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In this study, it was aimed to investigate the serum levels of ANGPTL4, FGF21,
IL-1pB, IL-6, SOD, MDA, and serum biochemical and hematological parameters
in cows with subclinical ketosis. The mean serum B-hydroxybutyric acid (BHB)
level was 1.37 + 0.04 mmol/L in 10 dairy cows aged 3-5 years that were <21
days postpartum and diagnosed with subclinical ketosis. The mean serum BHB
level was 0.40 = 0.08 mmol/L in 10 healthy dairy cows in the same period and
in the same age range. An increase in serum AST (P<0.001) and a decrease in
serum albumin levels (P<0.05) indicated altered liver functions. An increase in
serum non-esterified fatty acid (P<0.001) and decreases in serum HDL,
triglyceride, and total cholesterol levels (P<0.05) were interpreted as
indicators of increased metabolic pathology risk due to negative energy
balance. Increases in serum ANGPTL4, FGF2, IL-1B, IL-6, and MDA (P<0.001)
and SOD levels (P<0.05) were evaluated as indicators of the development of
effective metabolic, inflammatory, and oxidative stress. It was concluded that
significant increases in serum ANGPTL4, FGF2, IL-1B, IL-6, and MDA and SOD
levels in dairy cows with subclinical ketosis were associated with negative
energy balance, effective cytokine responses, and oxidative stress.

Introduction

Serum HDL, triglyceride, and total cholesterol are

In cows with high milk production, increased energy
requirement and inadequate food intake result in negative
energy balance (NEB) and subclinical ketosis at 7-28 days
postpartum (6, 7).

Subclinical ketosis is characterized by a decrease in
blood glucose and depletion of liver glycogen and other
glucose reserves and gluconeogenesis activity, and lipid
degradation in the liver, and an increase in ketone bodies
in the blood (24, 38).

In NEB cows, changes in body lipid reserves result
in increased circulating body levels of non-esterified fatty
acids (NEFAs) and ketones. This adversely affects all
tissues, but especially the liver (7, 12, 32).

the main indicators of postpartum lipid metabolism
changes (12, 23).

Angiopoietin-like 4 (ANGPTL4) is a glycoprotein
that stimulates lipolysis by inhibiting lipoprotein lipase
(LPL) activity, and thus regulates systemic energy and
lipid metabolism. Fibroblast growth factor 21 (FGF21) is
a hormonal factor that takes part in the regulation of
metabolic response, such as hepatic lipid oxidation and
ketogenesis, during energy deprivation (28). In dairy
cows, circulating FGF21 and ANGPTL4 are
predominantly expressed in the liver and adipose tissue
metabolism due to negative energy balance (3, 20, 29).

It is important to determine serum total protein,
albumin, glucose, and aspartate amino transaminase
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(AST) levels in dairy cows in NEB (22, 25). Previous
researchers (15, 18) indicate the utility of blood urea and
creatinine levels and urine creatinine/total protein ratio in
the assessment of renal functions in cows with subclinical
ketosis.

Halliwell (13) reported that increased cellular
respiration by-products in mitochondria during the
postpartum period caused a marked increase in blood free
radical levels, which is an indicator of oxidative stress.
Oxidative stress, which increases due to lipid mobilization
and activation of phagocytic cells and cytokines, is a part
of the complex metabolic response process in cows in
NEB (5, 35). One parameter used in determining oxidative
stress is SOD, which is involved in the natural elimination
of O2-. Another parameter is MDA, which is a by-product
of lipid peroxidation, and is used to evaluate the oxidative
degradation of lipids (1).

In high milk yielding cows, hematological values can
prove useful in determining the metabolic status and the
presence, severity, and prognosis of clinical and
subclinical diseases (11, 21). Lacetera et al. (17) reported
a possible relationship between the lymphocyte count and
serum BHB and NEFA levels.

During the development of postnatal NEB,
proinflammatory cytokines such as IL-1 and IL-6 actively
participate in increases in serum NEFA and BHB, along
with the acceleration of metabolic activation. IL-6 is
involved in the development of metabolic inflammation
and immunological response in cows with subclinical
ketosis. In addition, IL-6 plays an important role in
lipoprotein metabolism, fatty acid oxidation, urea cycle,
oxidative stress, and proteasome activation (19, 37).

In the present study, we aimed to investigate the
serum levels of ANGPTL4, FGF21, IL-1pB, IL-6, SOD,
MDA, and serum biochemical and hematological
parameters in cows with subclinical ketosis.

Materials and Methods

Sampling: Twenty dairy cows on the same dairy farm,
<21 days postpartum, 3-5 years old, and having given birth
to two or more calves were included in the study. Calving
took place in the autumn—winter sessions. Cows with a
BCS of 3.5 were selected from cows with a BCS <0.5 from
the dry period to calving. Animals with a previous
lactation period and a longer drying period and with a
previous history of metabolic disease were excluded from
the study. Blood samples were taken approximately 4
hours after feeding.

The subclinical ketosis group consisted of 10 dairy
cows with atypical symptoms of subclinical ketosis
(lethargy, weight loss, decreased appetite, decreased milk
production, and change in milk consistency). In this group
mean blood serum BHB (mean 1.37 + 0.04 mmol/L) was
>1.20 and ketone bodies were absent in their urine
samples. The control group included 10 healthy dairy
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cows that did not have clinical symptoms of any diseases
and whose blood serum BHB (mean 0.40 + 0.08 mmol/L)
was <1.20.

Urinalysis: Samples were collected from urine during
manual perineal massage. Urine samples were analyzed
for ketone bodies within 1 hour with strip method, and the
remainder aliquoted into 5 x 1.5 mL plastic tubes and
stored at -80 °C until creatinine/protein ratio measurement.

Blood analysis: A total of 7 mL of blood was collected
from the tail vein of cows; 5 mL was placed into
coagulation tubes for serum samples and 2 mL into tubes
containing anticoagulant (EDTA). Serum samples
separated from blood samples immediately after collection
were placed in Dappen dishes and stored at -80 °C.

Hematological parameters were studied in EDTA
blood samples using a Mindray BC-5000 device.

In serum and urine samples thawed at room
temperature before test applications, serum albumin,
glucose, urea, uric acid, creatinine, total protein, aspartate
amino transaminase (AST), and total bilirubin were
measured using an automated biochemistry analyzer
(Mindray BS-120). Quantitative analysis of protein and
creatinine in urine samples was performed using a
Mindray BS-300 device.

A portable measuring device (VET-TD-4235 Beta
Keton Monitoring System, TalDoc Technology Corporation,
Taiwan, ROC) was used to determine the level of BHB.

ANGPTL4, FGF21, and serum NEFA, IL-1pB, and
IL-6 levels were measured using respective ELISA test
kits (Sun Red Biotechnology Company, Cat No: 201-04-
291, Cat No: 201-04-3155, Cat No: 201-04-0186, Cat No:
201-04-0157, and Cat No: 201-04-0008). Serum superoxide
dismutase (SOD) level was measured using a Cayman
706002 commercial test kit. Serum malondialdehyde (MDA)
level was measured using a commercial ELISA test kit
(Sun Red Biotechnology Company, Cat No: 2.01-04-0255).

Statistical analysis: For statistical assessment, prior to
testing for statistical significance, all data were tested for
parametric test assumptions, namely normality with the
Shapiro—Wilk test and homogeneity with Levene’s test.
The differences between the two groups were analyzed
using Student's t-test when parametric assumptions were
met and the Mann-Whitney U test otherwise. All
statistical analyses were examined with a 5% margin of
error. The data were analyzed using SPSS v.14.01.

Resuits

Mean serum BHB level was 1.37 + 0.04 mmol/L in the
cows diagnosed with subclinical ketosis and 0.40 + 0.08
mmol/L in the control group. The significantly elevated
BHB levels (P<0.001) in the cows with subclinical ketosis
were ascribed to developing NEB.
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The glucose, albumin, total protein, AST, total
cholesterol, triglycerides, HDL, and AST levels of the
cows with subclinical ketosis and the controls are
presented in Table 1. In the cows with subclinical ketosis,
increase in serum AST (P<0.001), decrease in serum
albumin (P<0.05), and decrease in serum HDL,
triglyceride, and total cholesterol (P<0.05) were
determined compared to the values in the control group.

The NEFA, BHB, ANGPTL4, FGF21, IL-1pB, and
IL-6 levels of the cows with subclinical ketosis and the
controls are presented in Table 2. Significantly increases
were found in serum BHB, NEFA, ANGPTL4, FGF21,
IL-1B, and IL-6 values in the dairy cows with subclinical
ketosis compared to the values determined in the healthy
cows (P<0.001).

The urea, creatinine, urine protein/creatinine, SOD,
and MDA levels of the cows with subclinical ketosis and
the controls are presented in Table 3. The urea and SOD
levels of the subclinical ketosis and control groups were
significantly different (P<0.05). Statistically significant
changes were determined in serum urea, SOD, and MDA
values in the cows with subclinical ketosis compared to
the values determined in the control cows. There was no
statistical difference in serum creatinine and urine
protein/creatinine values (P<0.001).

The WBC, lymphocyte, monocyte, neutrophil, and
eosinophil counts of the cows with subclinical ketosis and
the controls are presented in Table 4. No statistically
significant difference was found in blood parameters.

Table 1. Glucose, albumin, total protein, AST, total cholesterol, triglycerides, HDL, and levels of the cows with subclinical ketosis

and the controls.

Biochemical Parameters

Glucose Albumin Total Total Triglyceride HDL AST
Groups (mg/dL) (g/dL) Protein Cholesterol (mg/dL) (mg/dL) (U/L)
(g/dL) (mg/dL)
Control 555+£11.81 296+0.66 695+1.72 159.6+3.82 83+3.16 155.2+£10.35 57.2+10.45

Subclinical Ketosis 49.4 + 1224 2.35+0.61* 590+1.92 122.6 +34.21*

6.0+2.62* 103.8 £21.65** 78.2+10.32%*

The results are presented as arithmetic mean =+ standard deviation.
*The AST and HDL levels (P<0.001).

**The albumin, total cholesterol, and triglyceride measurements (P<0.05) of the two groups were significantly different (albumin P=0.044, total

cholesterol P=0.025, triglyceride P=0.094).

Table 2. The NEFA, BHB, ANGPTL4, FGF21, IL-1B, and IL-6 levels of the cows with subclinical ketosis and the controls.

Groups Biochemical Parameters
NEFA ANGPTL4 FGF 21 IL-1B IL-6 BHB
(umol/mL) (ng/mL) (ng/L) (ng/mL) (ng/mL) (mmol/L)
Control 033+0.07 581+1.12 509.68 +£26.36 113.20 +13.87 4.97 £0.45 0.40 £0.08
Subclinical Ketosis 0.70 £0.05* 15.16+2.5* 132358 +70.82*  148.85+17.22*  13.38+1.37* 1.37+0.04*

The results are presented as arithmetic mean + standard deviation.

* The NEFA, ANGPTL4, FGF 21, IL-1B, IL-6, and BHB levels of the two groups were significantly different (P<0.001).

Table 3. Urea, creatinine, urine protein/creatinine, SOD, and MDA levels of the cows with subclinical ketosis and the controls.

Groups Biochemical Parameters
Urea Creatinine Urine protein/  SOD U/g protein MDA nmol/g
(mg/dL) (mg/L) creatinine protein
Control 15.93 £3.69 0.96 £0.26 0.08 £0.02 67.60 £8.43 3.75+0.23
Subclinical Ketosis 18.94 £ 4.4* 1.22+£0.13 0.07 £0.02 80.14 + 6.59* 4.68 £0.19%*

The results are presented as arithmetic mean + standard deviation.

* The urea and SOD levels of the subclinical ketosis and control groups were significantly different (P<0.05) (urea P=0.033, SOD P=0.002).
** The MDA levels of the subclinical ketosis and control groups were significantly different (P<0.001).

Table 4. WBC, lymphocyte, monocyte, neutrophil, and eosinophil counts of the cows with subclinical ketosis and the controls.

Groups Hematological Parameters
WBC Lymphocyte Monocyte Neutrophil Eosinophil
(10°%/L) (10°%/L) (10°/L) (10%L) (10%L)
Control (n = 10) 8.83£4.16 5.35+2.48 0.24 +£0.16 2.88 £2.81 0.30+0.14
Subclinical ketosis (n = 10) 9.84 +1.67 6.53 +2.48 0.30+0.27 2.56 +1.03 0.33+0.17

No statistically significant difference was found in blood parameters. But there is a humerical increase in the lymphocyte count in the cows with

subclinical ketosis, although it was not statistically significant.
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Discussion and Conclusion

The development and progression of NEB in dairy cows
during the first 21 days postpartum and the subsequent
mobilization of fat to the liver for utilization elevate serum
BHB and NEFA levels, the most important laboratory
indicators of subclinical ketosis (10). In the present study,
subclinical ketosis was diagnosed in dairy cows at < 21
days postpartum through significantly elevated serum
BHB as well as serum NEFA levels and the absence of
ketone bodies in the urine. In defining subclinical ketosis,
Folnozic et al. (10) ann Basbug et al. (4) considered both
serum BHB and NEFA levels was found decisive,

In cows with subclinical ketosis, when the serum
BHB value rises above 1.2 mmol/L, serum ANGPTL4 and
FGF21 values also start to increase, indicating a response
of lipid metabolism. If this metabolic response is
prolonged, laboratory and clinical findings associated with
subclinical ketosis become more prominent (9). Findings
including clear clinical signs of ketosis and the presence
of ketone bodies in urine suggest that ketosis has
developed in cows (14). We thought that the cows in the
present study were in the early stages of subclinical ketosis
development, since the mean serum BHB level (1.37 +
0.04 mmol/L) measured in 10 cows with subclinical
ketosis was slightly above the threshold value (1.2
mmol/L). Issi et al. (15) stated that serum total protein,
albumin, glucose, and aspartate amino transaminase levels
provide important information about the functional status
of the liver in cows with subclinical ketosis. In the present
study, low total protein, albumin, and glucose levels and
high aspartate amino transaminase levels measured in 10
cows with subclinical ketosis were attributed to liver
degradation, which was thought to be caused by changes
in lipid metabolism. Chen et al. (8) reported low serum
glucose, triglyceride, and creatinine levels and elevated
serum NEFA and AST levels in cows with subclinical
ketosis with BHB levels of 1.2-1.6 mmol/L.

Many studies have shown that serum NEFA levels
increase and HDL, triglyceride, and total cholesterol
levels decrease as a result of NEB and lipid mobilization
in the postpartum period (4, 10, 15, 27). In our study, a
statistically significant increase in serum NEFA level in
cows with subclinical ketosis showed that significant lipid
mobilization had developed in the patients. In addition,
statistically significant decreases in serum albumin, total
protein, HDL, triglyceride, and total cholesterol levels
indicated that the liver was mildly/moderately affected by
the increased activity in lipid metabolism.

Similar to our results, Marutsova et al. (22) reported
reduced serum total protein and albumin levels in dairy
cows with subclinical ketosis, whereas Antanaitis et al. (2)
reported increased total protein level and reduced albumin
level and Issi et al. (15) demonstrated that total protein had
increased.
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Some researchers (15, 18) have suggested that serum
urea, creatinine, and urine creatinine/total protein ratios
are important indicators for evaluating renal functions in
subclinical ketosis. In the present study, statistically
significant changes were determined in serum urea, SOD,
and MDA values in the cows with subclinical ketosis
compared to the values determined in the control cows.
However, there was no significant difference in serum
creatinine or urine protein/creatinine values. The increase
in serum urea level was found to be consistent with the
findings reported by Issi et al. (15). Issi et al. (15)
highlighted that serum urea and creatinine levels are
increased in cows with subclinical ketosis and argue that
glomerular filtration rate should be investigated to assess
kidney functions. We recommend further studies that
investigate renal functions using more sensitive and
invasive methods.

Consistent with the findings published by Senoh et
al. (31) and Karimi et al. (16), in the present study
significant increases in serum MDA (P<0.001) and SOD
(P<0.05) values and changes in energy-related metabolic
parameters in cows with subclinical ketosis suggested that
the cause of oxidative stress occurring in animals with
subclinical ketosis was "ketosis-related acceleration in
lipid mobilization". Some researchers (5, 26, 35) claimed
that oxidative stress in postnatal dairy cows developed as
a result of lipid mobilization in cows in NEB.

Zhang et al. (39) stated that an increase in serum
NEFA level in the postpartum period in cows with NEB
causes excessive production of polymorphic cells and
proinflammatory cytokines, and, therefore, systemic
inflammation and neutrophil counts may increase in cows
with ketosis. The lack of statistically significant changes
in hematological parameters in cows with NEB in our
study may have been related to the severity of the disease
and the length of the disease process, or it may have been
due to the fact that serum NEFA values were not
sufficiently elevated to affect hematological parameters.
Schulz et al. (30) and Marutsova et al. (21) pointed out that
the lymphocyte count is high in cows in the postnatal
period in NEB. Similarly, in the present study, a numerical
increase in lymphocyte count was noted in cows with
subclinical ketosis, although it was not statistically
significant.

Serum levels of ANGPTL4 and FGF21, which are
synthesized by the liver and adipose tissue, are important
in evaluating the stimulation of lipolysis, inhibition of
lipogenesis and hepatic lipid oxidation, fatty acid
oxidation, and the stimulation of ketogenesis in the liver
(8). Wang et al. (36) reported increased serum NEFA,
ANGPTL4, and FGF21 levels in postpartum cows with
ketosis and fatty liver. Chen et al. (8) reported that serum
FGF21 is a significant biomarker in cows with subclinical
ketosis, which FGF21 continues to increase until serum
BHB reaches 1.6 mmol/L, and that FGF21 starts to

DOI: 10.33988/auvfd.907076



E Kurtdede et al. http://vetjournal.ankara.edu.tr/en/ 1 l

decrease after BHB exceeds 1.6 mmol/L. In the present
study, serum BHB, ANGPTL4, and FGF21 levels were
elevated in cows with subclinical ketosis (P<0.001). A
concomitant significant increase in serum NEFA levels
supports the stimulation of lipolysis, inhibition of
lipogenesis, hepatic lipid oxidation, fatty acid oxidation,
and the stimulation of ketogenesis in the liver.

According to Trevisi et al. (33), high prenatal serum
IL-1B and IL-6 levels were associated with increased
oxidative stress parameters and this effect decreased, but
postpartum 7-21. They stated that it continued. Trevisi et
al. (34) recently reported a positive correlation between
decreased liver function due to inflammation, metabolic
stress, and increased serum IL-6 levels in lactating cows.
Similarly, significant increases in serum BHB, NEFA,
ANGPTL4, FGF21, IL-1p, IL-6, SOD, and MDA levels
in dairy cows with subclinical ketosis showed effective
metabolic, inflammatory, and oxidative stress in our study.

As a result of the present study, it is thought that
there is no renal dysfunction that will significantly change
serum creatinine and urinary creatinine/protein levels in
cows with subclinical ketosis, and the level of kidney
function loss can be evaluated with more sensitive
methods. The increase in serum AST level and decrease in
serum albumin level showed some deterioration in liver
functions in these patients. In response to the NEB that
developed in the patients, serum NEFA levels increased,
while serum HDL, triglyceride, and total cholesterol levels
decreased. Significant increases in serum SOD and MDA
levels showed that patients developed significant oxidative
stress. Elevated serum ANGPTL4 and FGF21 levels in the
patient indicated that the liver and adipose tissue still had
the ability to respond to negative energy-induced
metabolic stress in cows with subclinical ketosis in NEB.

In conclusion, significant increases in serum IL-1,
IL-6, SOD, and MDA levels in dairy cows with subclinical
ketosis were evaluated as indicators of effective
metabolic, inflammatory, and oxidative stress
development. The increase in oxidative stress markers
along with the increase in FGF21 level was considered a
remarkable finding. Considering that serum FGF21 has
the function of supporting lipid oxidation and ketogenesis
as an energy source in a low glucose environment, it was
evaluated that significant increases in serum ANGPTL4
and FGF2 levels were associated with NEB, cytokine
responses, and metabolic disorders due to oxidative stress.
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