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ABSTRACT

The purpose of the present study
was to evaluate apolipoprotein
B-100 and A-I concentrations in
cows with retained placenta. Ani-
mals used were cows with retained
placenta alone (n = 10), those with
both retained placenta and keto-
sis (n = 7), and controls (n = 10).
Apolipoprotein B-100 concentra-
tions at 2 to 4 d after parturi-
tion were significantly (P < 0.01)
decreased in cows with retained
placenta alone (mean ± SD, 0.084 ±
0.029 mg/mL of serum) when com-
pared with those in control cows
(0.154 ± 0.022 mg/mL). Apolipo-
protein A-I concentrations (0.713 ±
0.177 mg/mL) were also signifi-
cantly (P < 0.05) lower than those of
controls (0.895 ± 0.159 mg/mL).
The decreases were more distinct
for apolipoproteins B-100 (55% of
controls) than A-I concentrations
(80% of controls). Concentrations
of apolipoprotein B-100 (0.071 ±
0.032 mg/mL; P < 0.01) and A-I
(0.708 ± 0.189 mg/mL; P < 0.05) in
the cows with both retained pla-
centa and ketosis were also reduced,
when compared with values in con-
trols. Other than apolipoproteins,
cows with retained placenta alone
had significantly (P < 0.01) higher
serum nonesterified fatty acids, and
lower triglyceride concentrations.
Significantly (P < 0.01) higher non-
esterified fatty acids and lower
triglyceride concentrations were
similarly observed in cows with
both retained placenta and ketosis.

RESUME

Le but de cette etude etait d'eva-
luer les concentrations d'apolipo-
proteines B-100 et A-1 chez des

vaches ayant une retention placen-
taire. Les animaux utilises compre-
narient des vaches avec retention
placentaire seule (n = 10), d'autres
evec retention placentaire et retose
(n = 7) et d'autres servant de
temoins (n = 10). Les concentrations
d'apolipoproteines B-100 aux jours
2 'a 4 suivants la parturition etaient
significativement de minimises (P <
0,01) chez les vaches avec retention
placentaire seule (moyenne ± ET,
0,084 ± 0,029 mg/mL de serum)
comparees avec les vaches du groupe
temoin (0,154 ± 0,022 mg/mL). Les
concentrations d'apolipoproteines
A-1 (0,713 ± 0,177 mg/mL) etaient
egalement plus basses que chez les
animaux du groupe temoin (0,895 ±
0,159 mg/mL). Les diminutions
etaient plus margues dans les con-
centrations d'apolipoproteins B-100
(55 % de celles des temoins) que
pour celles des A-1 (80 %). Les con-
centrations d'apolipoproteins B-100
et A-1 chez les vaches avec a la fois
retention placentaire et retose etaient
egalement reduites, lorsque com-
parees aux vaches du groupe temoin
(0,071 ± 0,032 mg/mL, P < 0,01) et
(0,708 ± 0,189 mg/mL, P < 0,05).
En plus des apolipoproteines, les
vaches avec retention placentaire
seule montraient des concentrations
seriques (P < 0,01) plus elevees
d'aides gros non-esterifies et plus
basses de triglycerides. Des concen-
trations seriques significativement
plus elevees d'aide gros non-esterifies
et plus basses de triglycerides (P <
0,01) etaient egalement observees
chez les vaches avec 'a la fois re'ten-
tion placentaire et retose.

(Traduit par docteur Andre Blouin)

Dairy cows during early lactation
are at particularly higher risk for
reproductive, metabolic and infec-

tious diseases, compared with other
stages (1). The higher incidence of
postparturient disorders is thought to
arise from excess feeding during the
nonlactating stage, reduced feed
intake, stress near parturition, and
negative energy balance attributable
to initiation of lactation (2-5). These
may also become the major casual
factors for development of hepatic
lipidosis. Fatty liver has been associ-
ated with several postparturient disor-
ders, including ketosis, left displaced
abomasum (LDA), mastitis and metri-
tis (2,3,5-8). Impaired hepatic func-
tion and hormonal imbalance
attributable to fatty infiltration are
suggested to result in increased inci-
dences of these diseases. Retained
placenta (RP, see Refs. 9 and 10 for
review) is one of the fatty liver-
associated diseases (2,3).

Apolipoprotein B-100 (apoB-100)
and apolipoprotein A-I (apoA-I) are
the 2 major apoproteins in bovine
lipoprotein fractions. The apoB-100 is
distributed in very low-density and
low-density lipoproteins, and is
responsible for export of triglycerides
(TG) from the liver to extrahepatic
tissues. The apoA-I in high-density
lipoprotein fraction has a role for the
transport of cholesterol and phospho-
lipids (PL). In cows with fatty liver,
serum concentrations of apoB-100
and apoA-I are decreased (11-13). In
association with decreased apoB-100
and apoA-I concentrations, cows with
fatty liver show reduced levels of
serum lipids (12,14,15).
We have recently found that apoB-

100 and apoA-I concentrations were
reduced in ketosis and LDA (16).
Decreases in serum concentrations of
TG, cholesterol and PL and an increase
in the concentration of nonesterified
fatty acids (NEFA) were also observed
in the 2 fatty liver-related disorders. It
is therefore conceivable that the
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decreases of both apolipoprotein
concentrations, together with simulta-
neous changes of serum lipid concen-
trations, are associated with fatty
liver-related disorders. The present
study was undertaken to determine
whether apoB-100 and apoA-I concen-
trations are reduced in cows with RP.

Animals used in this study (n = 27)
were 2- to 6-year old lactating Hol-
stein cows from 6 farms of Iwate Pre-
fecture. These 6 farms had similar
management styles. Cow's diet was as
described previously (17), and their
milk yields were approximately 8000
kg/year/cow. Of the cows, 17 cows
retained the placenta from 24 to 72 h
after delivery, and were designated
RP cows. The remaining 10 age-
matched cows expelled the placenta
within 6 h after calving, and were
used as controls. Cows with both RP
and metritis were not included in this
study. During pregnancy, all cows in
both groups were apparently healthy.
Twin calvings and stillbirth were not
found. Serum levels of B-carotene,
vitamin A, vitamin E and selenium
were not different in the 2 groups.
Serum tests also revealed that all
cows in both groups were free from
brucellosis and tuberculosis. Of the
17 cows with RP, 7 had ketosis as
detected initially by clinical signs and
then by a positive urinary ketone reac-
tion. Urinary ketone bodies were not
detected in cows with RP alone and in
control cows. Blood samples of RP
and control cows were collected in the
morning (before feeding) 2 to 4 d
after parturition. Cows with RP,
including ketotic cows, were not
treated prior to sampling.
Serum concentrations of apoA-I

(17) and apoB-100 (18) were evalu-
ated by enzyme-linked immunosor-
bent assays. The serum concentration
of B-hydroxybutyrate (BHB) was
determined using a commercial kit
(Sanwa Kagaku Co, Nagoya, Japan).
Urinary ketone bodies were detected
by a kit (Fujisawa Pharmaceutical
Co, Osaka, Japan). Serum concentra-
tions of TG, total cholesterol (TC),
PL and NEFA were measured using
an automatic analyzer with reagent
kits (Wako Pure Chemicals, Osaka,
Japan). Each assay was done in dupli-
cate. Data were analyzed, using one-
way ANOVA and Student's or Welch's
t-test. Values are expressed as mean
± SD.

TABLE I. Concentrations of serum lipids of controls (C), cows with retained placenta alone
(RP) and cows with both retained placenta and ketosis (RP + K)

NEFA BHB TG TC PL
Cow n (mEq/L) (mM) (mg/dL) (mg/dL) (mg/dL)
C 10 0.381 ± 0.132 0.855 ± 0.205 7.30 ± 1.90 90.2 ± 22.6 115 ± 23.5
RP 10 1.007 ± 0.366b 0.829 ± 0.136 4.50 ± 2.06b 74.3 ± 24.9 92.2 ± 26.0
RP + K 7 1.636 ± 0.500b 2.766 ± 0.985b 3.71 ± 2.25b 74.0 ± 42.3 91.4 ± 35.2
NEFA = nonesterified fatty acids; BHB = B-hydroxybutyrate; TG = triglycerides; TC = total
cholesterol; PL = phospholipids
a p <0.05
b P < 0.01, compared with the respective values of controls
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Figure 1. Apolipoprotein B-100 (apoB-100) and A-I (apoA-I) concentrations in sera from
controls (C, n = 10), cows with retained placenta alone (RP, n = 10) and with both retained
placenta and ketosis (RP + K, n = 7). tP < 0.05; tP < 0.01, when compared to the values of
controls.
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When compared with values in con-
trols, significantly (P < 0.01) higher
NEFA and lower TG concentrations
were observed in cows with RP
(Table I). Non-significant decreases
in TC and PL concentrations were
also observed. Besides the increase of
BHB concentrations, ketotic RP cows
showed more distinct increase of con-
centration of NEFA, when compared
with that of nonketotic RP cows.
The control cows (0.154 ± 0.022

mg/mL) showed lower apoB-100 con-
centrations than cows during mid-
lactation on the same farms (0.224 +
0.028 mg/mL; n = 22). Compared
with the value of the control cows,
apoB-100 concentrations were found
to be further reduced in RP cows
(Fig. 1). Although not so distinct as
for apoB-100, apoA-I concentration
was significantly (P < 0.05) decreased
in RP cows. Relative concentrations
of apoB-100 and apo A-I, compared
with those of control cows were 55%
and 80%, respectively. As with the
other serum analytes, ketotic RP cows
showed a greater decrease of the
apoB-100 concentration (46% of the
control), although the difference
between ketotic and nonketotic RP
cows was not significant. Complica-
tion of RP with ketosis did not affect
the apoA-I concentration (79% of the
control).
Of the 2 apolipoproteins, the apoB-

100 concentration was more distinctly
reduced in cows with RP. The prefer-
ential decrease of the apoB-100 con-
centration was also observed in cows
with fatty liver (11,12). The mode of
the apolipoprotein concentration
changes in cows with RP appears to
be essentially identical to that of cows
with fatty liver. The similarity
between RP and fatty liver was also
found in serum lipid concentration
changes. In particular, the increased
NEFA concentration observed in
cows with RP is also relevant for the
development of fatty liver (2,6,7).
The results of concentration changes
of lipids, together with those of
apolipoproteins, strongly support the
previous clinico-pathological find-
ings that RP is associated with fatty
liver (2,3).

Other than RP and fatty liver,
apoB-100 and apoA-I concentrations
are decreased in cows with ketosis
and LDA (16). The association of RP
with ketosis has been reported
(19,20). In the present study, 7 of
17 cows with RP also suffered from
ketosis. Ketosis and LDA have been
shown to be associated with fatty liver
(4,5,14,21,22). The serum NEFA con-
centrations increase in cows with
ketosis and LDA (23). The decreased
apoB-100 and apoA-I concentrations
in cows with RP further suggest that
the development of RP is closely
linked to fatty liver, ketosis and LDA.
Because fatty liver occurs in the
prepartum period (7), RP as well as
ketosis and LDA appear to be induced
after development of fatty liver. A
longitudinal study of measurements of
serum apoB-100, apoA-I and liver TG
concentrations prior to parturition and
during the puerperium could provide a
direct evidence for the association
between the 4 conditions.
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