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Abstract:

Four studies were conducted to evaluate various aspects of bovine postpartum anestrus. In the first
study, 18 beef cows were assigned to a NON-LACTATING, SUCKLED 2X DAILY or SUCKLED
AD LIBITUM group to determine the effect of suckling during puerperium on blood plasma
progesterone and testosterone concentrations and on the occurrence and intensity of estrus. Suckling
increased (P<.05) the postpartum interval from 20 days in the NON-LACTATING group to 38 days in
the SUCKLED AD LIBITUM group and increased intensity of estrus score (P<.05). In analyses
excluding 3 cows with silent first estrus, progesterone averaged .8 ng/ml at parturition and ranged
between .1 and .4 ng/ml through day 18 postpartum and was lowest in suckled cows (P<.01).
Progesterone ranged between .1 and .4 ng/ml from 18 through 5 days, increased rapidly to 1.8 ng/ml at
3 days and returned to .3 ng/ml at 1 day prior to estrus. This pre-estrus progesterone peak was highest
in SUCKLED AD LIBITUM cows (P<.05). Testosterone was low (mean=.2 ng/ml) over the
postpartum period. The second study consisted of TRIALS A and B and progesterone and estrogen
were given in single doses of 20 mg and 2 mg, respectively, between 30 to 90 days postpartum to
determine if this treatment could be used in routine dairy management to improve reproductive
performance.

The treatment decreased the interval from calving to estrus 25 days (P<.07, TRIAL A; P<.01 TRIAL
B) but did not decrease the interval from calving to conception nor improve reproductive performance
as measured by first service conception rate, conceptions per service and pregnancy rate. Treatment did
not affect ovary diameter at 10 through 44 days or milk production from 3 through 50 days postpartum.
The third study was designed to determine if mastectomized cows could be managed to reduce the
average calving interval to less than 365 days. Nine mastectomized cows had a mean interval from
calving to first estrus of 30 days but showed low fertility as measured by first service conception rate
(56%) and conceptions per service (35%). The interval from calving to conception was 76 and 79 days
for the mastectomized and control herds, respectively, indicating that mastectomy had little effect in
reducing the calving interval to less than 365 days. In the fourth study, 31 cows were used to test the
effect of flumethasone induced calving (5 mg injected 17 days prior to term) on postpartum
reproduction. Treatment groups were: NT=nontreated, INDU=treated and induced and NI=treated but
not induced. A breed difference was noted in response to treatment with more Angus responding than
Herefords (P<.01) postpartum interval to first estrus was 45, 47 and 40 days in the NT, INDU and NI
groups, respectively, but when postpartum interval was calculated from expected natural calving date,
the intervals were 43, 32 and 37 days, respectively. Cows were in estrus 1.2, 1.1 and 1.3 times prior to
60 days postpartum, pregnancy rates were 58, 90 and 67% and days open were 76, 69 and 77 days in
the NT, INDU and NI groups, respectively.
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ABSTRACT

Four studies were conducted to evaluate various aspects of bovine

postpartum anestrus. In the first study,.18 beef cows were assigned to
a NON-<LACTATING, SUCKLED 2X DAILY or SUCKLED AD LIBITUM group to deter-
mine the effect of suckling during puerperium on blood plasma proges-
terone and. testosterone concentrations and on the occurrence and
intensity of estrus. Suckling increased (P<.05) the postpartum interval
from 20 days in the NON-LACTATING group to 38 days in the SUCKLED AD
LIBITUM group and increased intensity of estrus score (P<.05). In anal-
yses excluding 3 cows with silent first estrus, progesterone averaged

.8 ng/ml at parturition and ranged between .l and .4 ng/ml through day
18 postpartum and was lowest in suckled cows (P<.0l). Progesterone rang-
ed between .1 and .4 ng/ml from 18 through 5 days, increased rapidly to
1.8 ng/ml at 3 days and réturned to .3 ng/ml at 1 day prior to estrus,
This pre-estrus progesterone peak was highest in SUCKLED AD LIBITUM
cows (P<.05). Testosterone was Llow (mean=.2 ng/ml) over the postpartum
period. The second study consisted of TRIALS A and B and progesterone
and estrogen were given in single doses of 20 mg and 2 mg, respectively,
between 30 to 90 days postpartum to determine if this treatment could be
used in routine dairy management to improve reproductive performance.
The treatment decreased the interval from calving to estrus 25 days
(P<.07, TRIAL A; P<.0l TRIAL B) but did not decrease the interval from
calving to conception nor improve reproductive performance as measured
by first service conception rate, conceptions per service and pregnancy
rate. Treatment did not affect ovary diameter at 10 through 44 days or
milk production from 3 through 50 days postpartum. The third study was
designed to determine if mastectomized cows could be managed to reduce
the average calving interval to less than 365 days. Nine mastectomized
cows had a mean interval from calving to first estrus of 30 days but
showed low fertility as measured by first service conception rate (56%)
and conceptions per service (35%). The interval from calving to concep-
tion was 76 and 79 days for the mastectomized and control herds, respec-
tively, indicating that mastectomy had little effect in reducing the
calving interval to less than 365 days. In the fourth study, 31 cows
were used to test the effect of flumethasone induced calving (5 mg in-
jected 17 days prior to-term) on postpartum reproduction. Treatment
groups were: NT=nontreated, INDU=treated and induced and NI=treated but
not induced. A breed difference was noted in response to treatment with
more Angus responding than Herefords (Ps<.0l) postpartum interval to
first estrus was 45, 47 and 40 days in the NT, INDU and NI groups, re-
spectively, but when postpartum interval was calculated from expected
natural calving date, the intervals were 43, 32 and 37 days, respective-'
ly. Cows were in estrus 1.2, 1.1 and 1.3 times prior to 60 days post-
partum, pregnancy rates were. 58, 90 and 677% and days open were 76, 69 -
and 77 days in the NT, INDU and NI groups, respectively. :




CHAPTER 1

INTRODUCTION

Rising production costs, competition from other animal and
synthetic protein sources and a rapidly increasing hungry world
population emphasize the need for more efficient production in the
cattle industry. One poorly understood but highly important aspect of
beef and dairy cow reproduction that greatly affects efficiency of
production is the postpartum interval.

The postpartum interval has been defined as the interval beginning
with parturition and ending with a designated event. This event may be
first ovulation, first estrus, completion of uterine involution, first
breeding or conception (Casida, 1971). As implied by this definition,
the postpartum interval is characterized by a series of events which
culminate in the renewed ability to reproduce. Not only must the animal
regain the ability to show estrus and ovulate but her uterus must re-
turn to a condition favorable to fertilization, implantation and normal
gestation.

The relationship between the postpartum interval and fertility is
negatively correlated. As the length of theinterval increases, con-
ception occurs later in the breeding season and if the interval is too
long a return to a functional reproductive state does not occur until
the breeding season is over. Therefore, considerable economic loss can

result if the parturition to conception interval is unduly prolonged.
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A cow must conceive within 82 déys postpartum if she is to have
a 12 month calving'interval. As reviewed by Casida (1968) the liter-
ature reports mean iﬁtervals from parturition to estrus ranging from
46 to 104 days for beef hérds and 50 t6‘72 days for dairy herds. 'Maﬁy
dairy cows have intérvalé gfeater than 82 days.(Casida, 1968) . »
Wiltbank (1970) found in a group of beef cattle that the interval from
calving to estrus was too long to permit a 12 month calving interval
iﬁ 32% of three-year-old cowé and 117% of cows age five years or older.

Application of these st;tistics show that Montana commercial beef
producers lose an estimated $11,000,000 annually because of-prolonged
" postpartum anestrus and low postpartqm fertility, and the annual loss
of income to U. S. beef producers is.cbnservatively estimated to be
$62i,000,000. In dairy_cattle not only is calf production affected,
-'but:average annual milk production is also decreased by long calving
intervals (ScﬂmidtandVan\V1eck, 1974).

The purpose of this investigation was‘to study the posépartum
interval to gain knowledge that could be used to improve reprodﬁctive
efficiency in cattle. Four experiments were conducted using beef and-
dairy cows at the Montana‘Experiment Station, Bozemanf ‘The first
experiment was designed solely to obtain basic physiological informa-
tion on hormonal mechanisms controlling postpartum anestrus while the
other experiﬁeﬁts consisted of hormone and surgical treatments that

would hopefully lead to-a better understanding of the postpartum




interval and to development of techniques to control the postpartum

interval.
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CHAPTER 2

LITERATURE REVIEW
Various aspects of ‘bovine postpartum physiology have been

1. (1971), Foote (1971) Morrow (1971)

reviéwed By Casida (1971); Erb et
anq Wagnef and lenreider (1971) at the'IX Biennial.Symposium on
Animal Reproduction at Purdue University ;n 1969. ther_excellentl
feviews of the early literature on this subject include thosé by
Casida et al. (1968), Morrow et al. (1969) and Moller (1970).

In the following review, the émphasis has been placed on the‘
more recent publications that have direct beariﬁg on the séecific
objectives of this investigation. The early literature is reported
rather supefficially as background inforﬁqtion for the ﬁo?e extensivé
reviews of ﬁhe postpartum interval in rélatibn té blood hormone levels,
exogenous hormone treatments, lactation, uterine environment and‘
induced pafturition.

Pdétpartum Intér§51

In order for a cow to resume a fully‘fun¢tiona1 reproductive
state following parturition not only must she regain the ability to
show estrus and ovulate but her reproductive tract must:return to a
condition favorable to fertilization, implantation and gésfation. The
following,aiscussion is a comprehensive re&iew of postpartﬁm ovarian
activity and uﬁefine involution, the factors that affect them aﬁd their

relation to fertility.
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Follicular activity

Follicles were not detected on the ovary at the time of parturi-
tion (Benesch and Wright, 1951; Labhsetwar et al., 1964) but follicles

develop within 16 to 30 days postpartum (Casida‘and Venzke, 1936;

. Higaki et al., 1959; Labhsetwar et al., 1964). Mean days to ovulation

and corpus luteum development range from 20 to 71 days in different
studies (Casida et al., 1968) and ovulation has been reported to occur

prior to 20 days in some instances (Labhsetwar et al., 1964 Morrow

et al., 1966; Wagner'and Hansel, 1969).

First estrus

There is wide variation in reports on the inferval from parturi-
tion to first estrus with means of 30.0 to 76.3 days reported in 13
studies of dalry cattle and 52 2 to 80.2 days in five studies of beef
cattle (Morrow et al., 1969), Casida et gl.‘(1968) in a survey of the
literature indicated that different groups of dairy coﬁs had averages

ranging from 30 to 72 days and of beef cows from 46 to 104 days.

Numerous studies indicate that a high percent of early postpartum’

ovulations are not accompanied by observed behaQioral estrus, and that
the incidence of these silent estruses decreases as days from parturi—
tion increase (CaS1da and Wisnicky, 1550 Kidder et al., 1952;
Trlmberger and Fincher, 1956; . Menge et al., 1962; Labhsetwar et al.,
1963). Saiduddin et al. (1968) reported that the incidence of non-

standing behavioral estrus also decreases as time from parturition




increases.

In cows ﬁith sho?t intervals to first estrus Fherevis a ten&ency
for them to Have a shorténéd first estréus cycle of‘about 13 days
(0lds et al., 1949; Menge et al., 1962). |

Uterine involution

The timg after parturition required for complete involution of
the uterus as determined by rectal palpation varies coﬁsidérably but
ranges between 25 and 50 days. As reviewed by Morrow et al., (1969)
postpartum interval to uterine involution ranges from 26.2 to 52.0 iﬁ
six stu&ies with dairy cows and 37.7.to 56.0 days. in three stu&ies
with beef cows. Two studies based on histological criteria suggest
a parturition ﬁo involuﬁion interval of 25 to 30 days for most animals
(Gier and Marion, 1968; Wagner and Hansel, 1969).

.éeveral"workérs'have shown that é delay in uterine involution
may result in # delay of first postpartum estrus éAlbrechtsen, 1917;
Buch et al., 1955; Higaki, 1959) while others show no significaqt
relationship between the two events (Foote et al., 1960; Menge et al.,
1962). | |

Cervical involution

Information on involution of the cervix is scanty but available
studies indicate that it occurs very rapidly and the cervix is complete-
ly closed by 36 to '96 hours postpa;tﬁm (Beneséh.and Wright, 1951; Jubb

and Kennedy, 1963; Boyd, 1925).
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Factors affecting postpartum interval

Parturition and postparturient disease. The postpartum interval

to first estrus (Chapman and Casida, 1937; Buch et al., 1955; Mqrfow;
1971) and to uterine involution is increased by abnormal parturitions,
dysfocia and disease including retaiped placenta, brucellosié,
pyometria and others. A high proportion of cows have uteri contam- -
iqated with microorganisms shortly afte; parturition (Rasbech, 1550;
Higaki et al., 1959; Elliott et al., 1968; Gier et al., 1962).
Suckliné. Sucklingldelayed the onset of first estruélas compared
‘tb_milking (Clapp, 1937; Wiltbank and Cook, 1868,,Wagngr and Hansel,
1969) and drying cows'off soon after calving (Saiduddin 22121-3_19673);
The effect of suckling oﬁ uterine'involufion is not ciear as one
research group reports that suckling hastens involution (Lauderdale
et al., 1968§ Riésen et al., 1968), another reportslnb éffeét'(Wagner
and Hansei, 1969), while yet another reports that suckling prolongs

involufion (Wiltbank and Cook, 1958).

Level of productioﬁ. There is conflicting data on the effect of
Alévél of milk pfoduction 6n the interval to first estrus with some
. researchers reporting tﬁat.the interval is prolonged by increased
production (Olds and Seath, 1953; Carmén,.l955; Saiduddin et él.; 1969)

while others report no effect (Clapp, 1937; Herman and Edmondson, 1950).

In one study there was no effect of level of milk production on interval

to uterine involution (Morrow et al., 1966), but Menge et al. (1962)
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reported a significant positiv? correlation of production level on
this interval.
Nutrition. Low pre- and postpartum energy levels have been
reported to decrease the interval from parturition to first estrus
(Wiltbank et al., 1962; Wiltbank et al., 1964; Dunn gi al., 1969) and

to increase the incidence of silent estrus (Saiduddin et al., 1967b).

Hypoglycemia has been associated with a decrease in follicular develop-

ment and could be an iﬁportant factor affécting postpartum in?erVal
{Oxenreider and Wagner, 1971) . |
Season. Postpartum interval to firs£ estrus appears to be short-

est in the fall and longest in the spring (Chapman and Casida, 1937;
Buch et al., 1955, Carman, 1955) while interval to uterine involution
is shortest in the summer and spring (Marion et gl;? 1968). However,
several reports find no effect of season on these intervals (Herman
and Edmondson, 1950; Warnick, 1955, Wiltbaﬁk and Cook,  1958; Morrow

et al., 1966).

Age and parity. Most authors conclude that postpartum interval

to first estrus tends to decrease with :increased parity up to 7 years

of age and then increases again (Hammond and Sanders, 1923; Herman and .

Edmondson, 1950; Wiltbank and Cook, 1958). Other reports show this

interval to increase with parity (Casida and Wisnicky, 1950) or to not

‘be affected by parity (Clapp, 1937; Buch et al., 1955; Foote et al.,

1960). Postpartum interval to uterine involution is longer in
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primaparoﬁs cows (Rasbech, 1950; Morrow et gl.,>1966). Howevér,
Tennant et al. (1967) maintained that age had no effect on the rate
of involutionm. |

Other factors. Other factors reported to delay the appearance

of postpartuﬁ estrus are the occurrence -of cystic follicles (Morrow

et al., 1966), anemia, feeding of thyroprotein (Wagner and Hansél,
1969), and the occurrenée of cystic and retained corpora lutea although’
the latter two are~probab1y not causes of postpartum gnestrus (Asdell
et gl.; 1949; Morrow et al., 1966; Donaldson and Hansel, 1968). |

Postpartum interval and fertility

Reproductive efficiency of beef cattle haé been observed to
improve as fhe time from parturition to first service increase
(Edwards, 1950; Shannon et al., 1952; Warﬁick, 1955; Perkins and Kidder, -
' 1963; Graves et al., 1968; Saiduddin et al., 1968). |

.VanDemark and Salisbury (1950) found in a 28 year study involving
1,674 pregnancies in 593 dairy cows that fertility increased with the |
length of the pos;parfum inter§a1 in a curvilineaf felationshipr'.ln
the cowé bred less than 20 days aftér calving, only 35% coﬁceived
while nearly.58% of the cows conceived when first bred 100 to 120
days after calving. Conception rate of cows bred 201fdays'or'more'
followiﬁg calving was 46.3%. There was ; signficant linear regression
(r=-.116) between the postpartum interval to first service and the
number of services required for conception within 80 days after

parturition.




-10-

Casida et al. (1968) reviewed 1iteréturé on fertility at first
service following parturition and found'conceptian at first‘service
(unweighted means of 5 studies) to be 39.3, 53.2, 61.6,l 62.2, 64.7 and
64.3% for consecutive months one thfough six postpartum in dairy cows.
In beef cows, conception at first service (unweighted mean of 3
studies) was 33.4, 58.1, 68.6 and 74, 4% for'cbnsecﬁtive months one
through four postpartum,

Ovarian activity usually occurs before uterine involution is
completed (Buch et al., 1955) and the question arises as to whether
cows can conceive ét oﬁulation prior to complete involution., Most
repérts indicate that the degree of uterine involution does not
seriously affect fertiliﬁy (Foote et al., 1960; Perkins and Kiader,
1963; Tennant and Peddicord, 1967) and the intérval to first estrus is
a more important effect. It is difficult to see how’the effect of
uterine involution and the interval to first estrus can truly be
sepérated.

Foote et al. (1960) estimated the relative importance of the
effect of interval to first estrus and interval to uterine inQolution

on fertility. Of the two the interval to first breeding was the most

_important with standard partial regression on fertility on interval to

involution of the uterus being .02 and on interval to first service-

“being .40. However, these studies did not consider the degree of

involution at the time of breeding.
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.. Postpartum Endocrinology

The hormonal mechanisms controlling'postpartum aﬁestrus are
‘not welllundgrstood. It is evident from the literature to be pre-
sented later that this anestrus is not céused’by a lack of gonadd-
trophins nor is there a 1owéréd sensitivity of the ovaries to gonado-
trophins (Casida et al., 1943). Follicles iarge enough to_ovulate'
develop on\the ovary shortly after partufition, yet ovulation does not
normally occur until sometime later (Wagner and Oxenreider; 1971).
This inability to ovulate early postpartumlis undoubtedly related to'.
;he lack of an ovulatory éurge of 1H and this concept will be further
developed. | | |

In the following discussion, 1iterature will be reported relative
to mechanisms 6f LH releasé, pituitary énd biood levels of hormones
during the postpartum interval and other endocrine faétoré of post;-
partum anestrus. |

Postparéum anestrus and prepubertal anestrus are similartin
some respects and may be related. Therefdre, a study of one may give
insight intq'the othgr and for this reason data on thé.prepubErtal.
heifer has been .included when appropriate. In_the section on
mechanisms of gonadotrophin release data,ﬁrom.other species including

rats are included.
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Role of the hvpothalamo-hypophvseal axis

Mechanisms of ovulation. Ovulation in the bovine is the result

of a surge of LH that may'increase as much as 200 times above basal
luteal phase levels within a 12 hr period (GesctWind, 1972). Prolactin
" also increases coincidentaily with the LH peak (Davis et al., 197i;
Swanson and Hafs, 1972). In rats it has been . demonstrated that
increased levels of prolactin are not necessary for ovulation to occur
(Wuttke, Cassell and Meites, 1971). | |
Rondell (1976) has postulated a mechanism by which LH may aause
ovulation. In this model, LH either acts directly oa the follicular
wall or indirectly via an induced steroid.secretion (progesterone?)
causing fibrocytes and/or other cells common to both thecal layers
to produce a cbllagenase enzyme. This.enzyme has been identified in .
follicular tissue and its action aftects the bonding between collagea '
fibrils to increase the distensibilitj and plasticity of the follicular
wall. The wali becomes thinner and thinner until rupture occurs.
This proposed ﬁechanisﬁ is supported by the fact that intrafollicular

pressure does not increase and .in fact may decrease slightly just

prior to ovulation.

Hypothalamic control of gonadtrgphins.‘ The secretions of the
anterior pituitary are controlled by small peptide molecules arising

from the hypophy31otroph1c area of the hypothalamus (figure 1).

Releas1ng hormones ex1st for GH (GRH), TSH (TRH) ACTH (CRH), LH (LRH) )
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and FSH (FRH); Controllof prolactin is mediéted by an inhibitory
hofmone (PIH) but there is also evidence for a prolactiﬁ releasing -
factor (PRF) (Gay, -1972). Evidence exists that LRH and FRH are the
same compound which has been naﬁed gonadbtroﬁhin feleasing hormone

(GnRH) (Schally et al., 1971).

These hypothalamic hormones exert their control over the cells
of the pituitary via the hypothalamic-hypophyseal portal systém which
is schematically represented in figufelﬁ. Long and short portal

vessels, arising from the superior and inferior hypothalamic arteries,

respectively, serve as the method of communication between hypothalmic

neurons and hormone secrefing cells of the adenohypophysis. Releasing

factors may be secretea on or near the capilléry.network of the
portallvessels to be rapidly transported to their target cells
(Gay, 1972). |

In figure 2, three possible types‘of.neuronal stimuli are
indicated: Neuron 1 may stimulate neuron 3 to cause the ielease'pf a
releasing factor. Neuron 2, although 1ocated‘more distant. from the-

" capillary network also may secrete releasing factors near the

capillary network. The pathway of neuron 4 suggests the traﬁsport of .

releasing factor to the short bortal vessels which supply the periphery’

of the adenohypdphysis. However, the involvement of the short portal

vessels is not well supported by experimental data (Gay, 1972).
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Figure 2-2. Schematic representation of the anatomic relationship
between the hypothalamic area and the pituitary gland.
Adapted from Gay (1972).
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Dapa from rats_indiéétes that two levels exist in the neural .
control of gonadotrophin secretion. - One level is represented by the
tonic mechanism situated in the hypophysiotrophic area. This tonic
mechanism acts directly on the énterior pituitary celis by means of
the hypophysiotrophic factors (releasing hormones). This 1evei of
neural control cannot secure by itself the cyclic output of gonado-
trophin hormone, but it is able to maintain a tonic basal levél'of
FSH and 1H iﬁ an amount sufficient td‘maintain ovafian follicular
growth and estrqgen gecrefion (Flerké, 1970).

The other level of neural contfol of gonadotrophin-seéretion is
the cyclic mechanism that triggers the burst of LH secretion respons-
ible for ovulation. Using techniques deveioped by Halész and Pupp
(1965) to interrupt neural connections of the hypophysiotrophic area
without altering pituitary connections, Halasz (1969) demonstrated
that the neurogenic stimulus thaf causes the release of LRF iﬁ
amounts nécessary for ovulation comes mosély‘from the_preopfic area.

The concept is that a message is sent via the nervous sysfem from
the LH trigger mechanism (LH sﬁfge cénfer) and frgm the FSH’coﬁtr01~‘"
mechanism to fhe neurons in the hypophysiotrophic area causing a
release of LRH and FRH (GnRH?). This is depicted in figure 1 where
the FRF and LRF producing neurons of the toﬁic mechanism are indicated
by the neural units with dotted bodies. Théy are situated in the

hypophysiotrophic area and their nerve endings terminate on the
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casillary 1oopé of the portal sysfem.' Neurons belonging to the hypo-
thalamic cyclic mechanism (preoptic LH-trigger and FSH-control
mechanism) are represented by clear bodies located in the preoptié
and anterior hypothalamic areas, respectively, (Fie¥k6, 1970).

This concept is.further illustrated in figure 2. Because surgical
transecfion of the anterior hypothalamus (axons l.and 2) appears to -
abolish the cyclic releése of LH in.the female rat but‘not the basal
secretions of LH in either sex (Halész, 1969) it has been proposeﬁ
that the preovuiétbry,sqrge of 1H is controlled by one group of
-neﬁrons (neurons 1'and 2) while the basal ;ecretion in both .sexes is
regulated by other neurons (neurons 3 and &) (Gay, 1972).

It is now generally accepted tha; estrogen .evokes the surge of.
LH during the cycle (Geschwind, 1972) and increasing levels of estro-
gen are associated with the LH peak in cycling rats”(Motta gﬁ al

at.,
1970), cycling cows (Christensen et al., 1971) and in cows experienc-.
ing the postpartum ovulatory surge of LH (Arije et al., 1974).

| This actioﬁ of estrogen may be via the preoptic LH surge center.
It has been shown ﬁhat'estrogen exerts a stimulatory effect on 1LH éﬁd
FSH reiease, via the antééiof hypoéhalamic-bfeopticsuﬁrachiasmic
région in rats, but the site of action is unknown in monkeys (Arimura'
and Findlay, 1974). "In rats, estradiol is accumu;ated in the an;erior

hypothalamus (Kato and Villee, 1967) and this increases electrical -

activity in the preoptic area (Cross, 1973);
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Small amounts of progesterone are needed in order for thg

t al., 1970).

estrogen evoked LH surge to occur iq'the rat (Moﬁta
It is interesting to note that in the prepubertal and postpartum cow,
no functional corpus luteum exists (Wagner et al., 1969) and that

progesterone levels are low (Arjie et al., 1974; Gonzales-Padilla

et al., 1975). |

LaVoie and Moody (1971) gave indirect evidence for thg existence
of steroid binding sites in the head of the cow. They comparea levels
of progesterone in the carotid artery and jugular vein and noted that
progesteroné levels were ﬁighest in the carotid‘artery compared to
thé jugular vein on all days except on day -1, 0 and '1 in relation to
estrus when they were highest in the jugular vein. It was postulated
that progesterone was bound or used in the head as evidenced by fhe
fact that more went to tﬁe head than came ffom the-head; On the days
around estrus this waé reversed and it was suggestéd'thaf high levels
of estrdéen were displacing proéesterone from binding sites in the

head.

Some factors affecting hypothalamic control. Estrogen, proges-
terone and testosterone also exhibit an iﬁhibito?y affect on gonado-
trophin secretion but tﬁis action is on the tonic_mechaﬁisms an& any
inhibitory effects of steroids omn the cyclic mechanism are not well
understood (Armimura and Findlay, 1974). The various: progestin

compounds used to synchronize estrus (Lammond, 1964) and androgens.
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(Johnson et al., 1956; Berry et al., 1958) may block ovulation by
inhibition of the cyclic release mechanism. Binding sites exist forA
testosterone in the preoptic area of the rat brain (Naess and
Attramadal, 1974).

Curreﬁtly there is much interest in the effects of prolactin
secretion on_gonadotrophin production aﬁd it is thought. that. the
high levels of prolactin associated ﬁith early lactation may be
related to postpartum anestrus (Han, 1973). |

Iﬁ the lactating rat follicu}ar quiescence results from the
supression of LH and FSH and levels of theée vary with the intensity
of the suckling'stiﬁuli. Conversely, prolactin increases with-
increased suckling stimuli and evidence exists fér an antogonism
between gonadotrophin and prolactin secretion. This evidence includes:
1) observafions that when endogenous prolactin is supressed by auto

feed back mechanisms (median eminence prolactin implants) the

pituitary increases gonadotrophin secretion; (2) decreased ability

"of the gonadotrophin secreting pituitary to respond to a prolactin

stimulator (perphenazine> until a gonadotrophin.suppregsor (mefhalli-
bure) is given,.(3) histological changes inclﬁding a reduction in
size and number of secretory granule§ in piﬁuitary secreting celis
and an increased number and size Qf gonadotrophins in response to
prolactin producing pituitary tumors (MtT-W10 pitﬁitary tumors) and

(4) the fact that various neurotransmitters placed in the third
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vehtricle produce inverse effects on the secretions of gonadotrophins
and prolactin (as reviewed by Han, 1973).

Extrapolating this concept to the cow one would suppose that
postpartum anestrus in cattle méy occur from insufficient gonadotro-
phin secretions but LH levels are not_low in the postpartum cow as
measured by radioimmunoassay (Han 1973; Arjie et _l.,-1974). Also,
FSH levels appear to be adequate to céuse the follicular grﬁwth that
occurs at this time (Wagner, et al., 1969).

The ergot alkaloid, efgocorine, effectively reduces serum and
pituitary levels of prolactin and LH in the rat, but does not inter-
fere with ovulation nor induce alterations in the estrous cycle of
rats (Wuttke et al., 1971). Niswender (1974) using cycling ewes
demonstrated that 2-Br;&-ergocryptine effectively reduced serum
levels of prolactin to less than .05 ng/ml while éontrols showed
levels ranging from 10 to 100 ng/ml. Serum levels of LH, FSH and
progestérone were not.different between ergot treated ewes and coﬁtrols.
Assuming that an antogonism exists. between prolaétin and the cyclic
release of LH such a treatment should prove effective in'réducing the
postpartum inte;val bf éattle. (Hubenov et al., 1964 as ‘quoted by
. Wagner, 1968) reported that ergotamine treatment in cows shortened

the interval to uterine involution by 3.5 days and decreased days

open by. 32.3 days.
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Pituitary levels of gonadotrophins
The data on pituitary hormone levels in the postpartum cow may

be summarized by stating that LH levels generally rise after partiri-

tion while FSH is usually at a peak level at parturition and declines -

following parturitioﬁ.
Saiduddin'and Foote (1964)‘using pituit;ries recoyered frém
' Héreford cows at 5, 17 and 30. days after calving reported increased
depletion of ascorbic _acid with advancing posfpartum stége and
'sugge;ted, based on limited numbers, that pituitary LH activity
increases as ﬁostpartum anestrus pfogresses toward resumﬁtion of
estroué cycles.

.Utilizing 20 pluriparous Holstéin cows Labhsetwar et al. (1964)
found that pituitary activity of FSH was gignifiéantly higher oﬁ the
day of calving compared with activity -found 21 days postpartum'énd '
that the inverse waé true for pituitary LH aétivity. It was found
that follicular development was greatest at 21 days postpartum when
pituitary FSH was lowest and it wés suggested that the higher FSH
.;ctivity on the day of calving was dqe to the rate of FSH synthesis
having been highef for -a period of time than ité‘rate of‘reiease froﬁ
the gland.

" In the same study it was found that administration of 100 mg
progesterone per day for 20 days postpaftum did not affect pitqitary

FSH or LH activity nor did it depress follicular develépment. None of
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the progesterone treated cows 6ﬁu1ated within the 21 day period but -

'of the non-treated cows two ovulated without expressed estrus, one

showed estrus and ovulated and the remaining two had no corpora lutea

at slaughter 21 days'postpartum.

| Saiduddin et al. (1968) found FSH conteﬁt was high on the day
after calving and decreased by day 20 postparﬁum Whiie 1 increased
in Holstein cows that wefe suckled or,ﬁon-lactating. Although
differences in pituitary gonadotrophin levels were not detected,
ovulationé occurred in the non-suckled.cows:by day 20 but not until

day 30 in the suckled cows. In a similar study by the same group

‘Riesen et al., 1968) it was found that suckling decreased pituitary

prolactin activity.
Wagner. t al. (1969) found a nonsignificant rise in pituitary

1H conceﬁtration from“day 7 postpartum to day 30 postpartum in grade

Holstein cows. Neither nursing of calves nor anemia caused a signifi- .

cant change .in pituitary-LH content, but both control cyclic and

‘thyroprotein.fed cyclic cows had significantly higher levels of

pituitary LH than did the‘postpgrtum goﬁs.'

Desjardins and Hafé (1968) noted £hat in rats and pigs (Raqirey
and McCann{ 1963; Parlow et al., 1964) pituitary LH and FSH was higher
in.prepuberal’;han:in'postpubergl énimals? S0 the& collectéd cqmpargbie
data in the bovine. 'Pitﬁitary FSH and Lﬁ'were determined in 65 |

Holstein heifers slaughtered in groups of five at monthl? intervals
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from bi?thlthrough 12 months of age.' FSH coﬁcentrations were 1.7, 2.7
and 1.1 mcg.equivalents ﬁIH-FSH-SZ_per mg af 0, 1 and 2 months,
respectively, but did not change significantly théreaftér. Pituitary
1H concentratiohs.increaséd féurfold from 2.4 ét birth to 9.1 meg
equivalents NIH-LH-B2 per mg at 3 months qf age, véried considerably
from 3 to 7 months and declined from 10.4 at 7 mqnths to_4;8 mqg'
equivalents at 12 months. Pituitary LH in these héiférs was twice
that found in a group of 42 non;pregnant adﬁlt cows while'FSH levels
were equal. Puberty was associated With.decreasea 1eve1s of
pituitary LH. .

Blood levels of hormones

Only withiﬁ the last 10 years have methods been developed to
measure hormones in blood rapidly and reliably, and only within the
last five or six years,héve these methods been turned toward the post-
partum co%. Generally, the postpartum inteﬁval is marked by low -
levels of gonadal hormones aﬁd,an absence of cyclic 1LH feleasé. It
appears that the resﬁmption of éyclic LH release may be mediated by
progesterone arising from an as yet unknown sdurce.

Pope et al. -(1969) measured piasma progesterongvat two day
intérvals in eight Friesian cows from before parturitién through
several ovarian cycleé but failed to comment‘oﬁ_tﬁe patterns of
prOggsterone secretioﬁ during the-anestrﬁsAperiod. There gppeared to-’

be a slight elevation in progesterone prior to the first ovulation.
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All of the cows but two had one or more silent ovulations gnd four had
shortened first ovarian cycles (12, 14, 14 and 17 days). The mean
peak progesterone level during the 10 dayé preceding ovulation with
estrus was 9 ng/ml cémpared to. 3.7 ng/ﬁl p%éceding quiet ovulations
(P<.001). . |

Donaldson et al. (1970) measured ﬁlasma progesterone in 13 beef
cows bled twice.weekly'through the anestrous period and found that -
progesterone levels indicated that six énimals exhibited estrus
without a previous cycle, five animals had one silent estrussprior to
the first’observed estrus and two animals had two silent estréus
periods. A small but highly significant increase.(P<.001) in proges-
terone concentration was seen 3 to 4 days priér to the start of the
firsé postbar;um c&cle in ten of thé cows and this rise was associated
with follicular activity. It must be pointed out that the specificity
of the competitive protein binding assay was limited and it was not
certain that the material measured was entirely progesterone.

Ingalls et al. (1971) collected jugular blood samples daily from
32 dairy heifers around parturition and tWice weekly thereafter until
first eS£rus. They foﬁnd that LH did Aot changé meaéﬁrably, and that
_production.fell from 200 ng/ml in the two days prior to parturition
to 60 ﬁg/ml 60 hr postpartum and ranged f?om 50 to 100 ng/ml until

estrus. Growth hormone was elevated at parturition but no changes

postpartum were noted.
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Callahan et al. (1971) and Erb et al. (1971) reported on ovarian
activityandlurine and plasma hormone levels in 65 éairy cows which were
classified into postpartum groups consisting of clinically nofmal éows,
cows with metritis, cows with cystic ovaries and cows with both
metritis and cystic ovaries. Blood and urine were collected'af 0.5,
3, 8 and 13 days after calving and weekly’thereafter. If esﬁrus or
Qvulétion intervened samples' were collected on the day of expressed‘
estrus or 0 to 2 days aftéf silent gstrus_and weekly thereafter until
the end of the ovarian cycle. | |

Urinary eétrogens were high at‘éalving (average total éstrogens
all groups = 1756 ng/mg creatinine) anavdecreased markedly by day 3
posﬁpartum (226 ng/ml cfeatinine) and remained steady throughout the
rest of the experimental period. There were no significant differences
in urinary estrogens between genital condition groupé. These authors
indicated that estrogen syﬁthesis may be high at this time as compared
to normal estrous cycles occurring éfter'fertility has been re-
established.

No differencesassociatedwith time after calving‘were found for
plasma progesterone, corticosterone and cortisol. Plasma progesterone
was 8, 7 and 8 ng/ml'at‘O.S, 3 and 8 days postpartum which is much

higher than that reported by Echternkamp and Hansel (1973), Corah et al.

(1974) and Arije et al. (1974) who found progesterone 1eveis to be low

during postpartum anestrus. A follicular source was suggested for this
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progesterone,

Plasma LH was significantly (P?.OOS)_lowef at 0.5 and 3 days
than 8 and 13 to 60 days after calving. Plasma LH ﬁas consistently
lower (P<.0§).and plésma corticosterone Waé consistently higher
(f<.005) in the ﬁetritis group than for other groups. |

Sixty-five percent of the cows in these studies (Callahan et al.,
1971; Erb et al., 1971) had their first postpartﬁm ovulation unaccompan-
ied by estrous behavior, but no obvious differences in hormopes were
fbund'to.explain the phenomena. A slightly different est:ogen.excre-
tion pattern was noted 3 to 1 days prior to ovulation with cows having
anestroﬁs ovulations'exhibiting lower levels in relation to levels
beforé and affer this 3 day period. Subnormal development of luteal
function and decréased luteal 1ife span was indicated following
anestrous ovulétions in the clinically normal cows.

Henricks et _l; (1972) measured. progesterone and total estrogens
concurrenfly in daily plasma samples from 10 dairy cows and found that
in three cows which were detected in estrus prior to 35 da&s postpartum
progesterone levels Wefé low but presenf in a cyclic pattern withiﬁ 20
days affer parturition. There was a peak of estrogen-which coincided
with estrus followed by a marked incréase in progesteréne.leyels. In
3 cows that were detected in estrus bétween'35 and 49 days, postpartum

progesterone levels were lower and did not undergo the early cyclic

pattern observed in cows that exhibited estrus by day thirty-five.
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There was a peak in estrogen 20 to 25 days pfior to estrus followed
by a progressive rise in progeéterone, tﬁen a decline indicating.tha£
a silent estrus occurred.

In three of the fqur cows tﬁat did not exhibit eétrus until
later than 60 days postpartum, estrogen remained below 10 pg/ml during
the 60 day period following calving. In‘the other cow; estrogen.
peaked at 34 days postpartum and was followe& by a 10 day increase in
progesterone indicating corpus’luteum‘dvéioment. In two of the thrée
cows with low esﬁrogen levels prﬁgesterone remained low, but in the
other a cyclic pattern was observed.with peak levels occurring on day
26 aﬁd 48,indicatingAﬁhé development-of functional corpora lutea
during each;period.' |

These data.demonstrated luteal funcéion prior to the first
, éetected estrus and it was noted that estrus coincided with the peak
in estrogen in only those cows in which cyclic 5atterqs in brogesterone
levels had been present'prior to estrus. This indicates that the
difference in postpértum interval appears to be related to the inci-
dence of piasma progesterone.

Schams et al. (1972) collected blood at 6 hr intervals from éight
‘cows over two -complete prégnancies including the postpartum periods"
and measured LH in each sample and progesterone every 4 to_5‘days.

Unfortunately these authors did not report on the levels of these

hormones in relation to the first postpartﬁm estrus, Distinct LH
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peaks were observed between 7 and ZQ'days postpaftum but progesferone
1§vels remained low aﬁd it Was.concluded that neither ovulation nor
1&teinizationﬁoccurred.- |
Echternkamp and Hansel (1973) measqréd estradiol, progesterone,

total corficoids and LH in plasma from 35 postpartum lactating
Holstein cows at 4 day inFervals. Estradiol levels fluctuated consid-
erasly'betweenbparturitidn and first.estrus.in some COWs bu? in éthérs
remained low until 2 to 3 days prior to gstfus. They related these
_erratic changeé in estraaiol to pituitgry FSH release (Nalsandév and
Casida, 1940) and variable.follicular éctivity seen at this time
(Morrow et al., 1966). Progesterone levels ﬁerehlow or undetectable
from partufition untii thé development of the corpus luteum following
first”ovulatibn. Elevated progésterone 1eﬁé1srfound in a few individ-
uéls during postpartum anéstrustwere attributed to either follicular
luteinization or adreﬁal progesterone secretion. Plasma Lchoﬁcen-
trafion increased gradually from 1 to 2 ng/ml for the fi;st 12 days
. postpartum which.pérglleléd the incréase in bovine pituitary LH
content seen during the first 30 days posgpartum by Saiduddin et al.
(1966) and Wagner et al. (1969).' Corticoid levels appeareﬂ unrelated
to postpartum interval.

* Corah et al. (1974) measured progesterone and-estradioi‘in plasmé

collected at 3 day intervals from 12 first calf 2-year*old Hereford

heifers fed two prepartum levels of energy. While energy levels
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increaéed to the 4 to 7 pg/ml range and stayed at this level until
first estrus. Progesterone declined from 2.5 ng/ml just prior to
parturition to 0.9 né/ml at parturition and 0.161ng/m1'13 days post-~
partum. Levels remained low from 13 to 21 days postpartum then
gradually increased until peaking‘at 0.93 ng/ml 1 day prior to estrus.

. OfspeciélintereSE in this study was ;he'faqﬁ that‘of three
héife?s that conceivéd'oﬁ fhe first postpartum estrus all had elevated
progesterone levels (1.7 ng/ml) 1 to 3 days prior to esf?us while none
of the heifers Ehgt aid not conceive.shpwgd elevated progesterone
levels at tﬁis time (apprbximately 0.4 ng/ml); In three heifers
exhibiting‘a short first estrous cycle (6 to 8 days) there was ﬁo
increase in:progesterone which was interpreted to mean that no func-
tional corpora lutea had develobed.

Arije et al. (1974) measured hormonesyin daily biood serum
samples collected via indwelling jugular cannulaé from three laétating
(suékled), pl#riparous‘beef cows during theif.postpartgm‘anestrus
which lasted an average gf 98ty days. VLH levels were low from paétﬁriﬁ
tion to estrus and Qéried from 0.5 to 3 ng/mi. An LH peak of 42.4 ng/ﬁl
occﬁrred aﬁ average. of Slhr_éfter the.start of estrus. Progestins
fluctuated betwegn 0.2 to 2.0 ng/ml from.;he day'after parturition
through most of'the postpértum interval. Serum progestins inc;eased
steadily from 0.3 ng/ml at 7 days before estrus to-2.0Ang/m1 at 3 days

before estrds_and then fell to 0.2 ng/ml at estrus. Through most of
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the postpartum period estrogens fluctpated éround 206 pé/ml with
occasionai_peaks of 360 to 400 pg/ml and increased during the 5 days®
: prece&iﬁé estrus from 149 pg/ml to as much as 540 pg/ml, indicating.
a rise.in estrogens’preceding the LH peak.

ﬁean prolactin levels fluctuated widely between.SO'and 500 pg/ml
the first 40 days of the postpartum iqtervai but levels in one éow'were
‘five tq‘lp times higher than for the é?her two cowé and for values
observed rodfigely in the bovine. _Prolacéin fluctuated arqund 150
ng/ml from 30 days postpartum until 2 days before estrus when levels
of 200 ng/ml were aéhieved. These elevated 1evéls were'ﬁaintainéd
until 2 dayé after estrus, CortiCOStéfoid levels varied between lllgnd
62 ng/ml dufing fhe postpartum interval and reached relatively high
valﬁes of 64, 48 and 52 qg/hl 2 days beforé, 1 da&vbefore and on the
day of estrus,

Five suckled and five non-suckled ﬁrimaparous Herefor& heifers
.Were used to stud& péstpartum ovarian activity by Connﬁr et al. (19f4j
and Blood hormone analyses were conducted b; three of the non-suckled
"and two Of the suckled heifers by Tribble et al. (}974). The heifers"
were ébserve& for.estrus every 6 hr at the time of each biood célléc-
tion via_jugular capnuiée, and rectal palpation wés conducted eyéry
other day.

Tribble et al (1974) found that the hormonal changes preceding

the first pdstpartum'estrus were similar for the suckled and .
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non-suckled heifers with the only real difference being in the'lengtﬁ
of the postpartum interval (76 vs 47 days for the suckled and non-
suckled, respectively)._ Serum prolactin levels were erratic but were _
higher at times of suckling than during non-suckling periods. 1H
1eveis fluctuated consi&erably throﬁghout thé postpartum interval in
all five heifers with a mgjor 1H peék occurring at standing estrus;
Six fo-14.days prgceding standing estrus a'siénifigant elevation of
progester&ne and 20 B-hydroxyprogesterone occurred, persisted for
several days and declined rapidly-oné day pridr to standing estrus.

One suckled and one non-suckled heifer showed elevated progestin
levels a duration of 16 and 14 days, fespectively, while the other
suckled and two non-suckled heifers had a much shorter progesterone
release period, with lower levels recorded. Also, there was elevated
levels of LH approximately one cycie length prior to standing estrus.
Of special interest was a peak of 17-hydroxyprogesterbné that occurred
at 6r_near the time of estrus in four of the five heifers.

Connor et al. (1974) have postulated that thé source of this
progesterone must be from a luteinized follicle .and that luteinization
might be ﬁecessary to elicit the firét postpartum standing'estrus
with ovulation. This postulétion was based on thevfollowing observa-
tions: (1) No estrus, ovulation or cquus luteum was detected prior

to the increase in progestins measured by Tribble et al. (1974) on the
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same heifers, (2) both 17-hydroxyprogesterone, found only in follicular
tissue (Cupps, 1968){ and.20-B-hydroxyprogesteféne, found only in
lutéal tissue (Saward.and Telegdy, 1965), were found pribr tblesérus
Withlovulation, (3) it had pfeviously beenfrepofted that luteinization
begins before ovﬁlation (Short, 1962; Lobel and Levy,'1968), (4) Short
(1962) quantified both 17-hydroxyprogesterome and 20—B-hydro§yproges-

terone from luteinized follicles, (5) an increase in ovarian size prior

. to first estrus was accompanied by an increase in plasma progestin

" levels and (6) since the major difference between the suckled and non--

sﬁckled groups was the length of the postpartum interval and not a dif%i
ference in hormone profile it seemed likely that 1uteini2ation must
be necessary to eiiéit the first postpartum estrus and ovulation.

Han and Moody (1974) measured LH, prolactin and progesterone in

daily plésma samples collected from parturition through 17 days post-

-partum in two non-suckled and two suckled beef cows. Prolactin levels

in the non-suckled but .not in the suckled group exhibited a significant
negative linear regression (P<.05) with increasiﬁg dayshpostpartum

and mean prolactin levels were lower (P<.01) in the non-éuckled gfoup
compared to the suckled group. LH and p?ogesterone levels were not
significantiy different between groups nor did they exhibit any
significant regressions.- In a combined analysié a significant (f<.06)

correlation (r=-.29) between LH and prolactin was detected.
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Three possibilities were discﬁssed as factors involved in the
regression qf.prolactin on'days postpartum and in the group differ-
ences in-mean prélactin leneis:'(1)‘Physiologica1 differences between
suckled and.non-suckled animals may exist and the differences may
indicate that réduced prolactin secretion is necessary for the initiaj
tion of estrus. The éﬁthors pointed out that estrus occurfed on day 7
énd greater than 26'days after parturition in the ﬁon-suckied and
suékled gfoups, respectively, but failed to acknowledée that the
negative regression of prolactin in the non-~suckled group could be a
result of thg events 1eading to estrus and not the cause, Thg other
factors discussed were (2) the variable response of prolaétin to the
stress of blood collection, and (3).bétwegn assay variation both of
which may have ;ontributed_to the differences seen in the.prolactin
.Iprofile.betweén'groubs.

It was stated that the signifi;ant ﬁegative correlation between
LH and prolactin plasma levels support £ﬁe concept of an antagonism
betﬁeen gpnadotrophins an& prolactinl;s gemonstrated in the rat. .

No comment was made relative to the low postestrous 1¢vels of prdgés-
terbhé.in.the non-suckled group.

Gonzales-Padilla et al. (1973) measured blood serum concentrationé
of LH, ‘FSH, GnRH, prolaétin, progesterone and estradiol 17-3 in:samples

collected at 6 hrvintervals or less frqm Six Angus heifers before and

at puberty.  There were no marked changes in FSH,'prolacfin, GnBRH or
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estrogeqs as pﬁberty appfoached and there were no elevations of either
estradiol 177B-or GnRH associated with. LH péaks. LH levels fluctuated
markedly but two distinct LH peaks Qefe obséfvéd in eve?y heifer: B
One 6ccurréd on day 0 ("quertal LH ﬁeak") and the other occurred

8 to 10 days earlier ("ﬁriming LH peak"). Between days -20 and 0,
_évery heifer showed two progesterone elevétionsu The first occurred
between days -18 to -11 and always preceded the "priming" Lﬁ peak,

énd the secona occurred between the "priming" and "pubertal" LH

peaks. It wés suggested that the source of the secénd progesterone
elevation was probably from a luteinized follicle thgt occurfed in
response to the "priﬁing“ LH peak and that the first elevation was at
least partially produced by the adreﬁal-cortex.

_Prolactin was ﬁegatively correiated with GnRH and estradiol-17-B
during the prepubertal period but this corfelation-disappeared after |
pubefty; Péogesteroné showed a small négative correlation with
proléctin in -the prepubeffal perioé'but these were positively correlét—
ed aftef puberty. This change in the relationship between frolactin
and the hypothalamic and ovarian hormones after puberty suggests that
certain modifications in the_pﬁysiology of ﬁhe hypothaiamijitui£éry'
axis are associated with the onset of puberty.

These authors étated that their rgsults indic;te no deficiency
in circulating 1evéls of pituitary or hypbfhalamic horﬁones but that

prepubertal anestrus is characterized by a lack of a cyclic pattefn




-35-
of release of LH, which appears gradually and is apparently me&iated
by the action of.progesterone.

‘Other factors of postpartum anestrus

There are no reports in the literature for plasma testosterone
values for cows during.the postpartum interval and to the knowledge of
this reviewer only one rebort exists for testosterone ;evels in cycling
cows. Shemesh and Hansel (1974) fouﬁd that.testosterone levels varied
between 10 and 50 pg/ml during the estrous cycle and tgnded to vary
Qifh estrdgen levels indicating an ovarian source. The possibility of
an adreqal source was mentioned, Rice and Savard (1966) reported that
androgené are the priﬁcipal steroids segreted-by human ovarian stroma
during the fallicular phase of the menstrual cycle and during pregnancy.

The adrenals may be involved in postpartum anestrus, Wagner._g al.
(1969) showed that adrenal cortisol and progesterone were lower in
nursed compared to milked cows and'Wagner and Oxénreider (1971) in a
series of experiments suggested that blood levels éf cortisol increased |
in'respbnse to milk removal. They further postulated that this
cortisol increase may be due to increased oxytocin levels at this time
and subsequent jugular'infusions of‘oxytocin into npn—lactating cows
resulted in rises éf plasma cortisol although carotid infusiph of
oxytocin did not elicit -this response.

Adrénal involyement in the onset of buberty in female rats has

been demonstrated. Gorski and Lawton (1973) showed that adrenalectoﬁy
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at 18 or 25 days of age delayed puberty in relation to controls and

sham controls and that this delay was inhibited by autotransplantation

of the adrengls. Adrgnalecfomy on day 35 did not delay puberty
indicating thaf a period exists between day’25 and 35 during which
adrenallsecrefions play a roie in the maturation-of the brain-
pituitary ovarian axis..

. The adreﬁals have been suggested by several research groups as
a source of progesterone in postpartum cows (Corah et al., 1974:
Echte;nkamp'and Hansel, 1975; Wagner and Oxenreiéer, 197%) and in
prepubertal heifers (Gonzalez-Padilla et al., 1975). Baifour and
Comline (1957) have determined that the 1eve1'oflprogesterone in
bovine adrenal venous blgod is 10 to 50 times less than the corres-
ponding Eorticoid 1eveis, but 10 to 100 times.greater than the conégn-
tration of progesterone in arterial blood collected at the same time.

Another factor which may be invol&ed in postpartﬁm anestrus as

suggested by McClure (1968) is hypoglycemia. Oxenreider and Wagner

(1971) found that lowered energy intake and increased lactational

stress delayed postpartum follicular growth and ovulation and decreased’ .

plasma glucose levels during the first 8 week postpartum. The data
did not indiéate where if at all, hyﬁoglycemia exerts ' its influence,
but it was mentioﬁed that since brain tissue depends on.glucose for
energy; hypoglycemia may depress hypothalamic function, thus

resulting in a loss of ovarian activity.
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Wagne; et al. (1969) found no effect of suckling or length of
postpartum interval (slaﬁghter at 7, ;4 and 30 day§ postpartum) on
pituitary TSH levels or on thyroid cell height in éows on normal
diets, but in thyroprotein fed cows,both:pitﬁitary TSH and. thyroid
cell height were depresséd and the'interval to first estrus increaséd
" by 20 days coﬁparéd to éontrols.

Lactation and the Postpartum Intefval

As previously discussed, suckled cows have a longer intérval from
pérturition'to first estrus thén cows not suckled or milked (Graves
et al., 1968; Oxenreider, 1968; Saiduddin et al., 1968; Oxenreider
and Wagnef, 1971). Also, the interval is increased by high milk
production (Morrow et al., 1§66; Saiduddin et al., 1968) and by
nursing or 4X daily milking as comparéd to 2X daiiy milking (Clapp,

1937; Wiltbank and Cook, 1958). Suckiing decréased the interval from

t al.,

parturition to uterine involution in some studies (Lauderdale
1968; Riesen et al., 1968) but not in others (Wagner and Hansel, 1968;-

Wiltbank and Cook, 1958).

.Mg@marv-Ovariéq Relationships
-The mechanism by which suckling alters postpartum ovarian activity
is not known, but it probably is some combination of factors involved
with the incréaséd nutrieﬁt requirements at this time and a direct'
effect of intensity, frequency and means of milk remqvgl. Lactéting.

cows require more energy than non-lactating cows and it has been
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demonstrated that insufficient nutrient intake at this time increases

the postpartum interval (Dunn et al., 1968; Wiltbank et al., 1962),

and decreases blood glycogen and ovarian follicular activity
(Oxenreider and Wagner, 1971). However, Short et al. (1972) has shown

a direct effect of the suckling stimulus independent of nutrition.

I

Studies involving mastectomized cows (Shoft et al., 1972), sﬁeep
(Short et al., 1973), pigs (Peters et al., 1969)aﬁdlrats (Inglebrecht,.
1935) demonstrate the involvement of the mammary.gland on reproauctive
activity.

Short et gl; (1972) compared poétpartum interval between masfec-
tomized, intact non-suckled and intact suckled Angus cows. Rations
were adjuétgd dépending on léctational status to cause the cows to
maiﬁtain body.weight over the experimenfal period, thus isolating the
.effect of suékling and maétectomy:frgm ﬁutritiqnal gffects. Removing
calves at birthvshortened the postparﬁum interval and mastectoﬁy
shortened the interval even further with dayé from parturition to
estrus averaging'65,‘25 and 12 for the suckled, intact non;sudkled
"and méstectomized groups, respectively. These treatments had no
significant effect on the interval from calving to coﬁception as cows
with shorter postpartum intervals requiréd more services per conception
.feflécFing-thét tﬁg eérly estruses were infertile.

| Results from fall lambing postpaftum'sheep (Short et -al., 1973)

indicate that suckliﬁg had little effect on the postpartum interval to
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estrus éompared to noﬁ-ghékling and mastectomy, but suckling aecreased
(P<.01) the nﬁﬁber of services fequiféd}pef cbnception. This decrease
in services per concep;ion probably réflects a ﬁore favorable uterine
en&ironmen; in suckled ewes compared'to non-suckled ewes és‘it was
_ further demonstrated iﬁ this experiment that suckling reduced uterine
debris (f vs. 27 g, P<.01) and debris free uterine weight (41 vs. 64'é,
(P<.61).

Peters et al. (1969) showed that mammillectomized and intaét sows
had less féllicular development when baby pigs were'present.‘ This
would indicate a psychological effect of thelpresence of pigs on’the
mammillecgomized sows ;s they could ‘neither lactate nor be suckled.

It should be noted that suckling inhibits follicular development .in

sows (Lauderdale

t al., 1965; Peters et al., 1969) while there appears
to be no effect of 1actation,oﬁ follicular'development in dairy cows
(Saiduddin et al., 1968).

| Sectioniﬁg of the spinal cord behind the first lumbar vertebra
in lactating rats coﬁpletely paralyzes thé; portion of the body that
bgarS‘the last three pairs of nipples. If the cranial nipplesiare
covered.sé as to force the young to suck the denervated nipples, the

' youné starve. ‘When ﬁealthyTPups frbm a normal lacpgting,motﬁer are

transferréd to the denervated mother:they also séarye. If two of the

innervated glands are exposed to suckling, lactation continues in
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all the glands, irrespective of the nerve supply (Inglebrechf, 1935 as

quoted by Grosvenor and Mena, 1971).

Effect of Suckling on Postpartum Physiology

' Some of the effects of suckling on pituitary and .blood hormone
levels were discussed in the endocrinology section of this ;eview
and it appears that_sﬁckling has little effect on hormone.1EVels
.with the excéptions of prolactin, oxytocin and corticoids.

Pituitary hormone 1evels.. Suckling did not affect pituitary

activity of LH in thg posfpartum bovine (Wagner et al., 19695 nor LH -
and FSH activity in postpartum cows (Saidﬁd&in, et gl., 1968) and fall
lambing postpartum ewes (Short et gl;; 1973). Suckling caused. a
decrease in pituitary prolactin activity in postpartum dairy cows
(Riesen et al., 1968).

Blood hormone levels. Tribble et al. (1974) and Connor et al.

(1974) found no diffefgnces in patterns or levels of blood serum
progesterone, 20 B-hydrox&progesterone, 17;hydfox§progesterone and_LH
between suckled and non-suckled beefAheifers. They suggested that
luteinization of a follicle may be necegsary to elicit the resumption
of ovarian cycles and estrus. If this is true, suckling may act |
by inhibiting the luteinization process.

Han an& Moody (1974) found elevated: blood plasma prolactin
. levels in suckled cows compared to non-lactating cows and they

theorized that prolactin production may interfere with the hypothalamic
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cyclic LH release mechanism.

Role of oxvtocin and corticoids. Wagner and Oxenreider (1971)

suggested that elevated blood levels of cortisol in respomses to

t al. (1969) has

oxytocin may inhibit estrual. activity and Peters
demonstrated.that oxytocin injection in intact aﬁd méstectomized sowWs
inhibits follicular development. However, Short et al. (1972) cited
unpublished data that demonstratéd that daily injections of 40 IU
o#ytocin for 35 days postpartﬁm did not effect postpartum interval
in either intact or mastectohize& cows. Also Cameron and Fosgate

(1964) were unable to show any effect of oxytocin on postpartum

reproduction in cows.

Techniques for Control of the fostpartum Interval

Effective control of the postpartum.iﬁterval would enable
producers to increase the number of cows breeding and conceiving early
in ﬁhe breeding season.. Attempts to shorten the postpartum interval |
utilizing various nutritional regimes, early wéaning, eariy breeding
and exogenbus,hormone treatment have met with varying and often
diécouraging results.
Nutrition

Wiltbank et al. (1962) studied reproductive performance of

mature Hereford cows on a high and low level of daily prepartum K

epefgy {9 and 4.5 1b TDN) and a high and - low 1eve1-of-postpartuﬁ '
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energy (16 and 8 1b TDN)-in a 2 x 2 factorial design. Postpartum
interval to first estrus was 48, 43, 65 ‘and 52 days, postpartum
interval to conception was 51, 58, 75 and 62 days, the interval from
first breedlng to conceptlon was 6, 17, 12 aod 14 days and pregnancy
rate was 95, 77, 95.and 20% for cows fed the highfhdgh, high-low,
low-high and low-~low rations,.respectively.r Onset of postpartum estrus
‘was delayed,when the TDN intake was limited to one-half the recommended
N;R;C. ailowance either before or after calving. Also, the interval
from flpst breeding to conception was longer.in cows 11m1ted to
-one-half the N. R C. recommended level of TDN aftet calving than for
cows fed the recommended level. There was no apparent effect of
nutrition on uterine involution.

Wiltbank et-al (1964) fed varylng postpartum 1evels of .energy .
to mature Hereford cows ranging from 50 to lSOA of dally N.R C
recommended allowances. Although the feeding of a higher than recom-
mended level of TDN after calving did not decrease the interval trom
calving to tirst estrus, it did appear to inerease folliculat develop-
ment and to exert a favorable influehcern eonception. The interval
to estrus and conception was longer in cows receiying more or less
than 100% N.R.C. recommended allowanoes;but.pregnancy rates were
highest in cows receiving the high 1eve;e of“postpartum energy.

.Dunn eg 1. (L969):conducted an eiperiment to determine‘the'

effects of two precalving (8.7 and 17.3 megcal/day) and thtee
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postcalving (14.2, 27.3 and 48.2 megcal/day) levels of energy intake
upon the reproductive. performance of 2-year-01d Hereford'and.Angus
heifers nursing their fiist calves. The,onséf df estrus was.deléyed

in cows receiving the low level of energy before calving, whilé con-
ception was directly reléted to the postcalving energy level. Eighty-
seven.percent of the cows fed the high energy level after calving were
pregnant compared With:72 and 647 of those fed the moderate and low
energy lévels, respectively. The low pfegnancy rate in the cows on
Low postpartum energy occurred_because BOZ'of the Herefordslaﬁd 9%

of the'Angus-failed to show estrus.

Early Weaning

-

Several experiments have been-condﬁcted to invegtigate the
.possibility of applying early weaning as a means of improving repro-
ductive performance. Early weaning may well be a feasible means of
improving beef production providing that increased reproductive rate
and decreaéed cow feed cost will cover increased costs that may occur
due to decreased calf weights and increased.feed requirements of the
calves.

Smith and Vincent (1972) in an experiment involving both early
weaningland exogenous hormone treatment were able to show that early
weaning between 28 and 32 days postpartum shortened'the interval to
first estrus and tended to improve conceptibn in beef~cows._ However;

conception rates were unexplainably low in all the cows irrespective
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of treatment and the ﬁormone treatment (progestogen implant SC-21009 +
FSH-P injections) improvéd conception in suckled cows but was detri-
mental in the early weaned cows (significant interaction, P<.01§.

Léster t al. (1973b) conducted an experiment to determine the

‘influence of weaning 8 days prior to a 42-day breeding period on

postpartum reproduction in different ages and breeds of.beef_cattle.
Early weaning inérease& the percentage of-cows exhibiting estrus from
calving until the end of the breeding season and increased the per-
centage of cows showing estrus the first 21 days of the breeding
season in 2- and 3-year-olds but not in maﬁure cows. Postpartum
interval to first estrus was not significéntly different betweeﬁ the
early weaned and nonweaned groups, but those cows not showing estrus
by the end of the breeding season weré not included in the calculétioné.
Early weaniﬁg'increased overall céncéption in the'42-day breeding
season b& 25;9% in the 2-year-old cows, 15.6% in the 3-year-old coﬁs
and 7.9% in cows 4 years old and older. ihe increased percentage of
the cows from the weaned grbup that conceived during the éZ-day
breeding'period was'the result of the effects of weaning on the
océufrence of estrus'rather than on conception rate among those
inseminated. |
Bellows, et al. (1974) showed that early weaning at 3 or 10 days
compared with 35 days.shortened tHe postpartum interval to first

estrus (P<.01) in beef cows regardless of whether they had given
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birth to single calves or hormone induced multiple calves. Subsequent:
evaluation of the performance of the ea%ly weaned calves indicated

that they made satisfactory gains under ;onditions of artificial
rearing with cold milk or cold milk replacer. It was also deménstrated
that inoculation of the calves rumens with rumen content from mature
animals resulted in improved gain.

Early Breeding

Tradition has discouraged the use of early breeding as a means
to shorten fhe calving'inferval because of supposed detrimental
effects on subsequent reproductive performance (Casida et al., 1968).
However, the liferaturé reveals only limited evidence for detrimental
effects (Williams,.1943; Hofstad, 1941; Trimberger, 1954) and very few
experiments examine the long term effects of early breeding. .

0lds and Cooper (1970) have demonstrated that shorteﬁing of the
calving interval can be ;ccomplished for many cows by breeding earlier

t al. (1974) found no indication of a cumulative detri-

and Whitmore
mental éffect of early breeding (breeding at first postpartum estrus
vs. breeding at first estrus after 74 days postbartum). The first-
,'estrus'breeding.group Had fewer days open than the later-estrus
breedinglgroup but required ﬁore services. per conception reflecting
the relative iﬁfertility of the first postpartum estrus. Thege
authérs,stated that early breeding in these Holstein cows shortened

the calving interval thereby increasing reproductive efficiency.
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Exogenous Hormone Treatment

Mény experiments’ have been conducted in an effort to alter post-
partum reproductlve activity by admlnsterlng hormones 1nc1ud1ng estro-
gens, progestins, gonadotrophins, other pituitary hormones and hypo-
thalamic releasing hormones. Early work in this area indicated the
possibiiity of terminatiﬁg anestrus with progesterone and estrogen
(Ulberg and Lindley, 1960) and pltultary hormones (Cole and Miller,
1933; Casida et al., 1943)

Subsequent research using various combina;ionsandlevels of
estrogens and progestins have met with varying degrees df success,

A large single injection of prqgesﬁerone suspended in a stérch
emulsion (2.2 mg/kg bod& weight) delaye& postpartum ovulation and
estrus in beef cows when admiﬁistered 14 dayé after calﬁing (Foote

et al., 1960b). Hoﬁever,ismaller doses seemed to have An opposite'
‘effect and Foote and Hunter (1964) were able.to show a decrease in the
interval from calving to uterine involution, estrus and ovulation in
beef cowé'receiving progesterone and. estrogen alone or in combinatibn.
Proéesterone was given at'the rate of 50 mg per day frgm 12 through

23 days postpartum qnd estrogen was given on day 25. Treatment with
progesterone alone did not influence conception while cows given

both ﬁormones or estrogen alone had lowered fertility at first estrus.
However, the two groups éiven estrogen had the shértest interval:to

conception.
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Foote and Saiduddin (1964) found that progesterone followed by

estrogen decreased the 1nterval from calv1ng to conception from 61
to 46 days when compared to progesterone alone Saiduddin et al.
(1968) treated Hereford cows with daily progesterone injections (50
mg/day) followed by 10 mg of estradiol 2 days after the last proges-
terone injection. Different groups of cows received progesterone at
different stages following calving'(S to 15, 14 to 23, 18 to 33, or
23 to 33 daye postpartum) and estradiol wae given to 'a portion of the
cows from each group. - Cows given estradiol alone or following proges-
terone treatment resumed ovarian activity earlier after calving than
untreated or progesterone treated cows. The earlier treatment caused
earlier ovulation but cows treated later tended to have the shortest
interval to conception. Although one injection of 10 mg estradiol was
as effective alone as when preceded by 10 to.51 daily injectione of
50 mg progesterone in hastening ovarian activity, conception occurred
earliect in cows given both hormones. Most treatments did not affect
interval to uterine involution, although some tended to reduce it.

| Saiduddin et al. (1968) gave 50 mg of‘progesterone per day to
cows from day 5 through'lS postpartun'and a 10 mg injection of estradiol
on day 17 postpartum and found that it nomsignificantly reduced the
interval from calving to first estrus and significantly reduced the
interval to first ovulation and conception (P<;05). It did not,

however, affect the interval to uterine involution.
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Hill et al. (1972) used daily feeding of 10 mg chloradinone
aéetéte (CAP) for varying length of time coupled with a .5 mg injec-
fion éf estrédioi-17Bﬂgive; 72 hr after the last CAP feéding. The
-mature ﬁereford cows were fed CAP either 0, 20, 30 or 40 days starting
on the day of calving and these treatments were not effective in
reducing the interval to first estrus ¢omparéd to controls except in
the group fed for 10 days (51 vs. 61 da&s; P<.0l). Treatment had no
~ effect oh interval to conception but uterine involution was delayed
in ﬁhe 40 aay feeding group compared to the controls (85 vs. 80 days;
(P<.01). Melengestrol acetate (MGA) simulated folliculaf de?elopment
and decfease& days oﬁen in postpartum'Holstéin cows ;(Britt et al.,
1973). |
Gonéalez-Padilla et al. (1975b) were able to induce -puberty in

beef heife?s using various progestin-estrogen treatment schedules but
Were'unable to show a definite éffect on inducing estrus in postpartum
beef.cows. However, adequate controls were not employed. Twenfy-éix
cyciing and 32 anestrus lactating cows were given 6 mg of estradiol
‘valerate plus 3 mg of norgestomet (I.M.) and 1.or 2 implants containing
6 mg of norgestomet each. Implants were removed aftér 9 days. Within
5 days after‘implant removai, 96 and 877 of the cycling and anestrous
cows were detected in heat and pregnancy rates after a 28;day bréeding

period were 85 and 84%, respectively.

The ovaries of lactating cows are responsive to exogenous -
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gonadotrophic hormones (Casida, et al., 1943; Foote et al., 1966;
' Oxénreider, 1968) but responses reported have been variable at the

séme and different stages postpartum. Casida et al. (1943) found
‘that exogenous pituitary gonadotrophins caused earlier development
of larger follicles than controls .and accelerated the apﬁearance of
estrus when cows were injected early in the postpartum interval.
Foote et al. (1966) gave single injéctions oﬁ'HCG to Herefofd cows
betweeﬁ 5 and 15 days postpartum and noted that the treatment shortened
the interval from parturitiop to estrus and ovulation. HCG caused |
immediate ovulation iq some cows. Oxeﬁreider (1968) induced ovulation
and CL development wi;h PMS and HCG in foﬁr cows at 8%l days. post-
partum and estrus occurred approximately 20 days after the induced
ovulations. . |

Brown et al. (1972) gave gonadotrophins to beef cows after
progestogen and estrogen treatments to determine their influence on
reproductive activity when administered‘at various stages postpartum.
DHPA (16u-17—dihydro#yprogesterone acetophenide) was fed for 9 days
and estradiol ﬁalerate was injected on the second day of feeding to
three treatment goups. On the day after last feeding, one of these
groups received a second injection of estradiol valerate and another
received 1000 IU PMS followed by 750 IU HGG at the timé of insemina-
tion. These groups were compared to ﬁontreéted control. DHPA feeding

was initiated 5 to 10,:1d'to 15, 20 to 25, 30 to 35 or 40 to 45 days




-50-
postpartum.

Estrogen treatment following DHPA feeding had the greatest
effect in reducing the.interval'from parturition to firsf estrus,
first ovulation and cqnception; especially When administered early

'in the postpartum péribd. This treatment reduced the interval to
.first estrus, ovulation and conception by 12, 16 and 13 days,

respectively. Gonadotrophin treatment following DHPA feeding did

not significantly decrease the interval from calving to estrus, ovula-

tion or conception but here also it_appears that the response ‘was
greatest whenutreatment occurred early.

Smith and Vincent (1972) 1ooked at the effect of gonadotrophin-
progestogen-estrogen.treatmentslin conjunction with early weaning.
. One-half of the early weaned (28 to 32 days postpartum) an& one;half
of the suckled cows were implanted with 6 mg SC-2100§_ét 30 days
'“postpartum which were removed after 10 dayé. Each ‘implanted cow
received 2.5 mg FSH-P pe?_day the last 4 days of implantation and 1 mg
estradiol-17B.on the-last day. The effects of éarly weaning were pre-
viously discusséd. The hormone treatment increased the broﬁortion of
cows exhibiting estrus and.reduced the interval from parturition to
first estrus. An interaction was detected (P<.0l) between early
weaning and hormoﬁe £reatment on first service conception rate and
inferval from calving fo conception. Hormone:therapy reduced‘the

conception rate to first service of early-weaned cows and lengthened
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the interval to conception, but in the suckled cowé, increased the

_conception rate to first service and shortened the interval to

concebtion.

Other hormones have been u;ed in éttempts to alter ﬁostpartum
physioloé& including growth hormone (GH), oxytocin gnd goﬁadotrophin
releasing hormone: (GnRH). Ovine GH administered to six Angus cows
at the rate of 12,5 U.S.P. per day from 2 fo 8 days postpaftum shorten-
ed the interval from calving to ovulation, estrus, uterine involution

and conception by 4, 24, 1 and 21 days, .respectively. Only the inter-

~val to estrus was significantly shortened (P<.05) (Oxenreider, 1968).

Cameron and Fosgate (1964) injected 200 U.S.P. units of oxytogin
daiiy for 42 days in postpartum cows butwereﬁnable to affect post-
partum rgproduction. |

Bfitt et al. (1974) administered 100 ug of GnRH ér saline to 20
lactating Holstein cows- on day 14 postpartum. Serum LH increased from
1.9 ng/ml at the time of GnRH administration to 15 ng/ml 4 hr later
ana then returned to bésal levels. There was no acute responsé of
progesterone to GnRH but the chronic re;poﬁse was.similér to that.
observed.during qormal estrus cycles indicating that ovulation and
luteinization had occurred. Rectal palpation verified that GnRH
treatment was followed in one day by a siient ovulation and that the
cows con£inued to cycle to déy 65 when the study was términated. The

incidence of silent estrus was also high in second and third ovulations
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with 50 and 40% of the Eows inAthe GnRH treatment group showing
first estrus gt the second and third ovulations, respectively. In
the cont?ols, 25, 62 and 13% of the cows showed their first estrus
at the first, second and third-ovula&ioq, respéctively. It appears
that GnRH hasugreat pbfential as aﬁ.agent to control postpartum

- reproduction and fertility.

vInduéed P;rturifion and the Postpartum Interval

It has been demonstrated that exogenous gluéocorticoids can be .
used to control and synchronize calving under intensified and under
range conditions.(Adams, i969; Adams and Wagner, 1970; Carroll, 1974;
~ LaVoie and Moody, 1973a; Wagner et al., 1974} Wintef‘gg al., 1974).
Indﬁction of early partdrition affects the postpartum interval by‘
ipcreasing the amount of time.from calving to ;he bréeding season
which could improve reproductive efficiency, but it also increases
the incidence -of retained_plééenta to as much as 80% (Adams,'1949;
Adams and Wagner, 1970; LaVo;e and Moody, 1973a; Carroil, 1974,

J6chle, 1971; Wagner et al., 1974; Winter et al., 1974).

One report has been published which gives data on the effect
of induced parturition on the postpartum interval. Bailey et al.
(1973) has shown a decrease (P<.05) in the days from parturitiom to

first estrus in cows induced to calve with a long acting corticoid

as compared to controls, Cows induced to calve with long acting
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corticoids have a low incidence of retained placenta but also have

—_— — —

a high incidence of calf loss (Bailey et al., 1973; Welsh et al., 1973).
fhese‘are interesting results énd they indicate thét tﬁe posépartum'.
interval té first estrus is shorter in cows exﬁeriencing induced
parturition.without retained placenta, but a more practical approach
would be to assess the effect of short acting corticoids which result
iﬁ retained placenfa, hut also; live calves. | |
Retained placenta has traditionally been associated wifh metritus,

infertility an& long postpartum intepvals, but in most studies retained
placenta has occurred in conjunction wi;h pathological conditions and
dystocia (Morrow et al., 1966; Morrow, 1971). Also it has been an
accepted practice to manualiy remové retained placen£a1 membranes
,(Wétherill, 1965) and this has been shown to bé detrimental to
fertility with or without antibiotic~3upport (Baﬁerjee, 1963, as
quoted by Wetherill, 1965).

| Another point to be made is that most cows have some degree.af
uterine infection following calving which raises the question as to
-whether micro-organisms’ih the postpartum uterus are a normal or
abnormal situation. Elliott et al. (1968) reported that 93% of bovine
uteri,wére infected from parturitipn to 15 days postpartum, 78% bg;weén
16 and 33 days, 50% betwéen 31 and 45 days and 9% between 45 and 60 days.
Thirty oréanisms were isolated, including streptococcus, staphylopoccué,

micrococcus, corymebacterium, pseudomnonas and escherichia.
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Wagner et al. (1974) induced parturition with dexamethasone and

flumethaédne in 294 cows and compared reproduction between cows with.
.retained placenta (54%) to those withouf (46%). All cows with
retained placenta were treated systeﬁicaiiy with penicillin and
streptomycin the day after calving‘but no attempt was madé to remove
the‘placenta manually nor was any intrﬁuterine therapy used. There
was eésentially no difference in'dafs open (81.z§. 82), services per
conception (1.23 vs. 1.35) or calving interval (365.2 yg; 365.6)
between those cows with retained placenta compared to those with no-
retained placenta.

_Oghe; field trials with beef caftle have demonstrated thét
reproductive performance is comparable between cows experiencing
corticoid induced and natural parturition (Carroll, 1974; LaVoie and
Moody, 1973b; Ponceiet'gg al., 1974). Poncelet et al. (1974) reported
pregnancy rates of 74 éﬁd 75% for ranée beef cows experiencing induced
and.natural parturition, respectively. Bellows (personal communicationi

" has observed decreased fertility in cows following induced parturition.
In the above ﬁentioned studies no -attempts were made to_maﬁually,
remove placental membranes but all cows with retained placenta were
treated with antibiotics. In a s%udy by Lauderdale (1972) it was.
sfated thaﬁ-cows'wefe not éreated for retained placenta, and although

not explicitly stated, this is assumed to mean that they did not .

receive antibiotics. It was found that pregnancy rate and days open




-55-
in 11 flumethasone treated cows all of which had retained placenta
was comparable to non-induced control cows with a very low incidence

"of retained placenta.




CHAPTER 3

' HORMONE ASSAYS
fhe theory behind the radioimmunoassazy (RIA) is the immunological
response of the rabbit,.in this instahce,'to develop an antibody to
the injected foregin protein.- steroid complex. This antisera can
be used to bind rédioactive and unlébeied steroid in a competitive
manner. Unlabeled, known amounts of steroid can be measured which in
turn allow unknowns to bé estimgted through coméarison_to this

standard curve.

' . Progesterone Assay
Materials
Progesterone Wés obtained'from‘Sigma Chemical Company, St. Louis
and useé without further purification. All chemicals used were reagent
grade. The solvents used for extraction were spectrdphotometric gréde,

obtained from American Scientific Chemical, Portland..

Antisera to progesterone. The antisera:.to progesterone-lla-bovine
serum albumin (#337) ana progésterone-é-B-bovine serum albumin (#869)
_were preparea, treated and donated by Drs. Niswendér and Netf,
(Niswender, 1973), Colorado State University, Fort Collins. Each
antiserum was'diluted to 1:50 in a 1:400 dilution o£ stripped normal
rabbit serum (NRS). Stripped 1:400 NRS was’érepared by adding 1 ml of
‘buffer A, a 0.1M: phosphate buffer (PH 7) containing 5.38 gu NaH2PO4,

16.35 gm NasHPO4, 9 gm NaCl, 1 gm Na Azide and 1 gm Knox Gelétin in
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1 liter double distilled water. Eight grams of ethanol waéhed Florisil
for every'100 ml of 1:400 NRS was added, and the resulting mixture was
placeq on a magnetic stirrer for 2 hours. Following thefstirriné, the
supernate was placed in large disposable tést tubes and centrifuged at
.a; 2000 RPM fof 30 minutes, affer which the supernatant was décanted
into storage bottles and stored at 4°C uﬁtil'used. By means of a
pipette, 2.4 ml aliquots of the 1:50. dilution of antisera were trans-
ferred to ;mall glass vials énd frozen in adiy-ice:pentane bafh. The
vials were étored in a freezer-awaiting‘further dilution. The final
concentration detéfmination for the antiserum consisted of a dilution
séudy comparing zero aliquots and zero standards over a wide range of
dilutions, The zero aliquot represéntéd_total counts and the zero
standard represent bound counts. Therefore, tHe dilution’. binding
approximately 50% of‘thé total counts cquld'be identified for the
‘assay procedure.

3H - progesterone. Progesterone 1, 2, 6, 7 - 3H (N), (SA 105

Ci/mM waslobtained from New England Nuclear, Boston; To remove the
free tritium, 50 uCi ﬁas run through a 3 inch column packed with LH-20
Sephadex., The e1uting sblvent used was benzene:methanol (90:10 V:V),

~ Approximately 0.5 ml was collected in each of 80 tubes. Ten ul from
each tubélwas'transferred to a scintillation vial. Counting flgid

was added, the vials counted, and the fésults plétted on a graph with

CPM versus tube numbe;.,,The solvent in ‘the peak tube and thg tube
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immediately preceding it was transferred to a 125 ml Nalgene bottle and
'dried'down under a stream of nitrogen.:-Fifty ml of Euffer A were added
to the_bottie aﬁdlloo ul was counted. This waé thé3$t6ck solution from
which the dilutions used for the assay and the recovery solutions were
obtained. For thé assay sélution, an aliquot of the stock solution

was diluted to approximately 12,060 cpm/200 ul and for the recévery
solqtion,'aﬁ aliquot was diluted to approximately 2400 cpm/100 ul.

The solutions were stored at 4°C until.ﬁeeded.

Progesterone standards. A stock solution of progesterone was

prépared and concentrétions of 2560, 1280, 640, 160, 80, 40, 20 and
10 pg,pér 100 ul were prepared by serial dilution. The progesterone
was dissg}yéd and the standards diluted with double distilled ethanol.
'They'were kept at 4°C until needed.

: Buffers. Buffer A was prepared as described earlier. Buffer B
was the séme as Buffer A, excepf it contained 5% Knox Gelatin. Bﬁffer A
and charcoal (dexfran-coated charcoal) was prepareq with 500 mi Buffer
A, 2.5 gm Dextran T-80, and 1.25 gm charcoal "novit a" with fines
removed. The fines_were removed by washing six times with double dis-~
tilled;water and decanting after the éharcoal settled for 5 minutes.

The washed charcoal was dried in an oven at 100°C.

-Scintillation fluid. The scintillation'fluid was prepared with
21 grams of 2,5-Diphenyloxazale, 0.9 gram Phenyloxazolylphenyl ‘and

300 grams Napthalene, which was dissolved in 3 liters of p-Dioxane.
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Serum samples and lab standards. The serum samples and lab

standards were keptvsolidly frozen until needed. The lab standards

were two previously assayed samples, one a high value, one a low,

which were run with every assay so that comparisons could be made
between individual assays.

Radioimmungassay - procedures

Pre-extraction. An extraction tube was labeled for each serum

sample, lab standard, and water blank. An Eppendorf pipette was used

to transfer 0.5 ml of sample, lab standard, or double distilled water
into each tube. To account for procedural losses, 100 ul of 3H-proges-
terone (2400 cpm/100 ul) for recovery was added . to every extraction tube.
The tubes were lightly mixed with a vorgex mixef-at #2 speed and placed'
in the refrigerétor to incubate overnight. One-hundred ul of 3H.-proges--'
terone for ﬁecovery were also added directly to 4 scintillation vials,
which were capped and put ;side until thé end of the assay when- scintil-
lation fluid was added. .These 4 vials were used to determine a value
for total counts (recdvery).

‘Extraction. A second tube (162125 mm) was labeled for each
extraction.tube an& 1vm1_of doﬁble distilled water was added to each.
The extraction tubes were removed from the refrigeratorAand 3 ml of
benzené:hexane (1:2‘V:Vj were added to each. The tubes were vorte#éd

for 30 seconds at #5 speed, and placed in the freezer for 30 to 60

minutes, at which time the tubes were removed from the freezer and the
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solvent layeér was poured into the corresponding tube containing water.

These .tubes were then mixed for a few sedonds and placed in the freezer
until the Wate; layer froze. The solvent layer was poured off into a
corresponding scintillation vial and all the steps above were repeated
for the second extraction.

Pre-assay steps. After the solvent from the second extraction was .

in the scintillation vials, the vials were Eompletely dried down under
a stream of nitrogen, aﬁd 1 ml of double distilled ethanol (room temper-
ature) was added to each vial. fhe vials were_immediately capped to
preven£ evaporatioﬁ, agd the ethanol was caréfﬁlly rinsed around in

the vials.

Two. 300 ul aliquots were taken ffom each scintillation vial by
means of an Eppendorf pipette, and placed in duplicate diSpoéablé assay
tubes (12x75 mﬁ). The aliquots in the assay tubes were dried in the
nitrogen bath, and'the scintillation vials were air dried for recovery.
These recovery vials Wére used to determine the procedural losses. The
amount of 3H-progésterone for recovery extracted from the serum samples
was détermingd,'and-this percent was used to later adjust the vglues
obtained fo? the unknowns.

Duplicate standard curves were prepared by using a Micromedic to

"aliquot 100 ul of each standard concentration -to corresponding assay

tubes. The Micromedic Automatic Pipetor was used, and each 100 ul

aliquot was.flushed from. the pipetor with 200 ul of doubly distilled
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ethanol. The zero aliquots and zero standards were included as part
of each standard curve; however, 100 ul of doubly distilled ethanol was
pipetted into these assay tubes instead of progesterone. The unknown
samples, lab standards, water blanks and standard curvés were evapor-
ated under nitrogen in a 45°C sand bath.

The samples were arranged in small metal test tube racks such
that the unknown samples; blanks, and lab standards had a standard
curve before and after them. (The sequence of treatments in the assay
progressed in the same direction.thfoughdut‘the;assay to allow for more

uniformity.)

Assay additions. The anti-progesterone and 3H-progesterone for

. assay were brought to room temperature, and the Micromedic Pipetor was

set up to make the additions. First, each assay tube received a 200 ul
aliquot 6f the dilute antisera, followed by gentle agitation (2 seconds

on a Vortex set at 1.5) and then a 30 minute incubation period at room

_temperature to allow the progesterone and antisera to equilibrate.

Next, 200 ul 3H-progesterone for assay was added, followed by another 2

. second agitation. The sample racks were then placed in a refrigerator

at 4°C for 14 to 18 hours.

Final additions. It was critical to keep the assay tubes cold
throughout the rest of the assay, so the final additions were made by

taking only one rack of 20 tubes. from the. refrigerator at a time. The

additions were chilled to 4°C and the racks returned to the refrigerator
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immediate1§ following the additionms..

'One—huﬁdred ui»of Bﬁffer B We?é added to eéch'tube using a 250 ui“
.Hgmilton syringe.i This was folioﬁed by the addition.of 1 ml of Buffer A
and charcoal to all fubes except the zero‘gliquotg. Q#e;mi of Buffer A
. was adde& to the zero aliquot (total goﬁnﬁ& tubes. -

After the additions of the Suffeés, all sampies were agitated by
vshaking the racks, and:the tubes were arrange&'invA chiiled‘centrifuge:
bucke;s whiﬁh were‘plabed in a ;efrigeratedtéeﬁtrifuge at 4°CL A 16.
minqpe time.interval.elapsed before the}éamples Were'cénfrifﬁgéd ag
© 2500 REM for 10 minutes. |

One centfifuge bucket at a time was removed from the cold and-

300 ul aliquots were transferred into cdun;ing vials, A 300 ul Eppéhdoff'

pipette was used to aliquot the samples, being careful to avoid contam- .

) ipation‘ﬁith charcoal.

Fifteen ml' of sciﬁtillétioh fluia was distributeddx)all counting
vials - the 4 total counfs,fof recovery, the reéovery vials, the
standard curve and saﬁplg vials - and to four eﬁpt& viais, to get:a,
vafﬁe for'backérduﬁd. The vials were ;hgn counted on a Beckman liquid

scintillation LS-100 system for 5 minutes.

Calculétions. ' Calculations were done using the'basic computer
program-listed-inAapbendix table 9-1. The raw data (CPM) from the
counper.pfintout tape was first corrected for Backgrdqnd b& subtracting;.

" the averagé backgroﬁhd'CPM.from_each value,
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The percent:recovery for each sample, water blank or lab‘standard

.was calculated by d1v1d1ng the CcmM for the correspondrng recovery v1al-
1nto the average obtalned for total count for recovery and multlplylng. ‘

by 100.

The average percent bound for each progesterone 1evel of the
standard curve was calculated and plotted against the correspondlng
p1cogram level. |

By comparing the average standard curve_to the percent bound
values obtained for the unknovns, aivalue was obtained, which was
expressed in'picograms per_0;3 mllof unknowr serum. This particular
value was then adjusted by'dividing it into the percent recovery for
that particular sample, to adjust for procedural losses. This value,
corrected'for recovery, vas adjusted again by multiplying by 6.66.
Slnce only 0.5 ml was extracted and only 0 3 ml was counted, thlS was

done to express the answer as p1cograms per ml of unknown serum,

Testosterone Assay

Materials and procedures were the same for the testosterone assay

" except testosterone was used in place of progesterone and anti-testos-

terone in place of progestérone antibody. .Anti-testosterone -3-BSA -

(667) was used as a dilution of 1:2400 and was donated by Dr. G. D.

Niswender,




CHAPTER 4

BLOOD PLASMA .PROGESTERONE AND TESTOSTERONE LEVELS
IN POSTPARTUM BEEF COWS SUBJECTED TO THREE
LEVELS OF SUCKLING STIMULI
Introduction

Following parturition in the cow the corpus luteum of pregnancy
regresses énd ceases to éecrete,progesterong (Laﬁhsetwer et al., 1964;
‘ Gomes and‘Efb, 1965; Oxeﬁreider, 1968; Stabenﬁeldt, 1968; Wagner and
Hansélz 1969); and a period of time ensues in which no functional
palpatable corpus luteum exist on the ovary (Callahan et al., 1971;
Connor et al., i974). This time interval is termiﬁate@ when a new
corbus luteum develops in résponse to the first ovulatory sﬁrge oﬁ'LH.
Several experiments have found that elevated levels of progesterone

exist before the first ovulatory surge of LH in the prepubertal heifer

t-ai.,

(Gonzales-Padilla et al., 1975a) and'in pospartum cows (Donaldson
1970; Erb et al., 1971; Henricks et al., 1972; Echternkamﬁ and Hansel,
1973; Arije et al., 1974; Corah et al., 1974; Tribble et al., 1974).

This rise in progesteromne -prior to the first postpartum ovulation may

. play a role in the reestablishment of estrous cycles in the postpartum

- COwW,

The physioiogical role of testosterone in the female is obscure
and very few workers have attempted to measure it in the cow. Shemesh
ané Hansel (1974) found blood plasma testosterone levels betweeq 10
and 50 pg/ml in_cycling cows but no experiments have been reﬁorte&'for

levels in postpartum anestrus cows.
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The stimulué provided by thevnursing of a calf iﬁcreasea the .
interval from partﬁritién to first postpartum'éstrus when compared to
milked cows (Clapp, 1937; Wiltbank and Cook 1958) énd to non-lactating
cows (Graves et al., 1968; dxenreider,21968; Saiduddin et al., 1968;

Oxenreider and Wagner, 1971; Short et al., 1972). Experiments compar-

ing 2X to 4X daily milkiﬁgs (Clapp, 1937) iqdicated that the degree of -
increased postpartum interval varies with the level (frequency) of
milk removal. ’

Objeptives of this study were to quahtify daiiy blood plasma
levels of progesterone to characterize the progésterone préfile during
the postpartum interval, and to measure plasma testosterone to deter-
mine what levels exist in.the anestrous ﬁeriod. Another_objective
was to determine the effect of three levels of suckling stimuli on

the levels of these hormones and on the occurrence and intensity of

estrous behavior.

Materials and Methods
Twelve Angus and six Hereford mature cows all on the same pre-
partum nutrition and management écheme_were randomlf assigned in eqﬁal
numbers to three treatment.groups. The first group was dried-éff.-
(calves removed) 3 days postpartum and did not lactate thereafter
(NON-LACTATING) . Thé cows in the second group were suckled by their
. calves 2X daily for one-half hour every 12 .hr (SUCKLED ZX), and the

cows in the third group were with their calves continuously and were
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suckled g_(_i_ 1ibitum (SUCKLED AD LIBITUM) (table 4-1).

At paerritién the cows were placed:in:onélpf-ﬁhyee consecutive
lots according to.;reatment group and-calveé from the.SUQKIED 2X group
were kept -in an -adjacent pen. Cows.were,fémpved from tﬁe experimeﬁt
after they had egperienced an observed estrous cycle of greater than
'17 days with the.excepﬁion of one cow thch Wés‘inaJQertently bred
énd conceived on hef first postpartﬁm estrus.

To'minimize the effects of nutrition on the postparfq@ interval
allevelfof energy was fed that was calculated to maintain posfpartum
‘body weight over .the experimental period and was adj@éted for lacta-
tional status., fhe two iactating groups received 6.7 kg TﬁN_daily :
while the NON-LACTATING group received 5.1 kg TDN daily (table 4-1).
All cows were wéigﬁed within one week priof to calving, within 48 hr
aftér calving and weekiy thereafter until the énd of the experiment;

The-cows were 6bsgrved 2X daily for the detection of estrus and
a sterilé bull énd KmarI heat patches were eﬁployéd as heat detection
éids. The bull was kept separate'from the cows and was allowed to
spénd one-half hour in each lot of cows éX dgily at appr&ximately a
12 hr interval.‘ Iﬁtensity of estrous béhavior was scored as folléws:

=no estrous.behavior observed, l=slight estrous behavior, 2=gctive,

non-standing estrous behavior, 3=very active but non-standing estrous

1Kmar,,1hc., éteamboat Sbrings, Colorado.
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_ TABLE 4-1. EXPERIMENTAL DESIGN

Cows dryed off Calves allowed
" 3 days . to suckle twice
postpartum. . daily .
(NON-LACTATING) (SUCKLED 2X)

Cdlves continuously
with cows

(SUCKLED AD LIBITUM)

‘No. of cows

. Angus. . 4 S R
Hereford : 2 e ' 2
Total . . . 6 6
Postpértumiratidn
(TDN, kg)
" Alfalfa hay . 4.5 4.5
Concentrate?. .6 2.2
Total , . 5.1 T 6.7

N
N

a 50% oats and 507 barley.
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behavior and 4=standing estrous behavior. In addition the vulva and

vagina of each cow scoring >0 but <4 was inspected as an aid to deter-

mine if the cows were actually in heat. The vaginal membranes of cows

in estrus tend to be red, inflamed and covered with a highly viscious

. mucus compared to anestrous cows whose membtanes are relatively pale

and dry (Roberts, 1971). Reétal palpation of ovaries was conducted
éf weekly intervals for the determination of corpus luteum development.
Jugular blood samﬁles were obtained in heparinized tubes via
daily venipuncture'and were stored in a refrigerator until centrifuged
the following day.‘ Plasma was stored at approximately -20°C until
assayed. Progesterone was assayed iq all plasma samples from each cow
from parturition through the first postpartum estrus'and in samples
taken on days 9, 10 and 11 of thé first estrous cycle. Three cows,
each from one treatment group: with similar length poétpartuﬁ intervals
and with expressed estrus at first ovulation, were selected to have
their. plasma ;nalyzed for éestosterone. Testosterone was analyzed at
3 day intervals from parturition through the first postpa;tum estfus.
Radioimmunodassay procedures for progesterone and testosterone

’
were modifications of assays as used in the laboratory of Dr. H. D. Hafs

(Louis et al., 1973 and personal communication). Anti-progesterone
-6B-BSA (869), anti-progesterone -11a-BSA (337), and anti-testosterone
-3-BSA (667) were donated by Drs. G. D. Niswénder and . T. M. Nett. 1t

was necessary to change from progesterone antibody #869 to #337 after
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several éssays had béen completed because of an apparent degradation
of the former antiBody..

. Progesterone assays weré done by time blocks'of ébout 11 days éach,
i.e., all 'samples from a particular 11 day unit of time in reiation to
the first observed postpartuﬁ estrﬁs were done in coﬁsecutive assays.

All assay reagents were from the same lot within'a bloék.. Time blocks,
in the order they were completed were -10 through 0 days, - 21 through
-11 days, pérturition through -20 days énd 0 through 11 days in rela-‘
tion to the first observated bostpartum;estrus. One cow fr&m each
treatment was included in an assay when poséible. A standard plasma'
sample containing approximately 6 ng of progeste;one‘was included with
each assay anﬁ the values were used to adjust the samples values of
each éssay to the standard to minimize between assa& variation. All.'
samples fof testosterone werean&lyzedwithin one assay.

In the progesterone assay recovery of brbgesterone'was calculated
using.triated progesterone and recoveries of greater than 100% were ofteﬁ
found. The highest recoverylobtained,within each assay was set at 100%.
and all other recoverieé within the assay weré adjusted -accordingly.
data were analyzed by the 1¢ast sqﬁares,method as.givgn by Harvey (1960);
Non-detectagle plasma progesterone levels were assigned a véiue for
statistical analysis. This value was .05 ng/ml which was the averagé
of 0 ng/ml and .1 ﬁg/ml which was the sensitivity of the assay. Two

analyses were run; one including three cows with silent first ovulation
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and the other excluding these cows. Regression anaiysis of progesterone
levels for the first 19 days postpartum, the last 19 days postpartum
and the first li days‘of the first dbserved estrous cycle was done by
fitting orthogonal pholynomials to the data. Time of ovulation was not
determined in this éxperiment; therefore, regressions analysis of
progesterone levels the last 18 days postpartum were conducted with
the cows aligned on first observed estrus fegardless of whether they
had shown evidence of a .previous silent ovulation.

Regression analysis of testosterone levels was conducted from
, pafturition through the first postpartum estrus and the.regression.
analysis of body wéighté included weighfs from one week priér through

six weeks post parturition.

Results and Discussion

.Individual cow data on postpartum weight chénges, the occurrence
and_intensity of estrus, corpus luteum development and blood plasma
progesterone levels are found in the Appendix, Figures 9-1 through'9-18;
Examination of.the iﬁdiyidual palpatiqn and plééma progesterone data
reveals that two cows (235 and 615) in the NON-LACTATING group and one
cow (634) in the SUCKLED AD LIBITUM group had their f;rst ovulation in
the absence of observed estrous behavior (silent estrus). Two cows
(929 and 628) in the SUCKLED 2X groﬁp had short fifst observed estrous

cycles of 8 and 12 days, respectively. In cows with expressed first
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estrus there appears to be an elevation or spike of plasma progesterbne'

that occurs 2, 3 or 4 days prior to the first estrus and prior to a .
palpatable corpus luteum. Exception to this is found in two cows
‘(142 gnd 715) from the NON-LACTATING group'and the t%o éows (929 and
628) in. the SUCKLED‘ZX group which had short first estrous'cycleg.
Averagg body weight for all cows and all weights'recorded from
within 7 days prior to'estrus through'6 weeks postpartﬁm was 521.2f3.5
. kilograms. There was no significant regression of body weight over |
~ this time period either within treatment éroups or across all cows
(figure 4-1). Weight.chanées from within 48 hr postpart;m through the
.week of the first observe&'estrus wére -2, +12 and -8 kg for the
NdN-LACTATING, SUCKLED 2X and SUCKLED AD ﬁIBITUM groups, respectively,
(table 4-2). Weight changes were essentially the same when analyzed
.with thé silent estrus cows excludéd (table 4-3).
In the analysis including cows with silent first ovulation
(table 4-2) it was found that the intensity_séore for first estrus
and/or ovulation was 1.5%.5 reported in the SUCKLED 2X and SUCKLED
AD LIBITUM groups, respectively. Inteﬁsity of first observed estrus
was also lower (P<.05) in the NON-LACTATING group compared to the two
lagtating groups but intensity of thé second observed éstrus was

unaffected by group.
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Figure 4-1. Body weights of cows following parturition with the
average day of first observed postpartum estrus
depicted by EfS.E.
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"EFFECT OF THREE LEVELS OF SUCKLING STIMULI ON BEHAVIORAL

TABLE 4-2.
ESTRUS AND PLASMA PROGESTERONE LEVELS IN POSTPARTUM BEEF
COWS INCLUDING THREE COWS WITH SILENT FIRST OVULATION2
’ . NON- = SUCKLED _-”SUCKLED
 Measurement LACTATING 2X DAILY ~AD LIBITUM
No. of cows 6 L) 6 ‘
Body wt within 7 days prior to .
parturition (kg) 562(19) 565(19) 561(19)
Body wt within 48 hr postpartum (kg) 518(19) 515(19) 507 (19)
Body wt within 7 days of first
observed estrus (kg) 516(18) 527 (18) 499 (18)
Incidence of silent (0) 1st
estrus (%) - 33 0 17
Intensity of lst estrus and/or '
ovulation ((0-4) 1.5(.5°  3.8(.5)° 3.2(.5)°
Intensity of lst observed estrus (1-4) 2.5(.5) 3.8(.5) 3.2(.5)€
Interval from parturition to lst .
observed estrus (days) 24 (4)b 34 (4)be 43(4)c
Intensity of 2nd observed estrus (1~4) 3.0(.4) 3.5(.4) 3.2¢(. S)h
Length of.lst observed estrous
cycle (days) 19(2) 18(2) 21(2)h
Incidence of non-standing (1-3) :
estrus behavior (%) 58 25 33
Blood plasma progesterone levels (ng/ml)
Avg of days 6, 7 and 8 prior to lst ' .
observed estrus 2.5(1.2) .3(1.2) 1.5(1.2)
Avg of days 2, 3 and 4 prior to 1lst
observed estrus 1.7(.7) 9.7 2.6(.7)
Highest level occuring on day 2, 3 .
or 4 prior to lst observed estrus 2.6(1.2) 1.4(1.2) 4.6(1.2)
Avg 1lst 19 days postpartum (n=86, '
.96 and 107) SGDY L1 ne 2(.1)€
Avg last 19 days postpartum (n=87,
. 101 and 110) 1.4¢.2)4  .3¢.2)¢  1.2(.2)d
Avg of days 0, 9, 10 and 11 of 1lst '
observed estrous cycle (n=24, 15
and 23). 2.6(.4) 3.4(.5) 2.5(.4)

a2 All averages and percentages are least squares means.

parenthesis are standard error

S.

Figures in

bc Means on the same lines with different superscripts differ

51gn1f1cant1y, P<.05.

de Means on the same lines with different superscrlpts differ

significantly, P<.0l.
Average for 5 cows.
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'TABLE 4-3,

EFFECT OF THREE LEVELS OF SUCKLING STIMULI ON BEHAVIORAL

ESTRUS AND PLASMA STEROID LEVELS IN POSTPARTUM BEEF COWS
EXCLUDING THREE COWS WITH SILENT FIRST OVULATIONA
. . ' . ) NON- SUCKLED SUCKLED
Measurement . - LACTATING - 2X DATLY AD LIBITUM
of cows 4 6 5
Body wt within 7 days prior to ) _ :
parturition (kg) . 543(19) 565(16) 549 (17)
Body wt within 48 hr postpartum (kg) 500(20) 515(16) 498(18)
- Body wt within 7 days of first '
" estrus (kg) 501(19) 527 (15) 492(17) .

Intensity of first estrus (1-4)
Interval.from parturition to

2.2(.6)°  3.8(.3)¢ 3.8(.3)°

first estrus (days) 20(4)b 34(3)¢ 38(4)c
Intensity of 2nd estrus (1-4) 3.0(.5) -+ 3.5(.4) 3.3(.5)h
Length of lst estrous cycle (days) 18(2) 18(2) 22(2)h

- Incidence of non-standing (1-3)

estrus behavior (%) 63 25 30
Blood plasma progesterone levels (ng/ml)

Avg of days 6, 7 and 8 prior to

first estrus ‘ 4(.3) .30.2) .6(.2)
Avg of days 2, 3 and 4 prior to - . .
first estrus .7(.4)f .9(3§f‘ 2.0(.4)8
"Highest level occurring on day
2, 3 or 4 prior to first estrus .9(.8)b ‘1.5(.7)b 3.9(.7)¢
Avg first 19 days postpartum
(n=51, 96, 90) 402)% L1¢.01)®  L1(.01)®

Avg last 19 days postpartum :
" (a=50, 101, 92) RAGED LA YO D LA TSR DL

Avg of days 0, 9, 10 and 11 of

lst estrous cycle (n=16, 15 and 19) 2.1(.5) 3.5(.5) 2.8(.4)
Blood plasma testosterone levels (ng/ml) o
of 3 cows (1l/treatment)
Avg parturition through first :

estrus (n=10, 10 and 10) LGDY 1 ne L 1GDS

a All averages and percentages are least-
parenthesis are standard errors.

bC Means on the same lines with different
significantly, P<.05.

€ Means on the same lines with different

significantly, P<.01..

fg Means on the same lines with different
significantly, P<.08.
Average for 4 cows.

squares means, Figures in
superscripts differ
superscripts differ

supérscripts differx
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The firét observed estrous cycle was 18+2, 1812 and 2112 days
in the NQN-LACTATING, SUCKLED 2X and SUCKLED AD LIBITUM groups,
respectively. The posﬁpartqm interval to first obsefved.estrus was
10 (P>.05) and 19 (P<.05) days shorter in the NON-LACTATING group as
compared to the SUCKLED 2X and SUCKLED AD LIBITUM groups, respectively;

Results for estrus intensities and interval lengths were similar
when the data were andlyzed excluding the cows with silent first
ovulation. The intensity score for first estrus was 19wer (P<.05)
in the NON-LACTATING group compared to thg two lactating groups and
the score for the second estrus was again unaffected by group. The
proportion of first and second estruses that were characterized by non-
Vstandihg behavior (score »0 but <4) was 63, 25 and 30% in the NON-
‘LACTATING, SUCKLED 2X and SUCKLED AD LIBITUM group, respectively.
The interval from parturitiom to first es£rus was 20%4, 34F3 and 38%4
days for the ﬁON-LACEATING, SUCKLED 2X and SUCKLED AD LIBITUM groups,
respectively, with the NON-LACTATING group being significantl&
different (f<.05) from the other two groups. The length bf the first
estrous cycle was unaffected by treatment.

. Patterns of chariges in plasma progesterone the'first 19 days
postpartum were described by quartic equations in analyses including
and excluding cows with silent first ovulation (P<.0l1). 1In the
-analyéis excluding cows with silent est;us, plasma progesterone levels

-averaged .8%.1 ng/ml at parturition, ranged between .1T.1 and .3%.1
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ng/ml from day 2 through 17 and increased to .4 ng/ml at day 18 post-
partum. In the analysis iqcluding cows with silent first ovulation

progesterone levels were similar ranging from .1t.2 and .9%.2 ng/ml

and the pattern of changes were similar with the exception of a .8 ng/ml"

peak of progesterone that occured an day’7‘po§t paftum (figdreé'4-2 énd
4-6). Regression anaysié of individual treatment groupstrevealed.
similar patterns of cﬁanges in progesterone (figures 4-3 thrpugh 4-5
.ana 4-7 through 4-9). |

. Averaée plasma progésterone levels over the first 19 days post-
. partum were highér (P<.,01) in the NON—LACfATING group compared to the
twé non-lactating_groupé.~ Avefage levels of progestérone were .41.02,
.1£.01 and .2+.01 ng/ml in the NON-LACTATING oF SUC%_CLED 2X and SUCKLED
AD LIBITUM grbup, respectively, when the‘analysis‘exgluded the cows
with .silent first ovulé;ion. Means wefa similar but variation Wés
,larger‘when‘the analysis was done'including those cows with silent
first ovulation.

Plasma pfogesterone levels fhe last 18 days péstpartum follawed
.different.pqtterns of changes depending on whether cows with silent
first ovulation were‘included in the analysis.

In the analysis including cows With silent first ovulation,
patterns of changes in plasma progesterone the last 18 days of‘the

postpartum interval were described by a cubic equation (P<.01)

(figure 4-2). Elevated levels between .5 and 4 ng/ml occurred over éﬁ '
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SUCKLED 2X treatment (excluding cows with silent first ovulation)
from O to 18 days postpartum, 18 through 0 days prior to first
estrus and from O through 11 days of the first estrous cycle.
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Figure 4-9. Mean blood plasma progesterone levels and regression equations for the
SUCKLED AD LIBITUM treatment (excluding cows with silent first ovulation)
from O to 18 days postpartum, 18 through 0 days prior to first estrus
and from O through 11 days of the first estrous cycle.
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ex;ended period from 15 through 2 days prior to first observed estrus
in the NON-LACTATING AND sUékLED AD LIEiTUM groﬁp Which contained

cows with silent fifst‘ovulation. The‘pattern was diffegent in the .
.SUCKLED 2X group where levels ranged betﬁeén_.lf.z and .41;2—ng/m1

with -slight elevaﬁién of .6t.2 and .7%.2 ng/ml occurringuon‘daysn-4
‘and -2 in rg}ation to.first observed estrus (figures 4-2 through 4-5,.

Average piasm; progesterone levels o&er fhe 18 day$ prior to the
first observed estrus were higher (B¢.0l) in the NON-LACTATING AND
SﬁCKLED AD LIBITUM groups compared to the SUCKLED 2X'group with levels
of 1.4?.2, .3t.2 and 1.2f.2 reported for the NON-LACTATING, SUCKLED 2X'-
and SUCKLED AD LIBITUM groups, respectively. Anestrous pfogésterone’
levels (average.of values froﬁ days 6,.7'and 8 prior to first observed
estrus)-pre-estrous levels (average of'Qalues from days 2, 3 and 4
_prior to first observéd estrus) and the highest level attained within
da&s 2, 3 and 4 priof to’first estrus were nonsignfgcahtly lower in
the4SUdKLED éX'group coméared to the ofher~two groups (table 4-2).

In the analysis excluding cows with silent first oVulatiop,'
patterns of changes in plasma progesteroné the last 18 days of the"
postpartum interval were described by a quartic equation (P<.01).
Average plasma progestefoﬁe_leVels ranged'Between 11,2 and .4T.2 ng/ml
from 18Ithrougﬁ § days, increase& rapidly to 1.8%.2 ng/ml at 3vdays
and returqed to .3%.1 ng/ml by l'day prior to_the first estrus °

(figure 4-6). The SUCKLEb 2X and SUCKLED AQ.LIBITUM grouPS'shdwed the
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same pattern of changes in progesterone over this time period (figures

"4-8 and 4-9) but the NON-LACTATING group had no significant regressions

and the pre-estrus progesterone peak seeﬁ‘in'the othér two groups was

not as evident (figure 4-7).

Avefage plasma progesterone levels over the 18 days prior to
first estrus was highest in the SUCKLED: AD LIBITUM group (.5%f.1 ng/ml)
thch was significantly higher (P<.QS) than the SUCKLED 2X group
(.31.1 ng/ml) but not significantly différent from the NON-LACTATING
group. There was no significant difference in anestrous progesterone
levels (average of day 6, 7 and 8 prior to first estrﬁs) between
treatment groups but pre-estrus progesterone 1evelsv(average of days
é, 3 and 4 prior to first estrus) were ﬁigher (P<.08), and peak levels
within day 2, 3 an& 4 priér tg first estrus were higher (P<.05) in the
SUCKLED AD LIBITUM group compared with the NON-LACTATING and SUCKLED 2X
groups (table 4-3). h

Plasma progesterone levels ipcreased linearly (P<.01) ffoﬁ estrus
through days 9, 10 and 11 of the first observed estrous cycle and
there were no differences detected in levels due to treatment
(figures 4-2 and 4-6 and tables 4-2 and 4-3).

Plasma testosterone levels (table 4-3) measured in oné cow from
each treatment group were described by a quartic equation (P<.05) 6vér

the time interval from parturition to first postpartum estrus.
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Testosterone levels were low over the postpartum perlod varylng between
lf.l and 4?.1 ng/ml (flgure 4~ 10) Levels were hlgher (P<. 01) in
. the cow from the NON LACTATING group compared to the cows’ from the
.SUCKLED 2X and SUCKLED AD LIBITUM groups.

Slgnlflcant correlatlons 1nc1uded a pos1t1ve relatlonshlp
between the 1ength of the flrst estrous cycle and the postpartum
interval (r— 59 B<s 05), a. negatlve relatlonshlp between length of
the first estrous cycle and the 1nc1dence of non-standlng estrus
(r=-. bo' P<, 05) -a positlvemrelatlonshrp of progesterone levels 4 to
. 2 days prior to flrst estrus and the 1ength of the postpartum 1nterva1
.(r=.69;P<.01) and a pos1t1ve relatlonship between progesterone levels
' 4 to 2 days prlor to first estrus and the 1ength of . the first estrous

'_cycle (x=. 55 P< 05) (table 4- 4)
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HEREFORD COW 609 NON-LACTATING
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Figure 4-10. Blood plasma testosterone levels in three cows, one

from each treatment group, from parturition through
the first postpartum estrus.




" TABLE 4=, RESIDUAL CORRELATIONS BETWEEN BEHAVORIAL ESTRUS, BODY WEIGHT AND BLOOD PLASMA
PROGESTERONE IN POSTPARTUM COWS WITH EXPRESSED FIRST ESTRUS )

S ' . Trait _ - Tralt code .
Trait . : ' codé -1 2 3 4 5 6 7 8
-:Postpértﬁm interval . - K 1 a | |
Intengity‘of-first Astrﬁs - . 2 .25
'intéﬁéity_of'sgcondfest;ug . .3 iy .25 .54%
inci&éﬁcé of non-standing estrus . 4. ;-ﬂ32 %.75** -.78%%
" Length. of first estrous cycle 5 . .59% .36 40 -.60%
Body Qéight, 48 hr postpartum 6 -.14 .28 .15 =.18 -.02
Body weight at first estrus I AT _.41 18" <.28 -.09 §85%%
::Anestfous-Progesterqne lévelé o '8 . tSS .24 .07 :.Q3'S;:S6, ;;21 ;:ié
fre-es;roué p;ogeéterone ievelb ,A-S_ s’.69**,32 - .33 -.i7 L .55% .06 j:';b6 ;54;-

C66-

- a. Average progesterone of days 6, 7 and 8 ‘prior to first estrus.
" Average progesterone of days 2,.3 and 4 prior to first estrus.
* P<,05. : .
*% P<,01.
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Discussion

Progesterone assay. Because of the large number of p1asma

samples to be assayed it was necessary“to‘analyze the samples in a
series of different assays over a relatively 1ong‘time span;~ This
may cause concern that:different sampies were not-comparable'due:to
inherent_differences between assays and'hecause.of the varying:timé.
1apse'between different assays.

.Desirable comparisons could be'made because of the order in
which samples were_assayediand because of  the inciusions of a labora-
torytstandard:, Plasma samples were lelded.lnto three periods. (1’
parturition through 18 days postpartum, (2) 18 days pre estrus through
first postpartum estrus.and (3) firstlpostpartum estrus through 11

days post-estrus. Assay reagents, including antibody, were homogenous

within these periods.- Plasma progesterone values within these periods

were comparable because-they_were done within the same block of

assays as described in Materials and Methods and because of correction .

to a 1aboratory standard to remove between assay variation. Comparif
sons.were made'within.these periods'but not hetween the_periods.

| Triated progesterone.was used as.an internal standard to
monitor procedural iosses during ektraction. However, many (28 7%)
of the indiVidual recovery factors were greater than 1007 with some -
:being as high as 151%, a1though 90% of the recoveries.greater than'

A

'100% were 1ess than 120 percent Limited data from an experiment

\
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aside indicated that thls was due to an 1nteract10n between the assay
reagents_and'the speed of the vortex used ‘to mix‘the samples. Total .
count tubes were.not'vortexed ln thls’experiment or in the'assays..
When - samples were mlxed at a low vortx speed normal recovery values
" were observed (>100%), but when the m1x1ng speed was high, values of"
:greater than 1OOA were obta1ned. It 1s postulated that varlatlon in
electrlcal.current to the vortex and in hand pressure applled by the
technlclan accounted for the erractlcal appearance of recoverles
greater than 100 percent.

ln reality, recoveries of greater than-lOb%‘are.not possible and<
'progesterone values or samplesuwlth recoveries of greater than 100%
 are decreased when adJusted For these _reasons, the‘highest recovery
iobtalned w1th1n each assay Was set at 100% and all other recoverles
'W1th1n the assay were adJusted accordlngly.

It 1s unllkely that the hlgh recoverles (>100%) or the method
of correctlng the- recoverles to 1OOA or less s1gn1f1cantly changed
‘the relatlonshlp of the progesterone Value ln one sample compared
to,another.f The contention that events termed "phvs1olog1cal" are not
artifacts,induced_by the high recoverles.1spstrengthened by the fact
that the:recoveries’of greater than lOO%lappear5to occurvat random

‘within an assay.

- Postpartum body weights. The energv.levels 6f 5.1 kg of ‘TDN for -

non-lactating cows and 6.7 kg TDN for lactating cOWSKwere‘adequate'to
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cause the cows to maintain their 48 hr postcalving body‘weights through,

the first pospartum estrous cycle (tables 4-2 and'4-3 and figure.4-1).

'Shor et al. (1972) has stated that this W111 remove the effects of

'nutrltlon on postpartum reproductlon a110w1ng the evaluatlon of varylng

levels of suckling st1mu11 independent of nutrltlon. However,,lt-can

nbe‘visualiied-that in a situation where'body maihtenance, 1actation'

and reproduction are in competition for nuttrients that nutrients may

be diverted to-maintenance and lactation 1eaving less'avaiIable for

reproductlon. ThlS p0531b111ty should be cons1dered when 1nterpret1ng

the effects of nutr1t10n on reproduction based on changes in body.

" weights.

Occurrence and intensity of estrus. Suckling increased the’

~interval from parturition to first pospartum'estrus compared to non-.'

suchling (table 4-3) which agrees.with previous studies (Graves EE'él-;
1968;_Oxenreider. 1968; Saiduddin“et al., 1968; Oxenrefder_and:
ﬁagner 1971 Short et a1., 1972). However .aliowfng caiues to

suckle ad 11b1tum d1d not, 51gn1f1cant1y 1ncrease the. postpartum
rnterval compared to a110w1ng the calves to suckle only twice dally
Assuming the suckllng ad 11b1tum results 1n nore st1mu1at10n than

suckllng 2X da11y one would -expect the cows from the SUCKLED AD LIBITUM

'group to have longer postpartum 1ntervals much the same as. 4X da11y

m11k1ng 1ncreased postpartum 1nterva1 compared to 2X daily mllklng
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(Clapp, 1937). Possibly,.suckling ad libitum does not result in a
greatly increased amount of total daily stimulation compared to
suckling 2X’daily.

Suckling increased the interval to first estrus.and at the same
time incfeased_the intensity of the first postpartum estrus c&mpared
to non-suckling (table 4-2 ;nd 4;3). However, the corfelation between
the intgnsity of first estrus and the'postpartum interval was not
significant (r=.25; P<.10; table 4-4) which indicates that at 1eas;'
part of the effect of suckling on.estrus‘intensity is direct and not
an indirect effect of sﬁckling on the postpartum interval. Non-
standing estrus behavior occurred more in the suckled groups ;ompared
to the NON-LACTATING group although the aifferences'wefe not signifi-

cant (table 4-3). Saiduddin et al. (1968) Has shown thét the incidénce
of non;standing estrous behaviér deéreased‘as postpartum -interval
increased and this rélationship is also apparent in this study,
.althoﬁgh not significant (r=-.32; P>.10; table 4-4). However, the
incidence of non-standing estrous behavior was negatively assdciatéd
with the length of the first estrous cycle. The above observations
further sub;tantiafe the irregularity of early'postpargum cycles in
cows. | |

Three cows had sileﬁt'ovulationé'épproximately one cycle leﬁgth

prior to their first observed estrus as evidenced by the developmént

of corpora lutea and by increases in plasma progesterone in a pattern
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similar to thatdseeh in c&cling cows foilowing expressed'estrus'
(Christenseh et al., 1971): Two of these .cows Were in the NON-
:LACTATING group and both showed ev1dence of ovulatlon prior to 25 days
' postpartum (flgures 9-2 and 9-6). The other cow was-in the SUCKLED
"AQ LIBIIUM group and -did not-show evidence of oyulatibn until—after.
?0 days-postpartum (figure 9-17). |
A rather‘hiéhjﬁroportion'of cows'arevreported to hare silent

. -ovulatiohs esﬁeciaily at the first hostpartqm ovulation &Casida:and

‘Wlsnlcky, 1950; Kldder g_ 1;, 1952; Mehge g&.al{,,1962; Casida EE al.,.
1968b; Pope gt al., 1969; Donaldson et all;.1970;;Ca11ahan gt'al.,'197l;
'.Wagner and Oxenreider, 197i; Connor et al., 1974), and the intidence
.6f'silent dvﬁlation increases as ovulation occdrs‘earlier following:
parturltlon (Casida and Wlsnlcky, 19504 K1dder et al., i952; Trimberger-
and Flncher, 1956 Menge et a1 1962; Labhsetwar et al., 1963).

' Short et al. (1972) has hypothesised that the high incidence of
quiet ovulations- reported in the 11terature was a result of failure
. to detect estrusnrather than no estrus belng expressed ThlS hypothe- -
'351s.was based on the obserratlon that when bulls were used to detect |
estrus no_s11ent eyulatlons were present,-but in prev;dus studres
' hulls_had-hot been used. However, the'preseht study also used buils
and-in additton utiliied Gaginal iﬁspecttdn and KMAR heat detection
patchesdas aids in detection of estrus ahd yet three silent ovulatdons

were noted. In eVery case where estrous activity was detected, KMAR
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patches had changed color, but in no eases‘offsilent'ovulation had

the patches changed color.

Blood plasma progesterone.f Elevated levels of plasma proges-
terone were obseryed in most of these cows prior to first postpartum

estrus andiovulation which supports the findings of Donaldson et al.

(1970), Er et 1' (1971), Hendrlck set 1 (1972) thternkampdand
Hansel (1973) ArlJe et al (1975) Corah g_ 1. (1974) and Tribble

_t al. (1974) ThlS is also cons1stent w1th flndlngs in pre- pubertal .
herfers_where elevatedplevels of progesterone were found prlor.to the'
”first ovdlatory surgevof LH‘(Gonzalez;Padiila_gt al.,1975).
The postpartum piasma progesterone profilenms'charaoterized.by
1ow'1eve1s of 1ess than 14 ng/ml follow1ng parturrtlon until 2 to-4

days prlor to. estrus when values 1ncreased and peaked 3 days prlor to
estrus at 1, 8+ 2 ng/ml ‘then returnad to .3t 1 ng/ml one day prior and
on_the day of estrus (figure 4-6) .

:.This'dramatic and short-lived'pre4estrus progesterone'peak Was
g evident in'all‘but'four of the coWs.that had expressed first estrus.

: Two of- these cows were from the NON LACTATING group and had short .

", intervals to estrus of_9 and 18 days (flgures 9-1 and 973).7 In. all

cows with'expressed'first estrus the-averagexlevel of plasma proges-

terone.on days 2, 3 and 4 prlor to first estrus Was p031t1ve1y

' correlated w1th postpartum interval. (r— 69 <.01).- These observations_'

1nd1categthat elther the pre-estrus progesteronefpeak wasjabsent when




-96-
the postpartum interval Waslshort'or that it.was of such.short"

duratlon that 1t was not detected’in da11y samples

The other two cows whlch did not show ev1dence of a progesterone

'peak prror-to an expressed f1rst estrus were in the SUCKLED 2X group o

and both had short flrst estrous cycles of 8 and 12 days (flgures 9 10
.and 9 12). ' There was no 1ncrease-1n progesterone,durlng these short

E dcycles suggestlng that.a funct10na1 corpus 1uteum was not formed.
Corah et al. (1974) also noted that .progesterone remalned 1ow.dur1ng
Ishort'first cycles.rn three.postpartum heifers, but they did not
,report the absence.ofta_risenin progesterone prior:to first estrus
uin,these heifers. o

Two of-the.three cows (figures §-2, 976'and"9;17) nithisilent

. first ovulations exhibited-a peak in plasna progesterone prior to
Mfthe.detection of a corpus iuteum and,before.the rise in‘progesterone
associated'wtth the first‘cyclet This'indtcated that a progesterone

_ peak occurred prror to first ovulation nitnoutxestrus. One of thesen
cows (flgure 9 6) exhlblted a dramatic progesterone peak rlslng from,.
a non- detectable 1eve1 to 10 ng/ml and returnlng to .3 ng/ml on’days

. 6, 7 and 8:postpartum, respectlvely. -Such a short lived rlse in
progesterone could eastly be missed in dai1y3samp1es and this may
explain'the absence of a detected pre-estrus progesterone peak in
severai coWs Corah et al. (1974) reported that the pre estrus rise .

in progesterone was absent in helfers that did not settle when bred
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on their first postpartum estrus but was present in heifers that did
séttle on this estrus. However, blood-samples were collected only

. every third da&.

Two different profilés of postpartum plasma progesterone have

- been .reported in the literature. Iﬁ one of these progesterone is
pfesent in a cyclic pattern prior to thé first ob;erved estrus, i.é.,l
a gradual rise thaf is maintained approximately the length of aﬁ
estrous cyclé. Both Tribble et al. (1974) and Héndficks et al. (1972)
have noted this pattern. The other pattern‘finds progesteréne low
during most of the postpartum périod with a small but abrupt iﬁcrease
juét prior to the first estrus. This pattern has Been reported by
Tribble et al. (1974), Arije _L_gl. (1974), Corah et al. (1974) and

is the pattern seen in the present study.

t al. (1974)

In the present study and in the study by Corah
the only cows that showed éxtendea 1eveis of elevated progesterone -
prior to. first estrus were those Qith verified silét ovulations. This
suggests that undetected ovulations had occurred in the studies where'
extended elevated levels of progesterone were observed prior to eétrus.
However, the study by Tribble et al. (1974), in which both patterns.

of progesterone secretion were noted, was accompanied by a seemingly

t al., 1974) and silent

adequate ovarian palpation program (Connor
ovulations should have been detected. Perhaps these two patterns

of postbartum progesterone are different manifestations of the same
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phenqmenon.

.+ The two statisfiéal analyses, one including and one.excluding':
‘cows with”éilenf fir;t:oVulatioh, iliuStra;éd the erroneous pattern
of pdstpartuﬁ progesteroéé Fhat would_haﬁe been concluded had the
silent o?ulafidns not Eeen detected. -An extended period of elevated
progesterone oéchréed]durihg the‘i8 éays‘é;ior to first expresséd
estrus When coﬁs-with silent first o&ulééions were'included'in thé
gnalysis (figure 4-2), bu#‘when ;hesé'three.EOWS'ﬁere removed, thé
-resultaﬁt analysis.shpWed that prpgestérbne levels weré low during
.this pe;id& with the exception:of elevated levels that éccurred'on
days 4, 3 and 2, prior to.;he fifst‘estrus (figure 4-6J. |

| The sourcé of thé pre-egtrdalﬁprégésterone secretion has not
begn Aetermined, but since-there are apparently no functio;al éorpqra'
lutea present it is likely thét either lﬁtéinized‘follicles or adrenal
-glgnds may_bé respbﬁsibie.

éonnof et gl:.(1974) h;vg postulgfedjfﬁgt the source of this
prdges?eroné must be from a iuteiﬁigéd‘follicle. .This boétulation~
wéé-based on the folldwing obsefvatioﬁs: (1) No estrug, ovulation or'-
corpus luteum was detectéd.prior to the increase in progestins% (2’
both 17-hydr6xyprogesteroﬁe, found Bniy in féllicular tissue.(Cupps,
1968) and 20-B-h§dr6xyp¥oge$terope, found only.in luteal tissue’
-'(éaward and Telegdy, 1965), were found prior to estrus with ovulation,

- (3) it had previously been reported that luteinization begins before

oﬁulation’(LdBel and Levy- (1968; Short, 1962, (4) Short (1962)
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quantified both'17-hydroxyprogeste;0ne and 20-B-hydroxyprogesterone
from luteinized follicles, and kS) an incfease in ovarian size prior
to fir&t eéfrus.was aéCOmpanied by an increase in plasma progestihg
levels. Héwever, as eluded fo previously,”thefe may be some question‘
as to whether or not silent o;ulation had already .occurred.

The above argument, although convincing, does not rule out
the possibility of an adrenal source. Progesterone in boving adrenal
blood is 10 to 100 times greater:than the concentration of proges-
terone in arterial blood collected at the same time (Balfour and
Comline (1957). The prééent study does not provide additional
informatiph as to the source of the pre-estrual progesterone rise but
the abrupt peék in progesterone would suggest an adrenal source as
opposed to é 1u§einizéd:follicu1ar sdﬁrce ﬁhere.oné might expect a
‘more.gradual sustained increase. |

The Major difference between the suckled and non-suckled gréups
was the length of the postpartum interval and not différen@es in
progesterone levels or patierns of release. However, differenées in
progesterone levels between treatment‘groﬁps were noted. Average

progesterone levels the first 18 days postpartum were highesf in the

‘NON-LACTATING group (P<.01). However, the average postpartum interval.

was only 20%4 days in this group and tﬁe"ﬁigher levels were probably

a reflection of the prg-eétrus progesterone rise (table 4-3).
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Progés;erone levels the first 1é days ﬁrior to estrus did not
appear to be a fgnctioﬁ of'increased suckling stimuli as the average
progesterone leyels.in the suckled groubs ovér_this period of time were
not significantly different from.the NON-LACTATING groupp ﬁoweﬁer,
there was a difference (P<.05) in the average progesterone levels the
18 days'priorAto estrus between the SUCKLED 2X and éUCKLED AQ-LIBITUM_
groups, The explanation for this difference is not known.

Suckling increased the postpartum interval to estrus (P;.OS)
and'therefofé it is-reasdnable tblasspme that it also increased the
inte;val'from pagturition to the occurrénéelof the pre-estrus
" progesterone peak. -The trend for the‘pré-estrqs progesﬁerone peak to
»incfeaée as the length of the postpértum_interval increased (r=.69;
f<.01) is refiected'in the fact that the.pre-estrus p;qgesterone peak'
and the postpartum interval were significantly higher (P<.05) in the
SUCKLED AD LIBiTUM group compared to both the SUCKLED 2X and NON-
LACTATING groups.

Tﬁé intensity of first estrus was'lowesé <P<.05) in the NON-
‘LACTATING group and the ére-estrus progestéxone'peak was also 1owest

in tﬁis éroup £P<.05) iﬁdicéting that a relationship.iexists between
these parameters. ﬁowévet, the correlation of .32 was not significant.
Pope et al. (1969) has reported mean peak brogesterone levels of
9 ﬁg/ml priéfi@o pvﬁlétions with estrus compared to 3.7 ng/ml precediﬁé
quiet ovﬁlatibns ih,pbstpartum and cycling‘cows (P<.007).  This‘indi-

cates that the level of pre-estrus progesteroﬁe'affecté the expression
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.of estrus.

Blood plasma testosterone. ‘Testosterone was measured in plasma -

from_three.cows to determine what levels exist in the postpartum cow.

A hypothesis of .the mechanism controlling postpartum anestrous is that

a steroid may inhibit the LH. surge center. Lf such a steroid could be
shown to exist-at relatively high concentrations during the postpartim

interval this would'support such a hypothesis. However ‘blood plasma

- testosterone 1evels were low 1n these postpartum cows as they are in

cycllng cows (Shemesh and Hansel, 1974) 1nd1cat1ng that testosterone
probably has little if any effect on the évents follow1ng.partur1tlon.

Physiology of‘anestrous. The folloWing model, althOUgh not -

supported by all the ev1dence helps explaln anestrus and the 1n1t1atlon

. of estrous cycles follow1ng parturltlon in the coW. Although the ovary

w1ll be implicated as the site at wh1ch the message to resume estrous
cycles originates the hypothalamus w1ll Stlll be presented as the key
to the control of the resumptlon of CyCllC activity.

Two considerations.are of primary importance to this proposed

model. The first of these is the fact that following regression of

the corpus'luteum of pregnancy (parturition)»ovulation and new corpus

luteum development do‘not.immediately:occur (Labhsetwar et al. 1964);

. Gomes and Erb, 1965 0xenre1der, 1968; Stabenfeldt 1968 Wagner and

.Hansel, 1969) as happens follow1ng regress1on of a cycllc corpus

luteuﬁ, and a period of time ensues in which no functional corpus‘

luteum exists on the_ovary“(Callahan t l.,“197; Connor EE:QL, 1974).
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The second consideration is the assumption that there is no -
.deficiencies of pituitary and circulating'gonadotropnins and that the
.cause 6% acyclicity is the absence of cyclic Lﬁ‘release Measurement'
of LH and FSH in pmtultarles and 1H in blood of postpartum cows support
this view p01nt (Labhsetwar et al., 1964 Salduddln and Foote, 1964;
Wagner et al., 1969; Han, 1973; Ar_']l et al., 1974 Tribble et al.,
1974). The development .of f0111c1es-between 5 to 30 days postpartum'
Z (Casida and Venyke, 1936; Labhsetwar et al. 1964 ; Wagner and'Hansel
19692 Connor et al., 1974;'Arjie et al., 1974) indicated that blood
FSH 1eve1s are adequate to cause folllcular growth

Folllcles grow1ng in thlS env1ronment of low progesterone .
produce estrogen, but this,estrogen may not:be able to elicit an LH
surge-in the absence of adeQuate anounts of‘progesterone The fact
that progesterone is 1ow in relatlon to estrogen in postpartum and
prepubertal anestrus cows (Arjie et al. 1974 Gonzalez Pad111a et al.
‘ 1975b) and that the first elevation .in LH is always preceded by an
elevatlon in progesterone in prepubertal helfers (Gonaalez-Padrlla
et al., 1975b) is indicative that estrogen'isnunable to ‘elicit an 1H
surge in the absence of the proper level ot progesterone in post-
partum cows. Furthermore, it‘hasloeen shown that small'amounts'of:
progesterone are needed in order for thewestrogen evoked:LH surge tol
occur in rats Gﬁotta gg.al.} 197). |

It is postulated that one or several of. the follicles growiig

in ‘this low progesterone environment eventually become over mature and
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luteinize under the efféct of LH at tonic levels. Evidence that
luteinization of follicles occurs in postpartum cows was given by

Connor-et al. (1974) and was previously discussed.

This pbstulated luteinization is -either immediately regressed via " .

the uterine luteiolytic factor or is ﬁaintaine&.aéproximatel§ the length
of aﬁ estfoué éyclé befb%e it is regréssedl"Thé occurrénce'of_one or

. the other of théltwo'pafterns in different studies would expiain'why
.two”different péttefns of pie-estrué p;ogéstefone would be gxpecteﬁ as
seen iﬁ thi; study_aﬁd by Corah et al. (1974) and Arijé et al. (1974);
However, in éhe casé'where regression of:the luteinized foiliéle ﬁdqld
not occh until approximétgly one cycie length 1ater; é gradual,
sdstéined prdgésterone profile would be expeééed as seen by Tfibb1e.

et al. (.1974_)_.

It is further poéfulated that this rise and fall in progésterone
in combiﬁa;ion wiph the alreédy existihg estrdgen provides the'prdper
hormonal ‘milieu:té causéuan LH surgeicente; located ‘in the hypothala-
mus. This LH surge would éhen‘cause ovqlatioh anq corpus luteum
developmenﬁ and tﬁus~qvarian cycles would'be fesﬁmed.

fhié hypotheéis, that bostpartum anesfrus is a fesult'éf'the"

-hypéthélamuslﬁéiting for almessagevfrom the ovéry is consistent with
findings of‘Britt et al. (1974) who showed that cyclic acfivit& wquld

continue at mormal intervals when ovulation was induced with GnRH

at 14 days postpartum in dairy cows. However, this does not-exclude »K
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' the'posslbility'that the message for resumption of estrous cycles is
mediated at the hypothalamo-hypophyseal leVel.

| Han (l973).has reviewed the literature and has himself:provided

evidence that postpartum anestrus is caused by‘the inability of the

: 'hypothalamo-hypophyseal complex to properly stimulate the ovary and

that resumption of estrus cycles take place when changes occur in the
‘hypothalamus. More spec1f1ca11y he-contends that prolactin production
during lactation is anatagonlstlc to the ablllty of the hypothalamus
to elicit an LH surge. The grauual decrease of prolactln production
that occurs as lactatlon:progresses finally‘becomes low enough to
allow cyclic gonadotrophin production and release.

The present model is compatible with'that hypothesis and although
it contends that the message for resumption of estrous cycles originates
at the ovary in the cow it is probably correct that the ultimate
control of the anestrous period is at the level of the hypothalamus.
‘A message from the ovary that falls on an‘insensitiye hypothalamus
cannot'secure a response. . Such things as suchling,:lactation and a
negative energy.halance.may have their primary effectnon the
'hypothalamus, renaering.it insensitive to messages from the ovary.
This would explaln long postpartum 1ntervals even after the early
development of follicles as shown by Arlje et al (1974).

In summary, thls.model of postpartum anestrus suggests that

follicles become over mature in a progesterone deficient environment
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and 1uteinize, The comBination of estrogen and falling b;ogesteééne
produeed,by regression 6f these 1uteiniz§d follicles elicit an LH
surge via thé hypothalamu; causing qvulétion and corpus luteum
development and thus estrous‘cycles are resumed. Due to the‘ciréﬁm-

stances of suckling, lactation and/or negative energy balance the

hypothalamus may be insensitive to the ovarian messages and postpartum.

anestrous will continue until hypothalamic sensitivity is restored.




CHAPTER 5
USE OF PROGESTERONE AND ESTROGEN TO CONTROL
POSTPARTUM REPRODUCTION IN DAIRY MANAGEMENT
| Introduction
Attempts-to,shorten the interval froﬁ parturition to.fifgt estrﬁs,
ovulation and concep;ipn with progestips and/or estroéeﬁ; have been:
made with varying levels of sﬁpcess (ﬁlberg énd‘Lindley{:1960; Fdote‘.
and Hunter, 1964; Saiduddin et al., 1968; Hill et al., 1972; Ulberg
et al.; 1974). | '
Tﬁe'ogjectiVe of this study was to determine if proéesterone and

estrogen given in single doses could be used in a routine dairy manage -

ment system to improve reproductive performance.

Materials and Metbods
The cows'used in this -study were from the Montana Sﬁate Uni?ersity
dairy‘herd, and with the éxception of the experimental conditions
imposed upon them,.wére managed accordingly.

Fourteen and 18 Holstein cows were assigned to trial A (TRIAL A)

" in 1972 and 1973 and trial B (TRIAL B) in 1973 and 1974, reépgctively{,.

and within trial Were'assigned>to treatment groups. Cows in .TRIAL A
were aséignedlto a contrqi group (COﬁTROL) or. a steroid-tregted group
(TREATED) by pairing in order of calviﬁg. Each-péir'consisted~of a
CONTROL and a TREATED cow with simildr calving dates. Cows in TRIAL B

were assigned prib% to calving by expected calving date and 305-day
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"milk production to a corn oil-treated group (CORN OiL) and a steroid-
treated group (STEROID).j. . o

In both trialslstéroid treatment cénsisted gf a single 20 mg
intramuscular injection of progestérone inucqrn 0il, followed in 48 hr
by a singie 2 mg intramuscular injection of estraéiol—l?B. In TRIAL A
" the control cows (CONTEOL) did not recieve any injectioﬁs, but in
TRIAL B the control cows (CORN OIL) received corn oil at the appro-
‘priate volumes'anditimes consistent with the steroid treatmeﬁts. The
time of progesteroné treatment for‘cows in TRIAL A ranged from 30 to
90 days postpartum with a mean of 48 days postpartum (table 5-1). Iq
TRIAL B all cows reéeived their first ihjgction (progesterone or corn
oil) at 30 days poétpartum'(table 5-2). | |
| In TﬁIAL A each IREATﬁD-CONTRQQiﬁai: was‘palpéfed per rectum on
the same éay af 0, 2, 4 and 12 days post-p?ogestefone treafment to
detect ovulation and corpus luteum development. In TRIAL B all -cows
were palpéted per rectum at 10, 20, 30 thfough 38 and 44 &ayé post-
partum to assess ovarian size and activity. Ovary-size was estinmated
by palpating the ovary.whileconcurrentlyobserving a chafﬁ withl
various sizes of ovaries depicted upon it,.

Breeding manaéeﬁent consisted of startiﬁg a;tificiai insemination
at 60 days postpartum gnd continuing hnﬁilnﬁhe cow did not return to
estrus, Pregnén¢§‘an&:co;rect conception dates were verified by

observing the date of subsequent parturition.
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Daily and‘totai mdlkﬂproduction has;been calculated from 3bto 50°
days postpartum for the .cows in TRIAL B |
The data were analyzed by 1east Squares analysls (Harvey, 1960),
- except number of'cows in estrus by 60 days postpartum number of cows
in estrus by 82 days postpartum and f1rst serv1ce conceptlon rate,

‘which were analyzed using a chl-square test.

4 Results and Discussion
TRIAL A. -
' The 1nterva1 from parturltlon to the f1rst postpartum estrus was
_ shorter (P< 07) in the TREATED group. than in the CONTROL group, with

52+8 and 76+8 day 1nterva1s belng recorded, respectlvely Six out of L

'seven cows exh1b1ted estrus prlor to 60 days postpartum in the TREATED_:‘h

.group, compared ‘with two out of seven in the CONTROL group (P=.10).
At 82 days postpartum,51x‘out of seven cows,had exhlblted estrus rn.f
the.TREATEb group; compared mith,fOur“out‘of seven in the CONTRQL
groupl(P=.56)‘(tab1e 5-1); |

‘There were no siénificant'differences in the first:serVice con-
ception rates.of 43 and 14%,-conceptions periservice of.O 7+6'1';ﬁd
"0 7 +0.1, pregnancy rates of 100 and 100% and days open of 113+24 and
;127+24 days for the CONTROL and TREATED groups, respectlvely

(table 5 1)
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TRIAL B

The interval from parturition to the first postpartum estrus was
60711 and 3572 days (P<.0l) for the CORN OIL and STEROID groups,
regpec;ively, and all ten cows in the STEROID group had exhibited
estrus by‘60 days postpartum with five sut of eight coﬁs'in the
CORN OIL group (P=.13) (tablé 5-2).
' Thérejwere no. significant differences in the first service concep-
tion rates of 50 and 50%, conéeptions per service of .72 and .69, preg;
nancy rates of 100 and iOOZ and days open of 105 and 128 déys for the
CORN OIL and STEROID groups, respectively,;(table 5-2).

There was no significant difference in ovary diameter at 10, 20,
30 through 38 or 44 days postpartum, nor was there any significanf
difference in daily milk production from day 3 through day 50 post-
partum (table 5-2). .Total milklproductioﬁ froﬁ day 3 through da§ 50
‘postpartum was 1348%42 and 1433%e4 kg.fbr_tﬁe CORN OIL and ‘STEROID |
groups,‘réspectively, (table 5;2).
Discussion

The interval from pgrturition to first postpéftum estrus was 24
days shorter (P<.07) in the TREATED group compared to the CONTROL éroup )
in-TRIAL A, and was 25 days shorter (P<.0l) in the STEROID group
compared to the CORN OIL group in TRiAL B. This demonstrates that
steroid treatment did shorten the interval from parturition to first

estrus (tables 5-1 and 5-2).
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The tendency toward early postpartum estrus in both TRIAL A and
" TRIAL B is seen in the. increased number of cows first exhibiting estrus
prior to 66 days postpartum (tables 5-1 and 5-2). Reproductive pér-
fofmance.in either trial.%as not improved.by sterdid treatment as
méasured by first seréice conception rate, conceptions per service

and pregnancy ?ate (tables 5-1 and 5;2), Thé first service conception
rate of the TREATED group in TRIAL A was rather low with 147 compared
to 43% for the CONTROL group (table 5-1). N

Steroid treatment did not reduce the interval from parturition-

to conception in TRIAL A With tﬁe TREATED group showing 14 more days
open than the CONTROL group or in TRIAL B with the STEROID group
showiné 23 more days open than the CORN OIL groué (tables 5-1 and 5-2).
Other research has indicated that when the interval from parturition‘-
to first.estrus is shortened by progestin and/or estrogen treétments
(Foote and Hunter, 1964; Saiduddin et al., 1968; Hill et al., 1972),
early weaning (éhort et gl.,i1972) or mastecﬁoﬁy (Sh6r£ et gl.; 1972;
LaVoie et al., 1974) that the interval to conception may not be
shortened. A notable éxception is' found in the work by-Saiduddin

t al. (1968) where two different progesterone + estrogen treatments

shortened the interval to conception but had no effect on the

interval to estrﬁs. Ulberg et al. (1974) has found that feeding MGA
to early postpartum_dairy cows has a favorable effect on reproductive

rate.




" -111-
In TRIAL'B there was no significant difﬁereﬁce_in oyaryxdiaméter.
.'oﬁ aays lQ; 20,.30 throﬁgﬁ 38‘ana 44 postpérﬁum} butfqyari diameter
B wéé;pqnsisééntly'émalle;'in'the STERQinéfé#p thaﬁ:iﬁ the CORN.dIL
‘.gr;up;frém'aayJBO{tﬁroﬁgH.day 44 Pp%éigly fﬁis'wés due to~negative'

'feédback by the exogenous steroids on the pituitafy. o
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TABLE 5-1. REPRODUCTIVE PERFORMANCE OF STEROID TREATED "COWS (TRIAL N

L _ CONTROL . °  TREATED
.Measurément' ' - : mean®.Z. SE .. © . mean® t SE
No of .cows S o T T :

_ Average date of. ca1v1ng (+ days) . Jan. 25%14 Jan. 24%14 .
Interval from parturition to ‘ . '
treatment (days). : e o 48%6
Interval from parturition to e : o L "
first estrus (days) _ . 76t8b- S 52tgb

No. of cows in estrus’ by 60 S S '
days postpartum - - .. . o2 . : 6% ..
No. of cows in estrus by 82 - : o
days postpartum : . 4 . 6
First service conceptlon rate (% - 43 S 4. .
' Conceptions per service ° - 0.7t0.1 0.7%0.1
Pregnancy rate (%) S ',100 - - 100 ,
__Days open : I S 113Fk24 B 127t24

T Least squares means.
b p<,07 -
- ¢ P<,10
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" TABLE 5-2.  REPRODUCTIVE PERFORMANCE- OF STEROID- TREATED COWS_(TRIAL B)

, - CORN OIL : STEROID
Measurement : , © - mean® ¥ SE . mean® t SE
No. of cows . . ' 8 _—_— 10 -
Average date of calving . "Dec. 15%6 Dec. 18t5
"Interval from parturition . i o '

to treatment (days) : ' " 30 30
Interval from parturition . : ‘ : '

to first estrus (days) - 60t 1%% v 35%2%%
No. cows' in-estrus by 60 . o ‘ :

days postpartum - 5b 10P
First service conceptlon rate (%) . 50. ’ 50
Conceptions per service - . X .72 . .69

: Pregnancy rate (%) . , ‘ -~ 100 © 100

Days open 105 ‘ . 128

Ovary diameter at various stages postpartum (mm)

10 days o ~ ' 13.3%1.2 13.3%1,

1.

20 days - . 15.8%1,1 ‘ . 15.9%0.7
30 days o o 18.1%1.1 15.9%1.0
31 days : 17.7%1.2 .15.7¥1.0 -
32 days ' : . 18.9%1.3 16.6+1.1 |
33 days . o © 19,112 15.9%1.0

. 34 days oo . 19.4%1.3 15.9%1.2
35 days . . 24.0%1.5 19.0%1.4
36 days 19.5%0.8 17.6%0.7
37 days _ 19.2%1.2 17.7*1.0
38 days = . . - 18.5%1.5 18.0+1.4 |
44 days S 19.4%1.3 18.7%1.1

305-day milk production from T : ‘
. previous lactation (kg) 7097+394 7459%352

Total milk production through : . '
50 days'postpartum (kg) o 134842 _ 143364

& Least squares means.
b p=.13
*%p<,01




CHAPTER 6
_EFFECT OF MASTECTdMY ON EOSTPARIUM
. REPRODUCTION IN BEEF COWS
Introduction‘_
Recent experiments ﬁave shown that masteétomy-will sﬁoffen the
interval from pgfturitiqn to the first postéartdm estrus. in beef cows

(LaVoie and Moody, unpublished observations;_Short.gE al., 1972) and

that this mastecfomy effect is independent of nutrition (Short et QL.,_;-

1972). No experiments have been reported whiﬁh show.the effect of
mastectbm&.on the interval from parturition to conception. If mastec-
tomized cows.could conceive early in the posfpartum-pefiod, ittwould
be possible to havg calving intervals qf'lO or 11 months.

This sEudy waS'deéigned to determine if mastectomized beef cows
could be managéd to cénceive within'82'days aﬁter partﬁrition, which
would result in calving intervals of léss'thén 365 days.

Materialé and Methods

Three 2-year-old Aﬁgus cows pregnant with their first calf Werg
mastectomized in 1971, and three Hereford and four Angus x Hereford
'openiyearlings were mastectomized in the spriqg ofv1972L The sufgical

t al. (1972).

technique was as described by Short

The animals were bred during the summer of 1972 and the cows and

- six of the heifers calved in 1973. They were then observed two times -°

daily for estrus, and were artificially inseminated from .the second
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postpartum estrus until conception occurred or until a total of six
services were reached. Pregnancy testing was done by rectal palpation

“from 60 to 100 days after breeding.

The Moﬁtana State University beef herd served as a control group,

but it should be qoted that while the nutritional managemeﬁt was con-
sié;ént betweén the beef'hefd and the magtectomi;ed cows, the breediﬁg
sqhemes.were not consistent. Also, otﬁer experiments were imposed on
the mas£éctoﬁized gfoup, and the_tWO'groﬁps were often kept in’
séparate pastures;
Results and Discussion

The interval from parturition to the first postparfum estrus
ranged from 8 to 51 dayé and éveraged 30 days for the mastectomized
.cows. The interval from parturition to conceptidn ranged from 22 to
218~and 57 to 122 days for the mastectomized group and the MSU beéf
“herd, respectivély, and averaged 76 and:79 days for the.’two‘groups,
rgspectiveiy (tables 6-1 and 6-2). |

The mastectomized‘cows had 0.38 conceptions per service,
resulting in an 897% pregnancy rate compared with 0.59'coﬁ6eptipns per
service and a 74% pregnancy rate for the MSU beef herd (table 6-1).

Five mastectomize@ cows first bred on their seqond bpstgartﬁm
estrus conceived, resulting in a first service conception rate of

56% compared to 62% for the MSU beef herd. One mastectomized cowlwas
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ﬁistakénly_bred on her'first'postpartum estrus, but did not doncei?e
.un£il bred.dn her second postpartum estrus. Of the reﬁaining
masteéédmized.COWs, one was in estrus fo@r times, b;éd three times and
COﬁceived; éﬁother,was’in.estr#s eight timgs,ubfed five times and
cénceived; one was in estrus nine fimes, bred six timés and did not .
coﬁceive (tables 6-1 and 6-2).

Discussion

"These data show rather low fertility in mastectomized cows where-

breeding was startéd on tﬁe second postpartum estrus. Several workers
have shéwn that.early péétpartum)heats are infértile (Casida et al.,
L968)‘and this is'gﬁggeste& in the low conceptions per service and
first service concéptibn rate seen in fhis-expériment. The pfegnaﬁcy'
‘£ate was highérlin Fhe mastectomized cows (89%)'dompareq with thé MSU
‘beef herd (74%);.but this was érobagly due to thellénger breeding4
season imposed on the mastectomi?ed éroup;

Thé interval from parturition tp the fifsﬁ postpartum estrus in
the masteétomized'cows was 30 days,‘wh;ch is 18 days greater than
reported by Short et al. (1972); but iessﬂthan postpartum intervals
generally reporte& for.cows‘suckling calves. Casida et gl. (1968)
found that. various researchers had.feported‘posgpartum interva}é
ranginé from 46‘£o 104 days. |

Thé interval from partpritiqﬁ to concgption in the mastéctomiZed

cows was similar to that of the MSU beef herd (76 yé. 79 days), and
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this interval was not greatly shorter than 83 déys, indicating éhat
mastectomy had little effect in redﬁcing calving inté;val to less
than 365 aays.
Thé intérvai from parturition to the first postpartum estrus is

et al., 1972), but.inhibiting

shortened by inhibiting lactation (Short
lactation does not appear to affect the interval from parturition to

conception. Possibly lactation is nécessary for proper uteriné

" involution creating an environment conducive to a high fertilization

and embryo sﬁrvival rate. Short et al. (1973) have‘showﬁ that uterine

debris:is significantly greater in non-suckled ewes compared with

suckled ewes killed_ét 20 days postpartum.
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TABLE 6-1. REPRODUCTiVE PERFORMANCE OF MASTECTOMIZED COWS

_ . Mastéctomized M.S.U
Measurement group . beef herd
No. of cows 9. 66
Interval to first estrus (days) 30 " --
Interval to conception (days) 762 79b
Conceptions per service : 0.38 -0.59
First service conception rate (%) 56 62"

Pregnancy rate (%) . 89 74

TABLE 6-2. INDIVIDUAL PERFORMANCE OF MASTECTOMIZED COWS

Interval

to first Interval to  Number Number Pregnancyb‘
Cow : estrus conception of of
No. Breedd@ (days) (days) - heats services test
925 A 28 49 2 1 +
949C A 51 76 2 2 +
964 A 22 86 4 3 +
157 H 8 22 2 1 +
140 AxH 42 62 2 1 +
132 AxH" 30 51 2 1 +
1314 AxH 27 218 8 5 +
111 H 20 40 2 1 +
1099 H 22 -- 9 6 -
a A = Angus, H = Hereford.
b + = pregnant, - = open.
3 949 was bred on her first postpartum estrus.

131 and 109 were not bred on two different occasions when they were
‘scheduled to be bred. Both cows were bred on their. last observed '
estrus.. : ’




CHAPTER 7
. " EFFECT OF FLUMETHASONE INDUCED CALVING ON TﬁE
POSTPARTUM INTERVAL OF BEEF COWS
| Intro&uction .

Several studies report the effects of induced parturition on
subsequent fertility (LaVoie and Moody;'1973; Carroll, 19f4; Ponceiet
et al., 1974; Wagner et al., 1974) bﬁt nbne'have reported thé effect
of corticoid induced:parturition on the:postpartum interval'ggg se.

Reproduqtive-performance of c&ws following corticoid iﬁdﬁced
parturition is reéorted équgl:to'that of control cows regardless of
fhe high incidence of rétained placenta associated with the .induced
parturitions (LaVoie and Moody, 1973; Carroll, 1974; Poncelet et al.,

1974). Wagner

t al. (1974) found tﬁat fertility was equal between
cows with or without retained placenta affer induced parturition.
These studies do not account for the fact that induced parturition
increased that interval from calving to the breeding season, and
therefore, may not reflect the actual effect of induced parturitibn
and/or retained placenta on fertility.

The ijectives of thié.study were ﬁo test the effect of»flumetha-.
_sone_induéed parﬁurition on the postpartum intervai and té-defermine
the effect on.fertility independent.of differences in the interval

from parturition to the breeding seasom.
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Materiais and Methods

Thirty-one pluriparous cows, 15 of which were Herefords bred to
Hereford, Angus and Holstein bulls in a ratio of 3:1:1, and 16.Angus
all bred to Aﬁgus bulls, were éssigned'to a non-treated group (NT) or
a group_receiving a total of 5 mg of flumethasone in éither a. single
dose or twé 2.5 mg do;es af a l2 hr intérQal. Injections were given
17 days prior to expected calving date to‘inducé parturition 15 days
prior to thé end of a 28l day calculated gestation.

Fifﬁy percent of the cows receiving a single 5 mg injectionland
55.5% of the cows receiving two 2.5 mg'injections responded with in-
duced parturition (calved within 90 hr pbst-injection)‘and were assign-
.ed to an induced parturition group (INDU). Cows that did not respond
(éalvéd_later than 90 hr post-injection) wefe assigned to a non-induced
par;uritiﬁn group (NI). Cow breed affected fhe success of‘iﬁduced
parturition- (P<.0l)- so that the INDU group contained two Hereférds and -
eight<Angus;.and the NI group contained eight Herefords and one Angus,

- The cows were obéerved every 4 hr to collect calving information
an&'to determine the time of placéntal expuision. 'All cows thaf did
not expel the blgcenta by 24 hr postpartum were.injected af-that time
with 20 cc Distrycillin1 intramusculafy. .Cows that lost their calves
were fostered to dairy calves or orphans énd were suckled throughout,‘

the experiment.

LDistrycillin, E. R. Squibb and Sons, Inc. New Brunswick, New Jersey.
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Calving difficulty was scored usihg the f&llowing me#hod:'i
1=unassisted,‘2=assistance with hand traction 3=assistance with
mechanical pulier‘and 4=extreme1y'difficu1t pull and/or malpresentatioﬁ..
The vigor of calves at birth was scored from 1 to 4 dependiﬁg on tﬁeir:
initial activity: l=very viébrous, 2=""normal" calf, 3=weak calf and |
4=very weak or dead calf. All calves were weigheé at birth but in
addition eadﬁ live calf from an induced parturition was weighed at the
time normal parturition was expected to oécur had parturition not been
induced.“ |

The cows were observéd 1 to 2 hrx tﬁicé daily from the time of
calving.thrbugh the brge&ing season.forndetection of estrus.- AI breed-
ing for each individual céw started 60 days postpartum and was contiﬂu-
ed for 45 days (60 to 104 days; postpartum). Pregnancy diagnosis'was
.done by rectal palpation 70 days after the end of the breeding séaéon.

The statistical analysis for effect of breed on iﬁduced parturi-
tion success and on conceptions per service was done by a chi-square
test. All other measurements were analyzed by the method of least-
squares (Harvey, 1960) and a Newman Keuls tesﬁ (Snedecor, 1967) wés
applied when least-squares analysis indicated significant differences.
An adjusted postpartum intexrval to first estrus énd an adjustedinﬁmbef
of times in estrus prior to 60 day postpartum were calculated by using

expected normal calving date in place of actual calving date,
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Results and Discussion
The results are given in table 7-1. Flumethasone caused induced

parturition in two Herefords and eight Angus cows while only one Angus

cow failed to respond compared with eight Herefords (P<.0l). Parturi- .

" tion occurred 60%20 hr and 325%21 hr (P<.0l) after initial flumethasone

injection in the INDU and NI'groups, respectively, aﬁd:gestation

length was shortened (P<.0l) by 12 days'in the INDU group compared with

both the NT and NI groups. ‘Average calving date occurfed.on day 86 of‘
the yeaf (March 27) in the INDU group'which was 9 Qays earlier than the
| NT gréup (P<.05).and 14 days sooner ?han the NI group.(P<.0i).
Dystocia was.incréased (P<.05) as ﬁéasured by calving difficuity

score in the NI group compared to the NT group, but calf vigor score

was.not significantly affected although it was highest in the NI group.'

Calves from induced parturitions weighed 24*2 kg compared with 32%2
(P<.05) and 3443 kg,(P;.Ol) for the NT and NI groups, fespectively.
Incidence of retained placenta was 8, 100, and 0% at 24 hr
(P<.01), é, 80 and 0% at 72 hr (P<J01) apd 0, 0; and 07 at one week

postpartum for the NT, INDU and NI groups, respectively,

Unadjusted and adjusted postpartum intervals. to. first estrus were

45£6, 476 and 40:6 days, and 43%6, 32t6 and 37%7 days for the NT,
INDU an& NI groups, respectively. Unadjusted and adjuéted times in

estrus prior to 60 days postpartum were 1.2#0.2, 1.1#0.3 and 1.3%0.3,




¥

-123-
and 1.4%0.3, 1.7£0.3 and 1.5%0.3 for the NT, INDU and NI groups,
respectively.

- A comparison of Hereford and Angus cows within the control group
.(NT) reve#led that the Herefords had slightly better reproductive
performance than the Angus. F£rst se?vice conceétion rates and preg-
nancy rateé were both 80 ;nd 43% for Herefords and Angus, respectivély.
Services per conception were 1.3 and 3.3, postpartum interval to firétA
esfrus and 42 and 47 days and days open were 84 and 66 days for Hereford
and Angus, respectively (table 7-2). |
Discussion

‘Parturition was suécessfully iﬁduced with flumethasone in two-
'Hereford and eight Angus cows while only one Angus cow failed to- |
respond qombared‘with eight Herefords.(P<J01). This suggests that a
breed difference'exists in the response to flumethasone. Hoﬁeve&,
this experiment was not.designed to determine the effect of breed
on induced parturition and other factors'ingluding, but not limited
to, fetal genotybe, fetal size and.the relative maturity of the fetus
at the time of injection may be involved.

Breed difference in gestation length could be responsible for this
differential of flumeéhasone respénse as Herefords héve gestation
lengths approximately 8 days longer than Angus éOWS (Wiltbank, 1974).

. However, the control Herefords in this study ‘had shorter gestation thén

the controllAngus (table 7-2). Anothér_factof'which may be importaht'




-124-

would be a difference of body weighté of responding vs. non-
responding cows. Unfortunately, bodvaeights of cows were not obtaine&
in tﬁié experiment but records fromlprevious years indicate thaf the
Herefords Weighea 50 to 100 kg more than the Angus.

Carroll (1974) found no significan; corfelation between response
and cow weight using 11 cows injected with 5 mg flumethasone. on day
270 of gestation. However, Whén 5 mg of flumethasoﬁe is:.given on day
264 of gestation as it was in this study, threshold levels may be
attained in small cows but not in large cows. Both Bosc (1971) and
Winter et al., (1974) have shown that induction success decreases as
cows are treated earlier in gestation and Poncelet and Moody (unpub-
lished data) have found a low rate of induce@ partu;ifion using 3.5 mg
of flﬁmethasone épproximately 17 days pfior to‘expected parturition.

Cowé in the INDU group had shortened“gestation (P;.Ols, calving
.9 days earlier than the NT cows and 14 days ;ooner than the NI cows;
In a conventional management system thisteéné éhat the INDU group
would have more days from calving to the start of the breeding season
than the other two groups. In this experiment, each cow és éxposed fo
breeding after a.definite interval foilowing calving thereby removing
the effect of variable times from parturition to the Breeding season.

There were no significant differences between groups in repro-"
ductive efficiency as measured by postpartum iﬁterval to first estrﬁs,'

number of times in estrus prior to 60 days postpartum, first service
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conceptidn rate, services per conception, pregnancy rate and daYs'opepf
~However, the INDU grbup Had higher conception rates required.fewer
se?viées per conception and were open less days than éither ghg NT or
NI groups. This indicates that induced parturition and/or retained
placenta did not adversely affect fe?t;lity.

It is unlikely that the better reproduction in the INDU group
compared with the NT aﬁd NI groups was due to the increased number of
Angus cows iq the INDU group. A comparison of Hereford and Angus
cows in the NT group indicates that reproductive performance.was equal -
betweeﬁ the breeds if not superior iﬁ the Hereford édws'ttable 7-2).

Postpartum interval to first estrus was unaffected by in@gced
v paréurition with the INDU grodp showing a slightly. longer interval
of 2 and 7 days over fhe NT and NI groups, respectively. However,
wheq postpartum interval to first estrué was calculated frqm éxpéctea
.normal parturition daﬁe, the resultant adjusted interval ﬁas shortest -
"in the INDU group by 11 and 5 days over the NT and NI groups? respec-
tively. Also the INDU group expressed estr;s more times prior to 60n
days postpartum than.the NT or NI groups af;er, but not béforé,
adjdsted to egpected normal parturition. In a conventional.managément
system where breeding of éll cows is started on -a given daj, this means
that cows~with induced parturition would have.increased.opportﬁnit&

to cycle prior to breeding season and that breeding would occur
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after the cow had cycled several times. Several workers as reviewed
by Casida ‘et al. (1968) have shown that fertilityis low on the fi%st
poetpartum estrus and increases with each subsequent c&cle.

The NI group had mere calving proBlems <P<;05) and had nonsig-
nificantly hiéherlcalf vigor scores (decreased vigor) than controis.:
There was a negative correlaeion of calving difficulty seore to firet
service conception rete (r=.39; P<.05). Jdchle (1972) found that when
eexamethasone induced parturition was blocked with progesteroﬁe that
the ensuing parturitions were marked with dystocia, low calf vigor and
a high incidence of stillbirth.. Calving difficulty has been shewn to
adversely affect fertility (Laster et al., 1973) and mey explain the
decrease in fertility in the ﬁI group compared to the iNDU groep but
does not explain the lowered fertility in the NT group where calving
difficulty was. minimal.

The weather during this calving season-was cold and wet and
eight calves were lost to either exposure or scours. However, the
losses were evenly distributed across the groufs with 2, 3 and 3 calf

losses recorded in the NT, INDU and NI groups, respectively. In this

study, calves from parturitions induced 15 days early were as vigorous

as calves born from normal length gestations, even under these adverse

conditions.
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Birth weight was reduced by induced parturition which is consis-
tent with other ‘reports (LaVoie and Moody, 1973; Carroll, 1974; Wagner

_Ergl., 1974; Winter'et gl., 1974). 1t is felt that possibly the
reduced birth weight seen with induced‘pafturition is responéible for

a reduction in weaning wéight (Carroll} 1974)., 1In this study when
calves from induced parturitions were weighed on the date of Fheir
expected normal parturition it was found.that ;hef had gaingd 10 kg

and weighed 34 kg which is comparable to the actual birth'weigﬁts of

32 and 34 kg for the NT and NI groups, respectively. These calves from
induced parturition gained as well as the& would have in ggg;é and

can be expected to make the same weight gains that they.would have had
they not.been born early. LaVoie and Moody (1973) foﬁnd no .signifi-
caﬁt difference in actual weaning weights betweeﬁ calves from induced -

parturitions compared to those from normal parturitions or in weaning

weights adjusted for age from day of conception.
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TABLE 7-1. REPRODUCTIVE PERFORMANCE OF HEREFORD AND ANGUS COWS FOLLOWING
FLUMETHASONE INDUCED PARTURITION?Z

NT INDU NI
No. of cows:
Herefordb 5 2 8
Angusb 7 8 1
Total 12 10 9
Post-injection interval
to parturition (hours) -- 60 (20)¢ 325 (21)4
Birthdate (day of year) 95 (3)¢ 86 (3)f 1004(3)S
Gestation length (days) 278 (1)¢ 266 (1)9 278 (1)¢

Calving difficulty (score 1 to 4) 1.0 (0.2)81.2 (0.2)8" 1.6 (0.2)h
Calf vigor at birth (score 1l told) . 1.2040.2) 1.2 (0.2) 15 57 €052y

Calf losses (number of calves) 2 3 3
Birth weight (kg) 32 () 24 2)f 34 (3)e
Wt (kg) of induced calves at
expected birth datel -- 34 --
Incidence of retained placenta (%)
at: 24 hr 8¢ 1004 0¢
72 hr 8¢ 8od 0¢
1 wk 0 0 0
Postpartum interval to first
estrus §days) 45 (6) 47 (6) 40 (6)
Adjusted] postpartum interval
to first estrus (days) 43 (6) 32 (6) B7 (7
Number times in estrus prior to
60 days postpartum 1420 €0.2) 1:1500%93) 138 (0.3

Adjusted] number of times in
estrus prior to 50 days post-

partum s a0, 3) 10 (053 145 (03)
First service conception rate (%) 58 90 56
Services per conception AL it 18
Pregnancy rate (%) 58 90 67
Days openK 76 (3) .89 (3) 77_(6)

4 All means and percentages are least squares means except where in-
dicated. Number in parenthesis are standard errors.
There was a differen:e (P«.0l) in distribution of Hereford and Angus
cows between INDU and NI groups.

cdMeans on the same line with different superscripts differ siznifi-
cantly (P..01).

efThese means differ as follows: NT vs INDU, P<05; INDU vs NI, (P<0l).

8hMeans on the same line with different superscripts differ signifi-

cantly (P<«.05).

Arithmetic mean. Seven calves from INDU group were weighed on the

calculated day of expected normal parturition.

J Postpartum interval to first estrus and times in estrus prior to 60
days postpartum were calculated from expected normal parturition date.

K calculated for pregnant cows only. N=7, 9 & 6 for NT, INDU & NI,
respectively.

i
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TABLE 7-2. REPRODUCTIVE PERFORMANCE OF HEREFORD AND ANGUS COWS IN THE

CONTROL. GROUP (NT)2@

Hereford 'Angus'
No. of cows 5 7
Gestation length f{days) 277 279
Birth wt (kg) 35 - 31
Postpartum interval to first estrus (days) 42 47
- First service conception rate (%) - 80 43
Services per -conception. 1. 3.
Pregnancy rate 80 43
Days openb - 84 66

.. a All means are arithmetic means.
b Calculated for pregnant cows only. N=4 and
. respectively.

3 for Hereford and Angus,




CHAPTER 8

SUMMARY AND CONCLUSIONS

- The bovine postpartum interval Wés investigated. The reports .
of the studies are preceded by a-comprehensive literature review
(CHAPTER 2) and é description of the technidue of radioimmunoassay
(CHAPTER 3). Four studies were conductedjusing techniques including
rédioimmunoassay, mastectomy andvhormoﬁe treatmeﬁt to evaluatefvatioué
aépects of bovine postpartum anestrus.

In .the first study (CHAPTER 4) radioimmunoassay was used to

measure blood plasma progesterone in daily sémples from six Hereford

and 12 Angus cows to characterize the progesterone ‘profile during the .

postpartgm period. - Coﬁs were assigned to a NON-LACTATING, é‘SUCKLED'”
2X daily or a SUCKLED.AQ LIBITUM grOupjxrdetermine thé-effect of -
suckling on these hormones gnd on the occurrence and intensity 6f
- estrus. Levei.of TDN intake was adjusted to cause éll cots to’
maintain their post-calving body weights over the'experimentél period
to minimize.the effects of parturition. Testosterone was measured by
radioimmunoassay in evéry third sample from parturition through first
estrus in three cows, one from each treatment'group, to determine
what levels-exist in the postpartum cow.

Suckling increased the postpartum interval and the intensity of

first estrus (P< 05) and two cows from the NON-LACTATING. group and

one from the SUCKLED AD LIBITUM group first ovulated in the absence of
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estrous behavior. In analyses excluding these three cows progesterone
.averaged .8 ng/ml at parturiation and ranged betwéen .1 and .4 ng/ml
through  day 18 postpartum and was Iowest in suckled cows (P<.01).
Progesterone ranged between .1 and .4 ng/ml-from~18 through 5.days,
increased rapidly to 1.8 ng/ml at 3 days and regu;ned to .3 ng/ml by
one day brior to estrus. This pre;estrus proéestérdne peak ﬁaé
highest in suckled ébws (P<.,05) and Waé positivély_associétéd with
the postpartum interval (r=;69; P<.01). : The pre-estrus prége;terone
peak'appeafed to be absent in cows with short postpartum-interﬁals
or shoft first estrous c&cles and the,bossibility that peaks of short
duration were present bu£ not detectable in daily‘samples was discusseé;

Blood plasma testosterone levels in three postpartum cows were
low (averaging less thén .5 ng/ml) which indicates thét testosterone
has little effect on the events following parturition iﬁ the ;ow.

In the second study (CHAPTER 5), progesterone and‘estrbéen‘
given in single doses of 20 and 2 mg,'reséectively{ to.aairy cows
from 30 to 90 days postéartum, tended to shorten the intervél frém
parturition to first postpartum estrus; but did not shorten the
interval from parturitioh to coﬁception nor improve feproductive _
perféfmance as measured by first service conception rate, conception
per service and pregnancy'rate. The steroid treatment did not
affect ovary diameter at 10 through 44 days postpartum or.milk pro-

‘duction from 3 through 50 days postpartum.
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In thg third study (CHAPTER 6), nine mastectémized beef cows
showed rather low fertility as measured by first service éoncepfion
rate ana conceptions per sérvige as compaféd to the Montana State
University beéf herd. The pregnancy rate of the mastectomized
groups was high due to an extended bfeeding seasoﬁ. Masteqtbﬁy did
not appear to affect the interval from parturition to conception |
when compared to theuMSﬁ beef hérd, and did not substantially shorten .
‘the ihterval to less thén 82 days; iﬁdicating that mastectomy had
little effecﬁ in reducing calving interval to less than 365‘days.

In the foﬁrth study (CHAPTER 7), 31 He;eford énd Angus cows were
assigned to a non-treated groﬁp (NT) or a group receiving‘S mg of -
flumethasone 17 days prior to expected calving date to teéf fhe effegt
of flumethasone induced parturition on the postpartum interval and
fertility. Flumethasone treated cows that calved within 90 hr after
injection were assigned to an induced parturition group (INDU)‘wHile-‘
the reﬁainder Qere assigned to a non-induced parfuritién group (NI).
Cow breed affected‘(Ps.Ol) induced partufition sucéess'so that INDU‘
group contained 2 and 8 and NI group cqntaihed 8 and 1 Herefords and
Angus, respectively. Tﬁis apparent breed éffect may have resulted
from 6thér factors such és differences in stage of gestation at time
of .injection or differeﬁces in body weight. AI breeding for each

individual cow started 60 days postpa;tum'and continued 45 days..
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Iﬁ&uéed parturifion shortened gestation (P<.01) and decfeése&
birth Weights (P<t05).ovér both of the non-induced groups, but it was
found.that iﬁduced calves gained at‘a'rate'tﬁat made theikr weights‘at
theday of eﬁpeé@ed normal parturition comparable to birth weights of.
NT and Ni calves. INDU cows had 100% incidence of retained placenta
while that of.the‘two non-induced groups wés ciose té 0%.. NI'cows
had an increased.émount‘of calving difficulty'(P<.O5j but calf vigof
was unaffected by group.

There were no significant differences between groups in repro-

ductive efficiency as measured by postpartum interval to first estrus,

ﬁuﬁber 6f tiﬁes.in est;dé prior té 60 -days postpartum, first service
conception rate and aays épen, but the INDU group.héd higher conceb-
tion rates, requiredifeﬁer services per'cbgception, aﬁd_were ;pen
less days than eithe¥.the NT or NI groub; When poétpartum interval
to first estrus and times in estrus prior to 60 days postpartum were
calculated from expécted normallparturifion date, the INDU group had
the shortest postpartum interval and showed estrus more times prior
to 60 days than either the NT or Ni.gfoups.

The major conclusions of these studies were: .

1. A pre-estfus‘blqod plasma prdgesferong rise oé;ufs and is
-‘associated with fifst posfpartum estfus and ovulation, but it is
difficult.to deterﬁine prqgestgrone‘s.role.in the rggstéblishﬁept

of postpartum estrous'cycles.
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2. Progesterone and estrogen treatments can be used in a dairy A

management situation to ;horten the intefyal from parturitioh to
first égtrus but the interval to cdnéebtion is nof affected.

3. Maétectomy of beef cows‘does not appear to.enhance eafly
postpartumrfergility, indicating that ﬁastéétomy has little efféct in
reducing‘caiying inéervai to 1es$ than 365:da§s.

4.: Althouéh induced parturition did not significantly affect
fertility, cows with inauced pagturition‘had“a greater interval from
calviné go'the start of breeding (P<.01)f Induced parfuritioﬁ shows

potential of improving fertility.




CHAPTER 9

APPENDIX
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APPENDIX‘TABLE 9-1. .BASIC COMPUTER PROGRAM FOR COMPUTATION OF

PROGESTERONE AND TESTOSTERONE CONCENTRATIONS
IN BLOOD PLASMA - .

woNGouUDWN =

OPEN 'ASSAY', TO:1, PRINT, OVER TFILE
PRINT ' INPUT ASSAY /A
INPUT N

PRINT .' ASSAY DATE?'

INPUT D

PRINT ' INPUT PLASMA CORRECTION FACTOR'

INPUT C :

PRINT:1, '1PROGESTERONE RIA #N; ' DATE='D

PRINT:1,' PLASMA CORRECTION- FACTOR='C \ o _

: IREC ASSAY REC . STD & AVG PG - COREC NG AVG #
: REC ASSAY REC . STD & AVG PG COREC NG AVG #
: TB TUBE CPM % SMPL SMPL CPM % PER ~ FOR PER . STD #
: NO. NUMBER -BK REC ID DATE -BK BND ,.3ML RECOV ML CUR 3
s - HEEE HE R R SRR ### i e A ## -
: AVE BR= fHHEHHEEHEERERE b=t :

: TC FOR REcov-(((####+####+####+####)/4)-AVG BK)*, 4= ###
: AVE CPM FOR 100% RECOV =i
PRINT "IMPUT 4 BKGRND CBMS"

IMPUT B1,B2,B3,B.4 - : ‘ L

PRINT "IMPUT 4 TC FOR RECOV CPMS"
INPUT T1,T2,T3,T4

PRINT,"IMPUT BEGIN & END LINE# FOR LST CURVE UNKNOWNS & 2ND CURVE™ " S

INPUT U,Z,U1,Z1,U2,Z2

‘B5= (B1+B2+BB+B4)/4

T5= (((T1+T2+T3+T4)/4) -B5)*.4

F==1

1=0

DIM A(56) B(56),D(56),E(56),F(56), G(56) H(56) I(56) , J(56) ,L(56)
DIM M(56),N(56),0(56), P(56) Q(56) ‘

FOR K=U TO Z2

READ A(K),B(K), C(K), D(K) E(X)

F=F+2

F(K)=F

G(K)=F(X)+1

. H(R)=(D(K)+E(K))/2-B5
NEXT K

. FOR K=U TO Z

TIR)=!

J(K)+' '
L(K)=I I’
M(K)=" :
NEK)='
oR)=' '
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APPENDIX TABLE 9-1. (CONTINUED)

- 600
601
602

603
605

620
625
630
- 635
645
646
647

648
650

660
665
670
671
672

673
675

- 685

800

FOR (K=l TO 28
IF M(K)=" ' THEN 605

PRINT:1,USING 25,I(X),F(K),G(K), J(K) L(K)*IOO B(X), C(K) H(K), )(K),

M(K), N(K) ) (K) *C,P(K)

GO TO 620

(PRINT:1,USING 25,I(K),F(X),G(K), J(K) L(K)*lOO B(X),C(K), H(K) Q(X),
M(K)MBKJ(MO(K) P(K)

NEXT K

PRINT:1,USING 10,22

PRINT:1,USING 15,22

PRINT:1,USING 20,72

FOR K=s9 TO 72

IF M(R)="' ' THEN 650

PRINT:1,USING 25,I(K),F(K), G(K) J(K) ,L(K)*100,B(K) ,C(K) ,H(K) , Q(K),
M(K), N(K) 0(X)*C,P(K) _

GOTO 660

PRINT:1,USING 25,I(K),F(K),G(K),J(K), L(K)*lOO B(K) C(K) ,H(K), Q(K),
M(K) , N(K) 0(K), P(K) 0(K) ,P(K)

NEXT K

GOTO 800

(FOR K=1 TO 22

IF M(K)=' ' THEN 675

PRINT:1,USING 25, I(K),F(K),G(K),J(K), L(K)*lOO B(K), C(K) H(K) , QUK) ,

M(K) N(K) 0(K)*C, B (K)

GO TO 685

PRINT:1,USING 25,I(K),F(K),G(K),J(K) L(K)*lOO B(K) ,C(K) ,H(X), Q(K),'
M(K) JN(K) ,N(K) ,0(K), P(K) 0(K) : “P(K)

NEXT K .

END-
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APPENDIX TABLE 9-2, LEAST SQUARES ANALYIS OF VARIANCE”FORIBODY WEIGHT
CHANGES DURING THE POSTPARTUM PERIOD IN COWS
SUBJECTED TO THREE LEVELS OF SUCKLING STIMULI

(CHAP, 4)

Mean squares

Source ' d. f. . ' body weight
Treatment 2 4030.00
Days 9 4037.36
Line 1 3236.32
Quad 1 '~ 9161.85
Cubi 1. 1645.89
Quar 1 3186.98
. Quin . 1 2052.81
Days x treatment - 18 . 296.36
Error - 150 . 2144.,64

APPENDIX TABLE 9-3. LEAST SQUARES ANALYSIS OF VARIANCE FOR BODY WEIGHT
' * CHANGES DURING THE POSTPARTUM PERIOD IN NON-
LACTATING COWS (CHAP. 4)

Mean squares

Source ' - d.f. ' body weight

Days 9 1086.63
Line 1. 2176.25.
Quad 1 751.17
Cubi 1 638.65

| Quar. 1 995.74
Quin 1 603.95

Error 50 3876.56 .
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APPENDIX TABLE 9-4., LEAST SQUARES ANALYSIS OF VARIANCE FOR BODY WEIGHT
CHANGES DURING THE POSTPARTUM PERIOD IN COWS

SUCKLED .2X DATLY (CHAP, 4)

Source ) d.f.

Mean squares

~ body weight
Days 9 1416.34
Line 1 87.46-.
Quad . 1 3483.47
Cubi 1 1781.38 -
Quar 1 1060.47
*Quin 1 702,08
0 1451.95

Error - ' .5

APPENDIX-TABLE 9-5, LEAST SQUARES ANALYSIS OF VARIANCE FOR BODY WEIGHT
' CHANGES DURING THE POSTPARTUM PERIOD IN COWS

SUCKLED 2X DAILY (CHAP, 4)

Mean squares

Source d.f. body weight

Days 9 2127.11
Line 1 3749.76
Quad 1 6297.93
Cubi 1 ) 7.85
Quar 1 1134.72
Quin 1 761.83

Error : 50 1105.39
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APPENDIX TABLE 9-6., LEAST SQUARES ANALYSIS OF VARIANCE FOR VARIOQUS
TRAITS IN COWS SUBJECTED TO THREE LEVELS OF
SUCKLING STIMULI INCLUDING THREE COWS WITH'

SILENT FIRST OVULATION (CHAP, 4)

Source
Treatment Error -

_ Mean Mean
Trait d.f. squares d.f. squares
Body wt within 7 days prior to parturition 2 25.39 15 2102.23
Body wt within 48 hr postpartum 2 225.17 15 2171.34
Body wt with 7 days of first B .

observed estrus _ 2 1230.06 15 1929.31
Incidnece of silent flrst estrus 2 0.1666 " 15 0.1444°
Intensity of first estrus and/or

ovulation . 2 8.6667*% 15 1.6778

Intensity of first observed estrus ' 2 3.5556% 15 - 0.6111
Postpartum interval to first ' _ : :

observed estrus - . 2 552.72% 15 102.73

Incidence of non-standing i
estrous behavior - ) 2 0.7222 15 0.6444
Progesterone, average days 6, 7 and 8

prior to first observed estrus 2 7.6089 15 8.5605
Progesterone, average days 2, 3 and 4 ' . '
prior to first observed estrus 2 3.9951 15 2,7689

Progesterone highest level on day 2, 3 or

4 prior to first observed estrus - C2 15.766. 15 8.024

* P<.05
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APPENDIX TABLE 9-7, LEAST SQUARES ANALYSIS OF VARIANCE FOR VARIOUS
TRAITS IN COWS SUBJECTED TO THREE LEVELS OF
SUCKLING STIMULI INCLUDING THREE COWS WITH SILENT
- FIRST OVULATION (CHAP. 4) )

12.379%

Source - :
Treatment . _Error
Mean, © Mean )
Trait d.f. squares d.f. squares °
Body wt with 7 days prior to parturition 2 649.63 12  1463.76
Body wt within 48 hr postpartum 2 483.80 12 1562.34
Body wt within 7 days of first estrus 2 1835.42° 12 1423.17
Intensity of first estrus 2 3.608% 12  0.5319
Postpartum interval to first estrus 2 404.18* 12 65.836
Incidence of non-standing estrous behavior - 2 0.7417 12 0.6208
Progesterone, average days 6,7 and 8 o )
- prior to first estrus ' 2 0.1351 12 0.3026
Progesterone, average days 2 3 and 4 ' ‘
prior to first estrus 2 2.3050%* 12 0.6549
Progesterone, hlghest level on day 2, 3
or 4 prior to first estrus : 2 12

2.548 -

*% P<,10
* P<.0§




APPENDIX TABLE 9-8.
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LEAST SQUARES ANALYSIS OF VARIANCE FOR INTENSITY
OF SECOND OBSERVED ESTRUS AND LENGTH OF FIRST
OBSERVED ESTROUS CYCLE IN COWS SUBJECTED TO THREE
LEVELS OF SUCKRLING STIMULL INCLUDING THREE cows
WITH SILENT FIRST OVULATION (CHAP. 41

Mean'squares
Intensity of second' Length.of first

observed estrus . observed estrous cycle'
Treatment .0.3794 _ 18.669

1.0214 16,224

APPENDIX TABLE 9-9.

LEAST SQUARES ANALYSIS OF VARIANCE FOR INTENSITY
OF SECOND ESTRUS AND LENGTH OF FIRST ESTROUS CYCLE
IN COWS SUBJECTED TO THREE LEVELS OF SUCKLING
STIMULI EXCLUDING THREE COWS WITH SILENT FIRST -
OVULATION (CHAP. 4) '

Mean squares

Intensity of - Length of f1rst
second -egtrus " ‘estrous cvcle
Treatment . 0.3036 ' 20.928

1.1136 . 18.955




APPENDIX TABLE 9-10.

LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESTERONE
LEVELS DURING VARIOUS. STAGES POSTPARTUM IN COWS SUBJECTED TO THREE
LEVELS OF .SUCKLING STIMULI INCLUDING THREE. COWS WITH SILENT FIRST
OVULATION (CHAP, 4)

Mean squares

-G91-

Progesterone Progesterone
Progesterone 18 to 0 days 0 to 11 days
0 to 18 days : prior first . of first obs,
Source d.f. postpartum d.f. ‘obs. estrus d.f. estrous cycle
Treatment 2. 4.0059%% 2 34.5898 2 4.,4079
Days .18 .0.8187%% 18 6.58172 3 42,7155%%
Line 1 0.7883 1 26.2202% 1 119,5729%*
Quad 1 1.8794%* 1 38.1562%%* 1 ~ 8.1531
Cubi 1 0.8822 1 31.0859%*%* 1 0.4221
Quar 1 3.9834%%* 1 "5.9893 - --
Quin 1 1.0023 1 0.4777 - --
Treatment X o : : : : . '
_ Days 36 .0.4453 36 2.6931 6 2.0747
Error 232 0.3840 241 C o 4,1161 . 0 50 3.3824
a4 p<.10
* P<,05

*%P<.01




APPENDIX TABLE 9-11. LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESTERONE
: LEVELS DURING VARIOUS STAGES POSTPARTUM IN NON-LACTATING COWS
INCLUDING COWS WITH SILENT FIRST OVULATION (CHAP. 4)

Mean ‘squares

I . Progesterone , Progesterone
Progesterone 18 to 0 days 0 to 11 days
0 to 18 'days " prior. first . of first obs.
Source ~d.f. postpartum : d.f. obs. estrus d.f. estrous cycle
Days 18 1.2409 18 6.7444 3 12,9303*%
Line 1 0.0258 1 11.5194 1 36.4200%*
Quad 1 0.1615 1 58.3698%% 1 1.9455
Cubi 1 0.0550 1 27.2312 1 0.4259
Quar 1 4,6796 1 1.2375 - --
. Quin 1 1.3353 - 1 10.8097 . - --
Error 67 1.2432 68 8.2020 .20 4,0400
* P..05

**P,01

-9%1-




APPENDIX TABLE 9-12.

LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESTERONE

LEVELS DURING VARIOUS STAGES POSTPARTUM IN COWS SUCKLED 2X DAILY

INCLUDING COWS WITH SILENT FIRST OVULATION (CHAP 4)

Mean squares

Progesterone

**P<.01

Progesterone
Progestérone’ 18 to 0 days 0 to. 11 days
. . 0 to 18 days . prior first . of first obs.
Source. d.f.  postpartum d.f .obs. estrus d.f. estrous cycle
Days 18 0.0996%* 18 0.4570** -3 18.0965
. Line 1 . 3019%% 1. 2.6852%% 1 41.1543%
Quad 1 .8452%%* 1 0.0264 . 1 . 8.0967
Cubi 1 . 2214%% 1 1.0091* 1 5.0459
. Quar 1 .3551%% -1 1.3764%% 1 --
. Quin 1 .0128 1 0.4287 1. --
Error 77 0.0212 82 0.1839 . 11 6.6167
* P<.05

= LYT-




APPENDIX TABLE 9-13. LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESERONE
: LEVELS DURING VARIOUS STAGES POSTPARTUM IN COWS SUCKLED AD LIBITUM
INCLUDING COWS WITH SILENT FIRST OVULATION (CHAP. 4) .

Mean squares

. Progesterone Progesterone
Progesterone 18 to 0 days 0 to 11 days
_ .0 to 18 days , prior first _ of first obs.
Source d.f.: -~ postpartum d.f, obs. estrus d.f. __estrous cycle
Days 18 . 0.3189%* 18 4,0775 3 - 14,1638%*%
Line 1 - 1,5452%% 1 11.2989 1 41.5859%%
Quad 1 1.3298%* 1 9.2527 1 0216
" Cubi 1 1.3456%% 1 7.1539- 1 . 8836
Quar 1 0.5961%%* 1 - 15.7521 - --
Quin 1 0.1265 -1 3.3072 - -
. Error 88 0.0473 91

4.16061 ’ 15 . 0.8178

-8%1~

*%P<L 01




APPENDIX TABLE 9-14.

LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESTERONE
LEVELS DURING VARIOUS STAGES POSTPARTUM IN COWS SUBJECTED TO THREE
LEVELS OF SUCKLING STIMULI. EXCLUDING THREE COWS WITH SILENT FIRST
OVULATION (CHAP, 4) '

e r—

Mean squares

Progesterone - Progesterone
Progesterone 18 to 0 days 0 to 11 days,
0 to 18 days prior first of first obs.
Source d.£f. ~postpartum d.f obs. estrus d.f. estrous cvycle
Treatment 2 0.9122%%* 2 1.0266 2 6.9230
Days 18 0.3447%% 18 2,3251%% 3 35.3449%%
Line - 1 0.1651* 1 9.8258%% 1 100.8835%%
Quad 1 2,9240%% 1 0.1675 1 4,8855
Cubi 1 1.0522%% 1 5.6470%% 1 0.2665 =
Quar 1 1.2025%% 1 9.0539%% - -- vy
Quin 1 0.1149% 1 1.6181% - -- '
Treatment X :
Days 36 0.0726 36 0.7002 6 2.5250
Error 180 0.0257 186 0.3179 38 3.7630
* P<.05

**P<.01




APPENDIX TABLE 9-15. LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESTERONE

LEVELS DURING VARIOUS STAGES POSTPARTUM IN NON-LACTATING COWS
EXCLUDING COWS WITH SILENT FIRST OVULATION (CHAP, 4)

Mean squares

. Progesterone : Progesterone
Progesterone 18 to 0 days 0 to 11 days
0 to 18 days prior first of first
Source d.f. .postpartum d.f. estrus d.f. estrous cyele
Days 18 0.1837%* 18 0.1239 3 6.3661
Line 1 0.4473%* 1 0.0769 1 17.9285
Quad 1 1.1454%%* 1 0.4236 1 0.9073
Cubi 1 0.3075% 1 0.0272 1 0.2625
Quar 1 0.5389%* 1 0.3066 - --
Quin 1 0.0154 1 0.0399 - -- :
Error 32 0.0440 31 0.2233 20 5.3103
* Pe.05

#*P«.01

-0ST~




APPENDIX TABLE 9-16.

LEAST SQUARES ANALYSIS OF VARIANCE FOR DATLY BLOOD: PLASMA PROGESTERONE

LEVELS DURING .VARIOUS STAGES POSTPARTUM IN COWS SUCKLED 2X DAILY

EXCLUDING COWS WITH SILENT FIRST OVULATION (CHAP, 4)

Mean squares

. Progesterone Progesterone
Progesterone 18 to 0 days 0 to 11 days
0 to 18 days prior first of first
Source d.f postpartum d.f. estrus d.f. estrous cycle
Days 18 .0996%* 18 L4570%* 3 18.0965
Line 1 .3019%%* 1 2.6851%%* 1 41,1543%
Quad 1 .8452%% 1 0.0264 1 8.0967
Cubi 1. 221 4%* 1 1.0091* 1 5.0460
Quar 1 .3551%% 1 1.3764%% - - '
Quin 1 .0127 1 0.4287 - --
Error 77 .0212 82 . 0.1840 11 6.6167
* P<.05 .

**P<,01

-IST-




APPENDIX TABLE 9-17. LEAST SQUARES ANALYSIS OF VARIANCE FOR DAILY BLOOD PLASMA PROGESTERONE
: .LEVELS DURING.VARIOUS STAGES POSTPARTUM IN COWS SUCKLED AD LIBITUM

EXCLUDING COWS WITH SILENT. FIRST OVULATION (CHAP. 4)

"Mean squares

Progesterone ~ Progesterone
Progesterone 18 to 0 days 0 to 11 days
0 to 18 days prior first of first
Source d.f, _postpartum d. estrus d,f. estrous cycle
Days 18 - - 0.2050%* 18 3.2815%% 3 15.4187%*
Lire -1 - 1.3140%% 1 15.0500%* L 45,0079%*
Quad 1 - 1.0274%% 1 .0793. 1 0.2029
Cubi 1 0.6230%* 1 7.4113%% 1 1.0427
Quar 1- 0.3477%% 1 12,2558%% - -
Quin 1 0.1739%* 1 2.8490%* - --
Error 71 0.0223 73 0.5087 15 0.4324
* P05

b

*P<.01

- -TST-




APPENDIX TABLE 9-18.

-153-

LEAST SQUARES ANALYSIS OF VARIANCE FOR BLOOD
PLASMA TESTOSTERONE LEVELS DURING THE POST-
PARTUM PERIOD-IN THREE. COWS SUBJECTED TO THREE

‘LEVELS OF SUCKLING STIMULI (CHAP, 4)

Mean square for blood plasma

*%P<, 01

Source d.f. testosterone (ng/ml)
. Cow 2 0.3165**
~Days . 9 -0.0293

Line 1 - '0.0001
- Quad 1 0.0437
Cubi 1 0.0009
Quar 1 0.1652*
Quin 1 0.0002 .
Erroxr 18 0.0259 -
* Pe.05




APPENDIX TABLE 9-19. LEAST SQUARES ANALYSIS OF VARIANCE FOR VARIOUS REPRODUCTIVE TRAITS OF

STERQID TREATED COWS (CHAP, 5, TRIAL A)

Mean squares

No. cows No. cows
Average Interval from in estrus in estrus
: date of parturition to by 60 days by 82 days Conception Days
Source d.f. dalying first estrus postpartum postpartum per service open
Treatment 1 1.79 1897.79* 1.1429** 1.7857 0.0018 728.6
Error 12 1317.28 452,76 0.1904 0.5953 - 0.1223 4100.3
* P<.07
*%P<. 10

APPENDIX TABLE 9-20. LEAST SQUARES ANALYSIS OF VARIANCE FOR VARIOUS REPRDDUCTIVE TRAITS OF
STEROID TREATED COWS §4HAP 5, TRIAL B)

_Mean squares

Error 16 262,27

‘Average Interval
date of ~ parturition to Conceptions Days
Source d.f. calving - first estrus ‘per service open
Treatméent I 44,10 2975.62%%  ~ 0.0016 2407.7
437.40 0.1042. 3463.2

*%P <,01

-G~




APPENDIX TABLE 9-21.

LEAST SQUARES ANALYSIS OF VARIANCE FOR OVARY DIAMTER AT VARIOUS STAGES

POSTPARTUM IN STEROID TREAIED COWS (CHAP 5, TRIAL B) ~

. Mean squares ovary diaméter

10 20 30 3L 32 33 34 35 36 .37 38 &4

T Error

’ Sdurce d.f days days days days .days Vdays days days days  days days days
" Treatment 1 0.0 0.0 22.0 17.6 .23.3 47.7 112.2 143.7 15.2° 4.3 0.9 12.8
16

11.5 9.0 10.3 11.4 12.6 11.0 27.4 .28.2 5.2 29.5 19.1 31.6

-GST-
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APPENDIX TABLE 9-22, LEAST SQUARES ANALYSIS OF VARTANCE FOR VARIOUS -

TRAITS IN COWS AND'CALVES.SUBJECTED TO

FLUMETHASONE INDUCED PARTURITION - (CHAP. 7)

Source
Treatment Error
i Mean Mean

Trait . d.f, squares .d.f. squares
Post-injection interval to parturition 2 334488.3%% 17° 3965.4
Birth date. : 2 465.54% 28 88.16
Gestation length 2 512.53%*% 28 14.78
Calving difficulty 2 0.7986 28 0.4222
Calf vigor 2 0.4491 28 0.4817
Birth weight 2 1399.2%% 28  241.98
Retained placenta at 24 hr 2 3.090%% 28 07032
Retained placenta at 72 hr 2 1.935%% 28 0.0898
Postpartum interval (estrus) "2 112.81 28 379.19
Adjusted postpartum intetrval 2 300.38 28 -395.46
Times in estrus prior to 60 days - o

postpartum 2 0.1360 28  ~0.6631
Adjusted times in estrus prior to : :

60 days postpartum 2 0.2193 28 0.7585
First service conception rate 2 0.3677 28 0.2157
Pregnancy rate 2 0.2852 28 0.2077
Days open 2 135.11 19 187.43
* P<.05

- %% P<,01
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Appendix figure 9-1. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 142 (NON-
LACTATING) during the postpartum period.
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Appendix figure 9-2.
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Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 235 (NON-
LACTATIN) during the postpartum period.
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Appendix figure 9-3. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 715 (NON-
LACTATING) during the postpartum period.
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Appendix figure 9-4. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 812 (NON-
LACTATING) during the postpartum period.
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Appendix figure 9-5. Blood plasma progesterone levels, palpation and estrous
information and body weights for Hereford cow 609 (NON-
LACTATING) during the postpartum period.

S L9iLe




& 7007
= 600 Wi
>
Q 500
(@]
m
4
<§I 104 HEREFORD COW 6/5 NON-LACTATING
24 P = Parturition
3 E— = Non-Standing Estrus
a :} E+ = Stonding Estrus
£ 87 LA A NCL=No CL Palpated
== A v E+ CL = CL Palpated
w . ¢: -+« = Missing Values
Z 64V
(@]
Q-
w
0 4-
&
o
o _
& 2
o
c
\LVA \‘ [ e NON-DETECTABLE LEVELS v,
T 1‘ PALPATION DATA
1 cL T CIL T 1 T T
0 10 20 30 40 50 60 70 80

Appendix figure 9-6.
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Blood plasma progesterone levels, palpation and estrous
information and body weights for Hereford cow 615 (NON-

LACTATING) during the postpartum period.
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Appendix figure 9-7. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 314 (SUCKLED 2X)
during the postpartum period.
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Appendix figure 9-8. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 601 (SUCKLED 2X)
during the postpartum period.
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Appendix figure 9-9. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 613 (SUCKLED 2X)
during the postpartum period.
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Appendix figure 9-10. Blood plasma progesterone levels, palpation and estrous
-information and body weights for Angus cow 929 (SUCKLED 2X)
during the postpartum period. .
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Appendix figure 9-11. Blood plasma progesterone levels, palpation and estrous
information and body weights for Hereford cow 722

(SUCKLED 2X) during the postpartum period.
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Appendix figure 9-12.
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Blood plasma progesterone levels, palpation and estrous

information and body weights for Hereford cow 628
(SUCKLED 2X) during the postpartum period.
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Appendix figure 9-13. Blood plasma progesterone levels, palpation and estrous

infromation and body weights for Angus cow 315
(SUCKLED AD LIBITUM) during the postpartum period.
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Appendix figure 9-14. Blood plasma progesterone levels, palpation and estrous

information and body weights for Angus cow 371
(SUCKLED AD LIBITUM) during the postpartum period.
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Appendix figure 9-15. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 804
(SUCKLED AD LIBITUM) during the postpartum period.
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Appendix figure 9-16. Blood plasma progesterone levels, palpation and estrous
information and body weights for Angus cow 821
(SUCKLED AD LIBITUM) during the postpartum period.
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Appendix figure 9-17. Blood plasma progesterone levels, palpation and estrous

information and body weights for Hereford cow 634
(SUCKLED AD LIBITUM) during the postpartum period.
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Appendix figure 9-18. Blood plasma progesterone levels, palpation and estrous
information and body weights for Hereford cow 756
(SUCKLED AD LIBITUM) during the postpartum period.
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