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Summary: Leptin is a regulator of body weight homeostasis in mammals. Blood levels of leptin are in direct correlation
with the amount of adipose tissue in the body. In the present study, leptin levels and body weight were monitored through
postnatal development in young boars. Sixteen boars were followed from 6 to 22 weeks of age. There was no significant
correlation between leptin levels and body weight at the same ages. However, strong positive correlation was found
between leptin levels in 6 weeks old piglets and body weights during puberty between 16 and 22 weeks of age.
Correlation was especially strong (p<0.001) between leptin levels at 6 weeks and body weight of boars at 22 weeks of
age. The results of this study therefore suggest that leptin levels in young piglets might be used as a prediction for body
weight and growth during first 6 months of age.
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Introduction

Leptin is a peptide hormone, produced by

white adipose tissue (1, 2). Leptin gene was first

identified in ob/ob strain of mice, that carry

mutations in leptin gene and are consequently,

severely obese (3). A similar obese strain of mice,

db/db mice, carries a mutation in leptin receptor

gene, a member of cytokine receptors (4). Leptin

levels in blood are in direct positive correlation

with the amount of white adipose tissue in the

mammalian body (1, 2). Leptin enters the

hypothalamus, the main site of leptin action,

through median eminence. Increased levels of

leptin cause decreased neuropeptide Y and agouti

related protein expression and increased levels of

melanocortin in hypothalamus. This pattern of

neuropeptides expression results in decreased

feeding and increased energy expenditure, while

reduced levels of leptin have opposite effects,

resulting in increased feeding. This mechanisms

thus ensure long term body weight homeostasis

(reviewed in (5, 6). However, many other

molecules such as cocaine and amphetamine

related transcript (CART), orexins, corticotropine

realizing factor (CRF), endorphins and others are

also involved in either regulation of appetite or

energy consumption, although their connection to

leptin is less established (reviewed in (5, 6).

Mechanisms regulating leptin expression in

adipose tissue are not clear yet. Leptin is

constitutively expressed in white adipocytes.

However, leptin levels are also dependent on the

levels of glucocorticoid hormones and sex steroids

(7) and estrogens can directly stimulate leptin

expression in adipose tissue both in vitro and in

vivo (8, 9). Through postnatal development, leptin

levels steadily rise before and during puberty (10,

11) and leptin is also thought to be a metabolic

signal, permitting entry into puberty (12) and

some studies in humans suggested correlation

between postnatal energy stores and leptin levels

and obesity later in life. In the present study, we

report that leptin levels in piglets are also

predictable for total body weight in pubertal

boars, independent on the amount of back fat.

Material and methods

Animals

Sixteen boars were kept in standard condition

and fed regular chow at commercial pig farm

Ihan. Every 2 weeks from 6 weeks of age to 22

weeks of age, all boars were weighed and had

blood samples taken. Blood was collected from

vena cava. Evacuated tubes with separation gel

(Vacutainer®, Becton Dickinson, Heidelberg,
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Germany) and anticoagulant were used for

sample collection. Blood was centrufuged at 1000

rpm for 5 minutes and plasma was removed and

stored at -20oC until used. All animal work was

approved by Veterinary commission of Slovenia.

At 16, 20 and 22 weeks, back fat thickness was

measured using ultrasound device Krautkramer

FGM2 (Agfa gevaert N.V., Mortsel, Belgium) at two

points in lumbal region about 3 cm laterally from

the spine. Average of two measurements was used

for statistical analyses.

Hormone measurement

Serum levels of leptin were measured by Multi-

species leptin RIA kit (LINCO Research, Inc., St.

Charles, MO, USA), validated for porcine leptin,

following original instructions of manufacturer

(http://www.lincoresearch.com/products/xl-

85k.html). For low values (mean 3.5 ng/ml) intra-

and inter-assay coefficients were 7.71% and

8.72% respectively, for high values (mean 28.47

ng/ml) they were 8.73% and 5.71%, respectively.

Statistical analyses

Data (hormone levels, body weights and back

fat thickness) were subjected to statistical

analyses using SigmaStat software (Jandel

scientific, Erkrath, Germany). Pearson correlation

coefficient and linear regression was calculated to

predict correlations between leptin levels, body

weights and back fat thickness.

Results

Boars' body weight increased linearly from 6

weeks of age as expected. The mean body weight

at the beginning of experiment was 11.59 ± 0.37

kg (mean ± S.E.) and at the conclusion of

experiment 107.32 ± 2.16 kg (mean ± S.E.). 

Leptin levels at 6 weeks of age were 1.51 ± 0.12

ng/ml (mean ± S.E.). Thereafter, the leptin levels

steadily increased to reach the levels 3.29 ± 0.15

ng/ml (mean ± S.E.) at 22 weeks of age (Table 1).

Thickness of back fat was measured at 16, 20 and

22 weeks of age. Thickness increased from 7.70 ±

1.25 mm at 16 weeks to 13.73 ± 2.81 mm at 22

Table 1: Leptin levels at different ages from 6 weeks until puberty (mean ± S.E.)

Diagram 1: Line fit plot for linear regression analysis
to compare leptin levels at 6 weeks and body weight
at 22 weeks

Age (weeks) Leptin levels (ng/ml)

6 weeks 1.51 ± 0.12
8 weeks 2.44 ± 0.12

10 weeks 1.04 ± 0.03
12 weeks 1.95 ± 0.05
14 weeks 1.91 ± 0.07
16 weeks 2.49 ± 0.12
18 weeks 2.22 ± 0.11
20 weeks 2.20 ± 0.21
22 weeks 3.26 ± 0.15
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weeks (mean ± S.E.). Interestingly, statistical

analyses did not show statistically significant

correlation between leptin levels and measured

back fat thickness at 16, 20 and 22 weeks.

Similarly, there was no significant correlation

between body weight and leptin levels at

particular ages. 

However, when all the data was subjected to

correlation analyses, strong correlation was found

between leptin levels at 6 weeks of age and body

weights from 16 weeks until the end of

experiment at 22 weeks of age (Table 1). Linear

regression analyses confirmed these results and

showed very strong correlation between leptin

levels at 6 weeks of age and body weight at 22

weeks (Diagram 1). However, correlation between

leptin levels at 8 weeks and body weight at 15 to

22 weeks disappeared and there was no

correlation between body weight and leptin levels

at any other age.

Discussion

Leptin is a central regulator of body weight in

mammals. Secreted by adipose tissue into the

circulation, it transmits signals about body fat

deposits to the hypothalamus. Leptin levels are in

many species strongly correlated with the amount

of adipose tissue in the body (1, 2). In the

hypothalamus, leptin is thought to regulate

feeding and energy expenditure by regulating

expression of several neuropeptides. The most

important appears to be the neuropeptide

Y/melanocortin systems (5, 6, 13)}. Besides

regulating body weight homeostasis, leptin is

thought to have several other functions. During

postnatal period, leptin levels steadily rise (10, 11)

and leptin appears to be one of the permissive

factors allowing entry into puberty (12).

Intriguing is also the difference between males

and females in the levels of leptin that persist

even after adjustment of data for adiposity (14,

15). The regulation of leptin expression in the

adipocytes is not yet clear, although insulin,

growth hormone, glucocorticoids and estradiol

have all been implicated in the regulation of leptin

gene expression (1). It is well documented that

leptin levels are in direct positive correlation with

the amount of white adipose tissue in many

species. However, in our study, we failed to find

such correlation at any studied age. One possible

explanation is that boars differ from humans and

rodents and there are possibly some other

regulatory mechanisms that modulate levels of

leptin secreted from white adipocytes. Perhaps

more feasible explanation is that leptin levels and

amount of adipose tissue are not directly

correlated in fast growing animals, but would

become correlated with the amount of adipose

tissue in fully grown animals. However, in our

study, we found that leptin levels in young boars

are also strongly correlated with the body weight

at around 6 months of age. This is intriguing, as

it is difficult to explain, how leptin could act as a

predictor for body weight several months later.

One possible explanation is that animals with

greater number of adipocytes would have higher

levels of leptin (due to bigger number of

adipocytes) already at early age, and higher

number of adipocytes will ultimately result in

higher body weight due to larger proportion of

adipose tissue. However, the measurements of

back fat thickness in studied boars did not show

correlation between back fat and leptin levels at

22 weeks of age or correlation between leptin

levels at 6 weeks and back fat thickness at either

16, 20 or 22 weeks. Another possible explanation

could be connected to growth hormone.

Houseknecht et al. (16) have reported that growth

hormone in cattle upregulate leptin expression

both in vivo and in vitro in the presence of insulin

and dexamethasone. Therefore, higher levels of

Table 2: Pearson correlation coefficients between leptin levels at 6 weeks of age and body weights
(BW) from 12 to 22weeks (* p<0.05, ** p<0.01, *** p<0.001)

Body weight Leptin(6 weeks; ng/ml)

6 weeks R = 0.1466

8 weeks R = 0.4985

10 weeks R = 0.4919

12 weeks R = 0.5379*

14 weeks R = 0.6116*

16 weeks R = 0.7059**

18 weeks R = 0.7551***



leptin in young piglets could be at least partially

due to higher intrinsic levels of growth hormone,

and higher levels of growth hormone at early age

could be responsible for bigger body weights in

boars at 22 weeks of age. In conclusion, our study

shows that leptin levels in 6 weeks old piglets are

in strong correlation with body weights from 12 to

22 weeks and could be therefore potentially used

in young animals as a marker for predicting

pubertal body weight in boars. 

Acknowledgement

The authors would like to thank the personnel

at pig farm Ihan for their valuable help and

Bostjan Drolc for his technical assistance. The

study was supported by Ministry of Education,

Science and Sport of Slovenia (P0-0501-0406).

References

1. Kalra SP, Dube MG, Pu S, Xu B, Horvath TL,

Kalra PS. Interacting appetite-regulating pathways in

the hypothalamic regulation of body weight. Endocr

Rev 1999; 20(1): 68-100.

2. Elmquist JK, Elias CF, Saper CB. From lesions to

leptin: hypothalamic control of food intake and body

weight. Neuron 1999; 22(2): 221-32.

3. Zhang Y, Proenca R, Maffei M, Barone M, Leopold

L, Friedman JM. Positional cloning of the mouse obese

gene and its human homologue. Nature 1994;

372(6505): 425-32.

4. Tartaglia LA, Dembski M, Weng X, et al.

Identification and expression cloning of a leptin recep-

tor, OB-R. Cell 1995; 83(7): 1263-71.

5. Harrold JA. Hypothalamic control of energy bal-

ance. Curr Drug Targets 2004; 5(3): 207-19.

6. Leibowitz SF, Wortley KE. Hypothalamic control

of energy balance: different peptides, different func-

tions. Peptides 2004; 25(3): 473-504.

7. Kristensen K, Pedersen SB,  Richelsen B.

Regulation of leptin by steroid hormones in rat adipose

tissue. Biochem Biophys Res Commun 1999; 259(3):

624-30.

8. O'Neil JS, Burow ME, Green AE, McLachlan JA,

Henson MC. Effects of estrogen on leptin gene promot-

er activation in MCF-7 breast cancer and JEG-3 chori-

ocarcinoma cells: selective regulation via estrogen

receptors alpha and beta. Mol Cell Endocrinol 2001;

176(1-2): 67-75.

9. Shimizu H, Shimomura Y, Nakanishi Y, et al.

Estrogen increases in vivo leptin production in rats and

human subjects. J Endocrinol 1997; 154(2): 285-92.

10. Garcia-Mayor RV, Andrade MA, Rios M, Lage M,

Dieguez C, Casanueva FF. Serum leptin levels in nor-

mal children: relationship to age, gender, body mass

index, pituitary-gonadal hormones, and pubertal

stage. J Clin Endocrinol Metab 1997; 82(9): 2849-55.

11. Horlick MB, Rosenbaum M, Nicolson M, et al.

Effect of puberty on the relationship between circulat-

ing leptin and body composition. J Clin Endocrinol

Metab 2000; 85(7): 2509-18.

12. Clarke IJ, Henry BA. Leptin and reproduction.

Rev Reprod 1999; 4(1): 48-55.

13. Elias CF, Aschkenasi C, Lee C, et al. Leptin dif-

ferentially regulates NPY and POMC neurons projecting

to the lateral hypothalamic area. Neuron 1999; 23(4):

775-86.

14. Rosenbaum M, Pietrobelli A, Vasselli JR,

Heymsfield SB, Leibel RL. Sexual dimorphism in circu-

lating leptin concentrations is not accounted for by dif-

ferences in adipose tissue distribution. Int J Obes Relat

Metab Disord 2001; 25(9): 1365-71.

15. Saad MF, Damani S, Gingerich RL, et al. Sexual

dimorphism in plasma leptin concentration. J J Clin

Endocrinol Metab 1997; 82(2): 579-84.

16. Houseknecht KL, Portocarrero CP, Ji S,

Lemenager R, Spurlock ME. Growth hormone regulates

leptin gene expression in bovine adipose tissue: corre-

lation with adipose IGF-1 expression. J Endocrinol

2000; 164(1): 51-7.

ALI RAVEN LEPTINA LAHKO NAPOVE TELESNO TEŽO MERJASCEV?

N. Čebulj-Kadunc, V. Cestnik, G. Majdič

Povzetek: Leptin je peptidni hormone, ki v sesalskem organizmu ureja telesno težo. Proizvajajo ga bele maščobne celice,
njegova koncentracija v krvi pa je v neposrednem razmerju s količino bele tolšče. V pričujoči raziskavi smo ugotavljali
povezanost med telesno težo in vrednostmi leptina v krvi mladih merjascev. Šestnajst merjascev smo spremljali od 6. do
22. tedna starosti. Meritve niso pokazale statistično značilnih povezav med vrednostmi leptina ter telesno težo v isti starosti.
Ugotovili pa smo statistično zelo značilno povezavo med vrednostmi leptina pri mladih merjaščkih (6 tednov) in telesno težo
pri merjascih v puberteti (od 16 do 22 tednov). Povezava je bila zelo močna med vrednostjo leptina pri 6 tednih in telesno
težo pri 22 tednih (p < 0.001). Rezultati te raziskave tako kažejo na možno vlogo vrednosti leptina pri mladih merjaščkih
kot pokazatelja rasti in telesne teže pri živalih v puberteti.  

Ključne besede: fiziologija; leptin-kri; telesna teža; prašiči
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