FULL PAPER Biochemistry

Reduction in Serum Lecithin:Cholesterol Acyltransferase Activity Prior to the
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ABsTRACT. Lecithin:cholesterol acyltransferase (LCAT) is the enzyme responsible for production of cholesteryl esters in plasma. The
LCAT activity is reduced in cows with fatty liver developed during the nonlactating stage and those with the fatty liver-related postpar-
turient diseases such as ketosis. The purpose of the present study was to examine whether reduced LCAT activity during the nonlactating
stage could be detected before the occurrence of postparturient diseases. Sera from 24 cows were collected at approximately 10-day
intervals from —48 to +14 days from parturition. Of the 24 cows, 14 were apparently healthy, whereas 7 had ketosis and 3 had milk
fever at around parturition. Of the 14 healthy cows, 7 had unaltered LCAT activity during the observation period, whereas 7 showed
reduced activity from —20 to +14 days. Ketosis and milk fever occurred at from -3 to +10 days, but reductions of LCAT activity in
diseased cows had aready been observed from days —20 to 0. These results suggest that LCAT activity is virtually unaffected during
the peripartum period at least in some healthy cows and aso that the reduction in LCAT activity can be detected before the occurrence

of ketosis and milk fever.
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Lecithin:cholesterol acyltransferase (LCAT, EC 2.3.1.43)
is mainly synthesized by the liver and, in plasma, catalyzes
the transesterification of free cholesterol (FC) with lecithin
(phosphatidylcholine), and produces cholesteryl esters (CE)
[2]. Theenzymeisactivated by apolipoprotein (apo) A-I that
is mainly distributed in the high-density lipoprotein (HDL)
fraction, and FC taken up by HDL from extrahepatic tissues
serves as a substrate for LCAT. The produced CE is trans-
ferred to low-density lipoprotein (LDL), is taken up by the
liver or steroidogenic tissues, and is converted to bile acids or
steroid hormones.

Our previous report demonstrated that serum LCAT activ-
ity isreduced in cowswith fatty liver experimentally induced
by ethionine [8] and in spontaneous cases of cow fatty liver
[4]. We have also demonstrated that LCAT activity is
reduced in cows with ketosis and left displacement of the
abomasum [5]. Postparturient metabolic diseases such as
ketosis are known to be caused by fatty liver developed dur-
ing the nonlactating stage [1, 3, 7]. Fatty infiltration of the
liver due to excess uptake of nonesterified fatty acids
(NEFA) from adipose tissues may impair the synthesis or
secretion of LCAT. Although the mechanistic basis is
unknown, disturbance of the reverse cholesterol transport
from extrahepatic tissues to the liver, the major role of
LCAT, is thought to be responsible for the development of
the postparturient diseases.

During the peripartum period, concentrations of apoB-100
[20Q], the major apoprotein in very low-density lipoprotein
and LDL fractions, and of apoC-I11 [9], mainly distributed in

* CORRESPONDENCE TO. KaToH, N., Hokkaido Research Station,
National Institute of Anima Health, 4 Hitsujigaoka, Sapporo
062-0045, Japan.

J. Vet. Med. Sci. 62(12): 1263-1267, 2000

the HDL fraction, are physiologically decreased. The
decreases may be caused by suppressed liver function in
association with the transition from the pregnant, nonlactat-
ing state to the nonpregnant, lactating state. In the case of
LCAT activity, we have initially observed reduced activity
during the period [8]. However, in another experiment [5],
the reduction was not as distinct as in the previous study. |If
LCAT activity is practically unaltered during the peripartum
period in healthy cows, LCAT activity during the nonlactat-
ing stage can be used as a marker for cows with fatty liver,
and in turn for cows susceptible to fatty liver-related postpar-
turient diseases. The purpose of the present study was to
examine whether LCAT activity in healthy cows is reduced
during the peripartum period and, moreover, whether a
reduction in LCAT activity is detected before the occurrence
of ketosisand milk fever.

MATERIALSAND METHODS

Cows. Holstein cows (n=24, 2 to 7 years old) during the
peripartum period (-48 to +14 days from parturition) infarms
of Ishikawa Prefecture were used. Their milk yields were
approximately 8,000 kg per year per cow, and their diet was
as described previously [4]. Serawere collected at approxi-
mately 10-day intervals during the peripartum period. Of the
cows, 14 had no apparent clinical signs during the observed
period, whereas 7 had ketosis at —2 to +9 daysand 3 cows had
milk fever at -3 to +10 days. One cow developed ketosis at
5 days after parturition and suffered from left displacement
of the abomasum at 7 days. Cowswith ketosiswere detected
by clinical signsand urine ketone reaction [6]. Cows charac-
terized by sternal recumbency and by quick standing in
response to calcium treatment were considered to have milk
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fever. Blood samples were taken in the morning (before
feeding).

LCAT activity: The LCAT activity was determined with a
commercia kit (Dai-ichi Pure Chemicals, Tokyo, Japan) by
estimating the concentration of FC as described previously
[4,5, 8]. Briefly, 100 ul of serum (stored at —20°C and used
within 2 months) was incubated at 37°C for 40 min, which
was within the linear phase of the time course. The unit of
LCAT activity (U) was the decrease in nmol of FC per hour
per ml of serum.

Other methods. Serum concentrations of triglycerides
(TG), total cholesterol, FC, phospholipids (PL) and NEFA,
calcium, and activity of aspartate aminotransferase (AST)
were measured by use of kits (Wako Pure Chemicals, Osaka,
Japan). The CE concentration was calculated by subtracting
the FC concentration from that of total cholesterol. Urine
ketone was detected using a kit from Fujisawa Pharmaceuti-
cal Co. (Osaka, Japan). The apoB-100 concentration was
determined as described previousdly [10]. Immunoblot anal-
ysis was performed [9, 10]. Each assay was done in dupli-
cate. The data were analyzed, using one-way ANOVA and
Scheffe's F-test. Vauesare expressed asmean = SD.

RESULTS

Of the 24 cows monitored, 14 were apparently healthy and
did not show distinct signs of diseases during the peripartum
period. LCAT activities in the 14 healthy cows during a
period of —48 to —21 days from parturition (Table 1) were
similar to the reported values of hedthy cows|[4, 5, 8]. From
—20 to +14 days, LCAT activities of the 14 healthy cows
showed individual variations. The 14 healthy cows were
alocated into two groups on the basis of LCAT activity,
healthy group 1 (n=7) and healthy group 2 (n=7). The bor-
derline value for the two groups was obtained from the mean
—2SD vauefor the LCAT activity in the 24 cows during the
period of —48 to —21 days (890 + 74 U), and was cal culated
tobe 742 U. In hedthy group 1, LCAT activity was aways
higher than the borderline value during periods of —20 to —11
days, —10 to 0 days and +1 to +14 days, whereas in healthy
group 2, the activity was occasionally or continually lower
than the borderline value. When compared with the period of
—48 to —21 days, LCAT activities in healthy group 1 were
slightly, but not significantly, reduced during the periods of
—10to O daysand +1to +14 days. By comparison, the activ-
ities during periods of —10 to 0 days and +1 to +14 daysin
healthy group 2 were significantly lower than the value dur-
ing the period of —48 to —21 days of the same group. The
reduction during —20 to—11 days did not reach statistical sig-
nificance (P=0.237). Comparing the corresponding periods
of the two groups, the activities during periods of —20 to —11
days, —10 to O days and +1 to +14 dayswere lower in healthy
group 2 than in healthy group 1.

No significant difference was observed in the FC concen-
tration within the four periods of each group or between the
corresponding periods of the two healthy groups. The CE
concentrations during —20 to —11 days and +1 to +14 daysin
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healthy group 2 werelower than those during the correspond-
ing periodsin healthy group 1. The decrease during—10to O
daysin healthy group 2 did not reach significance (P=0.106).
Concentrations of PL and TG were not different within the
four periods of each group or between the corresponding
periods of the two groups. The NEFA concentration and
AST activity increased during +1 to +14 days in healthy
group 2, compared with during —48 to —21 days in the same
group. In healthy group 1, the apoB-100 concentration
decreased in the periods from —10 to 0 days and +1 to +14
days, compared with the value in the period from —48 to —21
days. A decreased apoB-100 concentration of a cow in
healthy group 1 was also shown by immunoblot analysis
(Fig. 1). The decreased apoB-100 concentrations during the
periods from—10 to 0 days and +1 to +14 dayswere similarly
observed in healthy group 2; the differences from the corre-
sponding periods of healthy group 1 were not significant.

Changes observed in cows with ketosis were similar to
those in healthy group 2, but the differences from healthy
group 1 became more distinct. Compared with the period
from —48to—-21 days, LCAT activity was reduced during the
periodsfrom—10to 0 daysand +1to +14 days. Theactivities
during the periods from —20 to —11 days, —10 to 0 days and
+1 to +14 days were lower than those during the correspond-
ing periods of healthy group 1. The CE concentrations dur-
ing the three periods (—20 to +14 days) were lower than those
in healthy group 1. Significant differences were further
observed in PL, TG and NEFA concentrations. Elevated
AST activity during the period from +1 to +14 days was not
significant because of the large deviation. The apoB-100
concentrations during the periods from -10 to 0 days and +1
to +14 days were lower than the values of the corresponding
periods of healthy group 1. The decresse in the apoB-100
concentration of a cow with ketosis was reproduced by
immunoblot analysis (Fig. 1). Urine ketone reaction was not
detected before the onset of ketosis, as described previously
[6].

Three cows had milk fever at -3, 0 and 10 days from par-
turition, and their serum calcium concentrations at these days
were in the range of 4.5 to 6.6 mg/100 ml (5.6 + 1.1 mg/100
ml). Beforethe occurrence of milk fever, calcium concentra-
tions in the 3 cows (9.0 +£ 1.1 mg/100 ml) were similar to
thosein healthy group 1 (9.3 + 0.8 mg/200 ml), healthy group
2(8.9£0.9 mg/100 ml), and cowswith ketosis (8.9 + 1.1 mg/
100 ml). LCAT activities in cows with milk fever were
reduced: 1,041 + 14 U (-48 to —21 days); 790+ 103 U (20
to —11 days, P<0.05 compared with the value of the period
from -48 to —21 days); 649 + 132 U (-10 to O days, P<0.01);
and 678 + 209 (+1 to +14 days, P<0.05). The CE concentra-
tions were also decreased: 101 + 16.0 mg/100 ml (-48to—21
days); 69.4+ 9.1 (-20to—11 days, P<0.05); 51.9+ 12.3 (-10
to 0 days, P<0.01); and 57.5+ 6.1 (+1 to +14 days, P<0.01).

DISCUSSION

The present study indicated that LCAT activity was
aready reduced in cows with ketosis and milk fever before
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Table 1. Lipid and protein concentrations and enzyme activities during the peripartum period in
healthy cows and cows with ketosis
Group/ FC CE PL TG  NEFA ApoB-100 AST LCAT
Days
Healthy 1
-48—21 273+ 114+ 130+ 17.0+ 146+ 447+ 554+ 932+
13.4 40.2 435 6.5 104 93 25.4 59
-20—11 271+ 120+ 153+ 158+ 89+ 309+ 553+ 939+
12.5 29.9 416 7.8 61 88 134 30
-10-0 239+ 894+ 126+ 165+ 187+ 264+ 559+ 858+
7.1 28.1 233 5.9 264  83° 7.6 56
+1-+14 235+ 857+ 123+ 108+ 295+ 226+ = 826+ 897+
33 16.6 220 4.2 254  65° 23.8 67
Healthy 2
-48—21 220+ 8L7+ 124+ 162+ 167+ 356+ 534+ 860+
39 15.6 10.1 6.4 150 106 8.0 37
-20—11 180+ 616+ 102+ 188+ 60+ 292+ 552+ 703+
49  138* 115 5.6 19 67 9.3 77
-10-0 164+ 663+ 103+ 139+ 271+ 189+ 621+ 636+
55 16.9 16.4 55 68 68" 21.2 127"
+1-+14 158+ 602+ 106+ 7.7+ 527+ 162+  90.4+ 658+
40 14.5* 19.7 4.9 2321 548 28.0" 1455+
Ketosis
-48—21 186+ 688+ 108+ 242+ 103+ 364+  44.2+ 874+
85 132 165 74 89 47 6.1 107
-20—11 19.6+ 676+ 99.8+ 212+ 96+ 341+  47.2+ 778+
51  132%* 178 85 54 102 8.8 91*
-10-0 191+ 514+ 850+ 159+ 448+ 129+  49.9+ 623+
94  162** 277 69 430 6% 10.6 1195+
+1-+14 17.9+ 533+ 934+ 80+ 733+ 113+ 207+ 599+
44 182 251 578 5347 618 209 1435+

Healthy cows were retrospectively allotted into two groups on the basis of LCAT activity, healthy group
1 (n=7) and healthy group 2 (n=7). Ketosis (n=7) occurred at -2, 0, 0, +1, +3, +5 and +9 days from partu-
rition. Sera at day O were collected before parturition. Sample numbers are 6 to 8 in each period of the
three groups. T, P<0.05; §, P<0.01, compared with the respective values for the period of -48 to -21 days
of the same groups. *, P<0.05; **, P<0.01, compared with values during the corresponding periods of
healthy group 1. Unitsare mg/100 ml for FC, CE, PL and TG, uEg/L for NEFA, ug/ml for apoB-100, IU/

L for AST, and U for LCAT.

they occurred. In healthy controls, there were two types of
cows; one had unatered LCAT activity during the peripar-
tum period (healthy group 1), whereas the other (healthy
group 2) showed reduced activity compared with the value
on and before day -21 from parturition. Inadditionto LCAT
activity, concentrations of lipids, particularly CE, were
decreased in healthy group 2 aswell asin cows with ketosis.

Thereduced LCAT activity in healthy group 2 appeared to
be due to fatty liver, because in cows with fatty liver, LCAT
activity isreduced [4, 8], and because the CE concentration,
the product of the LCAT reaction, is aso decreased in cows
with fatty liver [4, 5]. In addition to the LCAT activity and
CE concentration, the patterns of increasesin the NEFA con-
centration and AST activity in healthy group 2 were similar
to those in cows with ketosis rather than to healthy group 1.
Postparturient diseases such as ketosis and milk fever are
thought to be derived from fatty liver developed during the
nonlactating stage[1, 3, 7]. Itisconceivablethat the cowsin

healthy group 2 had severefatty liver, but did not suffer from
the postparturient diseases at around parturition. To assess
this hypothesis, an experimental study using liver samples
for determination of hepatic TG contents is required. Liver
biopsy of cows in farmsis difficult, in particular during the
peripartum period.

Other than the LCAT activity and CE concentration, the
apoB-100 concentration was decreased in healthy group 2
and in cowswith ketosis. We have previously shown that the
apoB-100 concentration isdecreased in cowswith fatty liver,
ketosis and left displacement of the abomasum [6]. How-
ever, unlike LCAT activity, the apoB-100 concentration is
physiologically decreased during the peripartum period,
athough the decreaseis not aslarge asin diseased cows[10].
The physiological decrease during the peripartum period was
supported by the present finding that of a decrease in the
apoB-100 concentration in healthy group 1. The concentra-
tion of HDL apoC-111 is also decreased in healthy cows dur-
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Fig. 1. Immunoblot analysis of apoB-100 in sera from a cow in healthy group 1 (C) and a cow

with ketosis (K, occurred at day O from parturition asindicated by an arrowhead). Sera (10-ul
of 20-fold dilution with phosphate-buffered saline) were electrophoresed in a 5-20% gradi-
ent gel in the presence of sodium dodecy! sulfate and 2-mercaptoethanol. After the transfer of
proteins, the polyvinylidene difluoride membrane was incubated with rabbit anti-bovine
apoB-100 serum and then with goat anti-rabbit 1gG serum conjugated with horseradish per-
oxidase. A chemiluminescence reagent (ECL, Amersham Pharmacia Biotech, Chalfont,
Buckinghamshire, UK) was used to detect apoB-100. The number 250 indicates the position
of a 250 kDa marker protein in molecular weight markers (Full Range Rainbow, Amersham
Pharmacia Biotech). Relative densities were: 100 (day -27), 99 (day -16), 53 (day -7), 38
(day +2) in the healthy control; 63 (day -28), 56 (day -17), 23 (day -9), 2 (day 0) and 3 (day

+11) in ketosis.

ing the peripartum period [9]. The discrepancy between
apoC-111 and LCAT appearsto be explained by their different
modes of secretion in that LCAT is functionally associated
with HDL in plasma, but is secreted by the liver independent
of HDL [2]. Constant hepatic synthesis and secretion of
LCAT may berequired to maintain the persistent rate of cho-
lesterol esterification, because CE is used for the production
of steroid hormones that are essential for the transition from
the pregnant, nonlactating state to the nonpregnant, lactating
state. Asshownin Table 1, LCAT activity in healthy group
1 had small deviations (less than 10% of the mean values).
The small individua difference in LCAT activity is benefi-
cia it to the survey for extraordinary values. LCAT activity
during the peripartum period is suggested to be the most use-
ful marker for detection of cows susceptible to postparturient
diseases such as ketosis. The decreased concentration of CE
may be linked to the reduction in LCAT activity. The
decreases in concentrations of FC and PL (both are the sub-
strates for LCAT) were not as distinct as that of the CE con-
centration. Plasma FC and PL concentrations are regulated
in a multiple manner; for example, uptake by the mammary
gland or by HDL from extrahepatic tissues. The diagnostic
values of the increases in the NEFA concentration and AST
activity appeared to be low because of their large deviations.

The mechanistic basis for the reduction of LCAT activity
before the occurrence of postparturient diseases is not
known. Excessinfiltration of NEFA from adipose tissue and

resulting accumulation of hepatic TG may impair the synthe-
sis and/or secretion of LCAT, and in turn reduce plasma
LCAT activity. Because LCAT activities were not signifi-
cantly different between heathy group 2 and cowswith keto-
sis, a factor or factors other than LCAT activity may be
directly responsible for the occurrence of postparturient dis-
eases. Thereduction of LCAT activity seemsto be basically
relevant to the development of postparturient diseases.

In conclusion, LCAT activity was unaltered during the
peripartum period at least in some healthy cows. A reduction
in LCAT activity was observed prior to the occurrence of
ketosisand milk fever. LCAT activity during the peripartum
period is suggested to be a useful marker for detection of
cows susceptible to fatty liver-related postparturient dis-
€3Ses.
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