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ABSTRACT. Reproductive diseases after parturition are a serious problem in dairy cattle. It isimportant to predict postpartum reproducti ve
diseases early and to develop prophylaxis. The objectives of this study wereto demonstrate changes in the peripheral blood con centration
of interleukin-6 (IL-6) before parturition, which was mainly produced by T helper 2 type (Th2) cells, and to investigate a correlation
between the IL-6 concentration and the occurrence of the postpartum retained placenta, endometritis and/or follicular cyst in dairy cattle.
Twenty-seven Holstein-Friesian cows were used for this study. Thirteen had no clinica disease, 8 had retained placenta, 4 were diag-
nosed with endometritis by vagina inspection, and 2 were diagnosed with follicular cyst by rectal papation at 1 and 2 months a fter par-
turition. Blood samples were collected 60 days pre- and post-partum. They used for IL-6, progesterone (P,) and estradiol-17f3 (Ey)
concentration determination. This study showed that the IL-6 concentration prepartum was higher than postpartum. Low levels of IL-
6 and P, in periphera blood prepartum tended to affect retained placentaand a high level of IL-6 prepartum tended to affect endometritis.
These results indicate that measurement of change in the IL-6 concentration during pregnancy is one useful tool for predicting crisisin

postpartum reproductive diseases in dairy cattle.
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Reproductive diseases after parturition are a serious prob-
lem in dairy cattle. These diseases delay recovery of ova-
rian function and uterus involution postpartum, and
accordingly extend the time from parturition to conception.
Therefore, not only do these diseases lower productivity and
fertility, and but they aso bring economic loss to the dairy
farm. It isimportant to predict postpartum reproductive dis-
eases as early as possible, and to develop a prophylaxis to
prevent these diseases.

Main postpartum reproductive diseasesin dairy cattle are
retained placenta, endometritis and follicular cyst. Retained
placenta occurred in postpartum cows at arate of 4-12% (2,
3], in which the fetal placenta was not expelled from the
uterus until 12 hr after parturition[20]. Many cattle that had
retained placenta successively had endometritis or pyome-
tra, and their parturition interval was extended, so that uter-
ine involution was delayed. As for the cause of retained
placenta, it was considered to be due to anatomy, heredity,
nutrients and/or adeficiency of the blood progesterone con-
centration during pregnancy [1] but it was difficult to deter-
mine the exact cause. Endometritis was observed in many
postpartum cattle within 14 days after parturition. Cattle
with endometritis at more than 14 days after parturition had
a high risk of infertility and/or sterility [10]. Follicular cyst
was the disease in which ovarian follicles larger than 2.5 cm
are present in the ovary, and was not observed at ovulation.
Many cattle had cystic follicular structure observed from
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15-45 days after parturition, and follicular cysts as a repro-
ductive disease were mainly diagnosed at 1 to 4 months after
parturition. Asfor the cause of follicular cysts, it was con-
sidered that the hypothalamus and pituitary gland were not
able to respond to high concentrations of blood estradiol-
178 (E) for induction of estrous eventsincluding preovula
tory GnRH-LH surge secretion [16, 22]. It was thought that
afactorsin the induction of these reproductive disorders are
to feed a large amount of concentrate for milk production
and/or much stress applied to the body by milking, housing
and feeding systems in high yield dairy cattle [4, 8, 22].
Therefore, from new viewpoints, it is necessary to establish
inspection guidelines that are aimed at the disclosure and
elimination of risk factors for postpartum reproductive dis-
eases during pregnancy as early as possible. These must be
connected to provide a method of early diagnosis and pro-
phylaxisfor these reproductive diseases.

It has been reported that cytokine and growth factors with
reproductive hormones may locally or systemically play
important roles in placenta development and prevention of
fetal loss during pregnancy, for elimination of the fetus and
fetal membrane at parturition, and for the phylaxis postpar-
tum in humans and rodents [17, 21, 27, 28]. Local immune
cells or cytokines in the uterus played roles in maintaining
pregnancy, support fetal growth and preventing infection
[19]. The authors think that it is especialy important for
elimination of the fetal membrane and phylaxis after partu-
rition to shift from T-helper 2-type (Th2) cell dominance to
T-helper 1-type (Thl) cell dominance of T-helper cellsin
theintrauterine immune system around parturition. Wethen
hypothesized that if the local/systemic immune function



1404

could be monitored during pregnancy and the mechanism
leading from a prepartum immune functional deficiency to
the occurrence of a crisis in postpartum reproductive dis-
eases could be clarified, then an improved method of diag-
nosis and a better approach to prevention of postpartum
reproductive diseasesin dairy cattle might be devised.

The objective of this study was to clarify the change in
the peripheral blood concentration of interleukin-6 (IL-6),
which ismainly secreted by Th2 cells, and to investigate the
relationships among changes in IL-6, P, and E, concentra-
tions before parturition. Furthermore, this study was also
carried out to analyze whether there were some links
between these hormonal changes before parturition and
reproductive diseases postpartum or not.

MATERIALS AND METHODS

Animals A total of 27 Holstein-Friesian cows that were
fed on Rakuno Gakuen University Farm were used for the
study. The average parity times of the animals were 2.5 +
0.4. Eight cows had aretained placenta where the fetus pla-
centa was not drained from the uterus 12 hr after delivery.
Four cows were diagnosed with endometritis by vaginal
inspection at the medical flesh examination 22 to 35 days
after parturition. And two cows also were diagnosed with
ovarian follicular cyst by recta papation at the same time.
The other 13 cows did not have any clinical diseases during
the experiment.

Collecting samples: Blood samples were collected by tail
vein puncture a 60, 30, 21, 14, 9, 7, 5, 4, 3, 2 and 1 day
before the estimated day of parturition, and every two days
until 60 days after parturition. Blood samples for serum
were stored at 4°C for 610 hr and were then centrifuged at
1,700 x g for 20 min. These sera were decanted and stored
at —30°C until the concentration of IL-6 was determined.
Heparinized blood samples for plasma were immediately
centrifuged at 1,700 x g for 20 min. They were also stored
at —30°C until the P, and E, concentrations were deter-
mined.

Determination of IL-6: The serum IL-6 concentration was
determined by Time-resolved immunofluorometric assay
(Tr-FIA) which we modified with a sandwich ELISA aspre-
viously described by Hagiwaraet al. [6] and used Europium
(Eu)-labelled streptavidin (Wallac, Finland) instead of
horseradish peroxidase (HRP)-labelled streptavidin.
Briefly, we have shown this assay protocol in Fig. 1. Affin-
ity purified anti-bovine IL-6 rabbit 1gG was coated on assay
plates and incubated for 12 hr at 25°C. Recombinant bovine
IL-6 as the standard was diluted from 78-20,000 pg/ml in
twice seria dilution. The serum sampleswerediluted twice.
Fifty ul of them was added to each well in the assay plate
and incubated for 10 hr at 25°C. After washing the plate, 50
ul of biotin conjugated affinity purified anti-bovine IL-6
rabbit 1gG was added to each well of the assay plate and
incubated for 12 hr at 25°C. After washing the plate, 50 ul
Eu-labelled streptavidin was added to each well of the assay
plate, and incubated for 1 hr at 25°C. After washing the
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plate, 50 ul of enhancement solution (Wallac, Finland) was
added, and measured on a Wallac 1420 ARV Osx multi-
label counter (Wallac, Finland). The sensitivity of the assay
for IL-6 was 0.2ng/ml and the intra- and inter- assay coeffi-
cients of variation were 9.1 and 21.3% respectively.

Determination of E, concentration: The plasma E, con-
centration was determined by double antibody radio immu-
noassay (RIA) after extraction with diethyl ether as
described by Taya et al. [25]. The RIA used antisera of
estradiol - 173 (GDN# 244 [9]) that was given by Dr.
G.D.Niswender of America Colorado state University, and
125 -|abeled estradiol (Amersham, cord IM - 135). The sen-
sitivity of the assay for E, was 0.16 pg/ml, and the intra- and
inter- assay coefficients of variation were 6.7 and 17.8%
respectively.

Determination of P, concentration: The plasma P, con-
centration was determined by double antibody enzyme
immunoassay (EIA) after extraction with diethyl ether as
described by Prakash et al. [15]. The EIA used antibodies of
rabbit anti progesterone - 3 - CMO - BSA (Biogenesis,
Poole, U.K.), and horseradish peroxidases labeled progest-
erone. The sensitivity of the assay P, was 10 pg/ml, and the
intra- and inter- assay coefficients of variation were 9.8 and
8.3% respectively.

Satigtical analysis: Results were subjected to an analysis
of variance for repeated measures. When asignificant effect
was obtained with an analysis of variance. All data were

 anti IL-6 rabbit IgG 1:500 50 plAwell |
| 0.05 M bicarbonate buffer (pH9.7)

25°C 10hr, washing

blocking (0.1% gelatin-3% sucrose- |
0.01% thimerosal-D-PBS) 100 pliwell |

37°C  1hr,

washing

‘ serum samples or standard 50 pl/well
" diluted by 0.1% BSA-0.05% BGG-20uM DTPA-
- 0.05 M TBS -0.01%Tween40 (assay buffer)

25°C 10hr, washing
biotin-anti IL-6 rabbit [gG 1:500 50 ul/well
diluted by assay buffer

25°C 10hr, washing

.

Eu-Iabe'IIed streptavidin 1:16000 diluted with assay buffeﬂ

25°C 1hr, washing

(éﬁancement solution 50ul/well ‘

mixing 5min.

’ measured fluoresence by wallac 1420 ARVOsx ‘
All washing with 0.05% Tween20- 50 mM TBS

Fig.1. Time—resolved immunofluorometric assay protocol of
serum IL-6 in cows.



SERUM IL-6 CONCENTRATION IN DAIRY CATTLE

2.5- 245

2.57105

4136

IL-6 (ng/ml)

O I 1 1 T LS I '; 1 I T T
-60-50-40-30-20-10 0 10 20 30 40 50 60
Days after parturition
Fig.2. Individual changes in IL-6 concentration of periphera

blood for 60 days pre- and post-partumin 5 normal cows.

analyzed with the Excel Statistical Analysis System. A
value of p<0.05 was considered to be significant.

RESULTS

Five individual typical changes in the peripheral IL-6
concentration in dairy cows, that were not affected by post-
partum reproductive diseases, are shown in Fig. 2. TheIL-
6 concentration was recognized at a difference in the range
1.4-3.5 ng/ml between animals 60 days before parturition.
It gradually decreased until the parturition day. The IL-6
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concentrations before parturition had a tendency to be
higher than those after parturition. This tendency was
observed inall normal cows.

Changes in IL-6, P, and E;, concentrations for 60 days
before and after parturition are shown in Fig. 3. Before par-
turition, The IL-6 concentrations changed in therange 2.1 +
0.5-2.7 £ 0.4 ng/ml. The IL-6 concentrations before partu-
rition were significantly higher than those after parturition
(p<0.05). The P4 concentration gradually decreased from 60
days (4.2% 0.2 ng/ml) to 5 days (2.0+ 0.2 ng/ml) before par-
turition, then it rapidly decreased from 3 days (1.6 + 0.1 ng/
ml) before parturition to parturition day (0.11 £ 0.01 ng/ml).
The E; concentration from 60 to 21 days before parturition
remained between 30.0 + 3.6 and 37.7 * 3.6 pg/ml, then it
rapidly increased and reached a peak of 539.6 + 70.2 pg/ml
at 3 days before parturition. The E, concentration changed
in the range of 3.9 + 0.4-8.0 + 1.4 pg/ml for 60 days after
parturition.

Changesin TheIL-6 concentration in cows, that had post-
partum reproductive diseases, are shown in Fig. 4. Twenty-
seven animals were divided into 4 groups according to
reproductive diseases. Thirteen animals were a normal
group, which did not have aretained placenta, emdometritis,
follicular cyst or other diseases after parturition. Eight were
a retained placenta group, 4 were endmetritis group and 2
wereafollicular cyst group. IL-6 concentrations before par-
turition in the endmetritis group were higher than those in
the normal group (p<0.05), whereas IL-6 concentrations
before parturition in the retained placenta group were lower
than those in the normal group (p<0.05). Change in IL-6
concentrations in the follicular cyst group were similar to
those in the normal group.

Changesin the P, concentration in cows that had postpar-
tum reproductive diseases are shown in Fig. 5. There was
the tendency for the progesterone concentration changed
generaly low in retained placenta group as compared with
that in the normal group. In the endmetritis and follicular
cyst groups, the P, concentrations before parturition were
similar to those in the normal group, and a fixed tendency
was not observed. No difference was not observed in the
prepatum E, concentration among 4 groups.

DISCUSSION

This study showed that IL-6 concentrations before partu-
rition were higher than those after parturition. IL-6 is
known to be a cytokine produced by T cells. T cells are
classified roughly into Thl cells and Th2 cells by the
method of cytokine production. The Thl cell induces cell
mediated immunity by producing mainly I1L-2, TNF-¢, and
IFN-y, and the Th2 cell induces antibody production by pro-
ducingmainly IL-4, IL-5, IL-6, IL-10 and IL-13 [11]. Preg-
nancy had been thought to be an immuno-suppressed
condition, but maternal lymphocytes were activated and
clearly secreted most cytokines in the human deciduas.
Saito et al. [18, 19] suggested that during pregnancy, Thl
cell function was restrained and it became clear that the Th2
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Fig.3. Changes in periphera concentrations of IL-6, progesterone and estradiol-173 for 60

days pre- and postpartum in cows. Values arethe mean + SEM (n = 27). IL-6 concentrations
prepartum were significantly higher than those postpartum (* p<0.05)in the variance anaysis.

cell function became dominant in mice and humans. 1L-6
was identified in placenta, amnion, deciduas and myo-
metrium [5]. Our results also suggested that immune func-
tion during pregnancy in cows was in an active state rather
than restrained, and humoral immunity became dominant in
pregnant cows. On the other hand, this study showed that
the peripheral blood IL-6 level decreased until 8 days post-
partum. Thisindicated that the recovery of the immune sys-
tem from a pregnant immune system for keeping the
conceptus was within one week postpartum. Monitoring of
the periphera 1L-6 concentration around parturition in cows
has the possibility of objectively knowing the status of preg-
nancy and the maternal adaptability to pregnancy and partu-
rition.

The P, concentration gradually decreased for 60 days pre-
partum and suddenly diminished from 3 days before parturi-
tion to the parturition day. Between the parturition day and
24 days postpartum, it maintained alow level of lessthan 1
ng/ml. In addition, the E, concentration changed to a low
level from 60 to 21 days before parturition and began to
gradually rise afterward. It showed a sudden increase at 10
days pre-partum and maintained a high level until parturi-
tion. These results agreed with a previous report by Smith
et al. [23] that the P, concentration which showed a decline
from 2 days pre-partum to the day before parturition, and the
E2 concentration showed a peak on parturition day. In addi-

tion, from 60 to 9 days before parturition the E, level
increased with a decline in the P, level. These results are
similar to what was reported by Thorburn et al. [26].

In this experimental period, 8 cows were diagnosed with
retained placenta, 4 cows with endometritis and 2 cows with
ovarian follicular cysts. All IL-6 and a part of P, levels
before parturition were low in retained placenta group as
compared with those in normal group. P, played very
important roles in inducing implantation on the
endometrium, to restrain the uterus muscular contraction
and to make a suitable environment for pregnancy mainte-
nance [12]. In addition, P, inhibited activity of the NK cell
in the uterus, and induced conversion from a ThO cell to a
Th2 cell and the release of cytokines such as|IL-6 and IL-4
in trophoblasts. In humans, IL-6 and IL-4 promoted hCG
secretion, then hCG stimulated secretion of P, in the corpus
luteum [13, 14]. In theretained placenta group, a low con-
centration of IL-6 and P, before parturition meant that there
was some anomaly in placental function, and it was thought
to contribute to a retained placenta. Asa factor in placenta
retention, Joosten et al. [7] reported that compatibility of a
major histocompatibility complex (MHC) class | molecules
participated. Half of the MHC were of paternal origins, and
afetus wasan alograft to the mother. Therefore, the mother
should refuse a fetus. Nevertheless the presence of a spe-
cific immunologic mechanism for pregnancy maintenance
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is suggested. In MHC class | molecular activity, it was
thought that the fetal placenta produced an initial signal
inducing pregnant maintenance immune reactionsin human
[24]. In cows, the appearance of asimilar MHC class | mol-
ecule was confirmed [7]. It was thought that the pattern of
expression with MHC class in placentation played an
important role in whether the conceptus was refused by the
mother as an allograft or not. Therefore, the incidence of a
retained placenta points to a high affinity between the
mother and fetus. The present results may indicate that the
retained placenta group changesto alow level of IL-6 dur-

ing the pregnancy and has a low reaction to the allograft.
This suggested that the cause of retained placenta was
abnormality of a shift in the immune system at delivery.

In contract to findings in the retained placenta group, in
the endometritis group the IL-6 levels tended to increase
before parturition and the P, concentrations reverted to lev-
els exhibited in the normal group except for day 60 before
parturition. This suggests that ideally, at parturition the
transaction, or shift, from the Th2 immune system to the
Th1 system should occur rapidly in the uterus, thus switch-
ing from the system (Th2) that provides tolerance for the
conceptusto theimmune system (Th1) that offers protection
against infectant via the birth canal. From this study, the
proposa can be made that inactivity of the immune mecha-
nism causes endometritis. Given that the prepartum 11-6
concentration was high in cows that had endometritis after
parturition, an abnormal placental function was suspected,
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and conversion of immune system at delivery was deemed
insufficient.

The present study showed that the IL-6 concentration in
the peripheral blood of pregnant dairy cows was measur-
able, and the value showed a change in various factors for
postpartum reproductive diseases during pregnancy. There-
fore, it is thought that immunization-related substances,
including IL-6, are influenced in pregnancy maintenance
and parturition with various hormones and other factors.
Measurement of immunization-related substances for main-
tenance of pregnancy and parturition in pregnant cattle
shows a possibility to predict a crisis of postpartum repro-
ductive disorders before parturition. This study could show
only achangein IL-6 as a dominant cytokine in Th2. Fur-
thermore, analysis of many related factors in many direc-
tions will be necessary in order to increase the predictive
accuracy of the crisis of postpartum reproductive diseases at
an early pregnant stage in dairy cattle.
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