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MADEJ, A., H. KINDAHL, K. LARSSON and L.-E. EDQVIST:
Sequential hormonal changes in the postpartum dairy cow. Acta vet.
scand. 1986, 27, 280—295. — Peripheral plasma levels of 15-keto-13,14-
dihydro-PGFza, progesterone, cortisol, LH and prolactin were studied
in 6 primiparous postpartum dairy cows. The cows were followed by
hormone measurements and clinical examinations from parturition
until pregnancy was established. Blood was collected 3 times per day.
The cervix, uterus and ovaries were examined by rectal palpation at
6—10 days intervals. The cows were observed for signs of oestrus
twice daily and were additionally teased with a bull to provoke stand-
ing heat.

Four cows had a normal parturition and dropped their fetal mem-
branes shortly afterwards (NR group). The remaining 2 retained their
fetal membranes for more than 24 h following parturition (RFM
group). One out of 6 cows showed standing oestrus at the first ovula-
tion, 4 animals were in oestrus at the second ovulation and all cows
showed signs of oestrus at the third ovulation. Although the length
of the first luteal phase varied from 9 to 22 days a corpus luteum was
in all cases palpated. The secretion of progesterone during the first
luteal phase was terminated by a PGFza release.

A significant difference in 15-keto-13,14-dihydro-PGFza levels be-
tween the 2 groups was found on days 0—4 (2.39 vs 6.87 nmol/1 at
P < 0.06). Postpartum prostaglandin Fza release as reflected by the
level of 15-keto-13,14-dihydro-PGFz2a lasted shorter in the NR group
than in the RFM group (15—17 vs 21 days). Significant positive cor-
relations between 15-keto-13,14-dihydro-PGFz2a and cortisol as well as
between prolactin and cortisol during the first 24 days postpartum
were noted only in cows having normal parturition. The most pro-
nounced daily prolactin variations occurred during the second luteal
phase (NR group), when a significant difference between the times
8.00, 12.00 and 15.00 was recorded (14.7, 31.5 and 19.7 pg/1, respective-
ly). Moreover, a partial negative correlation between log value of pro-
lactin and arithmetical value of LH was found in these cows only
during the first luteal phase after parturition.

15-keto-13,14-dihydroprostaglandin Fe2e; progeste-
rone; cortisol; luteinizing hormone; prolactin.
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The puerperium begins with the completion of parturition
and terminates with the first fertile oestrus followed by normal
corpus luteum life span (Malven 1984). Several more or less well
defined hormonal events during the puerperium eventually leads
to the onset of oestrus and ovulation.

A sustained release of prostaglandin F,, follows parturition
and is in the cow reported to last for 1—4 weeks (Edquist et al.
1976, 1978, Thatcher et al. 1980, Lindell et al. 1982, Madej et al.
1984a). In dairy cows peripheral plasma levels of LH increase
during the early postpartum period (Kessler et al. 1979, Webb
et al. 1980, Schallenberger et al. 1982) as does the anterior
pituitary responsiveness to exogenous GnRH (e.g. Fernandes et
al. 1978) and oestradiol-178 (Schallenberger & Prokopp 1985).
Resumption of ovarian activity, as reflected by elevated pro-
gesterone levels, following parturition in dairy cows is preceded
by oestrus in 20—50 % of the cases, a figure largely related to the
frequency of observations (King et al. 1976, Larsson et al. 1984).
The first postpartum elevation of progesterone has been cons-
idered either as a transient increase and of follicular origin
(Tribble et al. 1973, Lamming & Bulman 1976, van de Wiel et al.
1979, Stupnicki et al. 1980, Webb et al. 1980, Pelers & Lamming
1984) or as a short luteal phase caused by the formation of a
corpus luteum, the lifespan of which is terminated prematurely
(Schams et al. 1978, Manns et al. 1983).

The objective of this experiment was to study the sequential
postpartum endocrine changes in carefully examined dairy cows.
Part of the prostaglandin and progesterone data has been publish-
ed previously in reviews (Kindahl et al. 1982, 1984).

MATERIAL AND METHODS

Experimental animals

Six primiparous dairy cows, crosses between Swedish Frie-
sian and Swedish Red and White breeds were examined from
parturition until conception, They were fed according to Swedish
standards and milked twice daily. Rectal palpations were per-
formed regularly at 6—10 days intervals. In the case of signs of
vaginal discharge the vaginal mucosa and external cervical os
were examined by vaginoscopy. All animals were checked for
external signs of oestrus twice daily and if such signs were vis-
ible teasing with a bull was performed to test the presence of
standing oestrus.
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The size of the uterus, its location, tone and symmetry were
used as indicators of uterine involution. Involution was consider-
ed complete when the entire uterus was in the pelvic cavity, the
uterine horns were of equal or almost equal size and no major
enlargement of the uterine wall could be palpated. The day of
ovulation was determined from a combination of clinical findings
(presence of palpable corpus luteum), progesterone levels and
postoestrous bleedings (day of ovulation = the day before bleed-
ing).

Blood samples were collected 3 times daily (8.00, 12.00 and
15.00) from the jugular vein by venipuncture into heparinized
glass tubes. The content of each tube was immediately centrifug-
ed and the obtained plasma was kept at —20°C until assayed.

Radioimmunoassay

Quantitation of progesterone, 15-keto-13,14-dihydro-PGF,,
(main metabolite of prostaglandin F,,) and bovine LH in peri-
pheral plasma was performed by radioimmunoassays that have
been described in detail by Kindahl et al. (1976b) and Stupnicki
& Madej (1976), respectively. Prolactin contentrations were
determinated by radiocimmunassay (Schams 1974) with some
modifications (Madej et al. 1985). The peripheral plasma levels
of cortisol were measured by radioimmunoassay using an anti-
serum against cortisol-21-suceinyl-BSA (Kula & Stupnicki 1983)
with modifications described by Nyberg et al. (1986).

All values presented represent the mean of duplicate de-
terminations.

Statistical methods and evaluation

The analyses comprise simple statistic as well as the analysis
of variance using the GLM procedure, and Scheffe’s test avail-
able from the Statistical Analysis System (SAS 1982). All sta-
tistical calculations were performed using log values of 15-keto-
13,14-dihydro-PGF,,, cortisol and prolactin, and arithmetic value
of LH.

The amount of PGF,, released per 24 h during the immediate
postpartum period was calculated from the mean of the 3 de-
terminations of 15-keto-13,14-dihydro-PGF,,. The method of
calculation was based upon the straight-line relation existing
between the levels of 15-keto-13,14-dihydro-PGF,, and the intra-
venously infused amount of PGF,, (Kindahl et al. 1976a).
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RESULTS

Clinical findings

Four cows (nos. 1, 2, 3 and 5) were clinically healthy through-
out the experiment and calved between 273 and 293 days after
the last artificial insemination (NR group). The remaining 2
(nos. 4 and 6) had signs of respiratory disease at the end of
gestation and calved on day 263 and 268, respectively. Both these
cows retained their fetal membranes for more than 24 h (RFM
group). The retained fetal membranes were removed on day 3
and 8 post partum, respectively. On day 13 cow no. 4 was found
to have a purulent vaginal discharge and increased body temper-
ature and was treated once with recommended doses of peni-
cillin, streptomycin, and of cloprostenol, all injected intra-
muscularly. Some clinical data of the cows are presented in
Table 1. Ovarian cyclicity was resumed in all cows between day
10 and 23 after parturition. Although the length of the first luteal
phase varied from 9 to 22 days, a corpus luteum was in all cases
palpated. One out of 6 cows (no. 4) showed standing oestrus at
the first ovulation, 4 animals were in oestrus at the 2nd ovula-
tion and all cows showed signs of oestrus at the 3rd ovulation.
In 3 of the cows postoestrous bleeding was seen in relation to the
first ovulation and in the remaining 3 to the second ovulation.
The time required to complete uterine involution varied in the 4
cows with normal puerperium from 20 to 25 days. In cows no. 4
and 6 with retained fetal membranes uterine involutions was
completed on day 29 and 24, respectively. Four cows (nos. 2, 3,
4 and 5) became pregnant following artificial insemination on

Table 1. Intervals from parturition to the 1st and 2nd postpartum
ovulation, palpation of corpus luteum, 1st standing oestrus, 1st post-
oestrous bleeding, and time required to complete uterine involution.

Cow Ovulation Palpation Standing Post- Uterine
no, 1st 2nd of corpus oestrous involution
luteum oestrus bleeding

1 10 20 15 41 12 25

2 11 33 23 32 12 23

3 23 32 31 55 33 20

4 21 35 29 20 36 29

5 12 29 20 27 13 25

6” 15 33 18 33 34 24

* Cows with retained fetal membranes.
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day 52, 55, 56 and 48 postpartum, respectively. The remaining
2 (nos. 1 and 6) became pregnant after day 90 post partum.

Hormonal parameters

Comparison of 15-keto-13,14-dihydro-PGF,,, cortisol, pro-
lactin and LH concentrations between cows without and with
retained fetal membranes is presented in Fig. 1. The early post-
partum period has arbitrarily been divided into 5 days intervals.
Significant differences in 15-keto-13,14-dihydro-PGF,, levels be-
tween the two groups were found on days 0—4 (2.39 and 6.87
nmol/l, respectively, P < 0.06) and on days 15—19 (0.17 and
0.46 nmol/l, respectively, P < 0.01). This significance was ob-
tained when considering cow within group as the error term.
In cows without retained fetal membranes the final decrease of
15-keto-13,14-dihydro-PGF,, to the base levels (0.17 nmol/l)
occurred on days 15—19 while in cows with retained fetal mem-
branes a similar base level (0.17 nmol/l) was recorded on days
20—24 postpartum. In the case of cortisol a significant differen-
ce between groups was recorded on days 15—19, the levels being
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Figure 1. Geometric means of 15-keto-13,14-dihydroprostaglandin

F,,, cortisol and prolactin together with their positive standards

errors in the cows during the immediate postpartum period divided

into 5 days intervals. Note: In the case of LH standard errors were

very small and ranging from 0.06 to 0.07 pg/l. Open bars represent

cows without retained fetal membranes, hatched bars represent cows
with retained fetal membranes.
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higher in cows without than in cows with retained fetal mem-
branes (10.7 vs 4.6 nmol/l, P < 0.001). There was no significant
difference in prolactin or in LH levels between groups. In cows
without retained fetal membranes the least squares means of
prolactin after parturition decreased significantly from 47.8
(days 0—4) to 31.3 ng/1 (days 5—9) and then to 20.2 pg/1 (days
10—14). A significant difference in prolactin levels between days
0—4 and 10—14 was confirmed by Scheffe’s test. In cows with
retained fetal membranes no significant changes were noted
during 24 days after parturition (comparing both least squares
means and means by Scheffe’s test). According to Scheffe’s test
no changes in LH concentrations during 24 days after parturi-
tion occurred in the 2 groups. However, in cows without retained
fetal membranes the least squares means of LH increased sig-
nificantly (P < 0.01) from 1.64 pg/l (days 0—4) to 1.91 pg/l
(days 5—9).

A partial positive correlation between cortisol and prolactin
(r=20.34, P<0.01) and between cortisol and 15-keto-13,14-
dihydroprostaglandin F,, (r =0.42, P < 0.01) during the first
24 days postpartum was recorded in cows without retained fetal
membranes. In contrast, almost significant partial positive cor-
relation between cortisol and prolactin (r=0.30, P <0.1) and
hardly any relation between cortisol and 15-keto-13,14-dihydro-
prostaglandin F,, were found in cows with retained fetal mem-
branes.

Changes in concentration of 15-keto-13,14-dihydro-PGF,, and
progesterone in cow no. 5 during the immediate postpartum
period are shown in Fig. 2. Plasma levels of 15-keto-13,14-di-
hydro-PGF,, decreased from 23 nmol/]l on day of parturition to
0.1 nmol/]l on day 17. Low levels of progesterone were main-
tained up to day 14 when it increased from approximately 0.5
nmol/]l to its highest levels around 19 nmol/l on day 21 post
partum. The first progesterone rise was terminated in conjunction
with release of PGF,, on day 25 post partum. In cow no. 3 (Fig.
3) the highest and the lowest 15-keto-13,14-dihydro-PGF,, levels
were recorded on day 4 and 17 post partum, respectively (8.0 vs
0.17 nmol/1). Low levels of progesterone were maintained for
24 days. Between days 25 and 30 progesterone exceeded 0.5 nmol/l
with a maximum value of 4.7 nmol/}. The secretion of proges-
terone during that short luteal phase was terminated by release
of PGF,, on day 29 post partum. At that time the concentrations
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Figure 2. Plasma levels of 15-keto-13,14-dihydroprostaglandin F,_,

(solid line) and progesterone (dotted line) in cow no. 5 from day of

parturition (day 0) and 42 days thereafter. Note: SH = standing heat,
Bl = postoestrous bleeding.

of 15-keto-13,14-dihydro-PGF,, increased to 1.5 nmol/l. The
remaining cows showed prostaglandin metabolite and progeste-
rone profiles in between those of cows no. 5 and 3. In no case

Figure 3. Plasma levels of 15-keto-13,14-dihydroprostaglandin F,

(solid line) and progesterone (doted line) in cow no. 3 from day of

parturition (day 0) and 42 days thereafter. Note: Bl = postoestrous
bleeding.
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Figure 4. Plasma levels of LH (@——@) and cortisol (@———@)
in cow no. 5 from day of parturition (day 0) and 29 days thereafter.
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Figure 5. Plasma levels of LH (@——@) and cortisol (@——@)
in cow no. 4 from day of parturition (day 0) and 29 days thereafter.

was a progesterone increase seen before the postpartum prosta-
glandin metabolite concentration had reached base level. In cow
no. 5 representing the NR group an LH peak was observed on
day 11 and another on day 27 (11.9 vs 7.9 pg/l, Fig. 4). In both
cases the LH surge preceded an elevation in progesterone and a
palpable corpus luteum (see Fig. 2 and Table 1). The plasma
levels of cortisol decreased after parturition and fluctuated
thereafter around 1—28 nmol/l with a narrow range (2-—8 nmol/
) on days 12—15 (Fig. 4). In cow no. 4 representing the RFM
group two LH peaks exceeding 4 1.g/1 had been recorded on days
15 and 19 (Fig. 5) before the first ovulation occurred on day 21.
The highest cortisol values were recorded on days 2 and 28 post
partum (45 and 50 nmol/], respectively), while being rather low
on days 9—11 and 14—16 ranging from 2 to 8 nmol/l.
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Figure 6. Endogenous production of PGF,, (mg/24 h) in cows

without retained fetal membranes (a) and in cows with retained fetal

membranes (b) during the immediate postpartum period. Note: day
0 = day of parturition.

A constant decrease of PGF,, production from 6.2—41.0 mg/
24 h on day of parturition to 1.1-—1.5 mg/24 h after 2—3 weeks
post partum is seen in Fig. 6a and Fig. 6b. When the 4 cows
without retained fetal membranes (Fig. 6a) were compared with
the 2 cows having retained fetal membranes (Fig. 6b), a dif-
ference in the duration of PGF,, production could be seen (15—
17 vs 21 days).

In animals having a short luteal phase after the first ovula-
tion (nos. 1, 3 and 4) the average progesterone (+ SEM) concen-
tration was significantly (P < 0.05) lower on day 6 of that phase
than on the same day of the second luteal phase which had nor-
mal length (3.0 0.2 vs 5.3 = 0.8 nmol/l).

There was no difference between the average base LH levels
before the first ovulation, during the first luteal phase and dur-
ing the second luteal phase. However, in some cows a difference
could be seen in the frequency of LH peaks above mean base
level = 2 S.D. For instance, in cow no. 5 the first, second and
third preovulatory LH peaks had been preceded by 1, 0 and 5
extra LH peaks, respectively.
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Figure 7. Geometric mean of prolactin at the different times of

day during the immediate postpartum acyclic period (period 1), the

first (period 2) and second luteal phase (period 3) in cows without
retained fetal membranes.

No difference in daily prolactin secretion was found during
the immediate acyclic period in cows without retained fetal mem-
branes (Fig. 7). During the first luteal phase the highest least
squares mean of prolactin was recorded at 12.00 (27.4 ng/1). The
most pronounced prolactin variations occurred during the second
luteal phase, when significant differences between 8.00, 12.00
and 15.00 were observed (14.7, 31.5 and 19.7 pg/l], respectively).
Furthermore, a negative partial correlation between log values
of prolactin and arithmetical value of LH (r=—0.19, P < 0.05)
was found in these cows only during the first luteal phase after
parturition.

In all cows that became pregnant progesterone levels re-
mained high and no increase in 15-keto-13,14-dihydro-PGF,,
levels was seen.

DISCUSSION

The results of the present study are in agreement with earlier
observations concerning the high incidence of shortlasting
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progesterone elevation before normal cyeclicity is established in
postpartum cows (Donaldson et al. 1970, Robertson 1972, Schams
et al. 1978, Webb et al. 1980). However, the present data do not
support the view that this progesterone comes from the follicles
(e.g. Webb et al. 1980), because in all cases corpus luteum was
palpated. Schams et al. (1978) reported that the preovulatory
LH peak values had a tendency to increase with increasing num-
ber of cycles. Furthermore, Webb et al. (1980) found that the
progesterone peak height was significantly lower in the first and
short than in the third and normal oestrous cycle. The finding of
lower progesterone levels on day 6 during the short cycle than
on the same day during normal cycles is in agreement with the
finding of Ramirez-Godinez et al. (1981). It is likely, however,
that the luteolysis of the first postpartum corpus luteum is
caused by PGF,, release as reflected by 15-keto-13,14-dihydro-
PGF,, levels regardless of the length of the luteal phase. It
should also be emphazised that this luteolytic release of PGF,,
was seen after the time when the postpartum release of prosta-
glandin PGF,, had reached the base levels. On the other hand,
Manns et al. (1983) suggested that in the first cycles which are
shorter than about 15 days, although the corpus luteum may
appear functionally normal, its life span is not terminated by
the usual luteolytic processes, It is interesting to note that a large
proportion of early ovulating cows had a short interval between
the first and second ovulation (Larsson et al. 1984). In very
recent studies (Fredriksson et al. 1985) the occurrence of short
cycles could not be explained by the presence of bacteria in the
uterus.

On indirect basis, estimates of daily production of PGF,,
during the postpartum period are in agreement with those
measured directly by Guilbaut et al. (1984). According to these
authors the measurements of 15-keto-13,14-dihydro-PGF,, in the
peripheral blood plasma is also a good indicator of a relative
index of daily production of F series prostaglandin in postpar-
tum cows.

Out of the 6 cows studied here, 2 retained their fetal mem-
branes. The results of the present study are in agreement with
previous findings, viz. in cows with retained fetal membranes
the duration of prostaglandin release was relatively long (Lindell
et al. 1982, Fredriksson et al. 1985). In the present work, how-
ever, it was also shown that in cows with retained fetal mem-
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branes the levels of 15-keto-13,14-dihydro-PGF,, were signific-
antly higher than in normal cows during the immediate post-
partum period. This accords with the findings of Bosu et al.
(1984), who reported the concentrations of 15-keto-13,14-dihydro-
prostaglandin F,, on days 1, 3 and 18 after parturition to be
higher in cows with than in those without retained fetal mem-
branes.

It should be emphasized that cloprostenol treatment in cow
no. 4 most likely did not affect the postpartum profile of PGF,,
metabolite because of its very low cross-reaction in the radio-
immunoassay of 15-keto-13,14-dihydro-PGF,, (see Kindahl et al.
1981).

We could not find any significant difference in prolactin
levels between cows having and cows mnot having retained fetal
membranes as was reported by Chew et al. (1977). Instead there
was a significant decrease of prolactin levels between days 0—4
and 10—14 in the postpartum cows not having retained fetal
membranes. Conversely, this type of prolactin decreases did not
occur in cows having retained fetal membranes. We have no good
explanation for the positive correlation between 15-keto-13,14-
dihydroprostaglandin F,, and cortisol as well as between cortisol
and prolactin in cows with normal parturition during the first
24 days postpartum and the lack of that relation in cows with
retained fetal membranes.

The significant differences between prolactin secretion during
the day with the highest levels at noon during the second luteal
phase are similar to those found previously in cycling heifers
(Madej et al. 1985).

The present data also do not exclude a relationship between
LH and prolactin in postpartum milked cows. A negative rela-
tionship between the two hormones was recently suggested in
postpartum suckling cows (Madej et al. 1984b).
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SAMMANFATTNING
Hormonférindringar hos mjélkkor efter férlossningen.

P4 6 mjoélkkor, forstagingskalvare, studerades de perifera plasma-
nivierne av 15~ket0—13,14-dihy‘dro-PGF2a, progesteron, kortisol, LH
och och prolaktin efter férlossningen. Hormonmitning och klinisk
undersékning gjordes fortlopande under tiden fran férlossningen till
dess att ny dridktighet kunde konstateras. Blodprover samlades 3
ganger per dag. Cervix, uterus och dggstockar underséktes genom rek-
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talpalpation var 6—10 dag. Tva ganger per dag gjordes observationer
for att konstatera brunst och i nérvaro av tjur testades stireflexen.

Fyra av korna hade normal férlossning, och efterborden avgick
efter kort tid (NR-gruppen). De 2 6vriga hade kvarbliven efterbord i
mer in ett dygn efter férlossningen (RFM-gruppen). En av 6 kor upp-
visade stabrunst vid den férsta ovulationen, 4 djur visade brunst vid
den andra ovulationen, och alla djur visade tecken pa brunst vid den
tredje ovulationen. Léngden pa den forsta lutealfasen varierade mel-
lan 9 och 22 dagar, men i samtliga fall kunde en gulkropp palperas.
Progesteronproduktionen under den forsta lutealfasen avslutades i och
med att PGF,, borjade frisittas.

Det pavisades en signifikant skillnad i 15-keto-13,14-dihydro-
PGF, -nivA mellan de 2 grupperna dag 0—4 (2,39 resp 6,87 nmol/],
P < 0,06). Frisdttningen av prostaglandin F,, post partum varade
lingre i RFM-gruppen in i NR-gruppen (21 resp 15—17 dagar). Under
de forsta dagarna pévisades en signifikant positiv korrelation mellan
15-keto-13,14-dihydro-PGF,, och kortisol liksom mellan prolaktin och
kortisol hos de kor som hade normal férlossning. De mest uttalade
dygnsvariationerna for prolaktin intriffade under den andra luteal-
fasen (NR-gruppen), nir en signifikant skillnad noterades mellan
klockslagen 8.00, 12.00 och 15.00 (14,7 resp 31,5 och 19,7 wg/l).
Vidare noterades en partiell negativ korrelation mellan prolaktinets
logvarde och det aritmetiska LH-virdet hos dessa kor, men bara under
den forsta lutealfasen efter forlossningen.
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