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Abstract 
The objective of the present study was to investigate relationship between endocrine 
profile with energy balance (EB) and milk yield (MY) in Simmental dairy cows during 
lactation. Fifteen late pregnant cows, 15 early lactation cows and 15 mid lactation cows 
were chosen for the analysis. Blood samples were collected to measure growth hormone 
(GH), insulin, triiodothyronine (T3) and thyroxine (T4). Early lactation cows were found 
to have higher blood serum concentrations of GH (p<0.05) and lower blood serum 
concentrations of insulin (p>0.05), T3 (p<0.05) and T4 (p>0.05) compared to dry and mid 
lactation cows. Insulin and thyroid hormones were in positive correlation with EB 
(p<0.05), and in negative correlation with MY (nonsignificant). GH was in positive 
correlation with MY (p<0.05), but in negative correlation with EB (nonsignificant). 
Relationship between hormones showed significant positive correlation between insulin 
and thyroid hormones. These relations are not principaly determinated by EB or MY. 
Negative correlations between insulin or thyroid hormones with GH were observed. These 
relations are principaly determinated by EB or MY. 
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Introduction 
Negative energy balance in dairy cows during transition period (21 days before and 21 
days after calving) leads to many metabolic changes. These metabolic changes occur as a 
result of the entry of the mammary gland in the metabolic processes. Negative energy 
balance is the result of decreased food intake, higher consumption of glucose in the udder 
and decreased insulin sensitivity. These changes are in relation with many endocrine and 
metabolic adaptations. Characteristic endocrine adaptation is increased concentration of 
growth hormone (GH), decreased concentration of thyroid hormone (T3 and T4), 
decreased insulin and IGF-I concentration (Ingvarsten and Andersen, 2000).  

Interdependent changes occur in the GH - insulin - IGF-I - glucose signalling pathway in 
early lactation (Lucy et al., 2001). GH concentration increases at this time; this increase is 
accompanied by an increase in IGF and IGF binding proteins in mammary secretions, 
suggesting a role for these factors in mammogenesis and lactogenesis (Tucker, 1994). 
When cows are in a negative EB, GH stimulates lipolysis; it alters the sensitivity of 
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adipose tissue to b -adrenergic agents (Bauman and Vernon, 1993). Similarly, plasma 
concentrations of insulin, another homeorhetic hormone, would be changed by prepartum 
nutrition and this would affect nutrient supply to the udder. Insulin plays a role in the 
adaptation of organic matter metabolism in dairy cows during the transitional period and 
lactation, particularly in terms of nutrient redistribution and partitioning towards the 
mammary gland (insulin resistance) (Butler et al., 2003; Balogh et al., 2008). Thyroid 
hormones, primarily triiodothyronine (T3), are important in regulating the energy 
metabolism. Blood levels of thyroid hormones in peripartal cows decrease, particularly in 
early lactation, when body reserves are mobilized for high milk production (Bonczek et al., 
1988; Tiirats, 1997; Huszenicza et al., 2002). Circulating thyroid hormone concentrations 
correlate positively with EB and negatively with daily MY in cattle (Blum et al., 1983; 
Tiirats, 1997; Eppinga et al., 1999; Capuco et al., 2001; Reist et al., 2002; Cassar-Malek et 
al., 2001). 

The objective of the present study was to investigate the nutritional, metabolic and 
endocrine status in Simmental cows during transition period and mid lactation based on the 
relationships between blood metabolic hormones, EB and MY. 

 

Material and methods 
Fifteen late pregnant cows, 15 early lactation cows and 15 mid lactation cows were chosen 
for the analysis. Blood was sampled from 25 to 1 (13  9) days before partus, in the first 
month of lactation (16  9 days), and in mid lactation cows between 3 to 5 months of 
lactation (115  29 days). Blood samples were collected at 10 a.m. by puncture of the 
jugular vein into sterile disposable test tubes. Blood samples were collected to measure 
growth hormone (GH), insulin, triiodothyronine (T3) and thyroxine (T4). Serum 
concentrations of GH, insulin, T3 and T4 were determined by ELISA methods (Endocrine 
Technologies Inc. CA, USA) using Humareader Single plus (Human, Germany). Diet was 
suited to the energy requirements of late pregnancy, early and mid lactation cows. Weende 
methodology was used for the chemical analysis of the feed. Energy balance was 
calculated by NRC recommendation (2001). Actual energy balance was calculated as a 
difference between DMI and NEL of the ration offered minus DMI and NEL of the rest of 
the ration after feeding. Feeding space was provided to each individual cow in order to 
prevent mixing of their rations. MY was recorded every day by farm software.  

Model and statistics: Difference between hormone concentration, EB and MY between 
three periods of lactation were calculated by ANOVA analysis and posthock LSD test. 
Relationship between hormones, EB and MY was calculated by Pearson correlation 
coefficient. Finally, correlation and partial correlation between metabolic parameters were 
evaluated by Pearson correlation analysis. Partial correlation analysis is used to examine 
the correlation between endocrine and metabolic parameters with the effects of EB 
removed. Software used: Statgraphic Centurion, Statpoint Technologies Inc.Warrenton, 
Va, Virginia, USA. 

 

Results and discussion 
Early lactation cows were found to have higher blood serum concentrations of GH 
(p<0.05) and lower blood serum concentrations of insulin (p>0.05), T3 (p<0.05) and T4 
(p>0.05) compared to dry and mid lactation cows.  
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Table 1. Blood hormones, energy balance and milk yield in late pregnant, early and mid lactation 
dairy cows (n=15 in each group). Results are expressed as mean SD. 

Parameter Late pregnant cows Early lactation cows Mid lactation cows 
GH (ng/ml) 11.4 8.67 a 17.13 3.87 b 11.45 4.42 a 
Insulin (ng/ml) 0.55 0.44 a 0.39 0.21 b 0.65 0.47 c 
T3 (ng/ml) 0.77  0.36 a 0.73 0.41 b 1.29  1.01bc  
T4 (ng/ml) 32.70 13.67 a 31.93 18.30 a 33.06  17.04 a 
EB 10.15 9.5 3.56 10.19 b 12.15 8.4 
MY / 19.6 5.5 24.8 3.2 

Values marked by letters (a, b, c) in one row describe significant differences at level p< 0.05 or higher 

 

Insulin and thyroid hormones were in positive correlation with EB (p<0.05), and in 
negative correlation with MY (nonsignificant). GH was in positive correlation with MY 
(p<0.05), but in negative correlation with EB (nonsignificant).  

 
Table 2. Relationship between hormones, EB and MY. 

Parameter GH Insulin T3 T4 
EB  -0.26  0.32*  0.3*  0.31* 
MY  0.51** -0.29 -0.19 -0.17 
*p < 0.05; **p < 0.01 

 

Relationship between hormones showed significant positive correlation between insulin 
and thyroid hormones. These relations are not principaly determinated by EB or MY. 
Negative correlations between insulin or thyroid hormones with GH were observed. These 
relations are principaly determinated by EB or MY.

Table 3. Relationship (correlation coefficients) between hormones in function of energy balance   
             and milk yield.

Parameter Insulin GH 

T3 
 0.35* 
 0.32* 
0.28 

-0.21 
 -0.32* 
 -0.34* 

T4 
 0.37* 
0.3* 
0.29 

-0.26 
  -0.33* 
  -0.31* 

Insulin / 
-0.29 

    -0.55** 
   -0.33* 

a correlation between parameters after exclusion of EB or MY; b  correlation between parameters controlled 
by energy balance; c  correlation between parameters controlled by milk yield; *p < 0.05; **p < 0.01 

GH is a homeorhetic controller of metabolism, shifting the partitioning of nutrients 
between the various parts of the body during late pregnancy and lactation (Bonczek et al., 
1988; Lucy et al., 2001). The transition and early lactation periods were considered as time 
periods that have the potential to enhance lactation performance. In the current study, early 
lactation cows had significantly higher GH levels than late pregnant and mid lactation 
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cows. GH dramatically increases lipid mobilization from the adipose tissue, and increases 
blood NEFA and BHB in early lactation cows (Tucker, 1994; Jindal and Ludri, 1994). In 
this study, GH was significantly positively correlated with MY and NEFA, but negatively 
with EB and DMI. These correlations have been reported by other authors (Jindal and 
Ludri, 1994; Balogh et al., 2008) and show that under NEB conditions, blood GH 
concentration increases what results in fat lipomobilisation, and stimulates MY in dairy 
cows during lactation. Therefore, lipolysis must be an important pathway to provide the 
precursors needed in the early postpartum period of cows especially to supply the energy 
required for milk production (Bonczek et al., 1988; Bauman and Vernon, 1993; Butler et 
al., 2003). 

Insulin has an important homeostatic effect in regulating lipid metabolism. GH inhibits the 
ability of insulin to initiate lipogenesis in adipose tissue. Accordingly, GH reduces the 
action of insulin, restricts lipogenic enzyme activity, and reduces glucose utilization 
(Balogh et al., 2008). Blood insulin levels during the same period were non-significantly 
lower in early lactation cows than in late-pregnant and mid lactation cows. A significantly 
positive correlation coefficient between insulin and EB and DMI and a negative but non-
significant coefficient with NEFA and BHB were obtained. These relationships were found 
in earlier studies (Jindal and Ludri, 1994; Xia et al., 2007) and are due to increased fat 
mobilization during insulin insufficiency. The decrease in blood insulin levels under NEB, 
reduced DMI and high blood GH values can cause an increase in blood NEFA and BHB 
levels, suggesting that the reduced anabolic effect of insulin on lipid metabolism leads to 
sudden uncontrolled mobilization of NEFA from body reserves, and ketogenesis in the 
liver. Similar results were reported elsewhere (Bonczek et al., 1988; Veenhuizen et 
al.,1991; Jindal and Ludri, 1994; Butler et al., 2003; Remppis et al., 2011). 

Thyroid hormones, particularly T3 whose activity is 4 times greater than that of T4, are of 
importance in adapting the endocrine system during lactation, since their very low blood 
levels in transitional cows lead to a decrease in energy metabolism, mobilization of body 
fat reserves and their partitioning toward high milk production (Tiirats, 1997; Cassar-
Malek et al., 2001; Huszenicza et al., 2002). This also involves disorders of metabolic 
balance and uncontrolled mobilization of lipids which, apart from being used for milk 
synthesis, very often remain within parenchymatous organs, liver, in particular. Blood 
levels of T3 and T4 in this experiment were lower in puerperal cows than in late pregnant 
and mid lactation cows, and exhibited a generally significantly positive correlation with 
EB and DMI, but a negative non-significant correlation with NEFA and BHB. These 
findings are consistent with those of other authors (Aceves et al., 1985; Jindal and Ludri, 
1994; Tiirats, 1997; Eppinga et al.,  1999; Capuco et al., 2001; Huszenicza et al., 2002; 

okovi  et al., 2007) suggesting that blood levels of thyroid hormones decrease in 
puerperal cows, particularly in those suffering from metabolic disorders, under marked 
NEB which involves increased mobilization of NEFA from body reserves.   

Conclusion 
Endocrine changes during lactation are in relation with energy balance and milk yield. 
Relationship between insulin and thyroid hormones was not controled by milk yield and 
energy balance. Contrary to that, negative correlations between insulin or thyroid 
hormones with growth hormone are principaly determinated by EB or MY. 
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