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Bekana, M., K. Odensvik and H. Kindahl: Prostaglandin F, metabolite and pro-
gesterone profiles in post-partum cows with retained foetal membranes. Acta vet.
scand. 1996, 37, 171-185. — Post-partum prostaglandin release and resumption of cycli-
cal ovarian activities were studied in 11 Swedish dairy cows with retained foetal mem-
branes (RFM), leaving the RFM untreated. The main PGF,, metabolite, 15-ketodihy-
dro-PGF, , was measured in blood plasma collected twice daily during the first 50-60
days after delivery. Progesterone was monitored from all morning samples to evaluate
the resumption of ovarian activity. The plasma levels of 15-ketodihydro-PGF,, were ar-
bitrarily considered to be significantly elevated between 6-24 days when they exceeded
the mean basal value + 2 standard deviations. Comparison between this duration in days
of the post-partum PGF,, release and the time required for the completion of uterine in-
volution, placental shedding and last day of post-partum clinical signs showed no sig-
nificant relations. However, prior to a final decrease below a line of significance of 233-
590 pmol/l, pronounced sustained and pulsatile release of PGF,, occurred in relation to
the increased frequency of the bacteriological findings. These additional periods of
PGF,,, release were described as the “total” duration of post-partum release, and were
found to be positively correlated with the time required for uterine involution from the
stand point of rectal palpation (p<0.05), while a tendency towards a positive relationship
existed for the last day post-partum of clinical signs (p = 0.11). Progesterone analysis
revealed resumption of ovarian activity and the first ovulation occurred between 19-29
days in 70% of the cows. The levels of the PGF, , metabolite were again high at the time
of luteolysis, thus terminating the luteal phase in the ovulating animals. Thus, it is seen
that non-removal of the RFM or the resultant intrauterine infection do not prolong the
duration of the immediate post-partum release of PGF,  as compared to normal ani-
mals. However, a second release is associated with the increased frequency of uterine
infections, indicating that PGF,  may play a role for the early elimination of the infec-
tions.

intrauterine infection; luteolysis.

Introduction

The post-partum (pp) uterine involution and re-
sumption of ovarian activity in the dairy cow
are major events from a practical and economic
point of view. Evidence in the literature (e.g.
Lamming et al. 1981, Kindahl et al. 1982, Lin-
dell et al. 1982a, Thatcher et al. 1982, Larsson

! On leave from Addis Ababa University, Faculty of Veteri-
nary Medicine, Department of Clinical Studies, P. O. Box
34, Debre Zeit, Ethiopia.

et al. 1984, Matton et al. 1987, Eldon 1991,
Kindahl et al. 1992) suggests that the progeste-
rone and/or PGF,, profiles provide basic infor-
mation on the pathophysiological changes prior
to or after the reestablishment of the oestrous
cycle. Moreover, the bovine uterus and placenta
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are considered to be the main source of prosta-
glandin during early pp (Lindell et al. 1982b,
Guilbault et al. 1984, Kankofer et al. 1994). As
a result, retained foetal membranes and the sub-
sequent development of endometritis have been
associated with a disturbed synthesis and me-
tabolism of PGF,, in the uterus (Lindell et al.
1982a, Thatcher et al. 1982, Bosu et al. 1984,
Chassagne & Barnouin 1992), reflecting the
degree of endometrial damage or repair (Kin-
dahl et al. 1984, 1986, Fredriksson et al. 1988).
In cows with retained foetal membranes, a pro-
longed duration of high plasma levels of
the main PGF, metabolite (15-ketodihydro-
PGF, ) was observed (Lindell et al. 1982a, Fre-
driksson et al. 1985, Matton et al. 1987, Slama
et al. 1994). From these studies it can be con-
cluded that the duration and possibly the mag-
nitude of the release of PGF,, are positively
correlated to the time required for completion
of uterine involution, and cyclical ovarian activ-
ity does not resume until the concentration of
the PGF,, metabolite is again at a basal level.
On the other hand, studies in cows without re-
tained foetal membranes and/or without a sub-
sequent intrauterine infection showed that there
is instead a negative correlation between the du-
ration of PGF, release and the time required
for completion of uterine involution (Lindell et
al. 1982a, Fredriksson et al. 1985, Bolinder et
al. 1988, Del Vecchio et al. 1994). The purpose
of the present study was to determine, in detail,
the release of PGF, by measuring its main me-
tabolite as an indicator of uterine function, and
of progesterone to monitor the ovarian activity
in relation to retained foetal membranes (RFM)
in dairy cows, leaving the RFM untreated.

Materials and methods

Animals

The study was carried out in 11 pp dairy cows
with RFM belonging to the Swedish Red and
White Breed (SRB) and the Swedish Friesian
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Breed (SLB). The cows were primiparous to
fifth calvers (ages 3 to 7 years). They all calved
after 267 to 283 days of gestation. Three of the
cows (nos. 1, 2 and 3) had minor assistance.
The term “minor assistance” was applied to the
external manual traction of the front legs by
their respective owners, to speed up the act of
delivery. The cows were housed in individual
pens and fed good quality of hay and water ad
libitum, as well as 8 kg of commercially pre-
pared concentrate daily according to the Swed-
ish standard for the pp cows (Eriksson et al.
1972). The foetal membrane was defined as re-
tained if it was not expelled within the first 24
hours after delivery, and the cows received no
treatment. Endometritis was diagnosed accord-
ing to the previous description (Bekana et al.
1994a) on the basis of the observation of signif-
icant quantity of abnormal vaginal discharge
with concomitant accumulation of cloudy fluid
inside the uterine lumen and thickening of the
endometrial and uterine walls found at transrec-
tal examination. Furthermore, bacteriological
results were used to confirm the diagnosis. For
details, see Bekana et al. (1994b). Last day of
post-partum clinical signs was defined as the
day when no vaginal discharge could be ob-
served.

Clinical examination

The cows were closely observed and examined
clinically 3 times weekly (Tuesday, Thursday
and Saturday) as described in earlier studies
(Bekana et al. 1994a). All cows were subjected
to vaginoscopy when deemed necessary for de-
termination of the type and nature of vaginal
discharge. Following the inspection of the vulva
and the perineal area, rectal palpation and ultra-
sound scanning of the cervix, the uterus, and
the ovaries were performed.

Uterine position, tone, size, and symmetry were
used as indicators of uterine involution on the
basis of rectal palpation. The involution was re-
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Table 1. Summary of clinical examinations and ovarian activities in the 11 cows during the 8-week post-par-

tum period
Weeks post-partum

Post-partum events 1 2 3 4 5 [] 7 8
Time to placental 411578 g29 910
shedding (d) 6476 1013
Involution at:
rectal palpation 244 26! 295 3058 382

277 32I0.11 359
80% reduction (d) 244260 29530'!' 317

2818 326332
Ist OV (d) 195 23! 247 29210

204 275
2nd OV (d) 384 316432 44! 5210
467

3rd OV (d) 516
P,>1 206 2342617 2953110322
nmol/1 (d)

Superscript = cow number; d = days post-partum; 1st, 2nd and 3rd OV (d) = time from parturition to first, sec-
ond and third ovulation in days, respectively; P, >1 nmol/l = days post-partum when progesterone level is higher
than 1 nmol/l. Cow no. 3 was slaughtered on day 39 after calving.

corded as completed, if the uterus had returned
to its normal location in the pelvic cavity and
normal uterine form and consistency, as well as
normal and almost equal size of the 2 uterine
horns, were restored (Morrow et al. 1968, Lin-
dell et al. 1982a, Odensvik & Fredriksson
1993). Using a second method employing ultra-
sonography, the involution was considered as
completed when 80% reduction of the uterine
size was attained according to our earlier de-
scription (Bekana et al. 1994a). The day of ov-
ulation was judged from the occurrence of post-
oestrous bleeding (one day after ovulation) or if
the largest follicle, being monitored by ultra-
sound, could not be detected at the next exam-
ination. The subsequent sustained increase in
the plasma level of progesterone was used to
confirm ovulation. For a summary of the clini-

cal examinations, such as the interval to placen-
tal shedding, completion of uterine involution
as well as the occurrence of ovulation, see
table 1.

Bacteriology

A total of 161 endometrial biopsies were col-
lected for bacteriological examination twice
weekly (Monday and Friday) during the first 8-
week period according to the methods and tech-
niques described earlier (Fredriksson et al.
1985, Bekana et al. 1994b). Each biopsy was
placed immediately in a sterile glass tube con-
taining thioglycolate medium for transportation
to the Department of Veterinary Microbiology,
Section of Clinical Microbiology, Swedish Uni-
versity of Agricultural Sciences. Standard bac-
teriological procedures were used to identify
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E. coli -/3 2/0 0/0 0/0 0/0 0/0 0/0 0/0
A. pyogenes -0 0/3 3/2 2/2 2/3 11 2/1 0/0
Bact. spp. -7 ?/3 3/2 2/2 2/ 1/2 2/0 0/0
F. necrophorum -/? ?/3 3/2 3/3 2/3 1/2 2/2 0/0
Peptostr. sp. -/? ?/2 21 0/0 0/0 0/0 0/0 0/0
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Figure 1. Peripheral blood plasma levels of 15-ketodihydro-PGF,, (—) and progesterone (----) during the
first 8-week post-partum period in cow no. 2. The horizontal line in the figure denotes the line of significance
(mean basal value + 2 SD) for the prostaglandin metabolite levels. The table at the top of each graph indicates
the most predominant isolated bacteria in relation to hormonal profiles during the 8-week period. The table con-
sists of 9 columns. The first contains a list of identified organisms; columns 2-9 represent 2 weekly collections
of endometrial biopsies during the 8-week period. The numbers in each column denote the scoring system of the
bacteria; - = missing; ? = unidentified bacteria due to overgrowth of Proteus spp., 3 = heavy growth; 2 = moder-
ate; 1 = scanty; 0 = no growth of bacteria.

pathogenic bacteria according to Bergey’s Man-
ual of Systemic Bacteriology (Holt et al. 1994).
Organisms of primary pathogenic importance
in the pp uterine flora in relation to hormonal
profiles are presented in figures 1-6.

Blood sampling

Ten ml of jugular vein blood samples were
withdrawn by venipuncture into heparinized
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Vacutainer glass tubes (Becton-Dickinson,
Rutherford, USA) twice a day (8 a.m. and 3
p-m.). After immediate centrifugation, about 5
ml of plasma were removed and stored in plas-
tic tubes at -20°C until hormone analysis was
performed. The sampling started at the begin-
ning of or in the middle of the first week pp and
continued until a total of 100 samples had been
collected from each animal. An exception was
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E. coli -/3 2/0 1M 1/0 0/0 0/0 0/0 0/0

A. pyogenes -/3 1/0 0/0 0/0 0/0 0/0 0/0 0/0

Bact. spp. -/? 22 1M1 0/0 0/0 0/0 0/0 0/0

F. necrophorum -? 12 11 0/0 0/0 0/0 0/0 0/0
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Figure 2. Peripheral blood plasma levels of 15-ketodihydro-PGF,  (—) and progesterone (----) during the
first 8-week post-partum period in cow no. 4. The horizontal line in the figure denotes the line of significance
(mean basal value + 2 SD) for the prostaglandin metabolite levels. The table at the top of each graph indicates
the most predominant isolated bacteria in relation to hormonal profiles during the 8-week period. The table con-
sists of 9 columns. The first contains a list of identified organisms; columns 2-9 represent 2 weekly collections
of endometrial biopsies during the 8-week period. The numbers in each column denote the scoring system of the
bacteria; - = missing; ? = unidentified bacteria dug to overgrowth of Proteus spp.; 3 = heavy growth; 2 = moder-

ate; 1 = scanty; 0 = no growth of bacteria.

cow no. 3 that developed pyometra wherefore
the sampling was terminated 39 days pp, a few
hours before the cow was slaughtered.

Hormone analysis

All plasma samples were analyzed for concen-
trations of 15-ketodihydro-PGF,,, according to
Granstrom & Kindahl (1982). The relative
cross-reactions of the antibody raised against

15-ketodihydro-PGF,, were 16% with 15-keto-
PGF,,, 4% with 13,14-dihydro-PGF, , 0.5%
with PGF,, and 1.7% with the corresponding
metabolite of PGE,. The lower limit of detec-
tion of the assay was 30 pmol/l for 0.5 ml
plasma. All high levels were estimated, but for
practical reasons, an upper limit was set at 3000
pmol/l in the figures. The inter-assay coefficient
of variation was 14% (at 114 pmol/l), and the
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Figure 3. Peripheral blood plasma levels of 15-ketodihydro-PGF, (—) and progesterone (----) during the
first 8-week post-partum period in cow no. 5. The horizontal line in the figure denotes the line of significance
(mean basal value + 2 SD) for the prostaglandin metabolite levels. The table at the top of each graph indicates
the most predominant isolated bacteria in relation to hormonal profiles during the 8-week period. The table con-
sists of 9 columns. The first contains a list of identified organisms; columns 2-9 represent 2 weekly collections
of endometrial biopsies during the 8-week period. The numbers in each column denote the scoring system of the
bacteria; ? = unidentified bacteria due to overgrowth of Proteus spp.,; 3 = heavy growth; 2 = moderate; 1 = scanty;

0 = no growth of bacteria.

intra-assay coefficient of wvariation varied
between 6.6% and 11.7% at different ranges of
the standard curve. The duration in days of the
pp prostaglandin release was calculated using a
skewness method (Zarco et al. 1984). All pros-
taglandin metabolite values were used in the
calculation. The higher values were removed
from the data set in several cycles which were
repeated until no new significant elevations
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were detected. For comparison of the calcula-
tions the mean basal value plus 2 and 3 SD were
used and are presented in table 2. In the follow-
ing discussion, the plasma levels of the PGF,,,
metabolite were arbitrarily considered to be sig-
nificantly elevated as long as they exceeded the
mean basal value plus 2 SD.

Morning plasma samples were analyzed for the
content of progesterone according to Forsberg
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Str. sp. -/3 2/0 0/0 0/0 0/0 0/0 0/0 0/0
E. coli -f2 2/0 0/0 0/0 0/0 0/0 0/0 0/0
A. pyogenes -/3 3/3 21 0/0 0/0 0/0 0/0 0/0
Bact. spp. -f2 2/2 2/2 0/0 0/0 0/0 0/0 0/0
Peptostr. spp. -2 0/0 0/2 0/0 0/0 0/0 0/0 0/0
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Figure 4. Peripheral blood plasma levels of 15-ketodihydro-PGF,, (—) and progesterone (----) during the
first 8-week post-partum period in cow no. 7. The horizontal line in the figure denotes the line of significance
(mean basal value + 2 SD) for the prostaglandin metabolite levels. The table at the top of each graph indicates
the most predominant isolated bacteria in relation to hormonal profiles during the 8-week period. The table con-
sists of 9 columns. The first contains a list of identified organisms; columns 2-9 represent 2 weekly collections
of endometrial biopsies during the 8-week period. The numbers in each column denote the scoring system of the
bacteria; - = missing; 3 = heavy growth; 2 = moderate; 1 = scanty; 0 = no growth of bacteria.

et al. (1993). The assay is an enhanced lumines-
cence immunoassay (Amerlite®, Kodak Clini-
cal Diagnostic Ltd, Amers- ham, England). Se-
rial dilution of bovine plasma with high
concentrations of progesterone showed dis-
placement curves parallel to the standard
curve. The lowest limit of detection for the as-
say was 0.2 nmol/l, but levels >1 nmol/l were
considered to be of biological importance. The

inter-assay coefficient of variation was below
4%. The intra-assay coefficients of variation
calculated from quality control samples were
between 4% and 8.1%.

Statistical evaluation

Comparison and correlation test between the pp
duration of the PGF,, release in days versus the
time required for completion of uterine involu-
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Figure 5. Peripheral blood plasma levels of 15-ketodihydro-PGF,, (—) and progesterone (----) during the
first 8-week post-partum period in cow no. 10. The horizontal line in the figure denotes the line of significance
(mean basal value + 2 SD) for the prostaglandin metabolite levels. The table at the top of each graph indicates .
the most predominant isolated bacteria in relation to hormonal profiles during the 8-week period. The table con-
sists of 9 columns. The first contains a list of identified organisms; columns 2-9 represent 2 weekly collections
of endometrial biopsies during the 8-week period. The numbers in each column denote the scoring system of the
bacteria; - = missing; 3 = heavy growth; 2 = moderate; 1 = scanty; 0 = no growth of bacteria.

tion, placental shedding, and the last day pp of
clinical signs were subjected to statistical eval-
uation using the Statgraphics package (STSC,
Inc., 2155 East Jefferson Street, Rockville, Ma-
ryland 20852, U.S.A.) and regression analyses,
respectively.

Results

A summary of the clinical pictures, including
the time required for shedding of the placenta,

Acta vet, scand. vol. 37 no. 2, 1996

the time required for the completion of uterine
involution, and ovulation time, are presented in
table 1. Seven animals; nos. 1, 2, 4-7 and 10,
had their first ovulation from day 19 to 29 post
partum. They all had a second ovulation
between days 31 to 52, except cow no. 5 that
had only one ovulation on day 27. Cow no. 6
had an additional third ovulation on day 51. In
5 of the ovulating cows (nos. 1,4, 5, 7 and 10),
ovulations occurred after (e.g. Figs. 2-5), and in
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E. coli 3/3 21 0/0 0/0 0/0 0/0 0/0 0/0
A. pyogenes 0/0 31 2/0 0/0 0/0 0/0 0/0 0/0
Bact. spp. 0/2 3/3 3/0 0/0 0/0 0/0 0/0 0/0
Peptostr. sp. 0/3 3/3 3/0 0/0 0/0 0/0 0/0 0/0
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Figure 6. Peripheral blood plasma levels of 15-ketodihydro-PGF,, (—) and progesterone (----) during the
first 8-week post-partum period in cow no. 11. The horizontal line in the figure denotes the line of significance
(mean basal value + 2 SD) for the prostaglandin metabolite levels. The table at the top of each graph indicates
the most predominant isolated bacteria in relation to hormonal profiles during the 8-week period. The table con-
sists of 9 columns. The first contains a list of identified organisms; columns 2-9 represent 2 weekly collections
of endometrial biopsies during the 8-week period. The numbers in each column denote the scoring system of the
bacteria; 3 = heavy growth; 2 = moderate; 1 = scanty; 0 = no growth of bacteria.

the remaining 2 cows, nos. 2 and 6, before (e.g.
Fig. 1) the bacteria were cleared from the
uterus. Four cows (nos. 3, 8, 9 and 11) failed to
ovulate within the study period (e.g. Fig. 6). For
further bacteriological data, see Bekana et al.
(1994b).

15-Ketodihydro-PGF,,,
The overall results of hormonal profiles for
both ovulating and non-ovulating cows are il-

lustrated in figures 1-6. Very high levels of the
15-ketodihydro-PGF,, (>3000 pmol/l) were
seen immediately after parturition. The levels
were arbitrarily considered to be significantly
elevated as long as they exceeded the mean ba-
sal value plus 2 SD (line of significance). For
comparison reasons the mean basal values plus
2 and 3 SD, respectively, are presented in table
2. The high levels of the 15-ketodihydro-PGF,
declined sharply soon after parturition and
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Table 2. Post-partum PGF,, metabolite levels at the
line of significance (2 or 3 sd) and duration in days of
the release of PGF,, (bold) calculated from 2 and 3
sd, respectively, and “total” duration, including the
second period of prostaglandin release

Cow no. 2sd 3sd “Total”
1 479 637
8 7 8
2 590 762
10 8 29
3 392 570
9 8 (29)
4 382 719
9 7 16
5 416 1178
15 13 24
6* 512 865
- - (19
7 427 966
8 5 23
8 406 1047
24 13 (32)
9 526 748
6 5 33)
10 344 947
10 8 29
11 233 1117
19 10 19
Mean + sd 428 +97 869 + 199
Days =+ sd 11.8+5.7 84+28 23.7+77

* = the duration of prostaglandin release in cow no. 6
could not be calculated. For numbers within paren-
theses, see text.

reached an average value of 1615 + 1532 pmol/l
(mean + SD) by the time of placental shedding,
which occurred between 4 to 10 days. Thereaf-
ter, pronounced sustained and pulsatile release
occurred, but the levels continued to decline
progressively below the line of significance of
233 - 590 pmo/l (mean + SD, 428 £ 97 ) at 6-24
days, mean + SD, 11.8 + 5.7 (Table 2). No sig-
nificant relationships between this duration of
prostaglandin release and the time required for
the completion of uterine involution, placental
shedding, and the last day pp of clinical signs
were observed (p>0.10).

Acta vet. scand. vol. 37 no. 2, 1996

In 5 of the animals (nos. 2, 4, 5, 7 and 10), in-
creased levels above the mean basal value + 2
SD of the PGF,, metabolite were again re-
corded on several days, e.g. 7, 6, 5, 14 and 14
days, respectively. If this second release is in-
cluded in the pp PGF,, release, as described
above, the final decrease below the line of sig-
nificance will be delayed (this has been de-
scribed as the “total” duration in table 2). In
cows nos. 3, 8, and 9, the levels did not show the
same sustained pattern and more spurious
peaks were seen. In table 2, the “total” release
was estimated when these spurious peaks had
disappeared and the durations of elevated pros-
taglandin release have been put within paren-
theses. Cow nos. 1 and 11 were exceptional in
that the levels continued to decrease progres-
sively below the line of significance (at 8 and 19
days after parturition) without any pronounced
second elevation. Finally, although cow no. 6
showed a different release pattern of the prosta-
glandin metabolite with several peaks, there
was no clear release of the compound up to day
28 pp. During this period, the bacteria were
eliminated from the uterus, ovulation was con-
firmed, and a distinct peak of the PGF,  metab-
olite at the time of post-oestrous bleeding was
recorded. The cow also showed luteolytic pros-
taglandin pulses at the time of luteolysis of a
corpus luteum in a short oestrous cycle. The es-
timated “total” release duration was 19 days if
calculated up to the time of ovulation. This fig-
ure is given in table 2 within parenthesis. A cor-
relation test between the total duration versus
the number of days required for completion of
uterine involution as determined by rectal pal-
pation showed a significant positive relation-
ship (p<0.05). A tendency towards a positive
relationship (p = 0.11) was seen between the to-
tal duration and the last day of pp clinical signs.
From figures 1-6 it is evident that the long du-
ration of the elevated prostaglandin metabolite
levels (recorded as “total” in table 2) is influ-
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enced by the growth and/or the early elimina-
tion of bacteria. Organisms of primary patho-
genic importance were Actinomyces pyogenes
along with Bacteroides spp. and Fusobacte-
rium necrophorum in mixed flora. It should be
pointed out that the first 2 genera of bacteria
were isolated in all experimental animals while
the latter was not identified in 3 of the 11 cows
(nos. 1, 10 and 11). It was not possible, how-
ever, to link any particular species of bacteria to
the duration of the “total” PGF,, release.

In the 7 ovulating cows, the first luteolytic pul-
satile release of PGF,  was seen prior to or in
association with the luteolysis, and the levels
then returned to baseline (Figs. 1-5). In cow no.
1, the release of PGF,, was seen after both ov-
ulations concomitant with post-oestrous bleed-

ing.

Plasma progesterone

Low levels of peripheral plasma progesterone
were seen after delivery. The levels remained
<1 nmol/l for the first 19 to 30 days concomi-
tantly with elevated levels of the PGF, , metab-
olite. The first sustained rise in progesterone
levels >1 nmol/l occurred after the first ovula-
tion (Table 1), i.e. between days 21 to 32, when
prostaglandin levels were at baseline (Figs. 1-
5). The progesterone concentrations increased,
from approximately 0.8 to its highest levels of
about 17 nmol/l prior to the second ovulation in
cow no. 7.

In the 4 non-ovulating animals, low levels of
progesterone were maintained during the whole
observation period. The levels remained <1
nmol/l in 2 cows (nos. 9 and 11) while in 1 cow
(no. 8), the level varied from 1.6 to 4.1 nmol/l
during the 8-week period. The remaining cow
(no. 3), diagnosed with pyometra, had a short-
lasting elevation in values (1.9 nmol/l) on day
21 followed by low levels of <1 nmol/l which
were maintained until slaughter on day 39 after
calving.

Discussion

Previous experiments have shown that elevated
levels of 15-ketodihydro-PGF,, seen at the
time of parturition remains high for the first 10
to 20 days pp (Edgvist et al. 1978, Lindell et al.
1982a, Madej et al. 1984, Fredriksson et al.
1985). The levels were considered to be signif-
icantly elevated when they exceeded the mean
basal value plus 3 SD of the prepartum PGF,
levels in individual cows (Lindell et al. 1982a).
Alternatively, they were determined on the ba-
sis of the levels found after calving using base-
line levels recorded during normal cyclicity as
comparison (Madej et al. 1984, Fredriksson et
al. 1985). This method was considered to give a
better estimation than the first method of the pp
duration of the PGF,, levels (Fredriksson et al.
1985). In the present study, the pp duration in
days of the prostaglandin release was objec-
tively calculated using a skewness method, and
the mean basal values plus 2 and 3 SD were
compared. In view of this, the levels were arbi-
trarily considered to be significantly elevated
between 6-24 days after calving as long as they
exceeded the mean basal value plus 2 SD. The
use of 3 SD, excluded a number of significantly
elevated prostaglandin values from the data set
and was, therefore, not considered appropriate.
The durations, calculated as mean basal values
plus 2 SD of 15-ketodihydro-PGF, ,, are com-
parable to those recorded previously in pp cows
without RFM, possibly because the RFM was
left untreated. In cows with a normal puerpe-
rium, the duration has been inversely correlated
to the time required for the completion of ute-
rine involution (Lindell et al. 1982a, Madej et
al. 1984, Fredriksson et al. 1985, Thompson et
al. 1987). In the present study, the dramatic fall
in the concentrations of PGF,,, before placental
shedding followed by a progressive decline to
the baseline levels within 1-3 weeks possibly
reflected an important step in the uterine repair.
Thus, it seems likely that if the RFM are al-
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lowed to be expelled without intervention of
man, the pp duration of PGF, is as short as in
uninfected cows. Conversely, manual removal
of the RFM prolonged the pp duration of the
prostaglandin release (Fredriksson et al. 1985,
Madej et al. 1986).

Comparison between this duration of PGF, re-
lease (as presented by the mean basal value + 2
SD) and the time required for the completion of
uterine involution, placental shedding, and last
day of pp clinical signs showed no significant
relationships. Nevertheless, the total duration
of the elevated PGF,, metabolite levels found
here are positively correlated with the uterine
involution judged on the basis of rectal palpa-
tion, while a tendency towards a positive corre-
lation exists for the last day pp of clinical signs.
This is in line with previous reports of a posi-
tive correlation between the duration of PGF,
release and the time required for completion of
uterine involution in cows with apparent (Lin-
dell et al. 1982a) and confirmed intrauterine in-
fections (Fredriksson et al. 1985).

The total duration of the PGF, , metabolite was
found to correspond to an increased frequency
of intrauterine infections. The number of iso-
lated bacteria increased from week 1 to week 2,
and then declined progressively during the fol-
lowing weeks. It is also interesting to point out
that high levels of 15-ketodihydro-PGF, were
seen again after return to the baseline values,
concomitantly with the increased frequency of
intrauterine infections. This suggests that the
duration of the total prostaglandin release de-
pended on either the growth and/or elimination
of the organisms from the uterus. Although it
has not been possible to link any particular spe-
cies of bacteria to the total duration of prosta-
glandin release, it should be pointed out that A.
pyogenes along with B. spp. and F necroph-
orum were found to be most common among
the isolated pathogens. In fact, the first 2 genera
of bacteria were isolated in all animals, while
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the latter was identified in 8 of the 11 cows
studied. Generally, these organisms have been
reported to produce a variety of potent endotox-
ins or other virulence determinants responsible
for inflammatory processes (Ruder et al. 1981,
Olson et al. 1984, Del Vecchio et al. 1994,
Slama al. 1994). This presumably allowed the
uterus to release PGF,, in response to the con-
stant tissue destruction or repair (Kindahl et al.
1984, 1986, Fredriksson et al. 1988). The high
levels of the compound seem, therefore, to play
an important role for mediating the inflamma-
tory reaction in the uterus and may play a role
for the early elimination of the infections.

The analysis of pp plasma progesterone in the
present study revealed that the concentrations
of the compound started to rise from low levels
during the first 19 to 29 days in all ovulating an-
imals. This shows that the first pp ovulations
occurred after the high concentrations of the
PGF, , metabolite had returned to baseline lev-
els. The luteolytic release of PGF,, found here
is in accordance with the termination of the lu-
teal phase in most of the studied animals, re-
gardless of the length of the oestrous cycles,
which is in accordance with earlier findings
(Kindahl et al. 1976). In a few cases, the high
levels of prostaglandins are seen in association
with post-oestrous bleeding, as has been re-
ported previously (Kindahl et al. 1976). Thus,
our findings confirm that cows with RFM left
untreated ovulated at an early stage of the pp
period. This is in line with the previous report
that pp uterine infections do not appear to affect
ovulations (Peter & Bosu 1987), while manual
removal prolonged the time required from par-
turition to the first cyclical ovarian activity by
20 days, as compared to non-removal of the
RFM (Bolinder et al. 1988).

In conclusion, leaving the RFM untreated does
not prolong the pp duration of immediate
PGF,, release or the resumption of cyclical
ovarian activities in comparison with normal
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animals. However, a second release of PGF,,
was seen to correspond to an increased fre-
quency of uterine infections indicating that the
compound may play a role in the early elimina-
tion of the infections.

Acknowledgement

This study was supported by grants from the Swedish
Council for Forestry and Agricultural Research. A
fellowship to Merga Bekana from the Swedish In-
ternational Programme on Animal Reproduction
(SIPAR) is gratefully acknowledged. The late Asso-
ciate Professor Gunnar Fredriksson is gratefully re-
membered for his enthusiasm and great interest in
helping during the initial phase of our work.

References

Bekana M, Ekman T, Kindahl H: Ultrasonography of
the bovine postpartum uterus with retained foetal
membranes. J. Vet. Med. 1994a, A, 41, 653-662.

Bekana M, Jonsson P Ekman T, Kindahl H: Intra-
uterine bacterial findings in post-partum cows
with retained foetal membranes. J. Vet. Med.
1994b, A, 41, 663-670.

Bolinder A, Seguin B, Kindahl H, Bouley D, Otterby
D: Retained foetal membranes in cows: manual
removal versus non-removal and its effect on re-
productive performance. Theriogenology 1988,
30, 45-55.

Bosu WTK, Liptrap RM, Leslie KE: Peripartal
changes in plasma progesterone and 15-keto-
13,14-dihydroprostaglandin F,_ concentrations
in Holstein cows with or without retained foetal
membranes. Anim. Reprod. Sci. 1984, 7, 497-
510.

Chassagne M, Barnouin J: Circulating PGF,_ and
nutritional parameters at parturition in dairy cows
with and without retained placenta: relation to
prepartum diet. Theriogenology 1992, 38, 407-
418.

Del Vecchio RE Matsas DJ, Fortin S, Sponenberg DE
Lewis GS: Spontaneous uterine infections are as-
sociated with elevated prostaglandin F,  metab-
olite concentrations in post-partum dairy cows.
Theriogenology 1994, 41, 413-421.

Edgvist L-E, Kindahl H, Stabenfeldt GH: Release of
prostaglandin F,, during the bovine peripartal
period. Prostaglandins 1978, 16, 111-119.

Eldon J: Post-partum and post conceptional ovarian

activity of dairy cows: evaluation based on pro-
gesterone profiles. Acta vet. scand. 1991, 32,
377-386.

Eriksson S, Sanne S, Thomke S: Fodermedlen (Feed-
stuff), LT. Stockholm, 1972, pp. 251.

Forsberg M, Tagle R, Madej A, Molina JR, Carlsson
M-A: Radioimmunoassay of bovine, ovine and
porcine luteinizing hormone with a monoclonal
antibody and a human tracer. Acta vet. scand.
1993, 34, 255-262.

Fredriksson G, Kindahl H, Sandstedt K, Edqvist LE:
Intrauterine bacterial findings and release of
PGF,,, in the post-partum dairy cow. Zbl. Vet.
Med. A, 1985, 32, 368-380.

Fredriksson G, Kindahl H, Alenius S, Carlsson U,
Cort N, Edgvist L-E, Uggla A: Hormonal and
physiological factors which influence the estab-
lishment of infection in the uterus. Proceedings
11th International Congress on Animal Repro-
duction and Artificial Insemination, Dublin, Ire-
land, June 26-30 1988.

Granstrém E, Kindahl H: Radioimmunoassay of the
major plasma metabolite of PGF,,, 15-keto-
13,14-dihydro-PGF, . Methods Enzymol. 1982,
86, 320-339.

Guilbault LA, Thatcher WW, Drost M, Hopkins SM:
Source of F series prostaglandins during the early
post-partum period in cattle. Biol. Reprod. 1984,
31, 879-887.

Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams
ST: Bergey’s Manual of Determinative Bacteriol-
ogy. Williams and Wilkins co, Baltimore. 9th ed.
1994, pp. 299.

Kankofer M, Hoedemaker M, Schoon HA, Grunert E:
Activity of placental 15-hydroxy-prostaglandin
dehydrogenase in cows with and without retained
foetal membranes. Theriogenology 1994, 42,
1311-1322.

Kindahl H, Edgvist L-E, Granstrom E, Bane A: The
release of prostaglandin F,, as reflected by 15-
keto-13,14-dihydroprostaglandin F,_ in the pe-
ripheral circulation during normal luteolysis in
heifers. Prostaglandins 1976, /1, 871-878.

Kindahl H, Edgvist L-E, Larsson K, Malmgvist 4: In-
fluence of prostaglandins on ovarian function
post-partum. In: Current Topics in Veterinary
Medicine and Animal Science, vol. 20 (Karg, H.,
Schallenberger, E., Eds.), Martinus Nijhoff Pub-
lishers. The Hague/Boston/London, pp. 1982,
173-196.

Kindahl H, Fredriksson G, Madej A, Edyv .~ |-E:
Role of prostaglandins in uterine involution. Pro-

Acta vet. scand. vol. 37 no. 2, 1996



184 M. Bekana et al.

ceedings 10th International Congress on Animal
Reproduction and Artificial Insemination, Illi-
nois, June 10-14, Volume IV, 1984, pp. XI9-16.

Kindahl H, Cort N, Fredriksson G, Edgvist L-E, Sta-
benfeldt G: Some aspects of the possible roles of
diseases in altering reproductive performance.
Proceedings of an International Symposium on
the Use of Nuclear Techniques in Studies of An-
imal Production and Health in Different Environ-
ments. Organized by the International Atomic
Energy Agency, and the Food and Agriculture
Organization of the United Nations, Vienna, 17-
21 March, 1986, 263-273.

Kindahl H, Odensvik K, Aiumlamai S, Fredriksson
G: Utero-ovarian relationships during the bovine
post-partum period. Anim. Reprod. Sci. 1992,
28, 363-369.

Lamming GE, Wathes DC, Peters AR: Endocrine pat-
terns of the postpartum cow. J. Reprod. Fert.
Suppl. 1981, 30, 155-170.

Larsson K, Jansson L, Berglund B, Edgvist L-E, Kin-
dahl H: Post-partum reproductive performance in
dairy cows. Acta vet. scand. 1984, 25, 445-461.

Lindell J-O, Kindahl H, Jansson L, Edgvist L-E:
Post-partum release of prostaglandin F, , and ute-
rine involution in the cow. Theriogenology
1982a, 17, 237-245.

Lindell J-O, Kindahl H, Edgvist L-E, Tufvesson G:
Effect of hysterectomy on the post-partum pros-
taglandin levels in the cow. Acta vet. scand.
1982b, 23, 144-146.

Madej A, Kindahl H, Woyno W, Edgvist L-E, Stup-
nicki R: Blood levels of 15-keto-13,14-dihydro-
prostaglandin F,, during the post-partum period
in primiparous cows. Theriogenology 1984, 21,
279-287. _

Madej A, Kindahl H, Larsson K, Edgvist L-E: Se-
quential hormonal changes in the post-partum
dairy cow. Acta vet. scand. 1986, 27, 280-287.

Matton F, Adelakoun ¥, Dufour J: Corpus luteum ac-
tivity and prostaglandin levels after parturition in
cows with retained foetal membranes. Can. J.
Anim. Sci. 1987, 67, 21-26.

Morrow DA, Roberts SJ, McEntee K: Post-partum
ovarian activity and involution of the uterus and
cervix in dairy cattle. 1. Ovarian activity. Cornell
Vet. 1968, 58, 174-198.

Odensvik K, Fredriksson G: The effect of intensive
flunixin treatment during the post-partum period
in the bovine. J. Vet. Med. A 1993, 40, 561-568.

Olson JD, Ball L, Mortimer RG, Farin PW, Adeny
WS, Huffiman M: Aspects of bacteriology and en-

Acta vet. scand. vol. 37 no. 2, 1996

docrinology of cows with pyometra and retained
foetal membranes. Am. J. vet. Res. 1984, 435,
2251-2255.

Peter AT, Bosu WTK : Effects of intrauterine infection
on the function of the corpora lutea formed after
first post-partum ovulations in dairy cows. Theri-
ogenology 1987, 27, 593-609.

Ruder CA, Sasser RG, Williams RJ, Ely JK, Bull RC,
Butler JE: Uterine infections in the post-partum
cow. II. Possible synergistic effect of Fusobacte-
rium and Corynebacterium pyogenes. Therioge-
nology 1981, 15, 573-579.

Slama H, Vaillancourt D, Goff AK: Effect of bacterial
cell wall and lipopolysacharide on arachidonic
acid metabolism by caruncular and allantocho-
rionic tissues from cows that calved normally and
those that retained foetal membranes. Therioge-
nology 1994, 41, 923-942,

Thatcher WW. Guilbault LA, Collier RJ Lewis GS,
Drost M, Knickerbocker J, Foster DB, Wilcox CJ:
The impact of antepartum physiology on post-
partum performance in cows. In: Current Topics
in Veterinary Medicine and Animal Science, vol.
20 (Karg, H., Schallenberger, E., Eds.), Martinus
Nijhoff Publishers. The Hague/Boston/London,
1982, pp. 3-24.

Thompson FN, Page RD, Cook CB, Caudle AB: Pros-
taglandin F, metabolite levels in normal and
uterine-infected post-partum cows. Vet. Res.
Comm. 1987, 11, 503-507.

Zarco L, Stabenfeldt GH, Kindahl H, Quirke JF
Granstrom E: Persistence of luteal activity in the
non-pregnant ewe. Anim. Reprod. Sci. 1984, 7,
245-267.

Sammandrag
Hormonmdonster av prostaglandin F, -metabolit och
progesteron hos postpartala mjélkkor med kvar-
bliven efterbird.

Postpartal prostaglandinfrisittning och aterupp-
tagande av cyklisk dggstocksaktivitet studerades hos
11 svenska mjolkkor med kvarbliven efterbord
(RFM), dir efterborden limnades obehandlad. Hu-
vudmetaboliten av PGF, , 15-ketodihydro-PGF,,,
analyserades i blodplasma insamlad 2 génger dagli-
gen under de forsta 50-60 dagarna efter kalvningen.
Progesteron analyserades i morgonprov under
samma tidsperiod for att utvirdera aterupptagandet
av dggstocksaktiviteten. For att utvirdera nir prosta-
glandinmetaboliten 4r forhojd berdknades basalnivan
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+ 2 standard deviationer. Virden over denna god-
tyckliga linje betraktades som forhdjda och detta
syntes mellan 6-24 dagar hos individuella kor. En
jamforelse av denna forhojda nivé i dagar visade in-
get signifikant samband mot tiden for att avsluta liv-
moderinvolutionen, efterbordens avging eller sista
dagen for kliniska symptom. Emellertid, fore en slut-
lig nedgéng i prostaglandinnivderna sdgs markanta
och pulsatila frisdttningar av prostaglandin samtidigt
som bakterivixten i livmodern var 6kad. Denna ytter-
ligare 6kning av prostaglandinfrisdttningen kan besk-
rivas som en “total” frisdttning adderad till den ur-
sprungliga. Denna “totala” frisittning i dagar fanns
vara positivt korrelerad till tiden som behovs for uter-
usinvolution (p<0.05) och en tendens till en positiv

korrelation for sista dagen av kliniska symptom
(p=0.11). Progesteronanalyserna visade att igg-
stockarna dterupptog sin aktivitet och forsta ovula-
tion intraffade mellan 19-29 dagar hos 70% av korna.
I samband med luteolys av gulkroppen syntes
aterigen en pulsatil prostaglandinfrisattning. Det kan
konkluderas frin dessa studier att obehandlad kvar-
bliven efterbord och den efterfoljande intrauterina in-
fektionen forldnger inte durationen av den omedel-
bara postpartala frisittningen av prostaglandin
jamfort med normala djur. Ddremot syns en andra
frisdttning som &r associerad med en okad
bakterieviixt i livmodern, vilket tyder pa att PGF,
har betydelse for eliminering av infektioner i livmo-
dern.
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