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Abstract

Introduction: The aim of the study was to investigate changes in the serum levels of adiponectin and TNF-a, as well as
insulin sensitivity, and to elucidate the possible relationship among the parameters and negative energy balance during the
periparturient period of dairy cows. Material and Methods: Thirty primiparous Holstein dairy cows were selected for the study.
Blood samples were collected from each cow seven days before the expected calving date, on the calving day, and 7, 14, and 21
days after calving. Blood non-esterified fatty acids (NEFA), p-hydroxybutyric acid (BHBA), glucose, insulin, adiponectin, and
TNF- a levels were measured. Revised Quantitative Insulin Sensitivity Check Index (rQUICKI) was calculated using data on
NEFA, insulin, and glucose concentrations. Results: When compared to prepartum levels, serum concentration of adiponectin
significantly increased on day 21 postpartum. The rQUICKI increased and NEFA levels decreased on day 7 after parturition.
Insulin and glucose levels decreased on days 7, 14, and 21 postpartum when compared with prepartum levels. BHBA levels
decreased on day 21 and TNF- a concentration also decreased on days 7, 14, and 21 postpartum. Adiponectin levels positively
correlated with NEFA during the preparturient period. Negative correlation was detected between adiponectin and rQUICKI on
calving day and on 14" day after parturition. TNF- o concentration positively correlated with glucose levels on day 7 prepartum
and on 21% day postpartum and with rQUICKI on 21 day postpartum. Negative correlation was detected between adiponectin
level and insulin sensitivity. Conclusion: Based on the results of the study, we concluded that adiponectin could possibly
increase insulin sensitivity when blood NEFA concentrations are elevated.

Keywords: cows, perinatal period, adiponectin, TNF- a, insulin resistance.

Introduction

In early lactation, feed intake is not able to meet
high energy demands of high-yielding dairy cows.
Thus, most cattle suffer from negative energy balance
(NEB), which is characterised by increased lypolysis
and decreased lypogenesis rates, resulting in increased
blood levels of B-hydroxybutyric acids (BHBA) and
non-esterified fatty acids (NEFA) (6). Increased
glucose demands in the mammary glands of postpartum
dairy cows are believed to be fulfilled by whole body
insulin resistance, excluding the mammary glands,
which is observed since late pregnancy (16, 24). Insulin

resistance is described as a state in which physiological
level of insulin produces lesser than normal biological
response (9). In diseases such as ketosis, fatty liver, and
left displacement of the abomasum, low tissue
responsiveness to insulin was detected and asserted as
a pathogenic factor of the mentioned disorders (6, 21,
23). The level of insulin resistance is generally
measured by using different types of the glucose
tolerance test (GTT); however, time constraints limit
the usefulness of GTT for epidemiological studies with
numerous study populations. As such, a more practical
approach for evaluation of insulin resistance in cattle,
called “revised Quantitative Insulin Sensitivity Check
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Index” (rQUICKI), was introduced by Holtenius and
Holtenius (7). The rQUICKI is based on formulation of
blood insulin, glucose, and NEFA levels.

Adiponectin and tumour necrosis factor-o. (TNF-a)
are closely related with insulin resistance (11, 12, 29).
Adiponectin is a hormone secreted mainly from
adipose tissue, which improves insulin sensitivity by
decreasing triglyceride content in muscles and the liver
(29, 30). Komatsu et al. (10) reported that adiponectin
plays an important role in insulin resistance in the
adipose tissue and mammary gland of lactating cows.
In contrast to the insulin-enhancing effects of
adiponectin, TNF-a has insulin resistance-inducing
effects (8). The relationship between serum TNF-a
activity and insulin resistance was demonstrated in
cows with fatty liver (19). Thus, in the presented study,
we aimed to investigate changes in serum adiponectin,
TNF-a levels, and insulin resistance, and to elucidate
the possible relationship between the mentioned
parameters and NEB in dairy cows during the
periparturient period.

Material and Methods

Animals and sample collection. Primiparous
Holstein dairy cows (n=30) with an expected calving
date within the next 7 days were selected for the study.
All cows were from the same herd and yield group, and
the management and feeding conditions were identical
for all animals. Body condition scores (BSC) of the
animals were assessed using a five-point scale and 0.25
increments by a single person as described by Ferguson
et al. (4). Only cows with BCS between 3.25 and 3.75
were selected for the study. The mean milk production
during the last lactation was 9560 + 65.8 kg (305 days)
per cow. Blood samples from each cow were collected
to plain tubes by jugular vein puncture on day 7 before
the expected calving date, on the calving day, and 7,
14, and 21 days after calving. Animals which calved
more than 2 days earlier or later were not included in
the study. Samples for NEFA analysis were collected
before morning feeding. According to Eicher et al. (3),
blood BHBA levels increase after feeding thus it is
suggested to collect blood samples 4-5 h after feeding
in order to determine peak concentration of BHBA.
Therefore, blood samples for BHBA, glucose, insulin,
adiponectin, and TNF- a analysis were collected 4-5 h
after morning feeding between 10.00 and 11.00. On
calving day, blood samples were collected after
calving. After clotting, the samples were centrifuged at
3000 r.p.m. for 20 min and sera were immediately
separated and stored at -20°C until analyses which
were done within one week after the last sample
collection.

Biochemical analyses. Serum glucose was
measured with the use of Roche Cobas Integra 400
(Roche Diagnostics, USA) via a hexokinase enzymatic
reaction. Serum TNF-a (CSB-E 1202B, Cusabio

Biotech  Co., China), NEFA (CK-E90284,
Eastbiopharm,  China),  adiponectin ~ (E90440,
Eastbiopharm, China), insulin (CSB-E 11993B,

Cusabio Biotech Co., China), and BHBA (CK-E9043,
Eastbiopharm, China) levels were measured using
commercial bovine ELISA kits (Ultra Microplate
Reader, BIO-TEK Instruments, Epoch INC) according
to  manufacturers’ instructions. Microsoft — Excel
programme was used to calculate the coefficient of
variation (CV) from ELISA results, and CV values
were calculated to compare mean concentrations for the
same samples. It was found that the value amounted to
6% in inter-assay variation on each plate. The
rQUICKI was estimated according to Perseghin et al.
(20), where rQUICKI = 1/[log (glucose, mg/dL) + log
(insulin, pU/mL) + log (NEFA, mmol/L)].

Statistical analysis. Statistical analysis of the
results was performed using Sigma Plot 12 software
(Systat Software Inc., USA). Normality test was
performed using Shapiro-Wilk test and the data were
found to be normally distributed. Serum hormone,
metabolite, and rQUICKI values between the days of
the study were compared using repeated measures
analysis of variance (RM ANOVA). Tukey test was
performed for comparison between prepartum and
postpartum levels of serum hormone, metabolite levels,
and rQUICKI wvalues. The relationship among
adiponectin, TNF-a, NEFA, insulin, glucose, and
BHBA concentrations and rQUICKI calculations were
quantified by Pearson's correlation coefficients. For all
analyses, P < 0.05 was considered significant.

Results

When compared to prepartum levels, serum
adiponectin levels significantly increased on day 21
postpartum (Table 1). The rQUICKI increased and
NEFA levels decreased on day seven after parturition
(Table 1). Insulin and glucose levels decreased on days
7, 14, and 21 postpartum when compared with
prepartum levels (Table 1). BHBA levels decreased on
day 21 and TNF- a levels also decreased on days 7, 14,
and 21 (Table 1).

Table 2 shows the correlations between the
parameters evaluated in the present study. Adiponectin
levels positively correlated with NEFA during the
periparturient period. A negative correlation was
detected between adiponectin and rQUICKI on calving
day and on 14" day after parturition. Similarly,
a negative correlation between adiponectin and glucose
levels was observed on day 7 prepartum and on day 21
postpartum, as well as between the concentrations of
adiponectin and insulin on day 7 prepartum.
Adiponectin and TNF-a negatively correlated in
prepartum period and 21 days after parturition.
A negative correlation between adiponectin and BHBA
was found on 7™ day prepartum, whereas a positive
correlation was noted 14 days after calving. The
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rQUICKI and BHBA levels were negatively correlated
on days 7 and 14 postpartum. TNF- o was positively
correlated with glucose on day 7 prepartum and on day
21 postpartum, and with rQUICKI on day 21

postpartum. BHBA and insulin levels were positively
correlated during the entire investigated period. TNF- a
was also positively correlated with glucose levels 7

days before and 21 days after parturition.

Table 1. Serum adiponectin (pg/mL), TNF-a (ng/mL), NEFA (mmol/L), insulin (nlU/mL), glucose (mg/dL), and BHBA (mg/dL)
concentrations, and rQUCKI during the periparturient period in cows (n = 30)

Parameter tested Days

-7 0 (calving) 7 14 21
Adiponectin 16.79 + 1.16 16.36 + 1.32 17.16 £ 0.81 17.18+1.36 20.15 + 1.45%*
TNF- o 0.61+0.11 0.49+0.04 0.33+0.02* 0.40 = 0.06* 0.29 +0.09*
rQUICKI 0.47+0.01 0.54+0.03 0.65+0.05* 0.50+0.01 0.52+0.01
NEFA 0.13+£0.01 0.10+0.02 0.08+0.01* 0.12+0.03 0.12+0.01
Insulin 223+1.7 19.0+0.9 17.7+1.1* 17.0+1.1* 13.6+1.2*
Glucose 759+3.6 83.6+3.9 64.9 £2.9% 70.6 + 1.5* 69.9 + 1.9*
BHBA 429+0.31 493+0.29 3.90+0.21 4.40+0.27 3.23 +£0.45%

Data are expressed as means = SEM. Asterisks indicate significant differences (P < 0.05) versus day -7. (NEFA, non-esterified fatty acids;
TNF- a, tumour necrosis factor-o; BHBA, B-hydroxy butyric acid, rQUICKI, revised quantitative insulin sensitivity check index)

Table 2. Correlation coefficients among serum BHBA, TNF-a, insulin, glucose, NEFA concentrations, and rQUICKI in

cows (n = 30) on different days of periparturient period

Day -7 Adiponectin rQUICKI BHBA TNF-a Insulin Glucose
rQUICKI 0.036

BHBA -0.399* -0.167

TNF-a -0.509** -0.143 -0.489**

Insulin -0.363* -0.278 0.838** -0.451*

Glucose -0.405* -0.352 0.028 0.692** -0.055

NEFA 0.416* -0.543** -0.375* -0.082 -0.287 0.076
Day 0 Adiponectin rQUICKI BHBA TNF-a Insulin Glucose
rQUICKI -0.373*

BHBA -0.103 0.008

TNF-a 0.275 0.093 0.357

Insulin 0.065 -0.503** 0.562** 0.011

Glucose -0.260 -0.288 -0.033 -0.220 -0.041

NEFA 0.550** -0.927** -0.074 -0.033 0.393* 0.087
Day 7 Adiponectin rQUICKI BHBA TNF-a Insulin Glucose
rQUICKI -0.245

BHBA -0.089 -0.627**

TNF-a -0.203 -0.060 -0.126

Insulin -0.279 0.266 0.598** -0.006

Glucose -0.334 -0.371* -0.196 -0.225 -0.005

NEFA 0.363* -0.807** -0.596** -0.138 -0.670** 0.120
Day 14 Adiponectin rQUICKI BHBA TNF-a Insulin Glucose
rQUICKI -0.362*

BHBA 0.674** -0.467*

TNF-a -0.082 -0.022 0.077

Insulin 0.128 -0.283 0.669** 0.223

Glucose -0.011 -0.074 0.011 0.038 0.075

NEFA 0.408* -0.845** 0.442* 0.060 -0.117 -0.115
Day 21 Adiponectin rQUICKI BHBA TNF-a Insulin Glucose
rQUICKI -0.220

BHBA 0.309 -0.319

TNF-a -0.478* 0.720** -0.538**

Insulin -0.186 -0.528** 0.603** -0.604**

Glucose -0.368* -0.212 0.423* 0.740** 0.423*

NEFA 0.546** -0.480** -0.178 -0.430* -0.359* -0.254

Asterisks indicate significant correlation between each parameter (*P < 0.05, **P < 0.01). (NEFA, non-esterified fatty acids;
TNF- o, tumour necrosis factor-o; BHBA, B-hydroxy butyric acid, rQUICKI, revised quantitative insulin sensitivity check

index)
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Discussion

Adiponectin is an adipokine secreted by adipose
tissue which is reported to inhibit lypolysis and
decrease insulin resistance (29). In our study,
adiponectin levels increased significantly 21 days after
parturition. Similar findings were also observed in
previous reports (18, 25). In addition, Singh et al. (25)
reported that not only serum adiponectin levels but also
levels of adiponectin in fat tissue decreased around
parturition, concluding that the drop in adiponectin
level could be related to parturition-related hormonal
changes or increased secretion of adiponectin into
colostrum.  Increased lipolysis and  decreased
lypogenesis around parturition causes elevation of
blood NEFA levels (17). However, in our study we did
not detect a significant increase in blood NEFA
concentrations.  Interestingly,  adiponectin  was
positively correlated with serum NEFA levels during
the study period. This finding is in contrast with other
reports in which NEFA either did not correlate (18) or
correlated negatively (26) with serum adiponectin
levels in cattle. Similar negative correlations were also
reported in earlier human studies, leading to the
conclusion that a decrease in adiponectin levels is
associated with increased lypolysis (13, 28). However,
Bernstein et al. (1) reported that acute lowering of free
fatty acids (FFA) results in decreased levels of
circulating adiponectin. Similarly, increasing serum
FFA levels by infusion of lipids resulted in increased
adiponectin levels, which were positively correlated
with FFA (27). Adiponectin is also demonstrated to
increase clearance of FFA in mice, probably by
increasing the uptake by skeletal muscle and/or by
increasing FFA oxidation (5, 15). Singh et al. (25)
demonstrated that increased adipocyte size is inversely
related with adiponectin. It is well known that
adipocyte sizes increase in fatty liver. Thus, on the
basis of the relationship between the NEFA and
adiponectin levels described in cattle and the ideal body
condition scores identified in our study, we concluded
that adiponectin might have an important role in
decreasing blood NEFA levels, probably by
mechanisms mentioned above.

The rQUICKI is a method developed for
calculating insulin sensitivity by determining blood
NEFA, insulin, and glucose concentrations (20).
Holtenius and Holtenius (7) suggested that this method
could also be used for calculating insulin sensitivity in
cattle. Low index calculations indicate decreased
insulin sensitivity. In our study, rQUIKCI levels
showed a significant increase on day 7 postpartum
when compared to the prepartum levels. Singh et al.
(26) reported a positive correlation between rQUICKI
and adiponectin, concluding that decreased adiponectin
concentration around calving is related with insulin
resistance required for facilitating nutrient partitioning
towards the mammary gland. However, we detected
negative  correlations  between rQUICKI and

adiponectin on calving day and on day 14 postpartum.
Adiponectin level is associated with decreased insulin
sensitivity in mammals. Lemor et al. (14) reported that
adiponectin sensitivity of adipocytes is reduced after
calving, thus although the adiponectin level was
elevated in our study, the decreased insulin sensitivity
could be related to decreased adiponectin sensitivity.

TNF-a is a proinflamatory cytokine produced
mainly by macrophages and by other cells like
lymphocytes, Kupffer cells, and adipocytes (12).
Levels of TNF-a are elevated in late pregnancy in
humans (22) and the relationship between TNF-a and
insulin resistance is well documented in humans (8)
and cattle (19). Administration of recombinant bovine
TNF-a to steers for 12 days resulted in increased
insulin resistance (11). The level of TNF-a was also
positively correlated with rQUICKI 21 days after
calving, which is in accordance with the observations
of other authors (8, 19). Elevated TNF-o concentration
is also shown to cause a decrease in circulating
adiponectin levels in humans (2). Similarly, in our
study, adiponectin concentration was found to be
decreased while TNF-a level was the highest on 71" day
before parturition, and this negative correlation was
also observed 21 days after parturition, when TNF-a
level decreased and adiponectin level increased.

In conclusion, periparturient serum level of
adiponectin in cows was found to be negatively
correlated with TNF-a concentration. Unexpectedly,
our study demonstrated a positive correlation of
adiponectin with NEFA and insulin resistance. Thus it
can be concluded that in the cows with normal BCS
around parturition and without severe NEB,
adiponectin may act as a hormone which balances NEB
and blood NEFA levels. In addition, we hypothesise
that increased adipocyte size in cattle with high BCS in
periparturient period may be responsible for higher
NEFA levels due to decreased adiponectin
concentration. However, further studies conducted on
cattle with altered metabolic profiles are required to
elucidate a relationship between these parameters.
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