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Abstract

Effects of body condition at parturition, purperal
complications, milk yield and parity on the sequential
changes in postpartum adrenocortical and pituitary
functions, ovarian activity and uterine involution were
investigated in 44 high-producing Holstein Friesian
cows. One half of the cows had normal adrenocortical
function and the other half had either enhanced or
depressed adrenocortical function 8 days postpartum.
The adrenocortical function was found to be normal in
all cows 22 days after calving. Pituitary gland response
to GnRH was low in 68.2 % of cows 7 days after parturi-
tion and 31.8 % still had low response 21 days
postpartum. A significant negative correlation
(P<0.05)was observed between basal and ACTH-stimu-
lated plasma cortisol levels and GnRH-stimulated
plasma luteinizing-hormone levels 7 to 8 days after
calving. Multifactorial analysis of variance showed that
postpartum adrenocortical function was enhanced by
poor body condition at calving, high milk yield, and in-
creased parity. In association with enhanced
adrenocortical function, pituitary function tended to be
depressed 7 days postpartum in cases of poor body con-
dition, high milk yield and increased parity. Among all
the various factors examined, milk yield had the most
significant effect on postpartum adrenocortical and pi-
tuitary functions. Uterine involution tended to be
delayed in cows with poor body condition at calving, high
milk yield and increased parity. It may be concluded
that undernutrition, high milk yield and increased par-
ity are predominant factors causing enhancement of

adrenocortical function which is associated with depres-
sion of pituitary function.

Introduction

It has been reported that a variety of stresses had
deleterious effects on female reproductive efficiency.
The effects of stress on reproductive performance is par-
ticularly important in the dairy cow. The stresses might
include managerial, enviromental, metabolic, nutri-
tional and common reproductive disorders. Reports had
already been made on the subsequent lowered repro-
ductive performance of cows with dystocia and puerperal
complications, high milk yield, poor body condition, and
increased parity. It is generally assumed that these
periparturient complications and other endocrinologi-
cal dysfunction lead to a lowered fertility level. However,
this assumption has not been well proved.

The main objectives of the present reports are
firstly to describe sequential changes in the postpartum
adrenocortical and pituitary functions, ovarian activity
and uterine involution in dairy cows, and secondly to
examine the effects of condition of parturition, body
condition at calving, puerperal complications, milk yield
and parity on postpartum adrenocortical and pituitary
functions, ovarian activity and uterine involution.

Materials and Methods

Forty-four pregnant Holstein Friesian cows from
the dairy herd of the Rakuno Gakuen University, Ebestu,
Hokkaido were used in this study. The age of the cows
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ranged from 2 to 9 years with a mean (+ S.D.) of 3.7
1,7 years. There were 14 primiparous and 30 pluri-pa-
rous cows. Average milk yield per head per lactation
in the herd was about 8,700 kg.

Adrenocorticotropic hormone (ACTH) challenge
test was conducted at 8 and 22 days postpartum.
Twenty-five i.u. of ACTH (Cortrosyn Inj., Daiichi Phar-
maceutical Co.) were administered intramuscularly.
About 5 to 10 ml of blood was collected via coccygeal
vein puncture into heparinized test tubes 15 minutes
before and immediately before ACTH injection and 60
min after the injection.

Plasma cortisol concentrations were determined by
a double antibody enzyme immunoassay. The basal cor-
tisol concentration was defined as : 1) normal if the
cortisol value was less than 5 ng/ml, and 2) elevated if
5 ng/ml or higher. The type of adrenocortical response
to ACTH was defined as : 1) depressed or low response
if peak cortisol concentration was less than 15 ng/ml,
and 2) normal or medium response if between 15 and
50 ng/ml, and 3) enhanced or high response if higher
than 50 ng/ml.

Pituitary function was evaluated by GnRH chal-
lenge tests performed on days 7 and 21 postpartum.
Fifty mcg of GnRH analog ( fertirelin acertate, Takeda
Chemical Industries, Ltd.) were injected intramuscu-
larly. Blood was collected by coccygeal vein puncture
into heparinized test tubes 30 min before and immedi-
ately before injection, as well as 1, 2 and 5 hrs after
injection.

Plasma LH concentrations were determined by a
double antibody radioimmunoassay. The criteria for the
classification of the type of pituitary response to GnRH
were defined as : 1) low response if peak LH concen-
trations were below 5 ng/ml, 2) medium response if
between 5 and 10 ng/ml, and 3) high response if above
10 ng/ml.

Postpartum ovarian function, with emphasis on
the interval from calving to first ovulation, was moni-
tored by three times weekly milk progesterone assays
during the first month after parturition.

Progesterone concentrations in skim milk were
determined by a double antibody enzyme immunoas-
say. The increase in progesterone concentration in skim
milk of 1.0 ng/ml or higher and the continuation of its
increase for at least 5 days was considered as an indi-
cation of ovulation and corpus luteum formation.

Gross uterine involution postpartum was exam-
ined by weekly palpation per rectum and
ultrasonographic examination. Uterine swabs for bac-
teriological examination were obtained at 14 and 28
days post-partum.

Analysis of variance (least squares method, Gen-
eral Linear Models Procedure of the Statistical Analysis
System) were used for determining the effects of the
different factors on plasma cortisol and LH concentra-

tions. Differences in values among the various condi-
tions in each individual factor was also analyzed by
Student’s t-test. Correlation analysis by Pearson’s cor-
relation coefficient were used to examine relation-ships
between the log-transformed cortisol and LH values.
Chi-square test was used for the comparison

of the percentages.

Results

1. Postpartum adrenocortical and pituitary func-
tions, ovarian activity and uterine involution in
cows

The adrenocortical and pituitary functions, ova-
rian activity and uterine involution in 44 postpartum
cows are summarized and presented in Figure 1.
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Figure 1. The postpartum adrenocortical and pitu-
itary functions, ovarian activity and uterine involution
in 44 dairy cows.
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Cows, in general, had enhanced adrenocortical
function at 8 days postpartum which might be respon-
sible for depressed pituitary function the day before.
The once enhanced adrenocortical function returned to
normal at 22 days and this was associated with in-
creased pituitary responsiveness to GnRH at 21 days
after calving. The recovery of pituitary function could
have resulted in the occurrence of first ovulation in the
majority of cows 20 to 30 days postpartum. In the mean-
time, uterine involution also took place.

(1) Postpartum adrenocortical function

0Of 44 cows, 10 cows (27.7 %) had enhanced adreno-
cortical function, 24 cows (54.5 %) had medium or normal
function and 10 cows (27.7 %) had depressed function
at 8 days postpartum. In cows with enhanced and nor-
mal adrenocortical function at 8 days postpartum, a
slight decrease of basal plasma cortisol concentrations
and same levels of magnitude of cortisol response to
ACTH were shown at 22 days postpartum.

Cows with depressed adrenocortical function at
8 days postpartum still had a low basal cortisol con-
centration at 22 days, but recovered the adrenal
response to ACTH.

(2) Postpartum pituitary function

Cows were classified into three groups, according
to the LH response to GnRH. On day 7, 30 (68.2 %) of
the 44 cows had low response, 12 (27.3 %) had medium
or optimum LH response, and 2 (4.5 %) had high LH
response. On day 21, the number of cows with low LH
response decreased to 14 cows (31.8 %), and those with
medium and high LH response increased to 17 cows
(38.6 %) and 13 cows (29.5 %), respectively. There were
significant differences between the percentages of cows
with low and high pituitary response to GnRH at 7
and 21 days postpartum (P<0.01).

(3) Postpartum ovarian activity

Days of first ovulation after calving, as determined
by milk progesterone assay, varied between 8 and 28
days. Thirty-one (70.4 %) cows showed first ovulation
within 20 days, and another 8 (18.2 %) within 30 days
after parturition. Five (11.4 %) did not ovulate
within 30 days.

(4) Uterine involution

Gross uterine involution: Gross uterine involution
was completed within 30 days in 34 (77.3 %) of 44 cows.
The relative diameters of the post gravid and non-gravid
uterine horns were compared during the first 30 days
postpartum and showed similarity in size starting at
21 days postpartum (Figure 1).

Uterine bacterial contamination: At 14 days post-
partum, 18(51.4 %) of 35 uterine swab samples yielded

23 bacterial isolates and at 28 days postpartum, 11 (32.4
%) of 34 samples yielded 13 bacterial isolates (Figure
1). The 3 most common bacterial isolates were Actino-
myces pyogenes, Streptococcus spp., and Escherichia coli.

2. Effects of dystocia, body condition, puerperal
complications, milk yield and parity on postpar-
tum adrenal and pituitary functions, ovarian
activity and uterine involution

(1) Effect on adrenal and pituitary functions
Results of analysis of variance (least-squares
method, General Linear Models procedure) showed that
milk yield had the predominant effect on adreno-corti-
cal as well as pituitary functions (Tables 1 and 2). High
milk yield increased ACTH-stimulated plasma corti-
sol concentrations at 8 days (P<0.10) and 22 days
(P<0.05) postpartum. High milk yield was also associ-
ated with low basal plasma LH concentrations at 7 days
(P<0.01) and 21 days (P<0.05) post-partum. Parity and
body condition score at calving were also found to have
significant effects on basal plasma LH concentrations.

Table 1. Analysis of variance for basal and ACTH-
stimulated plasma cortisol concentrations 8
and 22 days postpartum.

F-values

Sources of  df 8d 22d

Basal Response Basal Response
Parity 1 0.29 0.16 0.18 1.90
BCS 1 0.04 0.74 0.34 2.20
Puerperium 1 0.22 0.13 0.01 1.59
Milk yield 1 1.82  3.48f 2.55  7.04*
T P<0.10

* P<0.05

Table 2. Analysis of variance for basal and GnRH-
stimulated plasma LH concentrations 7 and
21 days postpartum.

F-values
Sources df 7d 21d
Basal Response  Basal Response

Parity 1 6.13" 1.67 2.21 1.53
BCS 1 4.66* 0.10 3.57t 1.85
Puerperium 1 0.38 0.15 0.05 0.04
Milk yield 1 8.30"™ 0.21 5.40" 0.17

+ P<0.10

* P<0.05
** P<0.01
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Analysis by Pearson’s correlation coefficients re-
vealed a significant correlation between milk yield for 7
days and log-transformed ACTH-stimulated cortisol
value at 8 days postpartum (r=0.31, P<0.05), and milk
yield for 21 days and log-transformed basal cortisol value
at 22 days postpartum (r=0.31, P<0.05).

Thus, milk yield was shown to be the most pre-
dominant factor which caused enhancement of
adrenocortical function and depression of pituitary func-
tion in postpartum cows.

(2) Effect on ovarian activity and uterine involu-
tion

Effects of each of various factors on postpartum
ovarian activity and uterine involution were investigated
individually by comparing percentages among different
groups.

Effect of dystocia: The percentages of cows that
resumed ovarian activity did not differ significantly be-
tween dystocia and normal calving groups. The
percentages of cows completing uterine involution
within 30 days postpartum showed a tendency for cows
with dystocia to have delayed gross uterine involution.

Effect of body condition at calving: Cows in poor
body condition at parturition showed higher percent-
age of cows completing gross uterine involution within
30 days postpartum, whereas the cows in poor condi-
tion showed higher percentage of cows having uterine
bacterial contamination at 28 days postpartum than
those in good condition.

Effect of puerperal complications: There was a
significant difference in percentages of cows complet-
ing gross uterine involution within 30 days postpartum
between cows with reproductive and/or metabolic dis-
orders and those without any complications (P< 0.01).
Gross uterine involution was completed in all of the nor-
mal cows during this period, while 60 to 66.7 % of cows
with puerperal complications completed gross uterine
involution.

Effect of milk yield: The percentage of cows which
resumed ovarian ovarian cyclicity was slightly higher
in cows with high milk yield than cows with low and
medium milk yield. Completion of gross uterine invo-
lution was observed in more cows with low and medium
milk yield than in cows with high milk yield.

Effect of parity: There was a lower percentage of
pluriparous cows that have completed gross uterine in-
volution by 30 days postpartum than primiparous cows
(P<0.10).

Discussion
Only limited data on adrenocortical responsive-

ness to ACTH have been available in postpartum cows.
Previous researchersl.2 reported that there was no sig-

nificant change in adrenocortical response to ACTH
during postpartum period and that there was consider-
able animal to animal variation in adrenal response. In
this study the classification of adrenocortical response
based upon the basal and ACTH-stimulated plasma cor-
tisol concentrations allowed the demonstration of
altered adrenocortical function in cows at 8 days post-
partum. The results of the study revealed that only about
half of the cows had normal adrenocortical function and
the other halfhad either enhanced or depressed adreno-
cortical function.

It has been reported previously that the resump-
tion of pituitary function occurs within 7 to 10 days
postpartum when basal plasma LH concentrations3 and
the pituitary gland responsiveness to exogenous GnRH
(4.5) returns to normal. However, individual variation
of pituitary function in postpartum cows has not been
well described. In the present study, characterization
of the pituitary gland response to GnRH revealed that
68.2 % and 31.8 % of the cows had low LH response at
7 and 21 days postpartum, respectively. These results
indicate that the rate of resumption of pituitary func-
tion is relatively low at 7 days postpartum and still not
completed in about a third of the cows at about three
weeks after calving.

The significant negative correlation was observed
between basal and ACTH-stimulated plasma cortisol
concentrations and plasma LH concentrations about a
week after parturition in this study. More specifically,
cows with enhanced adrenocortical function had the low-
est magnitude of pituitary response to GnRH, while cows
with depressed adrenocortical function had the highest
magnitude of pituitary LH response. It has already been
reported that stress in dairy heifers during the follicu-
lar phase increased adrenal activity as monitored by
plasma cortisol concentrations and inhibited gonado-
tropin secretion.

Observations from the present and previous stud-
ies suggest that stress could enhance adrenocortical
function and depress pituitary function in both cycling
and early postpartum cows. The apparently inhibitory
effects of increased or enhanced adrenocortical function
on pituitary LH secretion was only noted during the first
week after calving. It is possible that after the first 7 to
10 days, other factors such as the reported more fre-
quent episodes of endogenous GnRH release and the
subsequent estradiol rise from increased follicular ac-
tivity help override the inhibitory effects of increased
adrenocortical function and plasma cortisol concentra-
tions on the pituitary response to GnRH.

The effects of the different factors on postpartum
adrenocortical and pituitary functions were investigated
by multifactorial analysis of variance. It was shown that
milk yield had significant effects on both adreno- corti-
cal and pituitary functions. Effects of parity, BCS and
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milk yield on pituitary function were also significant.

Suggested optimal BCS during the dry period is
3.5 t0 4.0. In the present study, 52.3 % of the cows ex-
amined had less than the optimal BCS. Poor body
condition at calving was associated with slight enhance-
ment of adrenocortical function at 8 days post-partum
and slight depression in pituitary function. However,
no significant differences in ovarian activity and uter-
ine involution were observed between cows in poor and
optimal body condition. The enhancement of adrenocor-
tical function in cows with poor body condition may be
due to the metabolic response of the body during en-
ergy restriction. A shortage of energy may enhance
beta-endorphin release from the hypothalamus or an-
terior pituitary gland which is related to the stimulation
of appetite and dietary intake. Enhanced release of beta-
endorphin may exert inhibitory effects on GnRH release
and pituitary LH release.

Cows with high milk yield consistently had higher
basal plasma cortisol and ACTH-stimulated plasma cor-
tisol concentrations than cows with low milk yield. This
indicates that a prolonged lactation demand for in-
creased milk yield may enhance adrenocortical function.
Adrenocortical hormones are known to play an impor-
tant role in lactogenesis and galacto-poiesis in cows. It
may be logical that cows with high milk yields have more
enhanced adrenocortical function during the early lac-
tation period. An apparent depression in pituitary
function was also observed in cows with high milk yield.

Several studies have reported that increased milk
yield tends to delay uterine involutioné and may pro-
long the interval from parturition to first ovulation.” In
the present study an apparent delay in uterine involu-
tion was noted in cows with high milk yield. However,
there was no apparent adverse effect on ovarian func-
tion. This finding is in agreement with the results of
other studies which showed no association between milk
yield and onset of ovarian cyclicity8.9 Butler et al.9 re-
ported that the average energy balance during the first

20 days of lactation was inversely related to days to first
ovulation and to milk yield. Milk production during this
period, however, was not closely related to days to first
ovulation. Thus, milk yield appears to affect postpar-
tum adrenocortical and pituitary functions, as well as
uterine involution, but it may not be a determining fac-
tor affecting postpartum ovarian activity.

It may be concluded that about 50% of cows at 8
days postpartum had either enhanced or depressed
adrenocortical function which showed a significant ef-
fect on pituitary function. Parity, BCS at calving, and
milk yield were associated with enhanced adreno-cor-
tical and depressed pituitary function and delayed
uterine involution, high milk yield being the most pre-
dominant factor.

References

1. Gwazdauskas FC, Keys JEJr and McGilliard M (1986) Adrenal
response during periparturient period to adrenocortocotopin in dairy
cattle fed corn silage and grass legume silage J Dairy Sci 69:2134-
2139. 2.Hudson S, Mullford M, Whittlestone WG and Payne E (1975)
Bovine plasma corticoids durimg parturition J Dairy Sci 59:744-
746. 3. Webb R, Lamming GE, Haynes NB and Foxcroft GR (1980)
Plasma progesterone and gonadotrophin concentrations and ovarian
activity in postpartum dairy cows J Reprod Fert 59:133-
143. 4. Kesler DJ, Garverick HA, Youngquist RS, Elmore RG and
Bierschwal CJ (1977)ffects of days postpartum and endogenous
reproductivehormones on GnRH induced LH release in dairy cows J
Anim Sci 46:797-803. 5. Fernandes LC, Thatchere WW, Wilcox CJ
and Call EP (1978) LH release in response to GnRH during the post-
partum period of dairy cows J Anim Sci 46:443-448. 6. Zain AE,
Nakao T, Abdel Raouf M, et al. (1995) Factors in the resumption of
ovarian activity and uterine involution in postpartum dairy cows
AnimReprod Sci 38:203-214. 7. Stevenson JS and Britt JH (1979)
Relationships among luteinizing hormone, estradiol, progesterone,
glucocorticoids, milk yield, body weight and postpartum ovarian ac-
tivity in Holstein cows J Anim Sci 48: 570-577. 8. Bulman DC and
Lamming GE (1978) Milk progesterone levels in relation to concep-
tion, repeat breeding and factors influencing acyclicity in dairy cows
J Reprod Fert 72:767-783. 9. Butler WR, Everett RW and Coppock
CE (1981) The relationshipsbetween energy balance, milk production
and ovulation in postpartum Holstein cows JJ Anim Sci 53:742-748.

210

THE BOVINE PROCEEDINGS—NO. 31

WONNQLNSIP $SA008 Uado (SI9UONNILIJ SUIAOY JO UONRIOSSY UedLowY WYSLLdo)) §



	aabp_1998_proceedings_0224
	aabp_1998_proceedings_0225
	aabp_1998_proceedings_0226
	aabp_1998_proceedings_0227
	aabp_1998_proceedings_0228

