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Abstract:In this study we investigated the effects of dry period and various stages of lactation on serum leptin, 
glucose, total cholesterol and β hydroxybutyrate levels in Holstein dairy cows. Fourthy, four years old Holstein 
dairy cows in their second lactation were used as material. Ten of them were in dry period and the rest were in 
different stages of lactation periods (10 cows for each stages). Serum concentrations of leptin, glucose, total 
cholesterol and β hydroxybutyrate were compared between the dry period, and first, second and third stages of 
lactation period. Correlation between leptin and other parameters were analyzed. While no significant differ-
ences were observed in β hydroxybutyrate levels, significant differences were determined for leptin, glucose and 
total cholesterol levels between dry period and first, second, and third stages of lactation period (p<0.05, 
p<0.001, and p<0.001, respectively). Statistically significant positive correlations were observed between leptin 
and glucose concentrations.(r =0,401, p<0.01 ). 
Key Words : Leptin, Dairy Cows, Biochemical Parameters, Lactation Period. 

 
Kuru Dönem ve Laktasyonun Çeşitli Evrelerindeki Holstein Irkı Süt İneklerinde Serum Leptin 

Düzeyleri 
 

Özet;Bu çalışmada Holstein ırkı süt ineklerinde kuru dönem ve laktasyonun çeşitli evrelerinin serum leptin, 
glukoz, total kolesterol ve β hidroksi bütirat düzeyleri üzerine etkisi araştırıldı. Materyal olarak 40 adet, ikinci 
laktasyon döneminde olan, 4 yaşında holstein ırkı süt ineği kullanıldı. İneklerin 10 tanesi kuru dönemde, geri 
kalanlar ise laktasyon periyodunun çeşitli evrelerindeydiler (her evrede 10 inek). Kuru dönem ve laktasyonun I., 
II., ve III. evreleri arasında serum leptin, glukoz, total kolesterol ve β hidroksi bütirat konsantrasyonları karşılaş-
tırıldı. Leptin ve diğer parametreler arasındaki korelasyonlar analiz edildi. Kuru dönem ve laktasyon periyodu-
nun I., II., ve III. evreleri arasında β hidroksi bütirat düzeylerinde önemli bir farklılık gözlenmezken, leptin, 
glukoz ve total kolesterol düzeylerinde önemli farklılıklar ortaya koyuldu (p<0.05, p<0.001, and p<0.001, sıra-
sıyla). Leptin ve glukoz konsantrasyonları arasında istatistiki olarak pozitif bir korelasyon olduğu ortaya koyuldu 
(r =0,401, p<0.01 ). 
Anahtar Kelimeler: Leptin, Süt İneği, Biyokimyasal Parametreler, Laktasyon Periyodu 
 

Introduction 

Lactation markedly increases nutrient re-
quirements in both rodents and ruminants. High 
yielding dairy cows are typically in a state of 
negative energy balance postpartum because 

energy required for milk production and 
maintenance of body tissue functions exceeds 
energy ingested11. Hence, metabolic and endo-
crine changes in early lactation allow enhanced 
mobilization of depot fat and skeletal muscle 
breakdown and favor partitioning of absorbed 
nutrients to the mammary gland in order to pro-
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vide sufficient substrates for milk synthesis. 
Some hormones have an important role in met-
abolic adaptation to lactation14. Leptin, a hor-
mone secreted by adipocytes, plays an im-
portant role in the regulating feed intake in both 
ruminants and monogastrics, and influencing 
carbohydrate and lipid metabolism in monogas-
tric species8. As leptin affects both fat deposi-
tion and Luteinizing Hormone (LH) concentra-
tions, it may possibly play an important role in 
the regulation of metabolism during the lacta-
tion period in dairy cows. During early lacta-
tion, fat stores are first used for lactation 
maintenance, and growth associated with repro-
ductive processes receives lower priority5,13. In 
a study aimed to evaluate metabolic and endo-
crine adaptations to energy intake in multipa-
rous Holstein cows, it was suggested that leptin 
is one of several factors involved in the regula-
tion of energy metabolism and may be im-
portant for overall homeostatic and homeorhetic 
control of metabolism6,14 

In this study, we aimed to investigate the 
effects of dry period and various stages of lacta-
tion on serum leptin, glucose, total cholesterol 
and β hydroxybutyrate levels in Holstein cows. 

Material and Methods 

In this study, Fourthy Holstein dairy cows 
of four years old in their second lactation from 
Bursa region of Turkey were used. Ten of them 
were in dry period and the rest were in different 
periods of lactation. Between the days 48-51, 
147-161. and 180. and over of lactation period 
were accepted as first, second and third stage, 
respectively. There were 10 cows in each lacta-
tion stages. The amount of concentrated feed 
given to animals was calculated by the comput-
er controlled feeding system in which the food 
requirement of each animal was taken in to ac-
count. Forage was given to the animals in the 
farm as ad libitum in the morning and evening. 
The amount of feed consumed by animals in 
their first, second, third and dry periods of lacta-
tion was 18, 22, 23 and 14 kg/day, respectively 
and, fifthy percent of total feed contained con-
centrated feed, approximately. As forage, straw, 
corn silage, brewer’s grain and as concentrated 
feed, a mixture containing wheat, barley, full fat 
soybean, cotton seed meal, sun flowers meal, 
corn and scurf was given to the animals.  

Blood samples were collected in to evac-
uated tubes (Venoject, serum separator tubes) 
between 8:00 a.m. and 10:00 a.m. from v. sub-
cutanea abdominis of each cow in all periods. 

After clotting at room temperature, serum was 
separated by centrifugation and transferred to 
plastic tubes. Serum was stored at -20 ◦ C until 
analyses.  

Serum glucose, total cholesterol and β 
hydroxybutyrate levels were measured using 
commercial kits (Biolabo, Glucose GOD-PAP, 
Cat. No 87109; Teco Diagnostics Total choles-
terol, Cat. No. C509-150; Sigma, 
β.hydroxybutyrate 310- UV). Serum leptin level 
was measured using a double-antibody RIA kit 
containing guinea pig multispecies leptin anti-
body, human [125I ] leptin, and as standard, hu-
man leptin (Linco, Multispecies Leptin RIA Kit, 
Cat. No. XL-85K) following the manufacturer`s 
instructions. 

SPSS 10.0 programme was used for sta-
tistics. Results were expressed as mean (x ) and 
standard deviation (S.D.). Differences between 
groups were assesed by two-tailed Kruskal-
Wallis test. The Pearson’s correlation test was 
used to analyze correlations between leptin and 
other parameters such as glucose, β hydroxy-
butyrate and total cholesterol levels. Differences 
were considered to be significant at P<0.05.  

Results and Discussion 

The objective of this study was to exam-
ine the effects of dry period and various stages 
of lactation on serum leptin, glucose, total cho-
lesterol and β hydroxybutyrate levels in Hol-
stein cows. We focused on the changes occur-
ring in leptin plasma concentrations in high-
yielding dairy cows throughout dry period and 
various stages of lactation. In the present study, 
serum leptin concentrations were significantly 
higher in the dry period than in the first stage of 
lactation (p<0.05) (Table 1). As recently hy-
pothesized (11), the fall in leptin plasma levels 
at parturition is possibly a signal of the negative 
energy balance; the animal activates a global 
energy-saving condition, thus mobilizing energy 
reserves17. It is also likely that leptin influences, 
through tissue-specific mechanisms, the sensi-
tivity to insulin and hence glucose uptake by the 
cells, in order to direct nutrients towards organs 
or tissues that are metabolically more active (i.e. 
the mammary gland)4,6,12. In this study glucose 
levels were found higher in the dry period than 
in the first, second and third stages of lactation, 
(p<0.001) (Table 1). Different results were ob-
tained in various studies assessing the relation-
ship between leptin and glucose concentration. 
Subcutaneous administration of leptin was re-
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ported to decrease plasma glucose concentration 
in rats15. Block et al5 reported that leptin con-
centrations tend to correlate positively with 
plasma glucose levels in dairy cattle. Consistent 
with this, we also found positive correlation 
between leptin and glucose concentrations (r = 
0,401, p<0.01). 
 
Table 1. The serum leptin, glucose, total cho-

lesterol and β hydroxybutyrate con-
centrations of dairy cows in dry pe-
riod and various stages of lactation 
(n=10) 

Tablo 1. Kuru dönem ve laktasyonun çeşitli 
evrelerindeki süt ineklerinde serum 
leptin, glukoz, total kolesterol ve β 
hidroksi bütirat konsantrasyonları 
(n=10)  

 
Dry period Lactation periods 

Stage 1 Stage 2 Stage 3 
x  ± S.D. x  ± S.D. x  ± S.D. x  ± S.D. 

Leptin(ng/ml) 5.68± 1.19a* 4.36±1.07b 4.65±1.24ab 5.03±0.85ab 
Glucose(mmol/l) 3.80± 0.53a** 2.76±0.31b 2.84±0.16b 2.98±0.23b 
Total cholesterol 
(mmol/l) 2.90± 0.41a** 5.62±1.36b 5.90±1.04b 5.70±1.55b 
β hidroksi bütirat 

(mmol/l) 0.50± 0.06a 0.55±0.04a 0.52±0.08a 0.51±0.03a 
a,b Means within a row with the different letters are significantly different  
* p<0.05, ** p<0.001, X=Mean, S.D=Standard deviation 

 
In contrast to leptin and glucose, total 

cholesterol levels were lower in the dry period 
than in the first, second and third stages of lacta-
tion (p<0.001) (Table 1). The decrease in leptin 
plasma concentration at calving may also be 
correlated with the intensive lipolysis that char-
acterizes this period and thus with the reduction 
in fat tissue. During this period, the high GH 
concentrations and the low insulin levels stimu-
late a marked mobilization from adipose tissues, 
as confirmed by the increase in cholesterol lev-
els; a negative correlation between leptin and 
total cholesterol has been already reported in 
humans1,10. In this study we found no correla-
tion between leptin and total cholesterol concen-
trations. 

Ketosis is a common metabolic disorder 
frequently observed in dairy cows during the 
early lactation period. Subclinical ketosis is 
defined as elevated concentrations of circulating 
ketone bodies in the absence of clinical signs of 
ketosis. Subclinical ketosis is a common disease 
in high production dairy cows and is caused by 
a negative energy balance which can affect milk 
production9 and reproduction2,3,16. It has been 
shown that clinical and subclinical ketosis both 
result in increased concentrations of ketone 

bodies in tissues and milk of the cows. Subclin-
ical ketosis is detected by elevated levels of 
ketone bodies in body fluids. Ketone bodies 
include β hydroxybutyrate, acetoacetate, and 
acetone. β hydroxybutyrate is synthesized from 
absorbed butyrate in the ruminant epithelium 
and by the ketogenesis in hepatocytes through 
conversion of long-chain fatty acids during fat 
mobilization. Both acetoacetate and β hydroxy-
butyrate are freely distributed and transported in 
the blood and seem interconvertible in various 
tissues7. In the present study serum β hydroxy-
butyrate levels were not stastistically different 
between dry period and various stages of lacta-
tion period (Table 1). In the present study, there 
were no correlation between leptin and β hy-
droxybutyrate concentrations . 

In conclusion, in the present study we de-
termined differences of leptin, glucose and total 
cholesterol levels of the cows between dry peri-
od and various stages of lactation periods. 
Moreover we observed a strong correlation be-
tween leptin and glucose concentrations. We 
believe that this study provides evidence that 
the decrease in leptin plasma concentrations at 
first, second, third stages of lactation periods 
could be related to the animals’ energy deficit 
and to the extent of mobilization of adipose 
tissue. 

References 

1. Accorsi, P.A., Govoni, N., Gaiani, R., Pezzi, C., 
Seren, E., Tamanini, C., 2005. Leptin, GH, PRL, 
Insulin and Metabolic Parameters Throughout the 
Dry Period and Lactation in Dairy Cows. Reprod 
Dom Anim., 40, 217–223. 

2. Andersson, L., Emanuelson, U., 1985. An epide-
miological study of hyperketonaemia in Swedish 
dairy cows; determinants and the relation to fer-
tility. Prev Vet Med., 3:449–462. 

3. Andersson, L., 1988. Subclinical ketosis in dairy 
cows. Metabolic diseases of ruminant livestock. 
Vet Clin North Am Food Anim Pract., 4, 233–
251. 

4. Barzilai, N., Wang, J., Massilon, D., Vuguin, P., 
Hawkins, M., Rossetti, L., 1998. Leptin selective-
ly decreases visceral adiposity and enhances in-
sulin action. J Clin Invest., 100, 3105–3110. 

5. Block, S.S., Butler, W.R., Ehrhardt, R.A., Bell, 
A.W., Amburgh, M.E., Boisclair, Y.R., 2001. 
Decreased concentration of plasma leptin in peri-
parturient dairy cows is caused by negative ener-
gy balance. J Endocrin., 171, 339–348. 

6. Block, S.S., Rhoads, R.P., Bauman, D.E., 
Ehrhardt, R.A., McGuire, M.A., Crooker, B.A., 



 

 

28 

Griinari, J.M., Mackle, T.R., Weber, W.J., Van, 
Amburgh, M.E., Boisclair, Y.R., 2003. Demon-
stration of a role for insulin in the regulation of 
leptin in lactating dairy cows. J Dairy Sci 86, 
3508–3515. 

7. Bruss, M.L., 1997. Lipids and ketones. In: 
Kaneko JJ, Harvey JW, Bruss ML (eds) Clinical 
biochemistry of domestic animals, 5th edn. Aca-
demic, London, pp 83–113. 

8. Chelikani, P.K., Keisler, D.H., Kennelly, J.J., 
2003. Response of Plasma Leptin Concentration 
to Jugular Infusion of Glucose or Lipid Is De-
pendent on the Stage of Lactation of Holstein 
Cows. J Nutr., 133, 4163-4171 

9. Dohoo, I.R., Martin, S.W., 1984. Subclinical 
ketosis: prevalence and associations with produc-
tion and disease. Can J Comp Med., 48:1–5. 

10. Lei, Z.M., Ye M.X., Fu W.G., Chen Y., Fang C., 
Li J., 2008. Levels of serum leptin, cholecysto-
kinin,plasma lipid and lipoprotein differ between 
patients with gallstone or/and those with hepato-
lithiasis. Hepatobiliary Pancreat Dis Int.，7, 65-
69. 

11. Liefers, S.C., Veerkamp, R.F., Pas, M.F.W., 
Delavaud, C., Chilliard, Y., Lende V.T., 2003. 
Leptin concentrations in relation to energy bal-
ance, milk yeld, intake, live weight, and estrus in 
dairy cows. J Dairy Sci., 86, 799–807. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12. Mueller, G., Ertl, J., Gerl, M., Preibisch, G., 
1997. Leptin impairs metabolic actions of insulin 
in isolated rat adipocytes. Science., 272, 10585–
10593. 

13. Parola, R., Macchi, E., Fracchia, D., Sabbioni, 
A., Avanzi, D., Motta, M., Accornero, P., Barata, 
M., 2007. Comparison between plasma and milk 
levels of leptin during pregnancy and lactation in 
cow, a relationship with b-lactoglobulin. J Anim 
Physiol Anim Nutr., 91, 240–246. 

14. Reist, M., Erdin, D., Euw, D.V., Tschuemperlin, 
K., Leuenberger, H., Delavaud, C., Chilliard, Y., 
Hammon, H.M., Kuenzi, N., Blum, J.W., 2003. 
Concentrate Feeding Strategy in Lactating Dairy 
Cows: Metabolic and Endocrine Changes with 
Emphasis on Leptin. J Dairy Sci., 86:1690-1706. 

15. Sivitz, W.I., Walsh, S.A., Morgan, D.A., Thom-
as, M.J., Haynes, W.G., 1997. Effects of leptin on 
insulin sensitivity in normal rats. Endoc., 138, 
3395-3401. 

16. Whitaker, D.A., Smith, E.J., Rosa, G.O., 1993. 
Some effects of nutrition and management on the 
fertility of dairy cattle. Vet Rec., 133:61–64. 

17. Zhou, Y.T., Shimabukuro, M., Koyama, K., Lee, 
Y., Wang, M.Y., Trieu, F., Newgard, C.B., Un-
ger, R.H., 1997. Induction by leptin of uncou-
pling protein-2 and enzymes of fatty acid oxida-
tion. Proc Natl Acad Sci USA., 94, 6386–6390. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chelikani%20PK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keisler%20DH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kennelly%20JJ%22%5BAuthor%5D
http://www.sciencedirect.com/science/journal/00220302

	Introduction
	Material and Methods
	Results and Discussion
	References

