
















Abstract

Leptin, a hormonal product of the Lep or OB gene, is expressed by adipocytes and

circulates in relation to adiposity. Leptin is thought to play a role in regulating food

intake and maintaining body weight. Although six isoforms of the leptin receptor exist,

leptin exerts its effects by interacting with the long form of the leptin receptor, OB-RB.

The leptin protein and leptin receptors have been localised in many reproductive tissues,

including the ovary. Several publications indicate that the ovary is directly affected by

leptin, in particular leptin appears to be able to inhibit ovarian cell steroid production.

The high levels of leptin in obese women, and in animal models of obesity, implicate a

link between elevated leptin and infertility.

The purpose of this project was to examine the effects of acute leptin treatment on

ovulation and other important ovulatory mediators, in vivo arrd in vitro.Establishing the

relationship between acute leptin concentrations and ovulation may provide insight into

the link between the high leptin levels in obese women and infertility. It was also desired

that the pattern of leptin receptor expression across the rat oestrous cycle be investigated.

The pattern of leptin release in women throughout the menstrual cycle indicates that

modulating leptin levels may be a mechanism of altering the sensitivity of leptin across

the cycle. Understanding the relationship between leptin and ovarian leptin receptor

expression will assist in comprehending the importance of leptin sensitivity in the

oestrous cycle ofthe rat.

The eflect of systemic leptin administration on ovulation in the ra| ovary, both in vivo

and in vìtro, was investigated. Immature gonadotropin-primed rats, injected with leptin



experienced a loss in body weight, food intake and a decline in ovulation in vivo and

ovaries perfused with leptin also ovulated significantly less. Plasma progesterone and

oestradiol levels were unaffected in either model. However, feed restriction alone did not

inhibit ovulation.

To investigate the mechanism of leptin-induced inhibition in ovulation, the numbers of

follicles entering the pre-ovulatory pool following leptin treatment were established.

Leptin treatment did not affect the recruitment of pre-ovulatory follicles from the antral

follicle pool. The importance of ovarian leukocytes in ovulation prompted an

investigation into the effect of leptin on two leukocytes important in ovulation. A

decrease in food intake, either as a result of leptin-treatment or feed restriction,

specifically reduced the numbers of neutrophils and monocytes/macrophages infiltrating

the theca interna of pre-ovulatory follicles without affecting the numbers found in the

stroma. However, this reduction was not solely responsible for the leptin-induced

inhibition in ovulation.

In vitro ovarian follicular culture (4 h and 12 h) was used as a tool to investigate if high

leptin concentrations could inhibit other factors important to ovulation, such as meiotic

competence of oocytes, granulosa cell proliferation, steroid or prostaglandin E2 synthesis

and interleukin-IB production. High concentrations of leptin in follicle culture do not

inhibit meiotic maturation or steroid synthesis, while an efflect on prostaglandin Ez

synthesis may exist. Granulosa cell proliferation was not inhibited by leptin in FSH and

IGF-I supplemented culture media, while leptin was able to inhibit the stimulatory

effects of IGF-I on FSH-stimulated rat granulosa cell oestradiol production without

affecting progesterone production, as previously reported. Leptin did not appear to have
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1.1.4.2 The short isoforms of the leptin receptor

Multiple short isoforms of the leptin receptor exist: OB-RA, OB-RC, OB-RD and OB-RF

(Figure 1.5). Unlike the long isoform of the þtin receptor, the short isoforms of the

leptin receptor lack STAT binding sites, however there is some evidence that these may

still transduce STATs (Cohen et a1.,1996; Ghilardi et al., 1996; Bjorbaek et al., 1997;

White et al., 1997; Yamashita et al., 1998). OB-RA is expressed at high levels

ubiquitously, while OB-RC and OB-RD are only detectable using a sensitive reverse

transcriptase-polymerase chain reaction (RT-PCR) assay (Wang et a1.,1996; Fei et al.,

1997; Kielar et aL.,199S). High levels of the short OB-l? mRNA have been localised in

the rat uterus, ovary and testis (Zamorano et al., 1997). The short isoform of the leptin

receptor is expressed at high levels in the choroid plexus, the site of cerebrospinal fluid

(CSF) production, indicating that the receptor may function as a transporter for leptin,

(Stephens and Caro, 1998).

1.1.4.3 The soluble isoform of the leptin receptor (OB-RE)

The soluble leptin receptor (OB-RE) has a coding sequence that predicts a molecular

weight of 100 kDa in rodents and 92 kDa in humans, however, the receptor is larger

(120 kDa in rodents and 130 kDa in humans) than the predicted size (Liu et al., 1997;Li

et aL.,1998). This may be a result of glycosylation or the participation of more than one

receptor subunit in the receptor-ligand binding complex (Liu et al., 1997; Li et al.,

1998). Rodents have three macromolecules which circulate bound to leptin, with

molecular masses of 85, 176 and240l<Da (Houseknecht et a1.,7996). The soluble leptin

receptor binds the leptin protein with a higher affrnity than the functional leptin

receptor, supporting the hypothesis that OB-RE binds leptin as a dimer, resulting in a
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results in the loss of the transmembrane and intracellular domains of the leptin receptor

(Chapter 1.1.4), giving a receptor without signalling capacity.

1.2.1.3 The Zucker obese (tepf,'/tep{") mutant

A mutation in the Zucker obese 1fep{"/tep{\ rat causes the amino acid substitution

glutamine to proline at position 269 of the leptin receptor (Chua et a1.,1996; Phillips er

al., 1996; IiVhite et al., l99l). The LepN" mutation is a mis-sense mutation of the

extracellular domains of the OB-RA and OB-RB with a relative insensitivity to þtin.

OB-RB is detected in brown adipose tissue of the tepÑ/fepÑ mutant mouse, this is

because the LepN'mutation alters intracellular traffrcking, not the expression of the

receptor (Siegrist Kaiser et a1.,1997; Yamashita et al.,l99S). The LepN" mutation and

the LepRdb mutation are believed to be homologues of each other as rodents with the

mutations have identical behavioural and metabolic phenotypes and because both map

to syntenic homologous chromosomal regions (Truett et al., l99l; Chua et al., 1996).

The LepÑ mutation results in hyperphagia, weight gain, adiposity, low brown fat

thermogenesis and obesity, with associated high levels of insulin and corticosterone

(Yarnell et aL.,1998; Hufiragel et a|.,1999).In agreement, treatment of normal rats with

leptin results in an up-regulation of insulin and corticosterone (van Dijk et aL.,1997).

The mutant receptor has a lO-fold lower binding of leptin at the cell surface (Chta et

al., 7996). The receptor distribution on the cell is not altered by high leptin levels or

diminished leptin receptor density in the obese mutants (Chua et aL.,1996), indicating a

possible defect in leptin-leptin receptor feedback regulation. Transfection of the OB-RB

gene to tep{"/tepÑ rat islets and the addition of leptin causes a decrease in the islet

fat by 87 per cent and blocks the formation of triglycerides (V/ang et al., 1998),

indicating that the absence of a functional receptor is the main cause of the obesity
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phenotype

1.2.2 Leptin function in anabolic and catabolic pathways

Energy homeostasis is a complex process that minimises the impact of short-term

fluctuations of food intake on fat mass. Integral parts of this system are hormones

released in proportion to body adiposity, including leptin, to interact with the central

nervous system. The two major systems responsible for energy balance are anabolisnl

the system that promotes weight gain, and catabolisnr, the system that promotes weight

loss (Figure 1.9). Hormones regulated by adipose tissue inhibit anabolic pathways, but

stimulate catabolic pathways (Figure 1.9). For firther reading, the reader is directed to a

comprehensive review of hypothalmic appetite control and regulation (Kalra et al.,

reee).

1.2.2.1 Leptin an d an abolic/orexigen ic hormones

The orexigenic peptide, neuropeptide Y OIPY), is a protein that plays a dual function in

feeding and reproduction (Aubert, 1996; Stephens, 1996). NPY is expressed in the

arcuate nucleus of the hypothalamus and its release is increased in various unfavourable

metabolic circumstances (Stephens et a1.,1995). Central administration of antibodies or

antisense oligonucleotides against NPY cause a block in the normal onset of feeding

(Stephens, 1996), while an increase in NPY results in an inhibitory effect on the

gonadotrophin axis; inhibiting sexual maturation and reproductive function in times of

food restriction and/or an increase in energy expenditure (Gruaz et a1.,1993;Pierroz et

al.,1995; Pierroz et a1.,1996).
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Figure 1.10 A proposed role for neuropeptide Y (NPÐ and leptin in stimulating
GnRH release. The release of estradiol at di-oestrous and the release of progesterone at

pro-oestrous are known to be important horrhones in the oestrus cycle. Leptin interacts with
steroid hormones and NPY to stimulate the release of GnRH, and therefore has been

postulated to have an important role in oestrus cyclicity.





AGRP over-expressing mice are obese (Ollmann et al.,1997). AGRP is over-expressed

in Lepob/Lepob and LepRdb/LepRdb ^i"" and is an antagonist of MC4 and other

melanocortin receptors (Leibel et a1.,1997). The melanocortin receptors are known to

have roles in energy maintenance with MC4-deficient mice being obese (Houseknecht

and Portocarrero, 1998). These receptors are an integral part in the regulation of leptin

satiety, as MC4 receptor antagonists block the satiety effects of leptin (Seeley et al.,

1997). AGRP is co-expressed with NPY mRNA in the arcuate nucleus and over-

expressed in the hypothalamus of leptin-deficient Lepob/Lepoá mice, resulting in a

phenotype of obesity (Ollmann et al., 1997). AGRP increases during low food intake

(Ebihara et a1.,1999) and intracerebroventricular injections of AGRP cause hyperphagia

(Rossi et a1.,1998; Ebihara et al., 1999). GAL is an appetite stimulating protein. It has

been shown to stimulate feeding in satiated rats (Kyrkouli er al., 1990). Orexins are

recently discovered hyperphagic neuropeptides. Expression of these proteins increases

with fasting (Peyron et al., 1998). MCH is a functional antagonist of the catabolic

protein cr-melanocyte-stimulating hormone (Chapter 1.2.2.2). Lepob/Lepoå mice have

high levels of MCH, but with leptin administration, independent of food intake, the

expression of MCH mRNA is reduced (Houseknecht and Portocarrero, 1998).

1.2.2.2 Leptin and catabolic/an orexigen ic hormones

The catabolic pathways promote negative energy balance by decreasing food intake and

encouraging weight loss (Figure 1.11). Hormones such as cr-melanocyte-stimulating

hormone (a-MSH), corticotropin-releasing hormone (CRH) and cocaine and

amphetamine-regulated transcript (CART) may be classified as catabolic hormones.

Melanocortins, regulators of glucocorticoid production (Chapter 1.2.3.4), are the

products of pro-opiomelanocortin (POMC). POMC-expressing neurons in the
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hypothalamus express OB-RB and leptin treatment stimulates POMC expression

(Thornton et al., 1997). POMC is linked to the regulation of food intake and

gonadotrophin secretion, indicating that some efÊects of leptin and NPY may be

signalled through POMC (Cheung et al., 1997; Thornton et a1.,1997). Fasting reduces

POMC mRNA in the arcuate nucleus and Lepob/Lepob mice also have low levels of

POMC mRNA, with leptin treatment reversing this (Schwartz et al., 1997). Treatment

with CRH reduces food intake and body weight and leptin treatment increases gene

expression of CRH (V/oods et a1.,1998). CART neurons arc atarget of NPY and lepin

(Koylu et aL.,1997; Kristensen et aL.,1998). CART treatment of rats inhibits the feeding

ef|ects of NPY, while treatment with antibodies to CART stimulates feeding behaviour

(Kristensen et al.,l99S). Lep"b/Lefö mice have low levels of CART mRNA and these

levels are norlnalised upon treatment with leptin (Kristensen et ø1., 1998). Leptin

requires CART peptide to stimulate the pre-pubertal GnRH pulse generator in female

mice hypothalamus, in vitro (Lebrethon et al., 2000; Lebrethon et a1.,2000). Female

mice treated with leptin and CART have an increased GnRH pulse amplitude,

regardless of the stage of the oestrous cycle, while immunoneutralising CART reduces

GnRH pulse amplitude (Parent et a1.,2000). Together, these peptides regulate feeding

behaviour and reproduction in conjunction with leptin.

1.2.3 Factors important in leptin regulation

There are several factors involved in the induction and suppression of leptin gene

expression. These include feeding, fasting, insulin, glucose, thiazolidinediones and

glucocorticoids (Table 1. 1).
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(Bloomgarden,1997), and leptin concentration in humans increases several hours after

insulin release (Dagogo Jack et al., 1996). In contrast to rodents, insulin does not

acutely regulate leptin mRNA expression or leptin secretion in humans (Vidal et al.,

1996). However, chronic insulin secretion (hyperglycaemic clamp experiments) is able

to regulate OB mRNA expression and leptin secretion and chronic in vitro human

adipocyte culture (48 h) in the presence of insulin appears to induce OB mRNA and

leptin synthesis (Kolaczynski et aL.,1996). The effect on þtin production indicates that

a long duration (chronic treatment) of the clamp or culture may increase lipid stores in

adipocytes, thereby increasing leptin synthésis and release. However, the ability of

hyperinsulinaemic clamps to induce leptin is controversial as some studies (Dagogo

Jack et a1.,7996; Kolaczynski et al., 1996; Larsson and Ahren, 1996) have not been

able to repeat results of others in the same time periods, indicating that the lag between

leptin and insulin may be greater in humans than rodents. This suggests that acute

insulin administration does not affect leptin levels while an effect of chronic insulin

administration does exist, in vivo and in vitro.

The differences in the physiology of adipose tissue between rodents and humans may

account for some of the differences observed in response to acute and chronic insulin

treatment. The rhythmicity of adipose tissue OB mRNA in rodents as compared with

humans may also account for this variation of þtin secretion. Rodents experience a

diurnal variation of leptin secretion, as do humans (Chapter I.2.5.4), however rodents

are nocturnal foragers and their leptin levels are at a maximum at the initiation of eating

behaviour (Saladin et a|.,1995). In humans, the leptin nocturnal rise does not coincide

\À/ith feeding (Sinha et aL.,1996).
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1.2.3.2 Leptin regulation in states of fasting and food intake

Leptin levels do not respond to normal meals, however, they are responsive to fasting

and subsequent re-feeding. Fasting decreases and re-feeding or high dietary fat content

increases leptin mRNA in rat adipose tissue and protein levels in rodents (Becker et al.,

1995; Frederich et aL.,1995; Saladin et al.,1995; Masuzaki et a1.,1996). Furthermore, a

day of overfeeding results in a 40 per cent increase in plasma leptin while body weight

is unaffected. An increase in plasma leptin in rodents can be inhibited by fasting, and

this inhibition can be reversed upon re-feeding or an indication of re-feeding (such as a

single injection of insulin), resulting in an increase in OB mRNA, both in vivo arñ tn in

vitro rat adipocyte culture (Saladin et al., 1995). This links to the fact that acute and

chronic insulin administration, both in vivo and in vitro,lead to an increase in adipose

tissue OB mRNA inrodents (Cusin et a1.,1995; Saladin et a1.,1995).

The mechanisms that regulate leptin expression in response to feeding are less clear in

humans than rodents. In humans, the basal or stimulated leptin levels or leptin gene

expression do not change after food intake (Andersen et al., 1997; Korbonits et al.,

1997; Niskanen et al., 1997; Joannic et al., 1998), while serum insulin and glucose

concentrations increase in a transient manner (Considine et al.,1996). However 6 days

of fasting reduces serum leptin by 40 per cent (Andersen et al., 1997). Short term fasts

or dieting still result in a basal decline in leptin in both lean and obese subjects and re-

feeding restores the leptin levels to basal concentrations (Horn et al.,1996; Sinha et al.,

1996; Sinha et al., 1996; Sinha et al., 1996).In humans, plasma leptin levels are not

affected by the dietary fat content per se (Havel et al., 1996), but they are in part

regulated by insulin in women of normal weight (Carmina et al., 1999). There is a

relationship between fasting insulin, leptin and OB mRNA in humans (Considine et al.,

1996; Hickey et al., 1996; Larsson and Ahren, 1996). Leptin levels are up-regulated in
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tissue inhibits cortisol secretion, funher implicating leptin in modulating the activity of

the hypothalmic-pituitary-adrenal axes (Pralong et al., 1998). In the ovary, leptin

treatment of rat and human granulosa cells, in the presence of glucocorticoids, inhibits

the production of progesterone and proges{erone precursors and metabolites (Barkan e/

al.,1999).

Thiazolidinediones, insulin-sensitising agents, such as troglitazone, bind to and activate

the nuclear hormone receptor, peroxisome proliferator activated receptor y (PPARy).

PPARy domains are located on the promoter of the OB gene (Hollenberg et al., 1997).

Thiazolidinediones induce weight gain in rodents through their stimulatory actions on

PPARy, an important initiator in adipocyte diflerentiation and adipogenesis. The PPAIty

activators decrease leptin gene transcription by a direct effect on the leptin promoter,

thereby reducing leptin mRNA and protein levels in vivo (De Vos et a1.,1996;Zhang et

al., 1996) and in in vitro adipocyte culture (Kallen andLazar, 1996). The decrease in

leptin levels in rodents after thiazolidinedione treatment occurs in spite of an increase in

weight and adipose tissue mass and increased food intake (Zhang et al., 1996). PPAITT

stimulation favours adipocyte difÊerentiation, decreases leptin levels and increases food

intake; all of which promote adipocyte storage of fat (De Vos et al.,1996; Kallen and

Lazar, 1996; Hollenberg et al., 1997).In in vitro human adipocyte culture, troglitazone

decreases leptin mRNA by 40 per cent, although this result is not replicated in vivo

(Nolan et al., 1996). A recent study has also shown that a genetic variation in PPARy

gene results in varied serum leptin levels (Meirhaeghe et a1.,1998). PPARy mRNA has

been localised in granulosa cells in the human ova.ry, and troglitazone treatment directly

inhibited aromatase activity of human granulosa cells (Mu et aL.,2000).
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1.2.3.5 Leptin and other factors in the anabolic-catabolic system

Some studies indicate that leptin and cortisol interact in a negative feedback loop, where

leptin inhibits cortisol synthesis by adrenal cells while cortisol stimulates leptin

expression (Bornstein et al., 1997). Another method of leptin control on metabolism

may be by stimulating various uncoupling proteins (UCPs). UCPs place breaks in

energy production thereby increasing metabolic rate (for a more detailed review of

UCPs, see (Gura, 1998)). The expression and activation of the UCPs in rodents is

regulated partially by NPY, which also regulates sympathetic stimulation of brown

adipose tissue, together resulting in reduced energy expenditure. Leptin increases the

specific expression of UCP-l in BAT and UCP-2 and -3 in peripheral tissues (Scarpace

et al., 1997; Zhott et al., 1997; Litt et al., 1998), possibly by inhibiting NPY. In

addition, leptin also stimulates fatty acid oxidation in skeletal muscle (Muoio et al.,

1997), a potential response of UCP activation or expression.

1.2.4 Obesity in humans

Obesity is an increasingly prevalent and complex health problem throughout the world.

It is associated with type II diabetes, hypertension, hyperlipidaemia, female infertility

and certain cancers, and therefore a solution for obesity is required urgently. With the

genetically obese Lepob/Lepoå -ouse (Chapter 1.2.1.1) as a model for human obesity, it

was initially proposed that mutations in the lepti" protein in obese humans might be the

cause of obesity. However, genetic studies (Maffei et al., 1996) have shown that

mutations in the OB gene are not the cause of obesity. Leptin molecules from both

obese and non-obese subjects are identical in retention time when analysed using IIPLC

(high pressure liquid chromatography), indicating that there are no major differences
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between the protein from the different sources (McGregor et al.,1996). Therefore, the

leptin protein is similar in lean and obese humans, except for two extremely rare cases.

In the first of these, a homozygous frameshift mutation causes the deletion of a single

guanine nucleotide in the leptin gene. In the second, there is a homozygous mis-sense

mutation in the leptin gene; both result in little or no functional leptin and give a

phenotype of obesity (Campfreld et aL.,1998). It was then hypothesised that mutations

in leptin receptors may be the cause of defective leptin signalling. However, the finding

that there are no differences in immunoreactivity of OB-R between lean, obese and

diabetic subjects (Couce et al., 1997), indicated that receptors are similar regardless of

the obesity phenotype. Similarly, four amino acid variants (located in coding exons 2, 4,

and 12 - codons 109,204,223,656) of the human leptin receptor are found in both lean

and obese subjects, indicating that it is unlikely that leptin receptor mutations cause

obesity (Echwald et aL.,1997).

Leptin levels conelate to the body mass index (BlW : weighti(height)2, kg.*t) in both

rodents and humans (Maffei et al., 1995; McGregor et al., 1996). Obese individuals

suffer from a phenomenon known as 'leptin resistance', a situation where there is

inadequate leptin signalling (Figure 1.12) (Hamilton et al., 1995; Considine et al.,

1996). Leptin resistance appears to be the final result of an amalgamation of problems

in obese humans. Firstly, the average serum leptin concentration in obese individuals is

triple that of normal subjects, with obese human OB mRNA being twice that of normal

subjects in their subcutaneous adipocytes (Hamilton et a|.,1995; Considine et aL.,1996;

Geldszus et a1.,1996). The high levels of leptin being released into circulation appear to

decrease the sensitivity of leptin receptors. Secondly, leptin in the circulation of lean

individuals is twice as likely to be bound to a leptin receptor (60-98 per cent bound

leptin) than in obese individuals (Sinha et al., 1996; Sinha et al., 1996; Sinha et al.,

1996). The high levels of free leptin in the circulation of obese individuals allows leptin
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to bind easily to functional leptin receptors, causing a firrther state of resistance.

Thirdly, free leptin in the circulation of obese humans and rodents is a reflection of the

amount of long to short receptor available for þtin binding and also contributes to

leptin resistance (Bennett et a1.,1998; Roth ef al., 1998). Finally, obesity is associated

with a decrease in leptin transport across the blood brain barrier in both rats and humans

(Burguera et a1.,2000), so þtin resistance may be the result of a transport defect at the

level of the blood brain barrier (Houseknecht and Portocarrero, 1998). Circulating leptin

is transported across the blood brain and blood-CSF barrier to the CNS via a saturable

transport systenr, in order to reach its target, the hypothalamus (Chapter 1.1.5). The

efficiency with which leptin enters the brain is reduced with increasing concentrations

of þtin (Banks et al., 19961' Caro et ol., 7996). Although obese subjects have high

levels of serum leptin, the amount of free circulating leptin in the CSF is greatly

reduced in comparison to lean subjects (with only 5 per cent free leptin in lean subjects),

possibly due to saturation of the leptin-CSF transport system (Stephens and Caro,

1998). Inadequate leptin entering the brain may result in an insufficient control of food

intake and energy expenditure. This would lead to an increase in exposure to peripheral

tissues while the CNS would only be exposed to moderate/low levels of leptin (Caro et

a1.,1996; Schwartz et a1.,1996).

1.2.4.1Weight changes in humans

Due to the absence of an appropriate rodent correlate for human obesity, a majority of

weight loss studies have been carried out in obese humans.

Baseline leptin levels do not predict weight change or weight loss in moderately obese

(Haffner et al.,1996) or normal weight (Niskanen et aL.,1997) humans. In fact, changes

in leptin levels correlate with changes in body fat mass, more than changes in body
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weight (Niskanen et al., 1997). Weight loss as a result of food restriction in obese

humans (and mice), regardless of sex, decreases the level of serum leptin (Rosenbaum

et a1.,1997).In addition, the level of OB mRNA content of adþocytes also decreases,

but these two levels soon rise to those prior to weight loss when the lowered body

weight is maintained (Hamilton et aL.,1995; Maffei et al., 1995; Considine et al.,1996;

Geldszus et al., 1996). In contrast, a ten per cent increase in body weight results in a

300 per cent rise in serum leptin (Considine et al.,1996).

Studies have assessed the efÊect of exogenous leptin treatment on weight loss in obese

humans. The results from these studies indicate that there is a modest decrease in body

weight and body fat with leptin treatment (Heymsfield et aL.,1999). Administration of

leptin for a short term was beneficial at the beginning of a weight loss program,

however this weight loss was not maintainable. Similar studies in rodents have shown

that leptin treatment also causes a loss in body weight and fat, which is not repleted

until severalweeks oftreatmenttermination(Chehab et aL.,1996;Chenet aL.,1996).

1.2.5 Leptin involvement in biological processes

1.2.5.1 Energy expenditure, thermogenesis and angiogenesis

Leptin treatment can increase energy expenditure, locomoter activity and body

temperature in genetically obese (Pellymounter et a1.,1995) and normal mice (Luheshi

et al., 1999). Exercise in the form of voluntary wheel running reduces þtin levels

(Zachwieja et al., 1997) and þtin mRNA (Zheng et al., 1996) in rodents. Leptin levels

do not correlate to resting and non-resting energy expenditure in humans in the tnanner

that they do with weight loss and weight gain (Rosenbaum et al., 1997). However leptin

levels do correlate with rates of energy expenditure in exercising humans (Tuominen e/

al., 1997). Exogenous leptin treatment appears to increase sympathetic activity and
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alters metabolism by increasing sympathetic nervous system outflow (Haynes et al.,

1997), thereby promoting weight loss (Halaas et a|.,1995). When leptin is injected into

Lepob/Lepoå mice, an increase in oxygen consumption, locomoter activity and body

temperature is observed (Pellymowter et al., 1995). These eflects may be mediated in

part by mitochondrial uncoupling proteins (UCPs) (Chapter 1.2.3.5) (Liu et al., 1998).

UCPs prevent the generation of ATP, so that energy from carbohydrate oxidation is

released as heat by brown adipose tissue (Flier and LowelI, 1997; Hossner, 1998).

Leptin can therefore affect thermogenesis and the rate of heat loss from brown

adipocytes. There is also a strong correlation between leptin levels and the size of

subcutaneous fat depots which regulate body. heat loss (Caprio et al., 1996).

Furthermore, acute exposure of mice to cold suppresses leptin mRNA expression in

white adipose tissue (Trayhurn et aI.,1995).

Leptin treatment of lean C57BL|6J mice results in an increase in lipid oxidation and

adipose tissue vascularity (Sarmiento et al., 1997). Leptin addition to normal rat corneas

also results in vigorous neovascularisation (Sierrahonigmann et al., 1998). Leptin

treatment of mouse adipose tissue induces new fenestrated blood vessels (Cao et al.,

2001). Leptin is able to initiate vascular permeability when mice ate treated

intradermally and leptin stimulates angiogenesis in synergy with two potent stimulators

of angiogenesis, fïbroblast growth factor-2 and vascular endothelial growth factor

(VEGF) (Bouloumie et al., 1998; Cao et a1.,2001). The functional leptin receptor,is

expressed in human vasculature and in primary cultures of human endothelial cells

(Bouloumie et al., 1998; Sierrahonigmann et al., 1998). Leptin secreted into the

bloodstream has paracrine effects on local endothelial cells resulting in an increase in

fatty acid oxidation and an angiogenic response (Sierrahonigmarìn et al., 1998). An

angiogenic response from leptin may be responsible for the increase in energy

expenditure and hence the loss of body weight (Sierrahonigmann et a1.,1998). Leptin
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Figure 3.4 Steroid production in vivo and in vifio following leptin treatment. A) Rats were
given minipumps containing FSH or saline on day I of the experiment. On day 3, the animals were
primed with hCG and given regular iqjections of leptin or saline. Pair fed animals were given the
same amount of food consumed by FStVleptin treated animals. Animals were sacrificed
immediately prior to ovulation and blood collected for plasma progesterone analysis. Data are

presented as mean + SEM, n : 6. B) Oestradiol and C) progesterone production from in vitro
perfused ovaries. Data are presented as mean + SEM, n:6-7.
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X'igure 6.4 Confirmation of PCR product insert insertion into TOPO TA cloning
vectors. Clones containing TOPO TA with insert (OB-RA or OB-RB) were miniprepped
and the DNA purified for enzymatic digestion. The presence of the insert was assessed

with EcoRV enzymatic digestion and positive clones, releasing 217 bp &, 4029 bp for
OB-RA (A) were linearised using HindIII for OB-RA (and KpnI for OB-RB - data not
shown). Lane contents: (A) Lanes 1-5 - digested TOPO vector, releasing OB-RA,Lane 6

- 100 bp ladder and Lane 7 - 200 bp DNA ladder. (B) Lane I - 100 bp ladder, larre 2 -
negative control, lane 3 - I KB DNA ladder, lanes 4-9 - linearised TOPO-OB-RA
complex.




















































































































