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Ropstad E., K. Halse and A. O. Refsdal: Variations in parameters of liver function
and plasma progesterone related to underfeeding and ketosis in a dairy herd. Acta
vet. scand. 1989, 30, 185-197. — Twenty-eight Norwegian Red Cattle dairy cows
were fed silage ad libitum and restricted amounts of concentrates. Blood samples
were collected before morning feeding, once or twice weekly, from 2 weeks before
to 12 weeks after calving. Parameters of liver function, carbohydrate status and
fertility were recorded in order to assess their interrelationships.

Eight cows were treated for clinical ketosis. Four of these had to be treated 2 or 3
times. Aspartate aminotransferase and bilirubin showed the highest within-animal
coefficients of correlation with acetoacetate. Analysis of variance revealed a sign-
ificant effect of carbohydrate status (indicated by plasma acetoacetate levels) on the
levels of aspartate aminotransferase, glutamate dehydrogenase and sorbitol de-
hydrogenase, though only a small part of the total variation was explained by this
factor. The estimated volume density of liver fat in the 4th week of lactation
averaged 6.0 + 6.4 % (= SD) ranging from 0.1-25.1 %. Liver fat content at this
stage of lactation was not significantly correlated with other indicators of liver
function or carbohydrate status. Cows treated for clinical ketosis had significantly
lower plasma progesterone values at the time of first ketosis treatment than un-
treated multiparous cows. The frequency of high progesterone values (> 3 ng/ml)
being significantly lower in treated than in untreated cows during the period from
3-5 weeks post partum, though not at later stages. In conclusion, the results re-
vealed a significant relationship between carbohydrate status and liver function,
and also between clinical ketosis and luteal function.

glucose; free fatty acids; aspartate aminotransferase; glutamate
dehydrogenase; sorbitol dehydrogenase; bilirubin; bile acids.

Introduction

When considering the etiology of ketosis in
dairy cows attention has been given to liver
function. This is because of the frequently
observed accumulation of fat in this organ,
and the variations in liver-specific blood
characteristics found in affected animals.
Saarinen & Shaw (1950) found that the con-
centration of liver lipids could be relatively
normal in early stages of spontaneous keto-

sis. In contrast, Roberts et al. (1981) sug-
gested that fat accumulation may be accom-
panied by liver damage and predispose for
ketosis.

A study of the literature reveals some discre-
pancies between authors concerning the ex-
tent to which different liver-specific para-
meters are affected in ketosis (Kauppinen
1984, Grohn et al. 1983, Pehrson 1966) and
the hypothesis that liver damage is a pri-

Acta vet scand vol 30no 2 - 1989



186 E. Ropstad et al.

mary cause of ketosis has apparently not
been substantiated.

In the present study, liver function parame-
ters were measured regularly during the first
3 months of lactation in individually-fed ex-
perimental animals with a high incidence of
clinical ketosis (about 30 %), the condition
being apparently due to underfeeding.

The findings obtained on studying indivi-
dual cows for prolonged periods of time may
serve to supplement previous field studies
which have been mainly concerned with dif-
ferences between individuals.

During the study, plasma progesterone le-
vels in the cows were measured, and records
were kept of the animal’s reproductive per-
formance. The idea was to provide material
for comparison with reports in the literature
of reproductive disorders related to under-
feeding, and the development of ketosis
and/or fatty liver (Rowlands & Reid 1982,
Refsdal 1977, Roine & Saloniemi 1978).

Materials and methods

Animals and feeding

Twenty-eight Norwegian Red Cattle dairy
cows, fed on grass silage ad libitum, were
randomly assigned to a 2 x 2 factorial feed-
ing experiment involving differences in the

Abbreviations used:

BA =bile acids

FFA = free fatty acids

ASAT =aspartate aminotransferase
GLDH =glutamate dehydrogenase
SDH  =sorbitol dehydrogenase
GLUC =glucose

ACAC =acetoacetate

BILI = total bilirubin

DCP =digestible crude protein
PROG =progesterone

FFU = fatteming feed units

BSP = sulfobromophthalein

BSP 1/2 =half-life of sulfobromophthalein
in plasma
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total amount and protein content of the con-
centrate offered.

Two high-protein groups (Hp) received con-
centrates with 17.5% of digestible crude
protein either in substandard (low energy,
Le) or approximately standard (high energy,
He) amounts. Corresponding Le and He
groups were established with cows on low-
protein (Lp) concentrates with 12.5 % DCP.
Concentrate rations were calculated assum-
ing a silage consumption of about 50 kg per
day. Since the average amount actually
eaten was 10 to 15 kg below this level, even
He animals were underfed to some extent.
After calving the concentrate rations were
increased over a period of 2 weeks from 3
kg/day to 5 (Le), or 8 kg/day (He) (multi-
parous cows) or from 3 kg/day to 4 (Le) or 6
kg/day (He) (heifers). After the second week
of lactation, daily concentrate rations were
adjusted according to milk yields, with 0.4
kg being fed per kg of milk exceeding 20 kg
per day, in addition to the basal allowance
of 1.5 kg (Le-cows) or 5 kg (He group). Hei-
fers received basal allottments of 2 kg (Le) or
4.9 kg (He) with 0.4 kg increments per kg of
milk above 16 kg/day.

Individual feed consumption was recorded
daily and milk yields 3 days per week. Grass
silage analyses were performed monthly on
pooled samples taken at 2-week intervals.
Average values for yield, feed intake and
energy balance during the period from 2-8
weeks after calving are shown in Table 1.
The cows calved from early September to
the beginning of April. Seven of the 21 mul-
tiparous animals required treatment for ke-
tosis (4 in the Le-groups and 3 in the He-
groups). Of the 7 heifers, 1 received treat-
ment for ketosis (Le-group). The post par-
tum timing of the cases seemed to be as in
the field, 6 first treatments being given be-
tween the 11th and the 21st day in milk.
This early onset, even before the group dif-
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ferences had been established, indicates that
the slow rate at which feed rations were in-
creased during the first fortnight after calv-
ing was of etiological importance. In addi-
tion, 1 cow was treated for the first time 34
days post partum, while the heifer case
occurred on the 66th day of lactation. Four
of the sick cows were treated 2 or 3 times at
intervals ranging from 7 to 17 days. The
high relapse rate could have been due to the
fact that levels of energy intake were not in-
creased after first treatment.

Cows suffering from clinical ketosis received
treatment with 150 mg prednisolone acetate,
injected intramuscularly. Supplementary,
oral treatment with sodium proprionate was
given for the following 5 days.

Blood samples

Using heparinized vacutainers, blood samp-
les were collected from the jugular vein at 6
a. m. before morning feeding twice weekly
from calving until 12 weeks after calving.
The samples were centrifuged immediately
after collection. While awaiting analysis, the
plasma was stored at —196°C for ACAC and
GLUC assays, at —-80°C for ASAT, GLDH,
SDH, FFA, BILI and BA assays, and at
—20°C for the PROG assay. ASAT, GLDH,
SDH, FFA, BILI and BA were determined
in 1 sample only per week.

Plasma ACAC and GLUC were determined
by the methods described by Blom & Halse
(1975). Except for ACAC, GLUC and
PROG, all analyses were carried out in a
centrifugal analyzer (Gemsaec Fast Analyzer
from Elektro-Nucleonics Inc.). Control sera
or pooled sera were used to monitor the
day-to-day repeatability. BA were determi-
ned using a modification of the commercial
kit Enzabile as described by Hauge & Ab-
delkader (1984). The activity of ASAT (rea-
gents from Baker Chemicals, Netherlands)
was determined according to the recommen-

dations of the Committee on Enzymes of the
Scandinavian Society for Clinical Chemistry
and Clinical Physiology. Activities of
GLDH and SDH and the levels of BILI were
determined using commercial kits (from
Boehringer, Fed Rep. of Germany) appro-
priate for the Gemsaec Analyzer. All en-
zyme activities, expressed as units (umol/
min) per liter were determined at 37°C. FFA
were assayed by the acyl-CoA synthetase-
acyl CoA oxidase method (reagents from
Wako Chemicals, Fed. Rep. of Germany).

Liver samples

Liver samples were collected from cows in
the fourth week of lactation by percutaneous
needle biopsy through the 11th intercostal
space. The liver tissue was fixed in a 3%
glutaraldehyde solution in a 0.1 mmol/l ca-
codylate buffer. Following fixation, biopsies
were cut into small tissue blocks (< 0.5 mm
diam.), post-fixed in a 2 % osmium tetroxide
solution, dehydrated in acetone and embed-
ded in Araldite®,

Two Araldite-embedded blocks of liver tis-
sue from each cow were selected at random,
and 1 semi-thin section cut from each block.
Sections were stained with a 1% toluidine
blue solution in saturated sodium bicarbo-
nate. Three photo micrographs were taken
of randomly chosen areas in each section
and printed to a final magnification of 1000
diameters. On the micrographs, a grid with
coarse and fine points, ratio 1:36 (fine points
separated by 5 mm) was used to estimate the
volume density of liver fat. A total of 720
points were counted for each cow.

BSP-test

Sulfobromophthalein (3 mg/kg) was injected
intravenously in the 4th week of lactation.
Blood samples were collected from the op-
posite jugular vein before injection and
every 2-3 min for a period of 20 min after
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injection. BSP-concentration and the halflife
of sulfobromophthalein in plasma (BSP 1/2)
were determined as described by Cornelius
(1980). Results (BSP 1/2) are given in min.

‘Reproductive parameters

The animals were inspected for signs of
oestrus twice daily. Rectal palpation was
performed once weekly and pregnancy dia-
gnosis was performed by rectal palpation at
5-6 weeks after service. The plasma con-
centrations of progesterone were measured
twice weekly (Benjaminsen & Karlberg
1981).

Grouping of cows

The cows were divided into 3 categories ac-
cording to age and clinical signs of ketone-
mia. Multiparous cows treated for clinical
ketosis (ketosis, n = 7) were compared to
multiparous cows which did not receive ke-
tosis treatment (multiparous controls) and
non-treated heifers (n = 6). Since only 1 hei-
fer received ketosis treatment (as late as 66
days post partum), this animal was excluded
from comparisons between animal groups.

Statistical methods

Statistical analysis was performed by SAS
(1982) programmes. Differences among
means were assessed using the Wilcoxon
two-sample test. The data were analyzed by
linear models which accounted for the ef-
fects of metabolic status indicated by the
values of ACAC, the week of lactation (1, 2 .
. . . 12), the mean precalving levels of the
dependent variables, and the age of the cows
indicated by number of lactation (1 and >
1). To obtain a better approximation to nor-
mal distribution, log transformations of de-
pendent variables were used when the data
were subjected to analysis of variance. The
variance contribution or the percent of total
sum of squares (SS), was calculated for each
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independent variable from its SS divided by
total SS; i.e. (Type II SS/Total SS) x 100.
Correlation analysis (Spearman correlation
coefficient) was used to assess relationships
between selected parameters. In addition,
findings were subjected to chi-square tests.

Results

Ketone levels

Plasma ACAC averaged 1.76 = 0.92 (+
SD) mmol/l (Fig. 1 and Table 1), range
0.58-2.93 mmol/l, at the time of first ketosis
treatment and glucose 2.56 = 0.32 mmol/l
(Fig. 1), and 1.69 + 0.96 (= SD) mmol/l
(GLUC mean + SD: 2.81 + 0.25 mmol/l)
immediately before a second or third treat-
ment (Fig. 1). Average plasma ACAC values
in ketosis-treated cows remained above 0.1
mmol/l during the first 9 weeks of lactation.
Thereafter, in the third month of lactation,
all categories of animals showed low ACAC
averages, values (mmol/l) being 0.05 + 0.05
(= SD), 0.04 and 0.03 for ketosis-treated
animals, and the Le and He controls, respec-
tively.

Feed consumption and energy balance
Silage intake and milk yields were both sign-
ificantly lower in cows treated for ketosis
than in the controls. Le-controls showed the
lowest energy balance during the first 7
weeks of lactation (Table 1). Average energy
balances remained negative in ketotic ani-
mals and in Le-controls also after the 9th
week of lactation. Energy balances during
this period were -3.49 FFU/day, -3.02
FFU/day and -0.14 FFU/day for Le-con-
trols, ketosis-treated cows and He-controls,
respectively.

Metabolic status and parameters of liver
Sfunction

The within-animal coefficients of correla-
tion between indicators of liver function
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Table 1. Feed consumption, milk yield and plasma parameters. Averages for the
first 8 weeks after calving. Values for 7 multiparous cows with ketosis compared to
multiparous controls (He 8 and Le 6 animals) and to 6 healthy heifers.

Mean values!)

Vanables Ketosis Multiparous controls Heifers
He Le
Number of animals 7 8 6 6
Silage intake, kg/day 33.12 41.3b 39.0b 27.4¢
Concentrate intake, kg/day 492 8.2b 3.7¢ 5.72
Fat corrected milk, kg/day 21.42 29.2¢ 25.3b 22.53b
Energy balance, FFU/day -3.42 -1.9b —4.8¢ -3.02
Acetoacetate, mmol/1 0.652 0.07b 0.19¢ 0.07b
Glucose, mmol/1 3.352 4.10b 3.78¢ 4.16
Free fatty acids, umol/1 4842 378a 607° 5702b
Aspartate aminotransferase, U/l 1362 78b 81b 79b
Glutamate dehydrogenase, U/1 612 37ab 16 562
Sorbitol dehydrogenase, U/1 162 10b 7b 12ab
Total bilirubin, mmol/I 2.2b 1.42 2.7b 2.8b
Total bile acids, pmol/1 782 99a 662 1700

1) Means within rows with different superscript differ significantly (p < 0.05).

Table 2. Analysis of variance. Plasma characteristics during the first three months of
lactation as a function of independent variables, linear models. The results are based on the
response of 28 cows repeatedly sampled once (aspartate aminotransferase, glutamate de-
hydrogenase, sorbitol dehydrogenase, bile acids, free fatty acids, bilirubin) or twice (aceto-
acetate, glucose) weekly during the first 3 months of lactation.

Percent of total sum of squares!)

Partial effects

Mean precalving

Dependent Aceto- Week of levels of the Age2) Model
vanables acetate lactation dependent vanable

Glucose 42.8¢ 9.9ns 0.5b 0.8¢ 61.7¢
Free fatty acids 11.3¢ 17.9¢ 3.4¢ 1.9b 49.6¢
Aspartate aminotransferase 11.7¢ 1.4ns 9.1¢ 0.2ns 26.9¢
Glutamate dehydrogenase 2.60 4.8ns 2.8b 3.3b 11.70
Sorbitol dehydrogenase 1.2ns 5.5ms 9.8¢ 2.6b 16.8¢
Bile acids 0.0ns 6.72 1.2ms 5.3¢ 12.8¢
Bilirubin 6.4c 10.9¢ 3.3b 4.9 27.4¢

1) Level of significance: a) p < 0.05,b) p < 0.01, c) p < 0.001.
2) No. of lactation=1 or > 1.
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(ASAT, GLDH, SDH, BA, BILI) and ACAC
were 0.21 (p < 0.01), 0.14 (p < 0.05), 0.06
(n.s.), -0.03 (n.s.) and 0.38 (p < 0.001), re-

Bilirubin, pmol /1

° spectively. ACAC being significantly cor-

VL\ related with GLUC and FFA (r=-0.75,p <

° 0.001 and r = 0.53, p < 0.01, respectively).

/V\v \ (K The within-animal coefficients of correla-

® 0‘-.- . / tion between the liver enzymes were high,

v , r = 0.53 (ASAT/GLDH), r = 0.49

v 'V (GLDH/SDH), and r = 0.53 (SDH/ASAT),
e e all significant at p < 0.001.

210 B R 1 2 3 4 5 6 7 8

Metabolic status as indicated by the levels of
ACAC explained only a minor proportion
of the total variation of GLDH, SDH, BA,
ASAT and BILI (Table 2).

Weeks relative to ketosis treatment

Reproducibility of differences between
- - v individuals
\o A Significant correlations were obtained for
several parameters when averages obtained

for the same individuals before partus and

/‘\ e after day 70 post partum were compared.
e .)<\ The correlation coefficients were 0.62 (p <
N o—-e 0.001), 0.66 (p < 0.001), 0.38 (p < 0.05)

and 0.21 (n.s.) for GLUC, ASAT, SDH and
GLDH, respectively. Exclusion of the hei-

w
1 £

i

Progestercne, ng/ml

T2 1 0 B R 1 23 45 6 1 8 fers from the analysis did not result in any
Weeks relative to ketosis treatment reduction in the coefficients of correlation.

Although the variance contributions were

low, significant interrelationships were also

found between the same parameters before

and after calving by variance analyses which

/ included measurements from the first 3

months of lactation (Table 2). On the other

/ Figure 1. Weekly mean values of ACAC, GLUC,
/ >\ FFA, ASAT, GLDH, SDH, BA, BILI and PROG.

Seven cows with ketosis (V¥ v) and 14

multiparous cows which did not develop ketosis

/ '. © ®). Time scale in weeks before or after

ketosis treatment, controls at the same average

9\ ,." stages post partum as the diseased animals. Obser-

Namnv4 vations at first treatment (O), between treatments

T2 0B R1 23 &5 618 (B) and during relapse (R). Mean values with open
Weeks relative to ketosis treatment symbols differ significantly (p < 0.05).
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hand, pre-calving averages for the parame-
ters concerned were practically identical in
cows which developed ketosis and the multi-
parous controls.

Liver fat and BSP-test

The estimated volume density of liver fat in
the 4th week of lactation averaged 6.0 +
6.4 % (x SD), ranging from 0.1-25.1 %. The
BSP 1/2 in plasma at the same stage of lac-
tation averaged 3.6 + 0.7 minutes (+ SD),
ranging from 2.4-5.3 min. No significant
correlations were found between the percen-
tage of liver fat and BSP 1/2 on the one
hand, and indicators of metabolic status
(ACAC, GLUC and FFA) and liver function
(ASAT, GLDH, SDH, BA and BILI) on the
other. The volume density of liver fat aver-
aged 2.3 %, 4.0 % and 8.3 % in cows treated
for ketosis, heifers and multiparous controls,
respevtively (p > 0.05).

Plasma constituents. Comparison of ketotic
and healthy animals

He- and Le-controls differed significantly
only with regard to ACAC, GLUC, FFA
and BILI during the first 8 weeks of lactation
(Table 1). In cows treated for ketosis (n = 7),
significant increases in the levels of ASAT,
GLDH and FFA were seen at the stage of
first treatment. The ASAT average remained
high for a prolonged period after treatment
(Fig. 1). BA and BILI were not significantly
related to time distance from ketosis treat-
ment. The mean levels of SDH increased at
first treatment, though not significantly (p >
0.05) (Fig. 1).

There was a considerable overlapping of
ranges for all enzymes (ASAT, GLDH and
SDH) between treated and control cows. At
the time of first ketosis treatment, the pro-
portion of observations with values higher
than one standard deviation above the aver-
ages in control cows were 66.7 %, 50.0 %
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and 50.0% for ASAT, GLDH and SDH,
respectively. The limits being ASAT; 93
U/1l, GLDH; 61 U/L, and SDH; 13.9 U/L
Similarly, 71.4 % of the ASAT values ob-
tained during the first 2 weeks after ketosis
treatment and 78.5 % of the values obtained
during week 5 and 6 after treatment ex-
ceeded the chosen limit. The corresponding
figures for GLDH were 21.4 % and 28.5 %,
respectively, and for SDH 35.7% and
35.7 %. In the period after ketosis treatment
only the ASAT percentages differed signifi-
cantly (p < 0.05) from those in control
COWS.

Although average values for ASAT, GLDH
and SDH during the period from calving un-
til 70 days after calving were significantly
higher in relapsed cows than in cows re-
quiring only a single treatment, that for
ACAC was not (average values were: 138
and 92.9 U/1 for ASAT, p < 0.001; 74 and
25 U/1 for GLDH, p < 0.003; 17 and 9 U/l
for SDH, p < 0.05; 0.52 and 0.42 mmol/l
for ACAC, p > 0.10).

Reproductive performance

Both the calving to first service interval and
the time elapsing before PROG values re-
ached 3 ng/ml were longer in ketotic cows
than in multiparous controls (p < 0.05 and
p =0.10, respectively) (Table 3).

The frequency of PROG values >3 ng/ml
was significantly lower in ketotic cows and
heifers than in multiparous controls during
the period from 3-5 weeks after calving, but
not in later stages (Table 4), and progeste-
rone values in ketotic cows were significant-
ly lower than control values at the time of
first ketosis treatment (Fig. 1).

The coefficients of correlation between the
0-60 days post partum averages of GLDH
and SDH and the time distance from calving
to PROG > 3 ng/ml were 0.64 (p < 0.001)
and 0.45 (p < 0.05), respectively. No other
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Table 3. Fertility in cows with ketosis compared
with multiparous controls and heifers.

Mean values, days!)

Mulitiparous
Fertility Hexfers controls Ketosis
critena n=6 n=14 n=7
Time distance
from calving to:
First oestrus 54a 642 58a
First service 55¢ 732 80b
Conception 73a 89a 1002
Progesterone
> 3 ng/ml 62a 43a2) 554

) Means with different superscript differ
significantly (p < 0.05).

2) p = 0.10 for the difference between multiparous
controls and cows with ketosis.

significant correlations between blood cha-
racteristics and reproductive parameters
were found. In heifers, the onset of ovarian
activity occurred later than in the multi-
parous controls, though fertility was good
after resumption of ovarian activity.

Discussion

The ACAC and GLUC values observed in
the experimental animals during ketosis
(Fig. 1) corresponded closely to findings
from field cases of the disease in this country

(Dale 1978). As in the field, cases arose
mainly during the first month of lactation,
seemingly causally related to a low supply of
feed energy during initiation of lactation.
Metabolic adaptation to underfeeding was
indicated by the gradual changes in meta-
bolite levels after ketosis treatment seen
from the first to the third month af lactation
in Fig. 1 (decreasing ACAC and increasing
GLUC) while concentrate allowances re-
mained low.

Comparing averages for the ketosis group
and the equally underfed Le controls in
Table 1, the impression is gained of indivi-
dual differences in susceptibility to ketosis.
A more robust roughage appetite may pos-
sibly have protected the healthy Le-cows
against clinical ketosis (Table 1). The dif-
ferences in metabolite levels shown in the
same table between the Le and He groups
are otherwise evidence of the occurrence of
subclinical ketosis among the underfed ani-
mals.

Judged by the FFA curves in Fig. 1, fat mo-
bilization does not seem to have been exces-
sive in the cows with ketosis. The deviation
from the control levels (He and Le cows
combined) was significant only at the time of
first ketosis treatment. If fat accumulation in
the liver (Reid 1980) were a primary cause
of ketosis in the present experiments, one

Table 4. Progesterone, frequency of values > 3 ng/ml in blood plasma low in cows
with ketosis and in heifers during the first 5 weeks after calving.

Total number of observations and

percentage of progesterone values > 3 ng/ml

Week 3-5 Week 6-8 Week 9-11
Animal group Number of
animals n % n % n %
Heifers 6 41 12.22 42 2382 36 58.32
Multiparous
controls 14 98  30.6b 93 37.62 87 41.3a
Ketosis 7 49 10.22 49 3262 42 3332

1) Frequencies within columns with different superscripts differ significantly

(p < 0.05).
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would have expected a greater difference in
plasma FFA between ketotic and control
animals in the post-partum period before
treatment.

Some accumulation of liver fat is likely to
have taken place (Grohn et al. 1983) to-
gether with a depletion of liver glycogen
coinciding with the minima in plasma
GLUC at the times of ketosis treatment.
Nevertheless, the condition must have been
easily remedied, since no difference in fat
content between ketosis and control animals
could be detected by liver biopsy as early as
in the fourth week post partum, when 6 of
the ketosis patients had recently been treated
with glucocorticoids. This negative result
should be considered in conjunction with
the absence of differences between categories
of cows as regards BSP retention at the same
stage of lactation. According to the litera-
ture, BSP clearance is delayed in cows with
ketosis (Cornelius 1980).

Among plasma parameters with relation to
liver function the greatest variance contribu-
tion from ACAC was found for ASAT
(Table 2). This component also differed di-
stinctly by giving an 8-week average which
was significantly higher for ketosis cows
than for all 3 control groups in Table 1.
ASAT weekly averages for ketosis cows in
Fig. 1 were consistently elevated from the
time of the first treatment until the third
week in the recovery period. For compari-
son ACAC was elevated until the fifth week
of recovery.

According to Fig. 1, GLDH, SDH and
ASAT all showed maxima during ketosis
treatment. The fact that all 3 enzymes were
inter-correlated with correlation coefficients
as high as about 0.5, indicates a common
source of variation. This is of special interest
for the discussion of the findings concerning
ASAT, since this enzyme is less specific as a
liver parameter than the 2 others. The re-
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sults concerning the 3 enzymes, considered
together, provide evidence that there is some
change in liver function or a certain degree
of liver damage associated with clinical ke-
tosis. Nevertheless, account must be taken of
the extensive overlapping of ranges between
ketotic and healthy cows, giving low levels
of significance for GLDH and SDH in Fig.
1. As previously concluded by Pehrson
(1966), liver lesions in ketosis appear to be
mild.

Pehrson’s conclusions were based on mea-
surements of ASAT, ornithine carbamyl
transferase (OCT), bilirubin and BSP reten-
tion. In contrast to Pehrson’s results, sign-
ificance was not obtained for the elevation of
BILI at the time of ketosis treatment in the
present study (Fig. 1). As seen in the figure,
ketosis occurred at a time when BILI was
declining from a post-parturient maximum
even in control animals (large variance con-
tribution from week of lactation in Table 2).
The 8-week averages in Table 1 indicate
that BILI is more strongly related to energy
balance than to the severity of the keton-
aemia. In spite of giving a significant within-
animal correlation to ACAC (r=0.38, p <
0.001), BILI measurements seem to be of
very limited value in the diagnosis of keto-
sis.

BA varied, seemingly unexplainably, within
wide limits. In spite of this variability, a sur-
prisingly good correspondence was obtained
in the time-course of the BA average be-
tween ketotic animals and controls in Fig. 1.
Apparently there is no relationship between
ketosis and liver dysfunction which affects
plasma levels of BA.

The present findings should be compared to
those of Grohn et al. (1983). Finding an in-
creased content of fat in the liver at the time
of ketosis treatment, these authors neverthe-
less concluded that a fatty liver was prob-
ably not a predisposing factor in most cases
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of spontaneous ketosis. They obtained a cor-
relation between ASAT and SDH of the
same magnitude as in the present study.
However, in contrast to the results of the
variance tests for the two enzymes shown in
Table 2 (variance contribution from
ACACQ), they found that SDH was more
strongly related than ASAT both to plasma
ketones and to liver fat. Analogously, in the
field material of Kauppinen (1984) OCT was
found to exceed predetermined normal bor-
derlines more frequently than ASAT in ke-
totic cows. Logically the borderline level for
ASAT in large populations is influenced by
the fact that the enzyme can be of extra-
hepatic origin. The significance obtained for
ASAT in comparison to other parameters in
the present study may thus be due to the
exclusion of many sources of variation by
the choice of individually fed, non-ketotic
animals from the same herd as controls.

The frequent sampling of cows for prolon-
ged periods, carried out in the present study,
allowed the detection of reproducible indivi-
dual differences with regard to several of the
parameters measured. Attention is drawn to
the significance of levels observed before
calving as sources of variation of the same
parameters measured after calving in Table
2, and to the positive correlations obtained
between measurements before calving and in
the third month of lactation, both periods
with consistently low ACAC levels. The na-
tural question follows as to whether or not
such more or less permanent differences be-
tween individuals within a normal range can
reflect variations in liver function and in
susceptibility to metabolic disease and keto-
sis. A seemingly negative answer is provided
by the present study, since no difference was
found between pre-partum averages in COws
which subsequently developed ketosis and
controls. Since the view has been advanced
in the literature that liver damage suffered

by cows before parturition may predispose
for ketosis, it is of interest that evidence of
such pre-parturient liver damage has not
been observed in the present material.
Infertility in cows as a consequence of im-
paired liver function has been suggested by
several authors (Reid et al. 1979, Lottham-
mer 1982, Rowlands & Reid 1982). Ob-
viously, fertility disturbances affecting only
a limited percentage of cows registrered as
ketotic in the field cannot be confirmed in
an animal material as small as in the present
study. On the other hand, close observation
of the sexual behaviour of experimental ani-
mals for as long as 3 month post partum
might allow the detection of interrelation-
ships which are likely to be overlooked in
field studies.

As seen in Table 3, there was a significant
prolongation of the post partum to first ser-
vice interval in the cows treated for ketosis,
though no confirmation of differences be-
tween groups of cows regarding the date of
first oestrus and conception was obtained.
Clearer evidence was obtained by comparing
the twice-weekly progesterone measure-
ments, low averages for PROG being obtain-
ed for ketosis cows until one week after
treatment in Fig. 1.

Because of the large variation in PROG to
be expected in the course of a normal ova-
rian cycle, a further test was performed
(Table 4) on the frequency of values exceed-
ing 3 ng/ml in successive 3-week periods.
Ketosis cows and heifers distinguished them-
selves by showing evidence of reduced luteal
function until the fifth week post partum.
The apparent short duration of the effect of
ketosis on PROG should be considered in
conjunction with the poor correlation ob-
tained between PROG and ACAC by Benja-
minsen (1977). Evidently, high levels of
ACAC and low GLUC levels do not neces-
sarily inhibit ovarian activity. A delay in the

Acta vet scand vol 30 no 2 - 1989



196 E Ropstad et al

onset of ovarian activity in heifers compared
to multiparous controls, as found in the pre-
sent study (Table 4), is a common finding
also under field conditions (Refsdal 1980).
No simple explanation can be given of the
highly significant correlation obtained be-
tween GLDH mean and number of days
from calving to the first registration of
PROG > 3 ng/ml.

Of interest for the interpretation of the pre-
sent results, is the fact that the animals stu-
died were under continuous veterinary sur-
veillance. This could imply that ketosis
treatments were generally given more
promptly than is likely to be the case in the
field, and this may have prevented more se-
rious after-effects of ketosis on fertility per-
formance. This may also be true of the
effects of ketosis on liver-specific parame-
ters.
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Sammendrag

Varasjoner 1 leverfunksjonsparametre og plasma
progesteron 1 relasjon til plasma acetoacetat 1 de
tre forste laktasjonsmdneder 1 en melkekubeset-
ning med hey nsidens av ketose

Tjueatte NRF-kyr ble gitt silo etter appetitt og
kraftfor under norm. Blodprever ble tatt for mor-
genforing, 1 til 2 ganger ukenthg i perioden fra 2
uker for forventet kalving til 12 uker etter kalving.
Leverbiopsier ble tatt i 4. laktasjonsuke. Indikato-
rer pa leverfunksjon, karbohydratstatus og frukt-
barhet ble registrert og relatert til hverandre.

Atte kyr fikk khmisk ketose, 4 ble behandlet 2 eller
3 ganger. Aspartat aminotransferase og bilirubin

viste de hoyeste innen dyr korrelasjoner til aceto-
acetat. Variansanalyse viste en signifikant effekt
av karbohydratstatus (indikert ved plasma aceto-
acetat) pd nivdene av aspartat aminotransferase,
glutamat dehydrogenase og sorbitol dehydrogen-
ase, men bare en liten del av den totale variasjon i
enzymaktivitet ble forklart ved karbohydratstatus.
Gjennomsnittlig fettprosent 1 leveren 1 4. lakta-
sjonsuke var 6.0 + 6.4 % (+ SD) (variasjonsom-
rade: 0.1-25 %) og fettprosent var ikke korrelert
med andre leverparametre eller indikatorer pi
karbohydratstatus. Kyr som ble behandlet for
ketose hadde lave progesteronverdier ved tids-
punktet for ketosebehandling. Frekvensen av haye
progesteronverdier (> 3 ng/ml) var signifikant
lavere hos ketosekyr enn hos kontrollkyr i perio-
den fra 3 til 5 uker etter kalving, men ikke i sei-
nere stadzer.

Resultatene viser at det er en sikker men relativt
svak sammenheng mellom karbohydratstatus og
leverfunksjon. Klinisk ketose hadde en negativ
virkning p3 lutealfunksjonen.
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