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ABSTRACT

The object of this' investigation was to measure the 
changes in plasma corticoids,and progesterone, at two dif
ferent levels of energy intake during the postpartum period 
in beef heifers- and to assess their relationship to breeding 
efficiency. Blood samples were taken using a tail bleeding 
method from 26 first calf crossbred heifers within 24 hours 
postpartum. Sampling was continued twice weekly until each 
animal was diagnosed pregnant. Plasma samples were analyzed 
for progesterone and corticoids using competitive binding 
techniques.

Progesterone levels increased from .5 hg/ml post
partum to 3.7 ng/ml following first ovulation. These levels 
remained high if conception occurred (5.0 + ng/ml). or 
returned to minimum levels for repeat estfous cycle. Due to 
the necessary manipulation of the animals, postpartum plasma 
levels of corticoids fluctuated widely (10 ng/ml to 70 
ng/ml) for each animal. Corticoids means were lower during 
the postpartum anestrum than during subsequent estrous 
cycles. No significant correlations were found, between 
plasma corticoids and progesterone concentrations. Pro
viding more than NRC recommended energy intake had no in
fluence on breeding efficiency.

, vii



INTRODUCTION

Reproductive failure in beef cattle causes economic 
loss directly as a result of its effect on the number of 
calves for sale, and indirectly because the potential 
genetic selection differential is reduced with fewer avail
able replacements„ Also, if conception does not occur 
within 80 days postpartum, the individual animal is removed 
from the 365 day calving cycle. Postpartum reproductive 
problems are necessarily related to the endocrine system.

The objective of this investigation was to measure 
the changes in plapma corticoids and progesteroune during 
the postpartum period and to determine their relationship 
to breeding efficiency. The influence of energy intake in 
the postpartum period was also studied.
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LITERATURE REVIEW

Postpartum Period 
The interval beginning with parturition and ending 

with silent (not detected) or overt estrus and ovulation is 
commonly referred to as the postpartum or anestrus period.

From their survey of the literature^ Casida et al. 
(1968) indicated that different groups of dairy cows had 
average postpartum periods ranging from 30 to 72 days and 
beef cows from 46 to 104 days, This interval was prolonged 
by calf suckling? and the effect was more pronounced in beef 
cattle than in dairy cattle? one reason being that beef cows 
suckle their calves for an extended period. The interval 
was longest following calving in the winter? shortest in the 
summer, and intermediate in spring and autumn. Inherent cow 
differences and genetic group differences were demonstrable„ 
In dairy cows, the interval length was associated positively 
with milk production on an individual cow basis and on a 
genetic basis, but it did net differ between average and 
high nutritional planes.

Oxenreider and Melampy (.1966) reported the average 
interval was 45 days (range Si to 79) in beef cows that 
suckled calves from birth. Induction of ovulation with 
pregnant mares' serum and human chorionic gonadotropins 
during the first week after parturition (group I)* or



removal of the calf at birth (group II), reduced the interval 
to ovulation and onset of postpartum estrus. The average 
number of days in group I was 17.5 days, and the average 
number in group II was 10.5 days.

Casida and Wisnicky (.1950) estimated that 60 per 
cent of cows showed at least one undetected or silent 
ovulation before the first overt estrus. Graves et al.
(1968) found a difference between suckled and non-suckled 
beef cows in the incidence of quiet ovulation. In the non
suckled cows, 42 per cent of the first ovulations were 
quiet; while in the suckled cows, the incidence was 71 per 
cent. There was also a difference at second ovulation, 
suckled cows showing 50 per cent quiet ovulations and the 
non-suckled cows showing a frequency of 26 per cent.

A relationship between the length of the interval 
from parturition to first estrus and length of the first 
postpartum estrous cycle was noted by Menge et al. (1962). 
Cows exhibiting estrus early after calving had a higher 
frequency of short cycles and cows showing estrus late had a 
higher percentage of long cycles. An observation related to 
this finding wasmade by Lauderdale et al. (1968). They 
found a significant positive correlation between the weight 
of a corpus luteum 15 days after first estrus and the length 
of the postpartum interval. This signifies impaired 
development of the corpus luteum when the estrous cycle is . 
initiated early after parturition rather than late,
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The effect of lactation or suckling in delayed post

partum reproductive activity has also been reported by 
Wiltbank and Cook (1958), Oxenreider (1968), Riesen et al. 
(1968), and Wagner and Hansel (1969).

Groups of genetically high and genetically low milk 
producing cows have been compared as to length of the 
interval to first ovulation accompanied by estrus (.Saiduddin 
et al., 1968). These groups averaged 27 and 29 days, 
respectively. The nutritional levels, "average" as compared 
to "high," did not influence the length' of postpartum 
anestrum.

Based on a review of published data and other sup
porting evidence, the following generalization may be made 
for the normal suckled beef cow during postpartum period.
The interval from parturition to conception averages 24 to 
79 days. About 70 per cent of these cows will have a quiet 
first ovulation, and 50 per cent will have a second quiet 
ovulation if they continue to be suckled. Removal of the 
calf at the time of parturition and allowing no suckling 
reduces the interval to ovulation and onset of postpartum 
estrus.

Reproductive Performance:
Nutritional Effects

There have been numerous studies on the relationship 
of nutritional requirements to reproductive efficiency. The 
reproductive performance and milk production of beef cattle



have been reported by many to be closely associated with 
nutritional status (Bond and Wiltbank, 1970; Dunn et al.,. 
1969; Wiltbank et al., 1962). Most studies have shown that 
nutritional status will affect postpartum interval, concep
tion rate, prepartum and postpartum weight changes of the 
cow, and weaning weight of the calf.

Generally, feeding one-half of the National Research 
Council's (NRC) recommended energy intake prior to calving 
resulted in fewer cows pregnant during, the first twenty days 
of the breeding season. The cows did not become pregnant 
because only half of the energy deficient cows had shown 
heat by 60 days after calving. By 80 days after calving, an 
interval approaching the time limit for a 365 day calving 
interval, fewer cows receiving inadequate energy intake pre
partum had shown a postcalving heat compared with cows that 
received an adequate energy intake. Eventually, these cows 
did show estrus and conceived so that the pregnancy rate for 
the entire breeding season was not influenced by the pre- 
calving energy intake. Cows that receive less than NRC 
recommended amounts of energy prior to calving will probably 
calve later; but, if Adequate energy is provided after 
calving, conception rates should not be reduced (Eight,
1968; Wiltbank et al., 1962).

Low energy sub-maintenance rations may cause ir
regular estrus, anestrus, and inconsistent ovulation in



cattle (Joubert, 1954; Wiltbank et al., 1957, 1962; Hignitt, 
1960; Leathern, 1966) .

Cows fed a low energy ration while suckling calves 
demonstrated ovarian activity in the postpartum period.
This was also true- regardless of their protein intake 
(Wiltbank et al., 1964; Bond, Wiltbank, and Cook, 1958). 
However, cows and heifers in poor condition would conceive 
when their diet was improved and they began to gain weight.

McClure (1968) related hypoglycemia to infertility 
in lactating beef cows, although it was not determined where 
the hypoglycemia was exerting its influence. However, since 
brain tissue function depends on glucose for its energy 
source, even mild hypoglycemia may depress hypothalamic 
function and cause a loss of ovarian activity (Howland et 
al., 1966).

Kercher and Dunn (1972) conclude that it is neces
sary to know both critical times when females should be fed 
adequately and the nutrient requirements for these periods 
of time.

Pinney et al. (1962) in a study on lifetime per
formance of beef cows, found that cattle maintained at a low 
plane of nutrition during the winter over their lifetime 
produced about one and one-half to two more calves than cows 
maintained on a moderate or high plane of nutrition. Levels 
of nutrition were below, equal to, and above average NRC



recommendations during the winter months when supplemental 
feeding was practiced.

In fall calving studies at the Squaw Butte Experi
mental Station in Burns, Oregon, Turner, Raleigh, and 
Phillips (.1970) found that cows receiving energy levels at 
70 per cent of NRG recommendations lost more weight in the 
winter but conception rates and dates were not different 
from those receiving 100 per cent of NRG recommendations.

Raleigh and Foster (.1972) found that, in general, 
for normal conception animals should be on an increasing 
plane of nutrition either in the latter part of the pre- 
partum period, with some tolerable weight loss postpartum, 
or postpartum prior to and during breeding.

Progesterone 
It would be extremely difficult to exhaustively 

review the literature concerning progesterone and its 
numerous functions. However, sufficient details will be 
presented to indicate the generally accepted knowledge con 
cerning this hormone in the cow.

Progesterone has been identified in the corpus 
luteurn (CL), ovaries, and follicular fluids of the cow 
(Edgar, 1953; Gorski, Dominguez, et al., 1958? Gorski, Erb 
et al., 1958? Short, 1962a, 1962b). In addition, this 
hormone also appears to be secreted by the adrenal gland 
(Gorski, Erb, et al., 1958).
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The main functions of progesterone are pregnancy 

maintenance, inhibition of estrus, mammary gland stimulation, 
and acting synergistically with estrogen to induce behavioral 
estrus in the bovine. A functional CL (Estergreen et al.,
1967) or exogenous progesterone is required to maintain 
pregnancy for the first 185 to 200 days of gestation 
(Tanabe, 1966a, 1966b; Tanabe, Hokanson, and Griel, 1968).
The cow also requires ovaries with a functional CL late in 
gestation for normal parturition (Estergreen et al., 1967) 
and prevention of retained fetal membranes (Johnson and Erb, 
1962; Estergreen et al., 1967).

Dobrowalski, Stupnicka, and Domanski (.1968) found 
that the CL of the cow grows until day 13 to 15, and then 
declines in weight by 70 per cent from day 15 to 20 of the 
cycle. The luteal content of progesterone mimics these 
changes in weight remarkably well, although luteal function 
declines in two days as compared to six days for morpho
logical regression based on decline in CL weight. However, 
data from incubation studies indicate that regressing CL 
retain their capacity to synthesize progesterone irv vitro 
for 18 or 19 days after estrus (Armstrong and Black, 1966; 
Inskeep et al., 1967).

The different phases of growth of the CL may be 
caused by high titres of estrogen, based on excretion in the 
urine, and/or high titres of progesterone (Asdell, 1960;
Bane and Rajakoski, 1961).
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It is clear that the bovine CL contains relatively 

large quantities of progesterone throughout pregnancy 
(Gomes and Erb, 1965). Progesterone concentration decreases 
in ovarian venous plasma and increases in jugular plasma 
during pregnancy.

Though the CL remains active throughout pregnancy, 
its weight and concentration of progesterone do not reflect 
the decline in ovarian venous plasma or the increasing 
levels of progesterone in jugular plasma (Erb et al., 1968a). 
Plasma progesterone declined from 35 ng/ml to 18 ng/ml 
within two weeks following ovariectomy during pregnancy.
The concentrations of estrogens in urine did not change for 
at least 28 days after ovariectomy (Erb, Gomes, et al.,
196 8). The data demonstrate that the ovarian contribution 
was substantial for progesterone and probably unimportant 
for estrogen and also suggests an extra-ovarian source of 
progesterone. The adrenal cannot be eliminated as a sig
nificant source, since the cortex hypertrophies during 
pregnancy and the gland does contain (Stormshak and Erb,
1961) and release progesterone (Balfour, Comline, and 
Short, 1957).

Progesterone values increased at the beginning of 
pregnancy with the development of the CL. After reaching 
maximal levels on days 20 and 21, a slight drop was observed. 
The change from the CL of the normal cycle to the CL of 
pregnancy was characterized by progesterone values higher



than 5 ng/ml in plasma during days 18 to 24. Allowing for 
individual variation, the concentration seems to remain 
fairly constant after day 4.0 but shows a tendency to de
crease after day 240. It then drops markedly within the two 
days preceding parturition. By the time that parturition 
occurs, minimum progesterone levels have already been 
reached (Schams et al. , 1971) . Si.milar results had been 
found by Pope, Gapta, and Munro (1969) by using gas 
chromatography.

Based on progesterone and other supporting evidence, 
Erb, Handel, and Callahan (1971) made the following gener
alization for the normal cow. Prepartum plasma progesterone 
remains high until four days before calving and then de
clines rapidly. Postpartum luteal function should be re
flected by increased levels of progesterone in the jugular 
plasma at seven to fourteen days postovulation. Follicle 
rupture and CL formation without signs of estrus apparently 
are normal for the cow during the first twenty days post
partum. The regressing CL of pregnancy does not contain 
significant amounts of progesterone (Labhoetwar et al.,
1964; Erb et al., 1968b), nor is there much progesterone in 
ovarian venous plasma (Erb et al., 196 8b) one to four days 
postpartum.



Corticosteroids
The adrenal cortex secretes a variety of steroid 

hormones which may be broadly classified as: (1) gluco
corticoids , (21 mineralocorticoidss and (.3) sex steroids
(androgens, progestins, estrogens). The pituitary hormone 
adrenocorticotropin (ACTE) is primarily concerned with 
stimulating the secretion of glucocorticoids, of which 
cortisol appears to be most important. These corticoids in 
turn inhibit the secretion of ACTH. In addition to this 
feedback mechanism, there are neural responses to environ
mental stimuli, originating either externally or internally, 
which indirectly affect ACTH secretion rates via neuro
endocrine pathways involving the hypothalamus. The rate of 
release of ACTH from the adenohypophysis was shown to be 
determined by the balance of inhibitory effects of the 
secretions of the adrenal cortex (Harris, 1955) and the 
excitatory effects of the nervous system. The hypothalamus 
was established as the "final common path" for the variety 
of impulses impinging on the adenohypophysis (Sayers, I960),.

Cortisol affects a wide range of activities in the 
body including metabolism of carbohydrates, proteins, and 
fats. Glucocorticoids also reduce certain formed elements 
of the blood such as lymphocytes and eosinophils, decrease 
growth, and inhibit wound healing by influencing the in
flammatory process. There are also some effects on 
electrolyte and water metabolism.
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Reid ('1962) reported that low environmental tempera
ture caused circulating corticoid levels to increase.
Glenister and Yates (1961) and Yates et al. (1961) found 
similar increases due to trauma or physical manipulations.

Successive venipunctures (Bassett and Hinks, 1969), 
psychological stress (Barrett and Stockham, 1963), and 
diurnal rhythms (Wagner, 1970) influence circulating levels 
of corticoids.

The rapid fluctuations in levels of corticoids in 
plasma, plus the nonspecificity of stimuli which, may cause 
secretion, including upredictable responses to psychological 
stress, may mask biological effects of other treatments when 
manipulation of the animal is necessary for blood collection 
(Fortier, 1958; Reid, 1962 ? Reid and Mills, 1962). Removal 
of psychological stress responses with injection of 
anesthetics or tranquilizers is not practical because these 
procedures also increase corticoids (Sayers and Burks, 1955).

Heitzman, Baird, and Mather (1970), working with 
dairy cows, found the concentrations of corticosteroids were 
highest during the terminal stages of pregnancy (8.01 ng/frtl) 
and for a short period after parturition (8.31 ng/ml). In 
certain cows the corticosteroid concentration fell within a 
few days of parturition while in others the levels remained 
high for two to three weeks postpartum. However, the con
centration fell to 4.97 ng/ml between 15 and 50 days post
partum and remained at a low level (5.02 ng/ml) between 50
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and 90 days postpartum. During this period, the cows were 
not only lactating but were also in early stage of pregnancy. 
The concentration appeared to rise again (6.40 ng/ml) after 
90 days.

Stott and Robinson (1970) have reported that 
pregnant cows have more variable levels of corticoids 
(probably cortisol) in plasma than cows returning to estrus 
after breeding.

During the estrous cycle of clinically normal cows 
and heifers, levels of cortisol averaged 7.6 ng/ml and dif
ferences between days were nonsignificant (Garverick et al., 
1971). Wagner (1970) found 7.2, 7.5, and 5.6 ng/ml of 
corticoid in the plasma of cows at 2400-0800, 0800-1600, and 
1600-2400 hr. of the day, respectively.



MATERIALS AND METHODS

Data for this experiment were taken from a group of 
26 first calf crossbred heifers (predominately Brown Swiss- 
Hereford crosses) , maintained at The University of Arizona 
experimental farm in Tucson. They were divided into two 
pens of 13 with each pen being fed a different energy level. 
Pen one (group I) was fed a daily ration of 4.5 kg cotton
seed hullsz 4.5 kg alfalfa hay cubes, and 1.5 kg of milo. 
This ration contains approximately 6 kg total digestible 
nutrients (TDN). 1

For cows nursing calves during the first three to 
four months postpartum, the National Research Council (NRC) 
recommends 5.6 kg TDN, but this does not allow for body 
weight gain. As these were growing heifers, the 6 kg TDN 
should have allowed for some body growth.

Pen two (group II) was fed a daily ration of 4.5 kg 
cottonseed hulls, 4.5 kg alfalfa hay cubes, and 3.3 kg milo. 
This ration contains 7.2 kg TDN, and is approximately 28 per 
cent above the NRC recommended 5.6 kg TDN. The purpose of 
the latter treatment was to determine if added TDN would 
have any effect on postpartum reproductive performance and 
blood levels of progesterone and glucocorticoids.

These rations were introduced during October, 1970, 
as the heifers began delivering their calves. All heifers

14
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were fed the same ration prior to calving and all were in 
excellent body condition. Differences in their precalving 
weights were small (.412 kg for group I, and 414 kg for 
group II).

Sampling -
Blood samples were taken using a tail bleeding 

method from each animal within 24 hours postpartum and 
sampling was continued twice weekly until each animal was 
diagnosed pregnant. The cows were bred using artificial 
insemination. Estrus was detected using teaser bulls.

The first calf was b o m  4 October, 1970, and the 
last calf 28 November, 1970. All cows suckled their calves 
during the course of the experiment and all cows were 
exposed to teaser bulls to aid in detecting estrus for 
artificial insemination beginning December 1.

The twice weekly blood samples were taken between 
0800 and 1100 hours. The blood was drawn into 10 ml vacu- 
tainer tubes containing .08 ml of 15 per cent ethylene- 
dinitrilo tetfacetic acid (EDTA) solution. Bleeding was 
done from the tail while the animals were restrained in a 
squeeze chute. This method of bleeding was employed to 
avoid continually approaching the animal's head which causes 
unnecessary stress and anxiety on the animal.

In addition, a weekly rectal palpation record was 
kept denoting uterine and ovarian changes. The size of the
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uterus and ovaries were recorded in centimeters„ The occur
rence of follicles and corpora lutea, their sizes in centi
meters , and location on the ovaries were also recorded.

Blood samples were kept cooled in an ice chest until 
brought to the laboratory where they were centrifuged and 
the plasma withdrawn. Samples were frozen at -28°C until 
assayed for progesterone and corticoids. Competitive 
protein binding assay procedures are detailed in the 
Appendix.

All data were statistically analyzed by analysis of 
variance techniques. Simple correlations were calculated 
among hormone concentrations during the various reproduction 
stages.



RESULTS AND DISCUSSION

Influence of Energy Levels 
Energy levels in this study were 106 per cent (group 

I) and 128 per cent (group II) of NEC recommendations. Dif
ferences in precalving weights of the two groups were small 
(412 kg for group I and 414 kg for group II)„ After 90 to 
100 days postpartum, the high energy group had regained 
their precalving weight plus 6 kg; whereas the normal energy 
group lacked 10 kg regaining precalving weight (402 kg for 
roup 1, 420 kg for group II),

The statistical analyses of days from parturition to 
(1) ovulation, (2) estrus, and (3) conception showed no dif
ferences (P > .05) between the. two groups (Table 1). This 
agrees with previously stated literature (Sight, 1968; 
Raleigh and Foster, 1972) in that providing more than recom
mended postpartum energy levels should not significantly 
affect estrus, ovulation? or conception rates,

The interval from parturition to conception favored 
the lower energy group (60 vs 76 days) which may Suggest 
that heifers on the higher energy ration tended to have more 
silent ovulations (Table 1). Neither estimated daily milk 
production (4.6 kg/day.for group I vs 4,8 kg/day for 
group II) nor energy intake appeared to exert a significant 
effect on the number of services per conception (1.8 for

17
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Table 1, Influence of Postpartum Energy Level on Various 

Parameters of Reproductive Performance

Energy 
106% NRC

Levela
128% NRC Av.

Date of birth (.’70 calf 1 306 . 305 305
Estimated milk production 

(kg/day1 4.7 4.8 4.7
Days, parturition to:

1, Ovulation 45 42 44
2. Estrus 45 54 50
3, Conception 60 76 68

Service per conception 00 1—i 1,9 1.8
Progesterone (ng/ml\:

l.iOvulation + 3 days 0.5 0,5 0.5
2, 4*-18 days pregnancy 3.5 3,7 3.6
3. 19+ days pregnancy 5.1 5.0 5.0

Corticoids (ng/ml). :
1. Ovulation +. 3 days 18 22 20
2, 4*-18 days pregnancy 18 20 19
3. 19+ days pregnancy 17 20 18

aNone of differences statistically significant 
(P > .05) .
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group I vs 1.9 for group II). The total conception rate for 
both groups was 100 per cent.

The influence of energy intake on plasma proges
terone and corticoids for the two gioups was measured 
beginning shortly after calving and continuing until con
ception was confirmed by rectal palpation. For a prelimi
nary analysis, the hormone data were grouped into three 
stages: (1) ovulation ± 3 days, (2) 4-18 days of pregnancy,
and (3) 19+ days of pregnancy. No differences (P > .05) 
could be found between the two groups.

The average values for progesterone concentrations 
were similar to other reports for these stages of repro
duction (Erb, Gomes, et al., 1968; Heitzman et al., 1970).
The average corticoid values were higher than those reported 
by other workers. This was probably a result of the method 
utilized to obtain blood samples. The cows were taken from 
holding pens and restrained in a squeeze chute while blood 
samples were taken, creating a semi-stress situation.

Progesterone Concentrations 
The general pattern of postpartum plasma progesterone 

concentrations can be seen in Figures 1, 2,.and 3 for cows 
946, 954, and 967, respectively. These animals were chosen 
as representative of the 26 cows from which tail blood 
samples were collected.
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After parturition, progesterone was at a low or un

detectable level until the initiation of corpus luteurn 
formation following the first ovulation. A slight increase 
of some individual progesterone values was noted just prior 
to the first postpartum ovulation (Figures 1 and 3). A 
preovulatory rise in plasma progesterone level was not found 
in all cows because blood samples were collected only twice 
weekly. However, in a study where sampling was done more 
frequently, this preestrus surge in plasma progesterone 
occurred in all cows (Ayalon and Shemish, 1974). The 
results from the above study showed a peak in plasma 
progesterone concentration (2.28±0.32 ng/ml) occurring at 
about 16 hours before the onset of estrus. This surge was 
of short duration, and progesterone values four hours later 
had declined to the low levels found before the brief rise 
in concentration. This finding is in accord with the pre- 
estrous surge found in some animals of this study where time 
of blood collection corresponded to the time of the 
progesterone surge. The primary effect of this surge may be 
to facilitate the manifestation of estrus and sexual re
ceptivity.

After the preovulatory surge, progesterone levels 
declined to the low levels found before the brief rise in 
concentration and remained low until the luteal phase of the 
ovulatory cycle. Plasma progesterone concentration :
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increased rapidly four to five days postestrus, and began to 
decrease four days before the onset of a repeated estrus.

Regression of the corpus luteum, as detected by 
rectal palpation, paralleled the decline of plasma proges
terone levels. These data suggest that the decline of pro
gesterone [apparently from the corpus luteum) is required - 
before estrus can reoccur. These progesterone values and 
patterns also agree with previous studies (Balfour et al.,
1957; Stormshak and Erb, 1961).

Although progesterone concentrations averaged 5.0 
ng/ml for the remainder of pregnancy considered in this 
study, individual animals showed considerable variation.
For example, concentration fluctuated from 0.8 to 9.8 ng/ml 
for heifer 954 (Figure 2). Robertson (1972) reported pro
gesterone concentration dropping as low as .6 ng/ml without 
a cessation of pregnancy. This would indicate that the CL 
of pregnancy does not secrete at a stable level.

Progesterone levels, if conception occurred during 
the estrous period, remained high (average of 3.6 ng/ml) for 
four to eighteen days of pregnancy.

To determine if there were any differences between 
progesterone concentrations for cows that conceived and 
those that remained open during the period, ovulation ± 3 
days, comparisons were made by service number for each TDN

i
group. The data for both groups are presented in Table 2. 
Although there are some variations in the hormone
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Table 2. Differences in Progesterone Concentrations at

Ovulation 0+ 3 Days! for Cows Conceiving or Open 
by Service Number ^  ng/ml plasma with number of 
cows in parentheses.

Service^
First Second Third

TDN Cb 0° C 0 C 0 ,
Normal .7 .6 . 6 .4 .3 .3

14) C8) (.2) C.7) (4) (4)d
High .5 ,4 .5 ,5 d

C8) 15) (3) (2)

aNone of the differences between conceived and open 
were significant, P > ,05.

bC = conceived.
C0 = open,
^Conceived on subsequent service.

concentrations (.3 ng/ml to .7 ng/ml for group I, .4 ng/ml 
to .6 ng/ml for group II),. statistical analysis showed no 
difference P > .05) between cows conceiving or not con
ceiving.

A similar comparison was made for both groups during 
the luteal phase (4 to 18 days of pregnancy). These data 
are recorded in Table 3. Ranges for group I were 2.9 ng/ml
to 4.0 ng/ml and 2.8 ng/ml to 4.6 ng/ml for group II (P >
.05). No trends were noted when comparing cows conceiving
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Table 3, Differences in Progesterone Concentration During 

the Luteal Phase G4-18 Days Postestrusl for Cows 
Conceiving or Open By Service Number ^  ng/ml 
plasma with number of cows in parentheses.

Service3
First Second Third

TDN cti oc C 0 C 0
Normal 3.6 3,6 3.3 2,9 4,0 3.6

High
C41
3,5

C8)
2,8

C21
3.3

Cy)
4. 6 , 
(2)d

(4) C4)d

181 .(5) 13)

aNone of the differences between conceived and open 
were significant, P > ,05.

^C = conceived, 
c0 = open.
^Conceived on subsequent service.

or open at each service period, and none of the individual 
comparisons were significant (P > .05).

The results of this study indicate that progesterone 
concentrations around the time of ovulation or during the 
luteal phase (4 to 18 days postestrus) do not influence 
pregnancy rate.

Corticoids
The general pattern of postpartum corticoid secre

tion can be seen in Figures 1, 2, and 3 from cows 946, 954,
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and 967, respectively. Peaks of adrenal output may reflect 
the response of the adrenal to stress such as moving the 
animals to and from their respective pens/ and holding them 
in a squeeze chute while blood samples were being collected. 
In order to eliminate these peaks in corticoid output, it 
is suggested that a method for collecting blood samples be 
used that would put less stress on the animals.

The meai) corticoid values in this study agree with 
previous reports for animals manipulated in a similar manner 
(Glenister and Yates, 1961; Yates et al., 1961).

To determine if there were any differences between 
corticoid concentration for cows that conceived and those 
that remained open,, a comparison was made by service number 
for each TDN group. Table 4 shows the data for the period 
encompassing ovulation. Although there appears to be con
siderable fluctuation in the corticoid concentration, 
ranging from 10.3 ng/ml to 31.0 ng/ml for group I and from 
16.0 ng/ml to 2 8.1 ng/ml for group II, statistical analysis 
showed no differences (P > .05).

A similar comparison of corticoid concentrations for 
the two groups was made for the luteal phase (4 to 18 days 
postestrus). These data are presented in Table 5. Ranges 
for group I were from 12.7 ng/ml to 2 8.4 ng/ml and for group 
II ranges were 13.3 ng/ml to 20.6 ng/ml. Analysis showed 
no differences (P > .05).
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Table 4. Differences in Corticoid Concentrations at

Ovulation Gt -3 Days), for Cows Conceiving or Open 
by Service Number ^  ng/ml plasma with 'number of 
cows in parentheses.

 ̂TDN

Service3
First Second Third

cb 0° C 0 C 0
Normal 31. 8 25,6 23,4 21,8 10.3 23.6

C4] C8). (2) (7) (4) (4)
High 16.0 21,3 ' 16.5 28,1

C8) C5) (3) C2)d

aNone of the differences between conceived and open 
were significant, P > ,05.

^C = conceived.
C0 = open,
^Conceived on subsequent service.
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Table 5. Difference in Corticoid Concentration During the 

Luteal Phase (4^18 Days Postestrus). for Cows 
Conceiving or Open by Service Number ng/ml 
plasma with number of cows in parentheses.

Service3
First Second Third

TDN Cb 0° C O  C O

Normal 28.4 28.2 14,0 19.5 12.7 24,1
C41 C81 (21 (71 (41 (4)

High 13,7 18.3 20.6 19.8
(81 (5) (3) (21

aNone of the differences between conceived and open 
are significant.

bC = conceived.
c0 = open.
^Conceived on subsequent service.
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Thus, differences in corticoids during the two 

reproductive stages examined could not be related to con
ception. As was stated previously, the rapid fluctuations 
in plasma corticoids may mask biological effects of other 
treatments when manipulation of the animals is necessary for 
blood collection.

Correlations Between Plasma Progesterone 
and Corticoids

Correlations among hormone concentrations for three 
reproductive stages are presented in Table 6. A correlation 
of .63 was noted for progesterone levels during 4 to 18 days 
and IS or more days pregnancy. All correlations among 
corticoid determinations were moderate to high (.54 to .73). 
This indicates a certain degree of repeatability for 
corticoid secretion by individual cows. No relationship 
between progesterone and corticoid concentration was ob
served in this analysis.
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Table 6„ Correlations Between- Progesterone and Corticoid 

Concentrations for Three Reproductive Stages

Pt»L P+P c+ov Ct-L C-R

P-OV .14 .36 . 02 . 03 1 o

P-L , 63 .20 ,34 • . 04
P-R — .02 .12 .03
C-OV cn OD .73
C-L .54

P = Progesterone„
C = Corticoids,

OV = Ovulation + 3 days,
L = 4-18 days of pregnancy. 
R = 19+ days of pregnancy.



SUmmRY AMD CONCLUSIONS

The number of days from parturition to ovulation, 
estrus, and conception were found to be similar for the two 
groups. The estimated milk production was almost identical. 
Apparently, a higher than NRC recommended energy level for 
mother cows does not influence their breeding efficiency.

Minimum levels of progesterone were observed fol
lowing parturition. These levels remained low until corpus 
luteurn formation following the first ovulation. Plasma 
progesterone levels then increased rapidly for four to five 
days, remained high during the luteal phase, and began to 
decrease four days prior to the onset of a repeated estrus. 
Regression of the corpus luteum paralleled the decline of 
plasma progesterone. The analysis of variance showed no 
significant differences between the two energy level groups. 
It was concluded' 'that the decline of progesterone is neces
sary before estrus can occur.

Postpartum plasma levels of corticolds were quite 
variable for all animals during this test. Due to the 
necessary manipulation for blood collection, it was con
cluded that treatment effects may have been masked.

In comparing progesterone levels in cows that con
ceived versus cows that remained open (see Tables 2 and 3) 
during the phases of ovulation ± 3 days and 4-18 days

32
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postestrus, it was found in both cases that there were no 
significant differences (P > .05). In this study, all 
correlations among corticoids were moderate to high for the 
three intervals measured. The highest occurred during the 
early stages of pregnancy. The analysis of variance showed 
no significance in plasma corticoid concentration for 
estrous cycles in which conceptions occurred or did not 
occur.



APPENDIX A

A DETAILED DESCRIPTION OF THE EXTRACTION 
PROCEDURES AND ASSAYS

Extraction Procedure for Progesterone
1. Pipet .5 ml plasma into a 15 ml conical test tube.
2. Add 'vS ml hexane, and mix for one minute.
3. Remove hexane layer, with a disposable pipet, into a 

15 x 85 mm culture tube. Be careful not to transfer 
any plasma.

4. Repeat hexane extraction.
5. Tubes may be covered and temporarily stored under 

refrigeration at this time if necessary.
6. Evaporate to dryness under N^ at 40-50°C.

Preparation of the Cortical Binding 
Globulin Solution

1. Place .25 ml of corticosterone into 25 ml volumetric 
flask. Fill to volume with absolute ethanol. Store in 
individual glass vials (.5 ml/vial) in freezer.

32. Place 5 yc corticosterone-1, 2-H (1 vial)'in a 100 ml
volumetric flask.

3. Add ^75 ml PO. buffer (_. 1 molar KH„PO. and K-HPO. in4 z 4 Z 4
distilled HgO).

Scintillation Fluid
1. A 10 ml solution of 50:50 aqusol:xylene (New England

Nuclear) was added to .5 ml of supernate.

34



Preparation of Dog Serum
Add 50 mg of activated charcoal per 2 ml of dog serum.
Vortex for 30 seconds.
Centrifuge 2000 RPM for 30 minutes,
Extract serum with disposable glass pipette.
Add 2 ml of serum to 100 ml of (dortisol binding 
globulin) solution.

Assay for Progesterone
Add 1 ml cold CBG (in ice bath) to each culture tube. 
Shake each tube for 10 seconds and incubate for 5 
minutes at 45°C.
Cool in ice bath for 10;.minutes.
Using a pre-measured plastic spoon, add M O  mg Florisil 
to the tube and shake 30 seconds. Wait 15 seconds and 
add Florisil to next sample, repeating this procedure 
until all samples are finished.
At the same time Florisil is being added to the 5th 
sample, another person using an Eppendorf pipette 
should transfer .5 ml of the CBG mixture, avoiding any 
Florisil, into a vial containing 10 ml of scintillation 
fluid.
Keeping 3 samples apart, the two people repeat this 
procedure until all samples have been exposed to 
Florisil for 2 min 30 sec, and ,5 ml CBG taken off.
Count each vial and compare to standards of 0, 1/2,
1, 2, 3,4, 5, 6, 8, and 10 ng.

Extraction and Assay Procedure 
for Cortisol

Pipet .05 ml plasma into a 12 or 15 ml conical 
centrifuge tube.
Add .5 ml ethanol and mix for 30 seconds. 
Centrifuge at about 2000 RPM for 15 minutes.
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4. Remove ethanol with a disposable pipet into a 15 x 85 mm 

culture tube.
5. Repeat ethanol extraction.
6. Refer to protesterone CBG method and follow steps 1 

through 6.
7. Count each vial and compare to standards of 0, 1/10,

1/2, 1, 2, 3, and 4 ng cortisol.

Comments
1. The Florisil ('60-100 mesh) is washed four times with 

distilled water and then dried in an oven at about 
100°C. Store the Florisil in a dessicator.

2. Use Eppendorf push-button microliter pipets which can be 
ordered from Matheson-Scientific. They are very easy
to use, fast and accurate.

3. Standard solutions of cortisol and protesterone are 
made up to 1/2 ng in absolute ethanol. These solutions 
are stored at freezer temperatures and pipeted on ice.

4. The greatest amount of variability is due to the dog 
serum. This is also probably the most difficult 
variable to keep constant.

5. The most critical step in this procedure is the timing 
after exposure to Florisil.

6. Compare each new stock standard solution against the 
old.
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