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ABSTRACT

Background: The incidence of metabolic disorders in dairy cows has increased as a result of intensive production practices
and genetic selection for milk yield. Among such disorders, liver lipidosis is very frequently observed and has significant
negative effects on cow health and milk yield. Severe energy supply deficit causes high fat mobilization, resulting in rapid
body condition loss and liver lipid infiltration, which cannot always be detected by known blood biochemical indicators.
The main objective of the study was to determine possible associations of blood biochemical parameters with liver lipid
infiltration severity in high-yield multiparous Holstein cows along prepartum and postpartum periods.

Materials, Methods & Results: Fifty-four high-yield Holstein cows from a herd managed in a free-stall system in the
northwest region of the state of Rio Grande do Sul, Brazil were evaluated. Cows were divided in two groups according
to their physiological status. Group 1 included 19 prepartum cows, with an average milk yield of 44.7 L/d in the previous
lactation, and 2.8 average parity, and Group 2 included 35 postpartum cows, with an average milk yield of 46.8 L/d in the
previous lactation, and 2.5 average parity. The farm produced 10,000 kg milk per year, containing 3.5% of fat, 3.2% of
protein and 4.7% of lactose. Total cholesterol (CH), plasma triglycerides (TGp), beta-hydroxybutyrate (BHB), albumin
(ALB), non-esterified free fatty acids (NEFA) levels, and aspartate aminotransferase (AST) and creatine kinase (CK) ac-
tivities were analyzed in the plasma and liver triglycerides (TGI) levels were determined in liver tissue samples. The SPSS
statistical software was used for the statistical analyses. The obtained data were analyzed for normality by the Shapiro-Wilk
test and for homoscedasticity by Bartlett test. Data were submitted to analysis of variance, and means were compared by
the 7-test (PROC TTEST). Pearson correlation test (PROC CORR) was used to compare the results between prepartum
and postpartum cows, and between those with and without lipidosis. An overall incidence of 20% severe hepatic lipidosis
was determined both in prepartum and postpartum cows. Positive significant correlations were obtained between days in
milk (DIM) and AST (r= 0.43; P < 0.01), CH and TGp (r= 0.44; P < 0.01), TGl and AST (r=0.32; P < 0.05), NEFA and
AST (r=0.45; P < 0.01) and CK and AST (r= 0.447; P < 0.01). Negative significant correlations were detected between
TGp and DIM (r=-0.45; P < 0.01), and between TGl and TGp (r=-0.30; P < 0.05).

Discussion: Prepartum cows showed moderate fat infiltration in the liver, while 25.7% of postpartum cows presented
severe lipidosis. AST values increased as lactation progressed, suggesting a greater tendency of liver damage, in early
postpartum. The obtained CK values were within the reference range, except for the cows with hepatic lipidosis, indicat-
ing that the measured AST activity was originated from the liver and not from the muscle tissues. TGp, NEFA and AST
values indicate the degree of fat mobilization and, possibly, liver infiltration, while TGl indicates fat infiltration in the liver.
Although negative energy balance (NEB) may trigger lipolysis and some degree of hepatic lipidosis, plasma BHB values
did not significantly increase. The obtained results show that the evaluated plasma parameters may be useful to establish
guidelines for the identification of changes in the metabolic profile of dairy cows during different production stages, as
well as measures for the prevention and control of metabolic disorders.
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INTRODUCTION

Due to intensive management practices and
genetic selection for high milk yield, a higher incidence
of metabolic disorders, known as production diseases,
has been observed in dairy cows [22]. In dairy farms
with high milk production, metabolic diseases can af-
fect more than 50% of the herd [11]. Such disorders are
generally caused by severe energy supply deficits on
the onset of lactation, which lead to accelerated body
condition loss as a result of excessive body fat mobi-
lization and lipid oxidation, consequently increasing
lipid deposition in the liver [24,34].

Hepatic lipidosis, also referred as hepatic
steatosis or fatty liver, is a common condition in dairy
cows, and it is considered as one of the most detrimen-
tal metabolic disorders [41,43]. Bobe et al. [8] defined
hepatic lipidosis as the level of liver triglycerides (TG)
that causes negative effects on health, productivity
and reproductive performance of dairy cows. In the
long term, high TG levels in the liver negatively af-
fect reproductive performance and milk production,
as they disrupt the normal metabolic functions of the
liver tissue, and have been associated with dystocia
and inflammation [23-25].

Due to difficulty of evaluating the degree of
hepatic lipidosis in dairy cows in the field, this study
aimed at evaluating the relation between liver TG lev-
els and those of several common blood biochemical
parameters, such as triglycerides, total cholesterol, free
fatty acids, beta-hydroxybutyrate, albumin, and the
activity of the enzyme aspartate aminotransferase, in
order to obtain information that may allow diagnosing
this type of metabolic disorder in high-yield dairy cows
under practical conditions.

MATERIALS AND METHODS

Location and animals

This study was carried out on a commercial
dairy farm, located in the Condor municipality, state
of Rio Grande do Sul, southern Brazil. The cows were
housed in a free-stall system.

Fifty-four Holstein cows were evaluated.
Cows were classified, according to their physiologi-
cal status as prepartum cows (n = 19) and postpartum
cows (n = 35). Prepartum cows were multiparous,
with 2.8 average parity (2 to 6 calvings), average
milk yield of 44.7 L/d in the previous lactation (100

days) and were evaluated, on average, on day -7.5
before calving (-1 to -13 days). Postpartum cows
had 2.5 average parity (1 to 5 calvings), average
milk yield of 46.8 L/d (100 days of lactation), and
were evaluated, on average, on day 6.6 of lactation
(1 to 17 days). The farm produced 10,000 kg milk
per year, containing 3.5% of fat, 3.2% of protein
and 4.7% of lactose.

All cows were fed balanced diets to meet the
nutritional requirements of Holstein cows during the
dry period and lactation as recommended by the NRC
[40]. The prepartum diet was composed of corn silage,
wheat straw, corn meal, wheat meal, soybean meal,
minerals and vitamins. The postpartum diet was com-
posed of corn silage, wheat silage, wheat straw, corn
meal, soybean meal, soybean hulls, cottonseed meal,
minerals and vitamins.

Sample collection

All cows were submitted to liver biopsy us-
ing a Tru-Cut® needle through a 1 cm long incision
in the 11th intercostal space, according to previously
described methodology [51]. Samples of approxi-
mately 35 mg of tissue were collected in duplicate,
and stored in 2 mL microtubes containing Hartman
solution (130 meq of sodium, 4 meq of potassium, 3
meq of calcium, 109 meq of chloride, and 28 meq of
lactate per L). Tubes were maintained at -10°C during
transportation to the laboratory, where they were frozen
at -20°C until analyses.

Blood samples were collected in 10 mL hepa-
rinized vacuum tubes, and maintained in a cooler until
their arrival at the laboratory, where the samples were
centrifuged at 700 g for 10 min, and the obtained
plasma was immediately placed into microcentrifuge
tubes and frozen until analyses.

Biochemical analysis

Plasma levels of free fatty acids (NEFA - Ran-
dox)?, beta-hydroxybutyrate (BHB - Randox)', plasma
triglycerides (TGp - Labtest)', total cholesterol (CH
- Labtest)?, albumin (ALB - Labtest)?, and the activi-
ties of the enzymes aspartate aminotransferase (AST
- Labtest)?, and creatine kinase (CK - Labtest)* were
measured using an automatic analyzer (CM 200)°.

In liver samples, a lipid extract was obtained
using the method previously described [49]. The
Hartmann solution tubes containing liver samples
were thawed at room temperature. The liver sample
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was removed from the tube using tweezers, and
placed on absorbent paper for 10 s in order to remove
excessive humidity and fibrin residues. Samples
were then placed in a round bottom, duly identified
tube, capped, and weighed on analytical scale (0.1
mg precision). The samples were then manually
homogenized inside the tube for 2 min. Both liver
homogenates and their respective empty tubes were
weighed. Total liver fresh homogenate weight was
calculated as liver homogenate weight minus empty
tube weight.

Total lipid extraction was based on the tech-
nique previously described [49] with introduced
modifications [25]. Two mL of a 3:2 mixture of hex-
ane at 95% and isopropanol were added to the tube
containing the liver homogenate. Tubes were tightly
sealed, and placed in a vertical rotor at 1 g at room
temperature for 24 h, after which 1 mL of sodium
sulfate solution (Na,SO,) at 0.455 mmol/L was added
to each tube. The tubes were vortexed at 90 g for 2
min, and then centrifuged at 700 g for 5 min. The
supernatant was transferred to a duly labeled and
weighed tube. In order to ensure complete rinsing
of the sample residue, 1 mL of hexane was added
again to the precipitate, which was vortexed at 90 g
for 2 min, and then centrifuged at 700 g for 10 min at
room temperature. The supernatant was removed and
added to the tube containing the previously obtained
supernatant. The open tubes were then allowed to
evaporate until reaching room temperature to ensure
the complete removal of the solvents, weighed, and
their respective empty tube weight was subtracted to
obtain total extracted lipid weight. Total lipid content
was gravimetrically calculated as mg of total lipids
per g of liver tissue, considering the initial weight of
the fresh liver homogenate.

The tubes containing the lipid extract were
capped and refrigerated at 3°C until triglyceride quan-
tification, according to the reported technique [25]. A
volume of 500 pL of hexane at 95% was added to the
tubes containing an average of 4.4 mg lipid extract in
order to achieve sufficient volume to allow the deter-
mination of triglycerides and to dilute total lipids to the
concentration range required for these determinations.
The method previously described [49] with modifica-
tions was applied. As the obtained volume of liver ho-
mogenate was low, the resulting volume of total lipids
extracted was low. The determination of triglycerides

in the extract was performed by spectrophotometry
using the same methodology applied for triglyceride
determination in the plasma (Labtest)?.

Lipidosis was classified as a function of lipid
deposition in the liver samples, according to the method
described by Bobe et al. [8]. Lipidosis was considered
mild when samples presented between 1 to 5% TG
infiltration, moderate between 5 and 10% TG infiltra-
tion, and severe with TG infiltration than 10% of the
liver tissue.

Statistical analysis

The SPSS statistical software [54] was used
for the statistical analyses. The obtained data were
analyzed for normality by the Shapiro-Wilk test and for
homoscedasticity by Bartlett test. Data were submit-
ted to analysis of variance, and means were compared
by the #-test (PROC TTEST). Pearson correlation test
(PROC CORR) was used to compare the results be-
tween prepartum and postpartum cows, and between
those with and without lipidosis.

RESULTS

Table 1 shows the liver triglyceride and plasma
biochemical results obtained in prepartum and post-
partum cows. Prepartum cows presented higher plasma
triglyceride levels (P < 0.05) than postpartum cows,
while higher liver triglyceride and NEFA levels and
AST and CK activities (P < 0.05) were obtained in
postpartum cows compared to prepartum cows. Liver
triglyceride levels in prepartum cows was 50 to 100
mg/g of tissue, while 25.7% (9 out of 35 cows) of
postpartum cows presented triglyceride levels higher
than 100 mg/g tissue.

Table 2 shows liver triglyceride values and
plasma biochemical indicators of cows with and with-
out hepatic lipidosis. Despite the lack of statistical
significance, cows with lipidosis showed numerically
higher TG, NEFA, BHB levels and AST and CK ac-
tivities compared with those without lipidosis, which
plasma TGp, CH and ALB levels were numerically
higher than those with lipidosis. Overall, 20% of cows
with lipidosis presented liver TG levels higher than to
100 mg/g tissue. The values of all parameters were
within the reference ranges, except for CH, which
values were lower both in cows with and without
lipidosis, and CK activity, which were higher in cows
with lipidosis.
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The analysis of the correlations among
metabolic parameters showed significant negative
correlation between days in milk (DIM) and plasma
triglycerides (r= —0,46), and significant positive cor-
relation between DIM and plasma AST activity (r=
0,43). A negative correlation between plasma and liver
triglyceride levels (r= —0,30), indicating that plasma
triglyceride levels increased as liver triglyceride levels

decreased. Negative correlation was also observed be-
tween plasma triglycerides and NEFA (r= —0,39). On
the other hand, during the peripartum period, plasma
cholesterol levels were positively correlated with
plasma triglyceride levels (r=0,45). Significant positive
correlations were observed between AST activity and
liver triglyceride (r=0,34) AST and plasma NEFA (r=
0,45), and AST and CK (r= 0,45).

Table 1. Mean and standard deviation of liver triglyceride levels and plasma biochemical indicator values of prepartum and postpartum cows.

Indicator (units) Reference Prepartum Postpartum

Liver triglycerides (mg/g of tissue) < 50% 82.2°+13.6 96.2* +23.8
Plasma triglycerides (mg/dL) 0-14% 20.4*+ 6.1 8.8"+ 8.1
Cholesterol (mg/dL) 80 - 120* 66.8 + 20.6 58.7+15.2

Free fatty acids (umol/L) < 500%* 197° + 100 334*+ 1,470
Beta-hydroxybutyrate (mmol/L) < 1.4%* 0.53 £0.15 0.60 = 0.20
Albumin (g/L) 27 - 35% 33.5+2.1 322+3.0

Aspartate aminotransferase (U/L) < 132% 60° + 16 90* = 25

Creatine kinase (U/L) < 200* 77° + 82 1842 + 203

*According to Piccione et al. [42]. Means followed by different superscripts letters indicate significant difference at P < 0.05.

Table 2. Mean values and standard deviation of liver triglycerides and plasma biochemical indicators in cows with and without hepatic lipidosis.

Indicators (units) Reference Without Lipidosis With lipidosis
N 45 9
Liver triglycerides (mg/g of tissue) < 50% 86.23 +39.72 116.56 + 110.69
Plasma triglycerides (mg/dL) 0-14%* 13.44 +9.61 10.11 +£4.36
Cholesterol (mg/dL) 80 - 120%* 63.06 +27.38 53.77 £ 43.69
Free fatty acids (umol/L) < 500%* 264.88 +237.19 350.55 +341.28
Beta-hydroxybutyrate (mmol/L) <1.4* 0.57 +0.33 0.63 £0.41
Albumin (g/L) 27 - 35% 3277 £4.99 3222 +£23.44
Aspartate aminotransferase (U/L) < 132% 73.95" + 46.67 106*+ 113.19
Creatine kinase (U/L) <200* 122.75° + 168.37 258.11* + 89.61

*According to Piccione et al. [42]. Means followed by different superscripts letters indicate significant difference at P < 0.05.

DISCUSSION

The obtained biochemical indicator values
were within the reference ranges reported for dairy
cows [42], except for cholesterol in both groups, and
CK activity in postpartum cows with lipidosis, and TG
levels in prepartum cows. Liver TG levels determined
in prepartum cows (50 to 100 mg/g of tissue) indi-
cate the presence of moderate liver lipidosis [8]. On
the other hand, severe liver lipidosis was detected in
25.7% of postpartum cows, corresponding to liver TG
levels higher than 100 mg/g of tissue, according to the

classification of Bobe et al. [8]. During the transition
period, cows typically mobilize their body reserves
[38]. Friggens et al [21], state that it is a natural phe-
nomenon, commonly observed in most mammals, and
part of an orchestrated internal activity to support the
onset of the new lactation [4]. When cows mobilize
adipose tissue, their fatty acid oxidation capacity [54]
may be overwhelmed, resulting in the accumulation of
liver TG, increased activity of plasma enzymes such as
AST, and increased production of ketone body [29,54],
which may lead to metabolic disorders such as ketosis
and liver lipidosis [31,54].
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The extensive physiological and metabolic
changes that occur during the peripartum period may
cause metabolic disorders due to the limited ability of
the liver to synthesize and secrete very low-density
lipoproteins (VLDL), affecting the TG export ability of
the liver during periods of great liver uptake of NEFA
[6], resulting in TG accumulation in the liver. The
production of NEFA and ketone bodies, which serve
as alternative energy sources, increased as the result
of the body adaptation to the negative energy balance
(NEB) observed during the transition period [44].
Undoubtedly, an excessive increase in the production
of these metabolites indicates poor adaptive response
to NEB [44], and has a direct negative effect on animal
health and welfare [39].

The negative correlation between days in milk
(DIM) and plasma TG levels detected in the present
study is consistent with the reports of several authors
on plasma TG levels around calving [3,13,39,53].
Decrease in plasma TG is frequent in the postpartum
period compared with the values observed in the pre-
partum period. During peripartum, cows experience
several metabolic changes in preparation for lactation,
including a decrease in plasma glucose levels concur-
rent with the mobilization of body reserves [5,7,16]. As
the cow is not able to consume enough feed to supply
its energy requirement, it mobilizes body fat reserves as
an alternative energy source to maintain glycemia [18].

The positive correlation between DIM and
plasma AST activity observed in the present study is
in agreement with Stojevic et al [50], which also found
variable AST activities during the peripartum [50]. Van
Den Top et al [51] determined that AST activity was
highest during the first days of lactation, whereas the
lowest values were detected during the dry period. AST
is an acute-phase enzyme found in the mitochondria
and in a smaller amount in the hepatocyte cytosol, and
it is released when there are liver lesions, accumulation
of lipids in the liver, inflammation, and muscle lesions
[50]. The AST values obtained in the present study
are higher compared to those reported [51], and were
statistically higher in cows with liver lipidosis than
those without lipidosis, although within the reference
range for cows during the transition period [42]. AST
activity shows slight and irregular changes during
pregnancy and early lactation due to changes in the
cow’s energy status as a result of several metabolic
changes that produce an immediate response. As a

consequence, changes in plasma AST activity may be
a result of cell activity degree, mainly in the liver, but
also areflection of possible damage of the cell structure
[51]. This explains the higher AST activity presented
in cows with liver lipidosis than those without lipidosis
due to the cell damage as a result of fat accumulation
in hepatocytes.

The negative correlation between liver and
plasma TG levels suggests that plasma TG levels may
be used as an indicator of liver lipidosis severity. In the
present study, all cows showed higher liver TG levels
than those reported [12,48]. Liver TG levels of 20-50
mg/g of tissue indicate moderate degree of fat infiltra-
tion, whereas levels higher 100 mg/g of liver indicate
high degree [32,44].

During the peripartum period, nutritional im-
balance is frequent, and one of the main consequences
is the presence of high blood fatty acid levels [12]. The
negative correlation between plasma TG and NEFA
levels also support an inverse relationship between
plasma TG levels and lipolysis. NEFA are the blood
metabolites most directly associated with energy bal-
ance, with the highest levels observed in the first week
postpartum [30]. On the other hand, Fiore et al [19]
mentioned that under NEB (usually in the first three
postpartum weeks), both growth hormone and gluca-
gon expression and tissue response increase, promoting
lipolysis, resulting in an elevation of circulating NEFA
levels [20]. The NEFA values obtained in 90.7% of the
cows of the present study were lower than 500 pmol/L,
indicating low fat mobilization. These results are in
agreement with Gonzalez et al [13], who found NEFA
values between 237 and 536 pmol/L in cows with low
and high lipid mobilization, respectively.

Plasma cholesterol results were positively
correlated with plasma TG levels, although the values
were lower than the reference values in cows with and
without hepatic lipidosis and those in peripartum [42].
In general, cows in peripartum and those with hepatic
lipidosis have low cholesterol levels due to their low
dry matter intake during this period [32]. Plasma
cholesterol values reflect feed intake and endogenous
cholesterol production [35]. These factors may have
contributed to the low cholesterol levels determined in
both groups. The obtained cholesterol levels were lower
than those reported [39] in Holstein cows immediately
postpartum, but higher than those reported by other
authors [10,42], who also studied Holstein cows in the
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peripartum period. Kessler et al [32] mentioned that, in
addition to glucose and lipid metabolism, cholesterol
metabolism should adapt to the beginning of the new
lactation. The liver synthesis of cholesterol and other
metabolites occurs mainly as a response to mammary
gland needs and as a result of the changes that occur
during homeorhesis and metabolic adaptation of the
liver during early lactation [26].

The positive correlation between AST activ-
ity and liver TG levels suggests the presence of liver
injury as lipid infiltration increases, albeit with high
variability. This variability suggests the capacity of
individual cows to maintain liver tissue integrity in
response to liver TG accumulation. In the present
study, AST values were within the reported reference
values (<132 U/L) [42] in most of the cows, and con-
sistent with those reported by Galvis et al. [25], who
found high AST values during postpartum, probably
due to the continuous metabolic load imposed the
onset of lactation. Djokovi¢ et al. [14] found positive
correlations between liver lipid infiltration degree and
fat mobilization markers (NEFA, BHB, and AST)
as in the present study. According to those authors,
AST activity expression in the liver tissue indicates
liver injury and to a great extent contributes to evalu-
ate possible tissue damage [35,37,41]. On the other
hand, Ahmadi et al [2] mentioned that the analysis
of AST is not sufficiently reliable to diagnose liver
changes, mainly due to the wide variation of AST
serum levels among individuals, in addition of not
being sufficiently sensitive in ruminants to be used
as an indicator of liver lesion.

The physiological limit of CK and AST en-
zymes estimated for dairy cows is 200 U/L and 132
U/L, respectively [48]. Sattler & Fiirll [46] determined
a CK activity of 309 U/L in cows in 1-3 weeks post-
partum, values that are higher than those obtained in
the present study. On the other hand, Marutsova [37]
reported CK values of 148-171 U/L and AST values
of 105-108 U/L in dairy cows in early postpartum,
values that are closer to those determined in this study.
Most of the values of CK and AST determined in the
present study are within the reference values reported
[8,12], except for CK in cows with hepatic lipidosis
[42]. Plasma AST activity provides information on
liver damage, as it is found in the cytosol (40%) and
mitochondria (60%) of cells [8,13]. Changes in AST
plasma activity occur as a result of increased tissue

activity (mainly of the liver) and as a reflection of
damage of the cell structure [51]. We hypothesize that
several of the evaluated cows presented hepatic lipido-
sis as AST values were higher than the physiological
value. Undoubtedly, it may be assumed that this con-
dition may change, because NEFA, BHB and plasma
TG values were within the normal reference values for
Holstein cows during the initial lactation period. On
the other hand, plasma CK activity remained within
the reference values. This enzyme of muscular origin
is analyzed to differentiate possible increases of AST
of non-hepatic origin [28]. Therefore, in the present
study, it is possible to assert that the observed AST
changes reflect liver and not muscle lesions, except
for those with hepatic lipidosis, which presented high
AST activity and CK activity higher than the reference
value, which may indicate liver injury. In general,
hepatic lipidosis tends to increase muscle proteolysis.
As cows have low dry matter intake, muscle-derived
amino acids are need to supply protein requirements,
which increases CK activity [51].

The obtained plasma albumin levels were
within the reference value in all evaluated cows [42].
Despite the lack of statistical difference, the numeri-
cally lower albumin levels at the onset of lactation
in postpartum cows presenting hepatic lipidosis may
indicate that these animals may have experienced an
inflammatory process during postpartum. Albumin
levels remain high until the end of gestation; however,
they slightly decrease postpartum as there is an inflam-
matory process, because albumin is a negative acute
phase protein [13]. In addition to liver function, albu-
min levels may be affected by inflammatory processes,
because albumin is a protein that takes about 21 days
to be synthesized and to reestablish its basal levels
[51]. This suggests that postpartum cows with hepatic
lipidosis suffered from an inflammatory process but
recovered during lactation, which is in agreement with
the literature [42].

BHB levels were within the reference value for
all evaluated cows [42]. The finding of BHB values not
indicative of ketosis status reinforces the notion that NEB
may trigger lipolysis and even some degree of hepatic lipi-
dosis without necessarily increasing BHB levels if NEFA
are completely oxidized, thereby reducing the production
of intermediate metabolites [13,36]. Undoubtedly, BHB
levels should continue to be used as NEB indicators be-
cause their applicability under field conditions [9].
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CONCLUSIONS

The evaluation of the metabolic profile of dairy
cows continues to be an invaluable tool to evaluate
specific changes experienced during specific stages of
their production cycle. Establishing the degree of hepatic
lipidosis of postpartum cows in the field is still difficult;
however, the results of this study showed that blood
indicators were closely correlated with liver evidences
of hepatic lipidosis. The significant negative correla-
tions between liver and plasma TG levels and between
NEFA and plasma TG levels, as well as the positive
correlations between liver TG levels and AST activity
and NEFA levels and AST activity indicate that plasma
TG and NEFA levels and AST activity can be used as

indicators of the degree of fat mobilization and liver TG
infiltration. BHB values seem to be useful as indicators
of negative energy balance, but not of hepatic lipidosis.
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