lk Proge
Concn; '(n Post rtum

42

43

44

45

46

47

48

49

50

5t

52

53

54

55

56

57

5B

59

60

Milk Pro
LOnCn.

7.1

4.2

3.0

4.3

4.0

10.5

I5.0
14.0

l9 .0

I8.0
22.0

30.0

23.0

40.0

26.0

3l .0

22.0

22.0

I 5.0

sterone
mlPost rtum

I

2

3

l0
l8
l9
20

21

22

23

24

?5

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

4l

0.5
0.5

0.5

1.0

1.0

I .0*

6.2

8.7
.l4.0

1t .0

20 .0

25.0

22.0

26.0

21 .0

23.0

?.4.0

20.0

21.0

14.0

39.0

26.0

32.0

35.0

10.0

3.9* -r

i'i:,i':,:.r]i
i:1, :': ):: jl'fl:



S. VALERIE
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AGE: 4 Yrs.

Post artum

I

2

a

l0
il
l8
l9

20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

0.5

2.0

1.0

1.0

1.0

t.0
I .0*

1.0

2.5

4.5

7.0

9.6

13.0

1 3.5

28.0

35. 0

20.0

21.0

I 4.0

I t.5
1.0

1.0

<'l.0
<1.0

<1.0*

?.6

5.7

7.5

I'li I k Pr
Concn.

s terone
/n]

Day
Post rtum

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

Mílk Pro
LOnCn.

s terone
ml

12.0

25.0

28.0

23.0

?7.0

33.0

40.0

38.0

29.0

36 .0

38.0

65.0

36.0

26.0

2.2

I .4*
5.1

2.8

'; .':::;::



B. LEONA

8l

AGE: 4 Yrs.

Fost rtum

I

2

3

l0
l8
19

20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

4ì

Mi lk Pro
'Concn.

terone
ml

Day Mi lk Progesterone
Fost rtum' Concn: (nq/ml

0.5

0.5

0.5

1.0
.l.0

t.3
1.0

<1.0

<1.0

<1.0

<1.0

<.l.0
<1.0

<1.0

<1.0

<1.0*

1.4

2.1

12.0

12.0

I 3.5

10.0

5..|

ll.0
39.0

18.0
.l8. 

5

22.0

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

5B

59

60

20.5

23.0

26.0

23.0

8..l

17.0

25.0

16.0

l6 .0

25.0

lì.0
14.0

1.3

I .0*
1.0

4.3

4.3

4.0

':. -.
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l,l.A. J0AN AGE: 4 Yrs.

Post rtum

I

2

3

l0
17

t8
l9
20

21

22

?3

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

Milk Pro
LOnCn.

terone
ml

Day
Post rtum

41

42

43

44

45

46

47

48

49

50

5l
52

53

54

55

56

57

58

59

60

1.0

1.0

.l.0

2.3*

15.0

15.0

20.0

25. 0

19.0

20.0

49.0

39.0

48.0

23.0

7.4

3.2

12.0

ì.1
1.0

1.0
.l.0*

2.5

3.2
5.7

5.0

10. 5

il.0

MiIK P sterone
Concn. ml

24.0

25.0

33.0

20.0

31.0

26.0

34.0

27.0

20.0

21 .0

10.5

<.l.0

<1.0

<1.0*

1.0

1.0

1.0

4.9

2.6

5.2

i.i::,i
1 .l:-:_



ot()J

S. LOLA AGE: 4 Yrs.

MÍIK P sterone Day
toa rtum

Mi I k Pr.oqesterone
Concn. '(nq/mlConcn. ml) PosPostoartum

I

2

3

il
l8
l9
20

21

22

23

24

25

26

?7

28

29

30

3l

32

33

34

35

36

37

38

39

40

4l

1.0

1.0
.l.0

1.0

1.0

ì.0
1.2

t.9
6.0

5.7

4.8
.l.9

2.5

1 .7*
2.9

3.9

4.3

22.0

26.0

33.0

37.0

50.0

44.0

39 .0

?.4.O

29.0

20.0

43.0

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

5B

59

60

3l .0

29.0

12.0

2.7

2.2

2.0

2.2

I .0*
3.3

7.7

10.0

17.0

24.0

23. 0

30.0

17.0

26.0

t 5.0

25.0

i-:: r Ì
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L. MARK AGE: 4 Yrs.

Miìk Progesterone Milk Progesterone
Day'Postpärtufi ' Cöncn: (ng/ñl ) ' ' PöstÞartuÍr' 'CönÖn.' (ng/Ifil )

I

2

3

il
l8
l9
20

21

22

23

24

25

26

27

?.8

29

30

3l

32

33

34

35

36

37

38

39

40

4l

1.0

1.0

1.0

1.0

.1.0
I .0*
1.0

1.4

1.9

7.5

9.2

ll.0
16.5

19.0

6.8
28.0

28.0

29.0

32.0

30.0

23.0

24,0

42.0

15.0

8.5

t9.0
12.5

12.5

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

16.0

10.5

26.0

27.0

25.0

25.0

24.0

25.0

27.0

19.0

16.5

16.5

19.5

l5 .5

24.5

29.5

I 6.0

20.5

21.0



A. LENETTE AGE: 4 Yrs .

I'1i'lk Progesterone
Day Postpartum:: :: ::'Cóncn; (ng/ml) Postparturh " Concn: ( ng/ml )

Day Miìk Progesterone

l
2

3

ll
17

l8
l9
20

21

22

23

24

25

26

27

28

29

30

3l

37.

33

34

35

36

37

38

39

40

1.0

1.0

1.0

1.0

1.5

?..0

1.2

1.0

1.0

4.3

2.7

2.5

2.3

1.8

2.3

3.2

3.0

4.5
I .0*
2.3

8.2

I 5.5

t6.0
?0.0

3l .0

3l .0

28.0

36.0

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

32.0

28.0

l6 .5

1.0

t.0
<.l.0
<l .0
t.0

<1.0*
.l.5

1.9

3.8

3.9

l0 .5

l0 .5

12.5

l6 .0

19. 0

13.5

iJ.



B. VENDETTE

B6

AGE: 4 Yrs

Fost rtum

I

2

3

il
l8
l9
20

21

22

23

24

25

26

27

?8

29

30

3l
32

33

34

35

36

37

38

39

40

41

Milk Pro
Concn;'

sterone
ml

Milk Pro
'Concn.'

sterone
mlPos rtum

t.l
2.0

1.8

1.0

4. B*

10.0

I 5.0

23.0

25.0

?3.0

?5.0

?9.0

33.0

35.0

39.0

35.0

39.0

39.0

44.0

24.0

8.0
2.5

3.1

1.5

2.5

I .0*
1.0

2.1

I6.5
.l5. 

0

42

43

':.:::.



M.R. LINORA AGE: 5 Yrs.

'Post rtum

1

2

3

l0
17

l8
l9

?0

21

22

23

24

?5

26

?7

28

29

30

31

32

33

34

35

36

37

38

39

40

MjIK P s terone
0oncn: ml

3.0

1.6

1.2

ì.4
1.0
.l.0

1.0

1.0
'l.0

1.0

l.l
l.l
1.2

1.0

1.0

I .0*
t.0
1.3

3.4

6.5
lt.0
7.0

It.0
29.0

24.0

10.0

16.0

12.0

MiIK P sterone
rtum Concn. I

29.0

22.0

34.0

20.0

18.0

28.0

6.3

1.9
.l.0

<1.0

<1.0*
<1.0

<1.0
¿,q

7.5

12.5

I3.5
18.5

36 .0

20.0

Pos

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

i ì:;1t:ì.r l;
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M.l\r. QUEEN AGE: 5 Yrs.

Milk Pr
Concn.

sterone Day
nqlml ) Fost rtum

Milk Pro
Concn.

sterone
mlPostpartum

l
?

3

l0
17

l8
l9
20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

.l.6

0.5

t.l
1.0

1.0

1.0

1.0
.l.0

.l.0

1.0

I .0*

1.6

2.6

2.5

7.5

7.0

lt.0
19.0

21.0

2?.0

18.0

21.0

2l .0

I8.0
36.0

44.0

29.0

?5.0

41

4?

43

44

45

46

47

4B

49

50

5l

52

53

54

55

56

57

58

59

60

30.0

35.0

28.0

32.0

17.0

22.0

17.0

20.0

21.0

18.0

4t .0

25.0

26.0

34.0

39. 0

33 .0

3l .0

52.0

4l .0

5l .0



oôOJ

R. NORA AGE: 6 Yrs.

Milk Pro
'Concn. '

sterone
ml 'PoS rtum

42

43

44

45

46

47

4B

49

50

5l

5?

53

54

55

56

57

58

59

60

Milk Pro
Concn.'

sterone
ml

Day
Pos rtum

I

?

J

12

l8
l9
20

21

22

23

24

25

26

27

28

?9

30

3t

32

33

34

35

36

37

38

39

40

4l

1.0

1.0

1.0

1.0

2.1*
5r5

6.5

8.5

13.0

I 3.5

21.0

28.0

23.0

26.0

24.0

25:0

33.0

3l .5

38.0

34.0

9.5

4.2

1.4

2.7

1.0

I .l*
3.3

1.5

5.5

9.0

l6 .0

I 3.5

I 4.0

I 3.5

l9 .0

18.0

24.0

18.5

24.0

20.5

16.0

18.5

22.0

I 3.5

1.0

1.0

1.0*



90

l^J. QUEEN

Day Postpartum

AGE: 7 Yrs.

Mi 1k Progesterone
Concn. ,(ng/ml )

Mi ìk Progesterone
Concn. (nglml )

Day
Postpartum

I

2

3

l0
t7
l8
t9

20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

1.0

t.0
1.0

t.0
3.7

3.7

2.5*
4.0

7.9

12.0

10.5

8.5

9.0

il.0
16.0

I 3.0

15.0

20.0

il.0
18.0

28.0

17.5

21.0

16.0

18.5

13.5

I4.0
t 5.0

4l
42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

l9 .0

28.0

22.0

22.0

21 .0

35.0

23.0

23.0

26.5

I 4.5

16.0

I 5.0

il.0
1.25

1.0
.l.0

<1.0

<l .0
<1.0*
<1.0



' .'': :

ol

FALL (Sept. 23 - Dec. 21, .l978)

K. NORA AGE: 2 Yrs.

Pos artum

I

2

3

l0
17

l8
l9
20

2l

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

MiIK P terone
Concn, nl

2.1

1.4

1.6

1.6

4.2

4.3

t.0
1.0

1.0

9.0
9.2

7.2

t.0
5.1

3.0

3.0

1.0
<1.0

<1.0*

2.2

13.0

15.0

4.9

9.8

I 3.0

16.0

19.0

17.0

Mi:l k Pro
rtum" "Concn. '

Day terone
mlFost

41

42

43

44

45

46

47

48

49

50

5l

5?

53

54

55

56

57

58

59

60

16.5

?6.0

26.0

23.0

39 .0

35.0

8.5

1.0

1.0

1.0**
i1.0
10.5

12.0

I4.5
'12.0

18.0

l9 .0

34.0

29.4

30.0
:,ii:.ìlj.:

'; \".- ",

i:,:i - t-r'r,: :



92

Mi ì k Progesterone Day Mi'l k Progesterone
lay ' eOstpa¡tUrlr "

K. PATTY

I

2

3

10

17

t8
t9

20

21

2?

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

AGE: 2 Yrs.

r0.5
9.6

9.0
20.0

19.5

17.5

18.0

14.0
.l5.0

r6.5
17.0

il.0
t 4.0
.l.0

<.l.0

<1.0

<'l.0*
1.0

1.0

6.4

1.0

t.0

.l.9

.l.0

t.0
5.1

5.9

2.0

1.9
.I.0

2.1

I,l
I s.5

7.2

t 0.0

I 3.5

ìt.5
il.0
ì 3.5

1.2

1.2

1.0

<.l.0*

4.5

3.7

I 3.5

41

42

43

44

45

46

47

48

49

50

5t

52

53

54

55

56

57

58

59

60

.:.'!



M. C. NORA

93

AGE: 2 Yrs.

Fost rtum'

I

2

3

l0
t8

l9
20

?1

22

23

24

25

26

?7

28

29

30

3l

32

33

34

35

36

37

38

39

40

4l

Milk Pro
" " Concn: '

sterone
rnt ) Post

Day Mi I k Progesterone
'Concn; ' ( nq/ml

42

43

44

45

46

47

48

49

50

5t

52

53

54

55

56

57

5B

59

60

4.5
5.5

6.4

3.5

2.8

2.4

5.9

6.4
2.8

3.6

4.0

B.l
12.0

7.4

5.6

8.0

6.3

6.9

1.0

6.0

5.4

6.9

6.6

5.4

3.5

5.1

4.1

1.9

?.2
.l.0*

1.7

3.7

3.7

4.5

2.8

9.6

7.0

5.3

6.5

6.5
6.3

4.7
2.6

8.2



94

J. LADY

Mi I k Progesterone

Dav Fostpartum ' Concn. (nq/ml)

AGE: 2 Yrs.
Day Milk Progesterone

Postpartum,,,, Ooncn.' (ng/ml )

I

2

3

t0

17

l8
l9
?0

2\

22

23

?4

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

5.2

5..¡

7.0

1.8

3.4

t.8
3.1

7.9

6.9

t.B
3.3

2.3

I .0*

l.l
1.7

1.6

7.Q

2.8

3.1

4.0
4.5

4.7
12.0

10.0

6.1

7.8

8.5

6.8

41

42

43

44

45

46

47

48

49

50

5l
52

53

54

55

56

57

58

59

60

5.0

4.8

3.2

3.3

2.8

3.8

3.0

2.4

2.3

8.4
6.5

6.3

8.8

6.3
6.5

6.3
1.0

<1.0

<1.0*
<.l.0



C. LOIS

95

AGE: 3 Yrs.

'Post rtum

I

7.

J

tl
l9
20

21

22

23

24

25

?6

27

28

29

30

3l

3?.

33

34

35

36

37

38

39

40

4l

42

MJIK P sterone
' 'Concn: r/ml

1.0
.l.0

1.0

5.0

18.5

37.0

40.0

40.0

3l .0

36.0

23.0

lt.5
ll.5
10.5

il.0
9.3

7.7

7.0

10.5

5.6

1?.5

I 5.5

t5.6
il.0
8.9

24.0

27.0

26.0

'Pos rtum

43

44

45

46

47

48

-49

50

5l

52

53

54

55

56

57

58

59

60

Milk Pro
'Concn; '

sterone
ml

53.0

33.0

30 .0

?9.0

27.0

?2.0

19.0

<1.0

<1.0*

t.0
1.0

1.2

2.7

6.3

4.5
8.3

12.0

40,0



96

P. BEATRICE AGE: 4 Yrs.

'Fos rtum

I

2

3

l0
17

IB

l9
20

21

22

23

24

25

26

27

2B

29

30

31

32

33

34

35

36

37

38

39

40

Mi'lk Progesterone
Concn: (nq/ml

'l.0

1.6

t.8
6.7

7.0

_ 5.8

6.3

il.0
ll.0
20.5

12.5

t 4.5

20.0

l6 .5

9.8

1l.s
3.0*

I3.0
10.0

6.5

6.8
8.8

9.8

14.5
.l4.5

t 5,0
50.0

53.0

Day
Fost rtum

41

42

43

44

45

46

47

4B

49

50

5l

52

53

54

55

56

57

58

59

60

Mj:tk Pr
'Ooncn.

sterone
ml

39 .0

53.0

56.0

53.0

35 .0

64 .0

45.0

8.9

6.7

5.0

4.3

4.7
2.6*
5.9

7.6

9.6

12.0

12.0

t 3.0

15.5

i..::.'.ii;{
I i:l::: l: )ì!i;l
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A. PATRICIA AGE: 5 Yrs.

'Pos rtum

I

2

3

10

17

IB

l9
20

21

22

23

24

25

z6

27

?8

29

30

3l

32

33

34

35

36

37

38

39

4.0

Milk Pro
'Concn.'

sterone
ml Fost rtum

41

42

r"?

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

Milk Po
'Concn.

sterone
ml

Day

1.0

1.3

t.l
t.0
2.5

211
.l.0

t.6
3.0
.¡.9

t.6
ì.1
1.0

<.l.0

<1.0

<1.0

<.l.0

<.l.0

<1.0*

4.3

3.6

1.0

1.0

t.0
2.5

2.7

6.2

9.8

I 3.0

12.0

16.0

21 .0

37.0

40.0

35 .0

12.5

8.2

il.0
I 7.0

27.0

25.0

3l .5

15.0

I 3.0

7.1

lt.5
10. 5

3.7



OQ

M.l,'1. QUEEN

Day Postpartum
Milk Progesterone Day Miik Progesterone
Goncn.,(ng/ml), Postpãr'tum,,,,Goncn. (ng/n])

AGE: 5 Yrs .

21.5

17.5

25.0

25.5

26.0

35.0

29.0

22.0

30.0

14.0

1.9

1.0

1.2

1.0*
3.8

5-3

6.5

2.2

7.6

6.9

I

2

3

t0

17

l8
t9

20

21

?2

23

24

?5

26

27

28

29

30

3l

32

33

s4

35

36

37

38

39

40

ì,
<1.0*

<l.l
6.7

il.0
?2.5

17.0

10.0

I6.0
16. 0

13.0

12.5

21.0

3t .0

ì 5.5

12.0

3.6

5.0

3.3

2.6

I .0**
6.7

8.6

8.0

17.5

4l

42

43

44

45

46

47

4B

49

50

5i

52

53

54

55

56

57

58

59

60



i1:iiifftry,fi*i?îrì,:lìii,,4. trai-.Ë:r¡1,?"È¡'+'i
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R. QUEEN , AGE: 6 Yrs.

Milk Pro
LOnCn.

sterone
ml Pos

MilK P sterone
rtum Concn: ml

6.7

14.0

il.5
21.0

28.0

32 .0

27.5

39.0

36.0

25.0

18.5

34.0

3t .5

3l .0

ll.5
16.0

16.0

2.5

1.4

I .0**

Fost rtum

l
2

3

l0
17
't8

l9
20

21

22

23

24

25

?6

27

28

29

30

3l

32

33

34

35

36

37.

38

39

40

.1 .0

1.0

1.0

1.0

lt.5
I4.0
14.5

I 3.0

3l .0

9.6
?4.0

29.0

35.0

21 .0

25.0

27.0

12.0

419

3.0

1.4

t.0
<1.0

<l .0
<1.0

<.l.0*

t.0
l.l
4.4

4l

42

43

44

45

46

47

48

49

50

5l

5?

53

54

55

56

57

5B

59

60



R. JOÀNNT

100

AGE: 6 Yrs.

Milk Pro
uoncn.

s terone
ml) Pos

MÌIK P sterone
rtum Concn. ml

5.8

8.9

12.0

Ì0.5
9.6

7.0

10.5

12.0

12.5

9.0

9.8

6.4

6.0

8.5

t0.5
8.3

6.5
¿¿.c

17.0

I3.5

Fos rturn

I

2

3

l0
17

t8

l9

20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

10.5

8.0

7.0

6.6

5.1

5.'l

4.6

2.5

3.9

J.L

1.5

1.6

1.6

12.5

t 0.0

t.0
<1.0*

3.5

2.3
2.4

2.7

4.7
8.4

10.0

6.2

8.4

7.4

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60



l0l

M. FUSION AGE: I Yrs.

l,liìk Progesterone Day Milk Progesterone
lay PoStÞärtuú"

l
2

3

l0
17

l8
l9
20

21

?2

23

24

25

26

27

28

29

30

3l

s2

33

s4

35

36

37

38

39

40

1.3

1.0

1.0

3.0

3.5

4.8
.l1.5

l.B*
5.6

9.6

t6.0
t 5.0

I 3.0

8.2

I 3.0

4.8

5.6

4.4
2.0

1.9

2.7

1.7*
2.2

3.3

4.4

8.2
.l7.0

32.0

41

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

20.5

27.0

40.0

30.0

6l .0
50.0

22.5

13.0

29.0

45.0

9.6

7.3

8.5

2.9

2.2

1.5*

1.8

1.8

7.3

7.0
-.r':'r¿1:'
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T,l INTER (Dec. 22, 1978 - March 
.l9, 

1979)

M. JUANNA AGE: 2 Yrs.

Milk Pr.ogesterone Day Milk Progesterone
Däy'Postpârtúm' "' Cönön.'(nO/ml)' "'Postpartum" "Concn:''(ng/ml)

ì

2

3

ll
l8
ì9

20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36:
37

38

39

40

4ì

1.5

2.8

3.7

4.5

8.0

3.8

3.3

3.5

3.6

3.5

1.3

1.7

1.0
.l.3

2.1

2.2

1.8

1.0*

t.l
9.5

8.4

9.8
9.5

9.2

7.4

6.9

2.4

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

3.8

2.5

4.0

3.9

3.9

14.0

1.0

1.0

t.0
<1.0

<.l.0
<.l.0*
<1.0

1.0

1.0

1.0

1.0

1.0

3.9

i. r
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S. ROXANNT AGE: 2 Yrs .

Milk Progesterone Day Milk Progesterone
Day ' Postpartüm ' 'Concn. (ng/ml ) ' Póstpartúñ' ' Cöncn: ' (ng/ml )

l
2

3

l0
t7
l8
l9
20

21

22

23

?4

25

?6

27

?8

29

30

3l

32

33

34

35

36

37

38

39

40

41

42

43

33. 5

33.5

39.0

5.4

B.t
t 3.0

3.4

5.2

8.7
10.5

5..l

21 .0

33.0

40.0

55.0

44.0

58.0

4t .0
5 7.0

55 .0

12.5

2.4

2.'l*
5.7

3.3

3.0

4.8

8.9

ll.5
26.5

27.0

j.i r{-¡1.À,:.r,: 1.:r''i:
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S. PRIMETTE

I

2

3

l0
l8
19

20

21

22

23

?4

25

26

27

28

29

30

3l

3?

33

1,Ã.

35

36

37

38

39

40

4'l

AGE: 3 Yrs.

Mi'l k Proges terone Day Mi I k Progesterone
Däy Postpartum' ' . 'CónCn. (nElùl) "'Postpartum' 'Concn: (nElml)

4.6

6.3
3.4

2.0*
2.2

8.7
10.0

10.0

8.0
5.8

9.7

10.0

5.0

6.5

8.5
12.0

12.0

12.5

15.0

12.5

I4.5
l6 .5

22.5

27.0

25.0

25.0

25.0

42

43

44

45

46

47

4B

49

50

5t

52

53

54

55

56

57

5B

59

60

32.0

42.0

36.0

24.0

22.0

8.0

8,4
.l0.5

5.'|

8.6
9.5

I1.0
15.5

11.5

I 5.5

t8.0
21 .0

I 9.5
-17.5

I,j.,1::ii-ì



R. IqELAN I E

I05

AGE: 3 Yrs.

Miik Pro
'Ooncn.'

sterone
ml) PoS rtum

41

42

43

44

45

46

47

4B

49

50

5t

52

53

54

55

56

57

58

59

60

Milk Pro
'Cónón; '

s te rone
r/mlFost

I

2

3

l0
17

l8
l9
20

21

22

23

24

25

26

27

28

29

30

3l

32

33

s4

35

36

37

38

39

40

3.2
.l.0

1.6

7.4

7.5

7.5

7.1

7.2
.l.0

1.0

1.2

1.0

1.0

<1.0

<1.0*

5.3

3.9

6.5

2.8

t1.5
t6,5
l6 .5

14.0

I 3.0

I 3.5

15,0

15.0

I 3.5

I4.5
?9.0

36 .0

34 .0

40.0

4l .0

39 .0

40.0

26.5

I I .5

t 0,5

6.0

4.8

2.1

I .6*
5.3
LE

13.0

': al



B. ROYAL

106

AGE: 3 Yrs.

Milk Pro
LOnCn.

sterone
ml

MìIK P sterone
rtum 'Ooncn ; m'lPost rtum

I

2

3

l0
17

ì8

r9

20

21

?2

?3

24

25

26

?7

28

29

30

3l

32

33

34

35.

36

37

3B

39

40

I0.0
9.5

9.5

6.5

I .0*

4..2

5.3

28.0

60 .0

36 .0

51.0

s9.0

51 .0

37.0

47.0

44.0

48.0

47.5

50.0

35.0

I 7.0

14.0

ll.0
I3.5
ì 4.0

I7.0
16.5

12.5

41

42

L?

44

45

46

47

48

49

50

5l

52

53
qÃ.

ås

56

57

58'
59

60

29.0

29.0

32.0

35 .0

36.0

4t.0
33 .5

34.0

38.0

39 .0

6.0

7.9

7.4

5.0

1.0

<1.0*

1.0

8.4
8.3

?1 .0



R. MAYNE

107

AGE: 3 Yrs.

MiTK P s terone MiIK P sterone
Étum Concn, ml

Day

Pos rtum Concn ¡ ml)' Post

l
2

3

l0
17

l8
19

20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34
2tr

36

37

38

39

40

8.7

8.0
8.0

5.0

8.2

8.7
12.5

n.a
46.0

48.0

3l .0

I4.0
9.5

7.?

9.3

12.0

14.0

t6.5
27.5

36.5

4l .0
34.0

3l .0
37.0

36.0

47.0

50.0

57. 0

41

42

43

44

45

46

47

48

49

50

51

5?

53

54

55

52.0

47 .0

33.0

10.0

5.2

5.7

9.5

7.5

7.6

16.5

32.0

37.0

36.5

47.0

19.5

I::

i.:.1

l-j'

l ,:.,:.

i::l: .

':::,1..,i";
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C. ANN AGE: 4 Yrs.

Milk Progesterone Day Milk Progesterone
Däy 'PoStBártuh'

I

2

3

10

17

l8
t9

20

21

22

23

24

25

26

27

28

29

30

3l
32

33

34

35

36

37

38

39

40

1.0

1.0
.l.0

5.5

15.0

15.5

24.0

23.0

28.0

I 3.0

12.0

6.7

4.4
5.6

3.3

2.4*
1l .0
I 3.0

12.5

I4.5
14.0

24.0

29.0

38.0

35 .0

44.0

4t .0

66.0

41

42

43

44

45

46

47

4B

49

50

5l

5?

53

54

55

56

57

58

59

60

43.0

16.0

t.0
1.0

1.0
.l.0

<1.0

<l .0*
3.1

14.0

14.0

20.5

31 .0

l5 .0

19.5

25.0

20.0

32.0

?8.0

29.5



S. QUEENIE

109

AGE: 4 Yrs.

Milk Pro
'Concn. '

terone
ml Fos

y Milk Pro
artum " 'Conön; ''Post rtum

l
2

3

t0

17

l8
l9
?0

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

terone
ml

5.9

4.1

3.7

9.3
9.0

7.7
5.2

3.6

5.0

5.0

3.7

8.3

8.8
lt.0
6.3

5.9

6.3
<1.0*

5.3

12.0

t0.0
9.0

8.5
12.5

20.5

16.5

25.0

34 .5

4l

42

43

44

45

46

47

48

49

50

5l

52

53

54

55

56

57

58

59

60

36.5

33 .0

48.0

40.0

40.5

39.0

42.0

38 .0

10. 5

2.8

2.3*
2.4

3.5
AO

5.7

7.6

I I .5
12.5

t 5.5

31.0



F. LOIS

il0

AGE: 4 Yrs.

Milk Pro
uoncn:

sterone
ml Fost rtum

41

42

43

44

45

46

47

48

49

50

5l

52

53

Milk Pro
'Concn. '

sterone
ml

Day
Post

1

2

3

ì0

17

l8
l9
20

21

?2

23

24

?5

26

?7

28

29

30

3l

32

33

s4

35

36

37

38

39

40

5;0

5.2

6..l

6.0

6.0

6.0

10.5

10.5

t0.0
8.5

7.5

6.1

6.1

4.6

I .0*

10.0

ll.0
7.6

7.4

10.5

7.6

9.8

12.0

s0.0

20.0

15.5

7.1

4.6

4.5

3.7

4.0

I .8*
2.9

15.0

17.5

33.0

I 5.5

30 .0

28.0



S. KATHY

lll

AGE : 4 Yrs.

Fos artum'

I

2

3

t0

17

l8
19

20

21

?2

23

24

25

26

?7

28

29

30

3l

3?

33

34

35

36

37

38

39

40

Milk Pro
"Ooncn;'

l4i I k Pro
'Cönón:'

steron
nl

sterone
ml PoSt rtum

41

42

43

44

45

46

47

4B

49

50

5l

Day

1.7

8.8

8.8

1?.0

40 .0

47.5

51.0

44.0

48.0

53.0

54.0

57.0

60.0

49.0

7.5

3.4

I .4*
2.6

2.6

1.5

2.8

12.5

I 3.5

I8.0
35 .5

40.0

49.0

36.0

42.0

48.0

4.2.0

16.5

17.5

19.0

16.0

13.0

18.0

2.3

I .0*

l.::: r.;';. .

":r-.. .:-: i -i



Lt2

Leaf blank to correct

numbering

r.:..:



il3

Y. PRIMROSE AGE : 4 Yrs.

Fostoartum

I

?

3

t0

17

l8
l9
20

21

22

?3

24

25

26

27

?B

29

30

3l

32

33

34

35

36

37

38

39

40

Milk Pro
LOnCn.

terone
ml

Day
Fost rtum

41

42

43

44

45

46

47

4B

49

50

Milk Pro
'Conön;'

steron
ml

8.8
5.8

4.6

t 0.5

2.1

1.7

1.2
.l.0

ì.0*
4.2

2.0

1.5

4.2

6.0

1.5

6.0

I 7.0

27.0

45. 5

37.0

60 .0

55.0

55.0

38.0

I4.0
'l7.0
.l9.0

17.5

16.5

1 5.0

7.4

1.0

L0*
.l.0

5.9

5.7

8.1

8.1

r::i:r'i'

i:ì::.r..:
il':. -':



B. VENDOI.IE

¡. ÈJ.i r r. !!.' ! 1i(r rt!1!
f:. .! ;::--.' .<!;4.:.: :j.l

114

AGE: 5 Yrs -

Post rtum

l
2

3

l0
17

l8
l9
20

21

22

23

24

¿5

26

27

28

29

30

3l

32

33

34

35

36

37

38

39

40

Mi]K P sterone
'Conón;' i/ml) "'

1.8

1.7

2.1

2.4

1.1

5..l

7.6

7.6

10.5

I0.5
8.1

6.8

7.5

7.7

7.5

t.0
1.0

1.0

<1.0

<.l.0
<1.0*

t.0
6.0
?¿.

4.5

2.8

2.8

2.6

MJIK P sterone
'Ooncn; r/ml

2.6

12.5

I 3.0

14.0

19.5

17.0

33.0

35.0

30 .0

3?.5

34.0

37.0

34.0

3?.5

39 .0

8:9

I .0*

1.2

1.2

41

42

43

44

45

46

47

48

49

50

51

52

53

Rn

55

56

57

58

59

ì:l l: ll:



M. PRiMROSE

ll5

AGE: 6 Yrs.

Mi 1 k Progesterone Day
Concn: '( nq/ml Fost rtúm

l4ilk Pr
Concn:

terone
ñ])'Fost rtum

1

2

3

10

17

l8
19

20

21

22

23

24

25

26

27

28

29

30

3l
3?

33

34

35

36

37

38

39

40

1.9

1.2

t.l
5.9

9.6
.l.0

8.4

9.6

t.0
1.0

1.0

1.0

1.3

l.?
<1.0*

6.2

7.3

6.8

6.8

5.0

t 0.5

ì 0.5

6.5

7.0

5.6

9.7

41

42

43

44

45

46

47

4B

49

50

5l

52

53

54

55

56

57

58

59

60

I8.0
10.0

12.0

9.5

8.2

7.4

6.7

7.0

7.5

6.2

9.3

ll.0
12.0

l0 .5

12.0

8.8

7.3

6.0

7.5

12.0

1.. :1 : ::

'fl;:l:1.:i-,. ::rl:r, i:,:¡



H6

R. FUS]ON AGE: 6 Yrs .

Milk Pro
" Concn;

ster0ne
ml Fos t

MilK P sterone
Concn. ml

I6.5
19.5

26.5

35. 0

Day

:-:.

I

2

3

ll
17

l8
l9
20

21

22

23

?4

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

6.5

7.0

il.5
2.1

5.'l

4.0
I .5*
4.0

3.0

2.8

2.6

4.2

2.5

I't .0

I7.0
I 5.0

17 .5

I0.0
1.0

1.0
<.l.0*

1.2

1 .?.

3.1

3.3

12.s

12.5

15.0

41

42

43

44



117

D. PRIMITTE AGE: 6 Yrs.

Day 'Pos'tpartum i : : : Mi'l'k Pioge's'teron'e 'tonc'n.' '

I

2

3

l0
17

t8
l9
20

21

22

23

24

25

26

27

28

29

30

3l

32

33

34

35

36

37

38

7.5
7.8
6.2
.l.8

1.7
4.9
5.2
8.9
4.3
9.7
4.2
4.6
1.0
1.0
1.0
.l.0

1.3
5.4
4.8
2.5
t.0
2.5
2.5

<1.0*
ì.5
2.1

l,:j

i. jii:Ìì1ilt l

r::-.:r::::;-._:.'



I tB

T. NORA AGE: 8 Yrs.

Milk Progesterone Day Milk Progesterone
nay POstpartm

j-

2 6.5
3 5.7

ll 5.9
lB 8.0
l9 7 .1

20 7.5
21 7.5
22 6.0
23 5.2
24 6.4
25 12 -0
26 1.0
27 1.0
28 ?.6
29 1.0
30 1.0
3l <1.0*
32 5.8
33 1.5
34 1.2
35 l.l
36 t.l
37 3.8
38 6.3
39 ll.0
40 11.0
4l t9.0

42

43

44

45

46

47

48

49

50

5t

52

53

54

I 4.0
14.5
14.0
9.3

ll.5
1? .5
.l5.5

17.5
15.5
1.9*
6.?
5.5
9.4



ll9
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