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ABSTRACT
Thirty local female rabbits were divided randomly and equally into three groups. The
group used as control which injected with phosphate buffer salin. The 2" group was injected
daily with leptin (5pg/animal) S/c. The 3™ group was injected subcutaneously daily with

1st

(10ug/animal) S/c. All groups were treated for 60 days, and blood samples were collected every
15 days, serum was tested for T3, T4 hormones, total Cholesterol (TC), HDL (height density
lipo-protein) , LDL (low density lipo- protein), TG (triglycerides) and Body weight was taken
every 15 days during the experiment .

The result show significant (P<0.05) decreased in body weight after administration of
leptin in two doses. Significant increased in Thyroid hormone after leptin administration. While
lipid profile (TC, TG, LDL, HDL,VLDL) show significant decreased with leptin treatment(5 and
10pg/animal) S/c.

INTRODUCTION
Leptin, is a peptide hormone that was initially reported to be synthesized and secreted

exclusively from the adipocytes of white fat (1).

Leptin is the product of the obese (ob) gene. The research of leptin began in 1994 (2,3).
Leptin is synthesized mainly by white adipose tissue, but other tissues such as placenta, skeletal
muscle, stomach fundus, osteoblasts, also express and secrete it (4,5).

It is made up of 167 amino acids with an amino-terminal secretory signal sequence of 21
amino acids; It is a globular protein with a tertiary structure similar to a haemopoitic cytokine

(6). It regulates food intake, body adiposity and reproductive competence, and plays a role in
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fetal growth, gut derived satiety, immune or pro- inflammatory responses and angiogenesis and
lipolysis( 7).

Leptin concentration in blood is proportional to total body fat mass. After secreted into
blood, leptin circulates as a 16 kD protein and is partially bound to plasma proteins. Leptin
performs its function mainly via binding to specific receptors (4). Thus, leptin can act as a
hormone. However, it also plays a role as a paracrine agent. For example, local leptin secreted by
human osteoblasts may directly contribute to osteoblastic cell growth and bone mineralization
(5). Leptin has a wide tissue distribution and the small intestine may have the highest

concentration (8).

The aim of this study investigate the effects of chronic administration of leptin in two
doses on body weight, thyroid hormones and and some biochemical parameters of female rabbits
serum.

MATERIAL AND METHODS

Thirty female rabbits purchased from local markets, weighted 1400-1500 gram were
divided equally and randomly into three groups , 1% group used as control was injected with
phosphate buffer saline 2" and 3™ groups were injected daily (5 and 10 pg/animal) s/c with
leptin hormone respectively, leptin hormone was brought from( Biovision Co. U.S.A) and
prepared by dissolved with 3mM acetic acid then diluents with phosphate buffer slain.

Animals weighed every 15 day till the end of treatment, after (8 weeks). Each two
experimental animals were kept in separate cage. The animal were provided with green alfalfa
(Medicago sativa) and tap water ad libitum. The animals were given a prophylaxis drug against
coccidiosis (Amprollium 1g/L of drinking water) and maintained air-conditioned Temp.(24 C°)
under standard husbandry condition with alternate 12 hours light /dark period.

Blood samples were collected at the same time directly from the heart (cardiac puncture)
in the day 0 and then every 15 days, blood collect in plastic tube without anticoagulant and then
refrigeratored for 12 hour as maximum then centrifuged (5000rpm) for 15 min. to separate serum
that used in estimation of hormonal (Leptin, T3,T4) and biochemical parameters , serum samples
stored in eppendorff at -20C° until used in analysis.

Statistical analysis
All the recorded data were analyzed for ANOVA using a complete Randomized design
(CRD) with help of computer packaged program (SPSS) (Statistical Packages for the Social
Science) (V.19). Least significant differences (LSD). Was calculated to compare the variations
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between the treatments were ANOVA showed significant differences. The data were expressed
as mean = stander deviation (mean +SD) level of significant was set at P< 0.05.

RESULTS
Results in table (1) indicated there were significant (P< 0.05) decreased in body weight in
female rabbits treated with of leptin hormone at both doses (5 and 10 pg/animal) S/c. for
8weeks as compared with control group and in all studied periods while there was in significant
effects to leptin dose on the body weight as compared between treatment groups of leptin

Table (1) Effects of leptin administration on female rabbits body weight/g

Treatment periods
N=10 0 day 15 day 30 day 45 day 60 day
Control 1454 1487 1504 1465 1453
+43.99 Aa | £95.57 Aa | #46.95 Aa | 62.29 Aa | £71.34 Aa
LEP 1480.00 1290.00 1193.00 1087.00 1005.00
Sug/animal | £101.54 Aa | +81.78 Bb | +135.15 Bc | +154.27 Bd | +.98.46 Bd
LEP 1458.30 1261.70 1145.00 1062.00 975.00
10ug/animal | £96.45Aa | £75.46 Bb | £132.18 Bb | +79.97 Bb | £110.57 Bc

e Capital letters denote differences between groups P<0.05 Vs control.

e Small letters denote differences within groups P<0.05 .

Table (2) indicated that the administration of leptin hormone to female rabbits in doses (5
and 10 pg/animal) S/c for 8 weeks caused significant (P< 0.05) increased in serum thyroid
hormones concentration as compared with control group and in all studies periods.
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Table (2) Effects of leptin administration on serum T3 and T4 level

periods
parameters | - treatment 0 day 15 day 30 day 45 day 60 day
Son 1.38 1.37 1.41 1.40 1.41
= +0.01Aa | #0.05Ca | +0.01Ca | #0.02Ca | +0.03Ca
o E LEP 1.42 1.81 2.20 2.78 3.08
= Sug/animal | +0.05Ae | #0.07Bd | +0.06 Bc | *0.07Bb | #0.11Ba
=~ LEP 1.47 2.10 2.64 3.16 3.46
10ug/animal | +0.04 Ae | +0.13Ad | 024 Ac | +0.31Ab | +0.26 Aa
F—— 4.92 4.99 5.08 5.00 5.12
+0.36 Aa | +0.08Ba | +0.11Ca | #0.07Ca | *0.11Ca
<3 LEP 5.06 5.43 5.80 5.97 6.16
- = Sug/animal | +0.09 Ad | +0.13Ac | +0.09Bb +0.14Ba | +0.14Ba
= LEP 5.13 5.61 6.16 6.34 6.68
10ug/animal | #0.10Ae | #0.16Ad | #0.35Ac | #0.49Ab | +0.49Aa

Capital letters denote differences between groups P<0.05 Vs control.

Small letters denote differences within groups P<0.05 .

Table (3) indicated that the serum total protein concentration decreased significant
(P<0.05) in both doses 5 and 10 pg/animal of leptin treated groups compared with control and
also in all periods of experience while serum glucose concentration increased significant
(P<0.05) in both leptin treated groups compared with control group and also in all periods of

experience .
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Table (3) Effect s of leptin on serum T.protein and Glucose concentration

Periods
parameters | treatment

0 day 15 day 30 day 45 day 60 day

Control 67.44 66.80 68.03 68.67 67.79
- +1.07Ba | *2.03Ba +1.60 Ba +2.02 Ba +1.51 Ba

D~ LEP 76.54 73.34 70.23 70.42 70.83
E g 5ug/animal | £1.90 Aa | +3.73 Ab +211Ac | £3.32 Ac | +£1.92 Ac

E 10u'-/§r'?ima 77.29 74.11 71.33 71.83 71.37
9 | +2.06 Aa | +2.75 Ab +1.26 Ab +2.13 Ab +1.97 Ab

Control 129.14 132.50 132.71 134.34 132.92
+2.13 Aa | *1.63Ca +1.22 Ca +2.79Ca +1.44 Ca

% %‘ LEP 132.10 151.60 163.72 179.54 200.82
= En 5ug/animal | +3.24 Ae | +0.82 Bd +1.85Bc | #6.83Bb | +5.83 Ba

&= 1OUL/§Eima 13477 | 16542 176.67 19740 | 20945
9 | +5.88 Ae | #8.39 Ad +10.26 Ac | +9.47 Ab +10.45Aa

e Capital letters denote differences between groups P<0.05 Vs control.

e Small letters denote differences within groups P<0.05 .

The results of serum total cholesterol (TC), triglycerides (TG), high density lipoprotein
(HDL), low density lipoprotein (LDL) and very low density lipoprotein (VLDL)
concentrations have been presented in the Table (4A& 4B ).

the results Table (4A) indicated significant (P<0.05) decrease in serum concentrations
of total cholesterol, TG, in female rabbits treated with leptin hormone in both doses 5 and 10
pg/animal compared with control group and within group.
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Table (4A) Effects of leptin administration on serum Cholesterol and Triglyceride

periods
parameters treatment

0 day 15 day 30 day 45 day 60 day
3 F— 81.36 82.30 82.58 82.12 82.97
T +0.78 Ba | *1.28 Aa +1.20 Aa +1.66 Aa +1.72 Aa
th O LEP 90.17 81.22 72.10 60.80 53.33
= Sug/animal | +0.80 Aa | +0.90 Bb +0.55 Ac +0.62Bd +0.80Be
g = LEP 90.54 79.56 71.49 59.14 52.93
O 10ug/animal | +0.53 Aa | +4.12Bb +1.16 Bc +2.80 Bd +1.28Be
o Control 67.12 66.94 67.98 66.86 67.32
T +203Aa | *225Aa | *277Aa +198Aa | *3.09Aa
- ) LEP 65.51 59.42 51.03 44.90 40.62
a8 Sug/animal | 0.64Ba | *1.27Bb +1.12 Bc +0.63 Bd +0.66 Be
g = LEP 64.13 58.74 49.72 43.88 39.65
= 10ug/animal | 1.12Ba | +1.58Bb +1.62 Bc +1.78 Bd +1.05 Be

Capital letters denote differences between groups P<0.05 Vs control.

Small letters denote differences within groups P<0.05 .

The results table (4B) indicated that the serum Lipoprotein (LDL, HDL, VLDL)
concentrations significant (P<0.05) decrease in female rabbits treated with leptin hormone in
both doses (5 and 10 pg/animal compared with control group and in all periods of experience.

Table (4B) Effects of leptin administration on serum Lipo-protein (LDL,HDL,VLDL)

periods
parameters treatment

0 day 15 day 30 day 45 day 60 day

Control 10.14 11.79 10.36 10.66 11.58
. +0.11Ba +0.55Ba +0.28Ba +0.75Aa +0.71Aa

5' g LEP 21.23 15.79 13.99 7.49 4.28
4 £ 5ug/animal +1.19Aa +1.29Ab +0.39Ab +0.95Bc +1.86Bd

= LEP 21.69 15.47 14.33 6.80 5.32
10ug/animal | +2.52Aa +2.01Ab +1.04Ab +1.45Bc +1.80Bc

Control 57.79 57.11 58.62 58.08 57.92
. +1.53Aa +1.64Aa +2.186Aa +2.22Aa +2.11Aa

5' % LEP 55.23 53.54 47.89 44.32 40.93
TE 5ug/animal +1.45Ba +0.96Bc +1.02Bc +0.73Bd +1.47Be

LEP 57.33 52.53 46.67 43.61 39.67
10ug/animal | *1.85Aa +0.96Bc +1.42Bc +1.05Bd +0.98Be

Control 13.42 13.38 13.59 13.37 13.46
. +0.40Aa +0.45Aa +0.55Aa +0.39Aa +0.61Aa

5' ) LEP 13.12 11.88 10.20 8.98 8.12
5‘ £ Sug/animal +0.22Ba +0.25Bb +0.23Bc +0.12Bd +0.41Be

= LEP 13.02 11.74 9.94 8.77 7.93
10ug/animal | +0.23Ba +0.31Bb +0.35Bc +0.35Bd +0.21Be
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e Capital letters denote differences between groups P<0.05 Vs control.
e Small letters denote differences within groups P<0.05 .

DISCUSSION
The results in table (1) show significant decrease in body weight of female rabbits after

administration of leptin (5 and 10 pg/animal). The recent result indicated that the Leptin, upon
binding to specific receptors in different areas of the hypothalamus (9).

Leptin effects on body weight were mediated through effects on hypothalamic centers
that control feeding behavior and hunger, body temperature and energy expenditure. (10) was
involved in the control of satiety and energy metabolism through the regulation of several
neurotransmitters decreased hunger and food consumption, mediated at least in part by
inhibition of neuropeptide Y synthesis. Neuropeptide Y is a very potent stimulator of feeding
behavior. (11).

Increased energy expenditure, measured as increased oxygen consumption, higher body
temperature and loss of adipose tissue mass. (12).

This result agreement with (13) were show leptin acts within the hypothalamus to
influence neuropeptides involved in the regulation of food intake and energy expenditure,
including neuropeptide Y (NPY). and this agrrement with (14,15).

The results revealed a significant increase in concentration of thyroid gland hormones
(T3& T4) due to administration of leptin hormone in the present study may be due to Leptin
was exerts its effects on different endocrine axes and in particular on the hypothalamic—
pituitary—thyroid axis , Leptin receptors were also found outside the central nervous system,
supporting the view that leptin may act peripherally as well. (16).

The presence and function of leptin in the thyroid gland in vertebrates, other than
mammals are scanty. High levels of leptin have been found in the brain of several teleosts (17)

(18). Show that the Prolonged leptin administration in Wistar rats is associated with
growth of the thyroid gland; morphometry showed that the increase in the weight of the gland
is coupled to a net increase in the epithelium/colloid ratio and increase in the levels of
circulating T3 and T4

Compelling evidence indicates that the thyroid gland weight increase occurs as a result
of a leptin-stimulated release of thyroid-stimulating hormone (TSH), at least in euthyroid rats
(19, 20), this may due to enhancing the hypothalamic production of TRH (21).

The present results table (3) showed that there were significant increases of serum
glucose and decreased in total protein concentration due to administration of leptin to females
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rabbit in doses 5 pg/animal and10 pg/animal S/c as compared to control group and in all
periods experience.

Electrophysiological characterization of the effects of leptin on pancreatic  -cells
revealed that leptin hyperpolarized the cell membrane, which led to inhibition of insulin
secretion. This hyperpolarization has been demonstrated to be due to an increase in membrane
conductance caused by the opening (activation) of K-atp channels. Thus, the K-atp channel is
a molecular target of leptin in pancreatic  -cells for inhibition of insulin secretion. (22).

Leptin may also influence pancreatic  -cell and function through its ability to activate
the sympathetic nervous system (23). Such activation of the sympathetic nervous system
results in inhibition of insulin secretion by pancreatic -cells (24).

(25) Suggest that inhibitory action of leptin on preproinsulin gene expression may
constitute an additional mechanism that is supposed to prevent sustained overproduction of
insulin and hyperinsulinaemia. There is indeed further evidence that leptin can inhibit
peripheral secretion of insulin (22,26).

Many hormones are present in circulation both as free hormone and bound to plasma
protein. Binding proteins are thought to have a role in modulating the availability of free
hormone (the generally metabolically active form) for interaction with target tissues (27).
Several studies have demonstrated the presence of a bound fraction of leptin in serum/plasma
(28,29). Although a few studies have identified a splice variant of the leptin receptor as
responsible for a portion of the binding (particularly in pregnant mice) (30) and another study
has identified binding of leptin to a2- macroglobulin (31 ), the variety and identities of the
leptin-binding proteins of serum, so the decreased in total protein concentration may be the one
of causes that protein in serum will be binding with the leptin hormone and exert its effects on
target tissues in the body .

Table(4A & 4B) The results revealed a significant decrease in concentration of serum
lipid profile ( Total cholesterol, Triglyceride, HDL, LDL, VLDL) due to administration of
leptin hormone in doses 5 pg/animal and 10 pg/animal S/c as compared to control group and
within treatment groups .

Because the liver plays a role in lipid metabolism, leptin acts directly on the liver to
exert some of its metabolic effects. Indeed, leptin receptors are found in the liver, (32)

leptin administration to ob/ob mice elicits many changes in the expression of genes
involved with lipid metabolism in the liver. (33). The direct effects of leptin on the liver,
Cohen et al., (34) knocked out leptin receptors specifically in hepatocytes.

Result in this study were agreement with Xavier, et al., (35) which show
administration of leptin cause significant decrease in the concentration of serum cholesterol ,
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triglycerides, LDL/HDL cholesterol profile and this data supported the idea that leptin can
modulate intermediate metabolism via direct action upon peripheral tissue (36,37).

Yoshida et al.,, (38) were found that direct effect of T3 on fully differentiated
adipocytes showed stimulation of leptin expression and secretion.

490 gpansll pulaall (arg g A8 )al) Bakd) il ga R (g i (A8 Cpall) Gy ga b sllae) AU
Gl Y1 L) a3 Jaaal
A ga cpen cpall 2Ble Hluiae Juald Al
Gloalles_jealles panll daala ¢ (g k) Qlall 408 Zalosll ¢
dadal)
S yiganadl s e Olaa /ol 580k 10 55 Gie s Gl e ellae) Al A jall Cdagial
LY G s Jiae (& S G5 il g Sl (5 glusa g (spall 308 59 438 all axll il g 0
de sana o I e genall guelae TN I Cran 5 (ali) b Caminy i) 130 e Ayl oy yal
¢ Ol /ol pe 5 8 5 il (e yee iis Al e gaaall s (phosphate puffer saline) cuiis il 5 layull
s 15 JS pall liall pan & a2 60 Bl Ol sl / 6l se 5 Sl 10 cotialll () 50 g0 iiia AEIN e ganall
B Asina sy ¢ e yao ol (g sem sl da auall 055 (B (P<0.05) 5 sine alind) il & jelal
22l (558 ) Apelly Lab ¢ S (gl ialiil 5 o€ SIS (g0 IS 3 55530 05 (T3, T4) Al 523 i sy €58
die aall G aall 38 5 A (ledil Al jall & jedal 28 (VDL LDL,HDL, ¢ 4800 <l juenlall ¢ JSN J g yind <11
(Ol /a2 s 8k 1055)  Odie s (B il elac)

REFERENCES

1. Jin ,L.; Zhang, S.; Burguera, B.G.; Couce, M.E.; Osamura. R. Y.; Kulig, E. and Lloyd, R.V
(2000). Leptin and Leptin receptor expression in rat and mouse pituitary cells.
Endocrinol. 141: 333-339.

2. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM.(1994) Positional
cloning of the mouse obese gene and its human homologue. Nature.;372:425-432.

3. Schwartz MW, Baskin DG, Kaiyala KJ, Woods SC. (1999). Model for the regulation of
energy balance and adiposity by the central nervous system. Am J Clin
Nutr.;69:584-596.

4. Ahima RS, Flier JS. (2000). Leptin. Annu Rev Physiol.;62:413-437.

5. Reseland JE, Syversen U, Bakke I, Qvigstad G, Eide LG, Hjertner O, Gordeladze JO, Drevon
CA.( 2001). Leptin is expressed in and secreted from primary cultures of human
osteoblasts and promotes bone mineralization. J Bone Miner Res.;16:1426-1433.

186



Bas.).Vet.Res.Vol.12,No0.1,2013.

6. Mantzoros C.S, Moschos S.J.( 1998) Leptin: in search of role(s) in human physiology and
pathophysiology. Clinical Endocrinology; 49, (5): 551.

7. Miczke A, Pupek-Musialik D.(2000) Leptin and Obesity. Pol Merkuriusz Lek; (44): 109-112.

8. Hill RA, Margetic S, Pegg GG, Gazzola C. (1998). Leptin: its pharmacokinetics and tissue
distribution. Int J Obes Relat Metab Disord.;22:765-770.

9. Morash B, Li A, Murphy RP, Wilkinson M & Ur E 1999 Leptin gene expression in the brain
and pituitary gland. Endocrinology 140 5595-5998.

10. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce MR,
Ohannesian JP, Marco CC, McKee LJ, Bauer TL, Caro JF (1996). Serum
Immunoreactive-leptin concentrations in normalweight and obese humans. N. Engl.
J. Med., 334: 292 295.

11. Harris RBS (2000). Leptin-much more than a satiety signal. Ann Rev Nutr 20, 45-75.

12. Friedman J. (1997).Role of leptin and its receptors in the control of body weight. In Leptin —
the Voice of the Adipose Tissue, pp 3-22. Eds WF Blum, W Kiess & W Rascher.
Heidelberg: J&J Edition, JA Barth Verlag,.

13. JANG, M., MISTRY, A., SWICK, A. & ROMSQOS, D. R. (2000). Leptin rapidly inhibits
hypothalamic neuropeptide Y secretion and stimulates corticotropin-releasing
hormone secretion in adrenalectomized mice. Journal of Nutrition 130, 2813-2820.

14. Yang R, Barouch LA.(2007) Leptin Signaling and Obesity: Cardiovascular Consequences.
Circ Res;101(6):545-59..

15. Lustig, R.H., Sen, S., Soberman, J. E., & Velasquez-Mieyer, P.A.( 2004). Obesity , Leptin
resistance, and the effects of insulin reduction .International Journal of obesity. 28
(10): 1344-1348.

16. Wauters M, Considine RV, Van Gaal LF.( 2000). Human leptin: from an adipocyte hormone
to an endocrine mediator. Eur J Endocrinol 143:293-311.

17. Johnson RM, Johnson TM, Londraville RL. 2000. Evidence for leptin expression in fishes. J
Exp Zool 286:718-24.

18. Nowak KW, Kaczmarek P, Mackowiak P, Ziolkowska A, Albertin G, Ginda WJ, Trejter M,
Nussdorfer GG, Malendowicz LK. (2002). Rat thyroid gland expresses the long
form of leptin receptors, and leptin stimulates the function of the gland in euthyroid
non-fasted animals. Int J Mol Med 9:31-34.

19. Seoane LM, Carro E, Tovar S, Casanueva FF, Dieguez C. 2000. Regulation of in vivo TSH
secretion by leptin. Regul Pept 92:25-29.

20. lossa S, Lionetti L, Mollica MP, Crescenzo R, Barletta A, Liverini G. 2001. Fat bilance and
serum leptin concentrations in normal, hypothyroid, and hyperthyroid rats. Int J
Obes Relat Metab Disord 25:417-425.

21. Harris M, Aschkenasi C, Elias CF, Chandrankunnel A, Nillni EA, Bjoorback C, EImquist
JK, Flier JS, Hollenberg AN. 2001. Transcriptional regulation of the thyrotropin-

187



22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bas.).Vet.Res.Vol.12,No0.1,2013.

releasing hormone gene by leptin and melanocortin signaling. J Clin Invest
107:111-120.

Kieffer, T.J., Heller, R.S., Leech, C.A., Holz, G.G. & Habener, J.F. (1997) Leptin
suppression of insulin secretion by the activation of ATP-sensitive Potassium
channels in pancreatic beta-cells. Diabetes, 46, 1276-1280.

Haynes, W.G., Morgan, D.A., Walsh, S.A., Mark, A.L. & Sivitz, W.l. (1997) Receptor
mediated regional sympathetic nerve activation by leptin. Journal of Clinical
Investigations, 100, 270-278.

Mizuno, A., Takashi, M., Otani, S., Kuwajima, M. & Shima, K. (1998) Leptin affects
pancreatic endocrine functions through the sympathetic nervous system.
Endocrinology, 139, 3863-3870.

Fruihbeck, G. & Salvador, J. (2000) Relation between leptin and the regulation of glucose
metabolism. Diabetologia, 43, 3-12.

Pallett, A.L., Morton, N.M., Cawthorne, M.A. & Emilsson, V. (1997) Leptin inhibits insulin
secretion and reduces insulin mRNA levels in rat isolated pancreatic islets.
Biochemical and Biophysical Research Communications, 238, 267-270.

Muller-Newen G, Ko hne C, Heinrich PC. (1996) Soluble receptors fo cytokines and growth
factors. Int Arch Allergy Immunol; 111:99-106.

Sinha MK, Opentanova I, Ohannesian JP, Kolaczynski JW, Heiman ML, Hale J,.(1996).
Evidence of free and bound leptin in human circulation. J Clin Investig;98:1277—
82.

Leonhardt W, Horn R, Brabant G, Breidert M, Temelkova-Kurktschiev T, Fu'cker K,
Hanefeld M. (1999).Relation of free and specifically bound leptin to insulin
secretion in patients with impaired glucose tolerance (IGT). Exp Clin Endocrinol
Diabetes;107:46-52.

Gavrilova O, Barr V, Marcus-Samuels B, Reitman M. (1997). Hyperleptinemia of
pregnancy associated with the appearance of a circulating form of the leptin
receptor. J Biol Chem; 272:30546-51.

Birkenmeier G, Ka'mpfer |, Kratzsch J, Schellenberger W. (1998). Human leptin forms
complexes with a2-macroglobulin which are recognized by the a2-microglobulin
receptor/low  density  lipoprotein  receptor-related  protein.  Eur ]
Endocrinol;139:224-30.

Tartaglia LA, Dembski M, Weng X, Deng N, Culpepper J, Devos R, (1995).Identification
and expression cloning of a leptin receptor, OB-R. Cell;83:1263-1271.

Asilmaz E, Cohen P, Miyazaki M, Dobrzyn P, Ueki K, Fayzikhodjaeva G, (2004). Site and
mechanism of leptin action in a rodent form of congenital lipodystrophy. J Clin
Invest;113:414-424.

188



34.

35.

36.
37.

38.

Bas.).Vet.Res.Vol.12,No0.1,2013.

Cohen, P., Miyazaki, M., Socci, N.D., Hagge-Greenberg, A., Liedtke, W., Soukas, A.A.,
Sharma, R., Hudgins, L.C., Ntambi, J.M., Friedman, J.M., (2002). Role for
stearoyl- CoA desaturase-1 in leptin-mediated weight loss. Science 297, 240-243.

Xavier Prieur, Y. C. Loraine Tung, Julian L Griffin, | Sadaf Farooqi, Stephen O’Rahilly and
Anthony P. Colll (2008) Leptin regulates peripheral lipid metabolism primarily
through central effects on food intake. Endocrinology: 149(11):5432-5439.

Unger RH (2000). Leptin physiology: a second look. Regul Pept 92:87-95.

Shimabukuro M, Koyama K, Chen G, Wang MY, Trieu F, Lee Y, Newgard CB, Unger RH
(1997). Direct antidiabetic effect of leptin through triglyceride depletion of tissues.
Proc Natl Acad Sci U S A 94:4637-41

Yoshida T, Monkawa T, Hayashi M and Saruta T (1997). Regulation of expression of leptin
mRNA and secretion of leptin by thyroid hormone in 3T3-L1 adipocytes Biochem
Biophys Res Commun 232 822-6

189



