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Abstract

Introduction—Obesity is a chronic disease and a major global health challenge. Apart from 

bariatric surgery, which is costly and not without risk, there are currently no successful long-term 

treatment options for obesity. The history of pharmacological agents for obesity has been turbulent 

with many examples of drugs being removed from the market due to significant side effects. 

Orlistat and sibutramine (the latest drugs on the market) provide only modest weight loss and are 

both associated with high attrition rates due to intolerable side effects. Furthermore, sibutramine 

was recently withdrawn from the market. There is a need for the development of safe and 

efficacious drug treatments for obesity.

Areas covered—The history of leptin therapy as an orphan drug, leptin-replacement therapy as 

a treatment for obesity, preclinical studies showing the efficacy of leptin/amylin combination and 

finally, the very promising early clinical findings using pramlintide/meteleptin combination 

therapy in overweight to obese individuals.

Expert opinion—Combination pharmacological therapy, such as pramlintide/ metreleptin, for 

the treatment of obesity is very promising and is supported by encouraging weight loss results and 

improvement in metabolic makers in early-phase clinical studies. However the latest randomized 

clinical trial on pramlintide/metreleptin was recently stopped due to safety concerns.
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1. Introduction

In the pharmacological development of new drugs for the treatment of obesity, the safety of 

the product is paramount and must be considered by weighing up the risks to the individual 

from obesity versus possible problems that may occur with drug treatment. Unfortunately, 

the history of the pharmacological treatment of obesity has been turbulent largely due to 

safety concerns [1,2]. Obesity is a chronic disease that has many causes, all leading to a 

persistent imbalance between energy intake and energy expenditure. The resulting excess 
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adipose tissue has been linked to higher risk of developing many diseases including type 2 

diabetes and cardiovascular disease, some types of cancers, disabilities, pulmonary and 

gastrointestinal tract complications as well as depression [3]. As expected from such a 

complex disease resulting from an interaction between the environment and a myriad of 

susceptibility genes, cure is rare and treatment is thus aimed at palliation. Whatever the 

primary site of action for a pharmacological agent may be, the net effect must be a reduction 

in food intake and/or an increase in energy expenditure.

Single agents have been very deceiving in general and physicians are now left with almost 

no long-term pharmacological tools to treat the disease. However, since the popular success 

of Fen-Phen, a combination of fenfluramine and phentermine, in the 1980s [4] it became 

clear that a combination of drugs would be necessary to treat obesity successfully despite the 

fact that fenfluramine was withdrawn from the market in 1996 because of fatal pulmonary 

hypertension. Given the poor long-term success with dietary interventions and the modest 

efficacy and lingering safety concerns associated with anorectic small-molecules, there is an 

urgent need for new approaches that translate scientific advances into innovative therapies 

which offer durable, clinically meaningful weight loss with minimal side effects. Such goals 

have lead many pharmaceutical and biotech companies to initiate randomized double-blind 

clinical trials using combinations of existing drugs for the treatment of obesity. The potential 

use of a rational and promising combinatorial neurohormonal approach using peptide 

hormones which have physiological roles in the regulation of food intake and body weight, 

and potentially devoid of off-target toxicities was recently proposed.

Leptin, a neurohormone that is predominantly secreted by adipocytes and primarily binds to 

receptors in the hypothalamus, plays a key role in regulating long-term energy homeostasis 

in rodents and humans. Leptin receptors are also widely expressed throughout the body with 

extrahypothalamic effects on skeletal muscle, adipose tissue, the liver and pancreas [5-7] and 

leptin itself also plays an essential role in the initiation of puberty. Amylin, a neuroendocrine 

peptide hormone that is co-secreted with insulin from pancreatic β-cells and binds to 

receptors in the hindbrain, contributes to short-term energy regulation [8]. In a 

comprehensive series of preclinical studies, scientists at Amylin Pharmaceuticals showed 

that combination treatment with amylin and leptin leads to marked, synergistic reductions in 

food intake (up to 45%) and body weight (up to 15%) in otherwise leptin-resistant DIO 

rats [9,10]. In this drug evaluation, we review the use of leptin as an orphan drug, its use in a 

randomized clinical trial for obesity treatment, the concept of leptin replacement, preclinical 

studies on leptin/amylin combination and recent clinical studies on this combination. 

Despite very promising initial data, the development of pramlin-tide/metreleptin 

combination therapy has been recently stopped due to potential safety concerns (Box 1).

2. Summary of pramlintide and metreleptin

Pramlintide acetate, a synthetic analog of amylin, is administered by subcutaneous injection 

before major meals to lower postprandial glucose excursions in type 1 and 2 diabetics. 

Amylin is a 37-amino-acid peptide hormone that is co-secreted with insulin by pancreatic β-

cells. Similarly to insulin, plasma amylin concentrations rise rapidly in response to meals, 

peaking approximately 30 min a after meal and returning to baseline after approximately 2 
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h [11]. Fasting amylin levels in healthy individuals have been reported in the range of 3 -- 25 

pmol/l [12]. The amylin response to meal intake is absent in type 1 diabetes mellitus 

(T1DM), exaggerated in obesity and diminished in type 2 diabetes mellitus (T2DM).

Human amylin is generally insoluble and has a tendency to aggregate, precluding the use of 

its native peptide therapeutically. To combat this, a soluble, non-aggregating, equipotent 

analog of human amylin, pramlintide was developed and approved by the FDA in 2005. 

Pramlintide is provided as an acetate salt of the synthetic 37-amino acid polypeptide, which 

differs in amino acid sequence from human amylin by replacement with proline at positions 

25 (alanine), 28 (serine) and 29 (serine) and has a molecular mass of 3949.4 Da. 

Pharmokinetic studies have shown that pramlintide doses of 30 and 60 μg in patients with 

type 1 diabetes and 120 μg in patients with type 2 diabetes produce plasma pramlintide 

concentrations that approximate physiological amylin concentrations in healthy subjects. 

The most common side effects in pramlintide users relate to gastrointestinal events including 

vomiting, nausea and abdominal pain. Also, pramlintide as an adjunct treatment in patients 

who use meal-time insulin therapy, and co-administration of pramlintide with insulin may 

increase the risk of insulin-induced hypoglycemia, particularly in patients with type 1 

diabetes [13]. The pharmokinetics and pharmodynamics of pramlintide have been well 

described in previously published reviews [14,15].

Metreleptin also known as recombinant methionyl human leptin is an analog of human 

hormone leptin. To express metreleptin in Escherichia coli, the sequence encoding the 

mature protein of human leptin (146 amino acids) was chemically synthesized utilizing 

optimal E. coli codons. As part of this synthesis, the nucleotides ATG (encoding 

methionine) were added to the 5’ end of the gene for human leptin. Therefore, the 

metreleptin protein encoded by this sequence is 147 amino acids in length beginning with 

methionine, and has a calculated molecular mass of 16,156 Da. Metreleptin treatment has 

largely been administered to patients with congenital leptin deficiency, lipodystrophy and 

hypothalamic amenorrhea.

3. Leptin as an orphan drug in humans

The first evidence that pointed to the potential use of leptin replacement therapy for obesity 

came in 1997 when O'Rahilly and colleagues found two severely obese children who carried 

a mutation in the leptin gene [16]. These two children were cousins within a highly 

consanguineous family of Pakistani origin who both had a homozygous frame-shift mutation 

involving the deletion of a single guanine nucleotide in codon 133 of the leptin gene. This 

resulted in very low circulating leptin levels, extreme hyperphagia and severe obesity [16]. 

These researchers went on to show that daily subcutaneous injections of recombinant human 

leptin for up to 4 years could ameliorate hyperphagia, excessive weight gain in early life and 

the severe obesity in these children [17]. In a case report study, daily subcutaneous 

recombinant leptin(0.028mg/kg) injectionswereadministeredfor 12months in a 9 year old 

girl with congenital leptin deficiency. At baseline, the patient weighed 94.4 kg (> 99.9th 

percentile for age), height was at the 91st percentile (when adjusted for bone age) and serum 

leptin levels were below the detection limit. After leptin treatment, the patient lost 16.4 kg 

(~ 78th percentile for age) with 95% of the weight loss estimated to be fat mass. Energy 
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expenditure using whole-body indirect calorimetry was assessed at baseline and 6 and 12 

months after the initiation of leptin treatment. After 6 months of leptin treatment, her total 

energy expenditure had decreased by 10%, but by 12 months it had returned to near baseline 

values. As such, the leptin-associated weight loss was largely attributed to a substantial 

decrease in energy intake, with the patient consuming 42% less calories (compared with 

baseline) during her first test meal after the initiation of leptin treatment. Serum leptin levels 

reached levels ranging between 25 and 40 ng/ml during a 24 h treatment period [18]. In 

congenital leptin-deficient subjects, losing weight in response to leptin treatment also 

resulted in large weight loss but in a metabolic rate similar to that predicted for the new 

weight and body composition [19]. This was in contrast to control obese individuals 

undergoing a similar weight loss by a low calorie diet who experience ‘metabolic 

adaptation’, a decrease in metabolic rate beyond that expected on the basis of the decreases 

in fat-free mass and fat mass. Although the sample size was small (n = 3), results from this 

study suggest that leptin may act by increasing metabolic rate [19].

Leptin replacement therapy has also proven effective in lipo-dystrophy, a disease state in 

which animals and humans have little white fat and develop severe diabetes, accompanied 

by very fatty liver, high plasma lipid levels and profound insulin resistance. In a study that 

treated nine congenital lipodystrophic patients with daily subcutaneous leptin (up to 0.04 

mg/kg) for 4 months, serum leptin levels increased 12-fold from baseline, triglyceride levels 

decreased by 60% and liver volume by 28%, leading to a discontinuation or a large 

reduction in diabetes medication. Self reported daily caloric intake decreased significantly 

with therapy [20]. In another study of 10 subjects with general or Dunnigans's partial 

lipodistrophy, leptin replacement therapy resulted in significant reductions in steatosis and 

the hepatocellular ballooning injury characteristic of nonalcoholic steatohepatitis [21]. In 

addition, liver volume and fat assessed by MRI was significantly decreased and there were 

significant reductions in serum triglycerides, glucose, insulin and liver enzymes, aspartate 

aminotransferase and alanine aminotransferase. Importantly, in the context of congenital 

leptin deficiency and lipodystrophy, leptin replacement therapy has been shown to be well-

tolerated with no serious adverse events [18].

Leptin replacement therapy has also proven to be a safe and effective therapy for the 

treatment of hypothalamic amenorrhea (HA), a disorder characterized by the cessation of 

menstrual cycles usually caused by chronic energy deficiency secondary to strenuous 

exercise and/or reduced food intake such as in patients with anorexia nervosa [22,23]. Women 

with HA tend to be hypoleptinemic [24,25] with a proof-of-concept study showing that 3 

months of leptin replacement therapy not only normalized levels of estrogen, thyroid 

hormones and IGF-1 but most importantly, restored ovulatory menstruation [22]. A 

subsequent randomized, double-blinded placebo-controlled trial of 36 weeks of human 

recombinant leptin (metreleptin) replacement therapy in women with HA found similar 

improvements in gonadal, thyroid, growth hormone and adrenal axes but also demonstrated 

improvement in markers of bone metabolism, suggestive of bone formation [23].

Tam et al. Page 4

Expert Opin Biol Ther. Author manuscript; available in PMC 2014 November 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



4. Use of leptin in obesity clinical trials

In contrast, the promise of leptin as a stand-alone magic bullet for the treatment of obesity 

was short lived. In 1999, a randomized, controlled dose-response trial of daily subcutaneous 

recombinant leptin injection was performed in 54 lean and 73 obese subjects. In the initial 

phase of the study lasting 4 weeks, lean and obese subjects lost similar amounts of weight 

with leptin treatment which was statistically significant compared with baseline (p = 

0.02) [26]. Obese subjects were studied for a further 20 weeks. Of the 47 patients who 

completed the study, the 8 receiving the highest dose of leptin lost 7.1 kg (p = 0.01 

compared to baseline) while those receiving placebo lost 1.3 kg. The effects varied widely 

among patients, from a loss of about 15 kg to a gain of 5 kg in the group treated with the 

highest dose. Moreover, these doses induced skin irritation and swelling at the injection site 

in 62% of patients and headache in half the patients. The hope that leptin therapy would be 

the cure for obesity disappeared after this trial despite numerous attempts by Amgen 

Pharmaceuticals to pursue further studies on the hormone that many investigators thought 

would be a panacea for obesity treatment.

5. Leptin replacement strategy for obesity therapy

The maintenance of reduced body weight is accompanied by a metabolic response which 

aims to defend against further weight loss. This response is characterized by a drop in 

energy expenditure beyond that predicted by changes in body composition [27-29], blunted 

neuroendocrine functions (the thyroid and reproductive axes are suppressed, there is 

decreased sympathetic activity and increased parasympathetic activity) and circulating leptin 

levels are increased. This metabolic adaptation to caloric restriction explains, at least in part, 

the regain of lost body weight over time and appears to be related to the drop in leptin which 

occurs with weight loss [30-32]. It was proposed that rather than being a satiety signal, 

leptin's primary physiological role is to defend body fat stores in the face of prolonged 

energy deficit [33-35].

Consistent with this hypothesis, leptin replacement reverses the metabolic adaptation 

observed in calorie-restricted rodents [36,37] and humans [29,38]. After subjects achieved and 

maintained a 10% reduction in body weight by a very low calorie diet, total energy 

expenditure, thyroid function and sympathetic activity were significantly reduced. After five 

weeks of daily recombinant leptin treatment, subjects not only restored their baseline leptin 

levels, but also reversed this metabolic phenotype and returned to baseline values [38,39]. 

Moreover, leptin administration resulted in further weight reduction [39]. How ever, in a 

more recent study, treatment with leptin showed less pronounced effects [40]. In this 

randomized double-blind clinical trial, metreleptin or placebo was administered to 

overweight to obese subjects undergoing a moderate calorie restriction (500 kcal/day). The 

average weight loss achieved over the six months of moderate caloric restriction was 8.2 and 

9.2% in the placebo and metrelepin groups, respectively, and both groups exhibited a 

significant decrease in thyroid function, namely decreased triiodothyronine and free 

thyroxine [40]. Significantly, there were no differences between the placebo and metreleptin-

treated groups in neuroendocrine function or body composition. The authors consequently 

suggested that leptin replacement would only be effective when circulating leptin was low 
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and thus indicate severe energy deprivation. Alternatively, it could be suggested that leptin 

deficiency induced by a moderate to severe energy restriction maintained over a certain 

period of time would restore central leptin sensitivity, which would then be permissive for 

exogenous leptin biological action.

Exogenous leptin-induced restoration of the reproductive, thyroid and adrenal axis along 

with an increase in markers of bone formation in women with secondary amenorrhea and 

hypoleptinemia (i.e., induced by chronic energy deficiency) would support the hypothesis of 

central leptin sensitivity restoration [22,23]. In agreement with this, metreleptin only reversed 

the metabolic phenotype of calorie-restricted individuals when circulating leptin was 

significantly decreased by 30% and maintained over several weeks [38,39], and not in 

individuals in whom circulating leptin was increased due to moderate caloric restriction [40]. 

If such a hypothesis was true, the use of metreleptin in weight management therapy would 

be effective only when used as an adjunct to other leptin-sensitizing treatments, thus 

preventing metabolic adaptation induced by caloric restriction and promoting weight 

maintenance.

6. Preclinical studies on leptin/ amylin combination in rodents

As described above, obesity-related leptin resistance appears to be caused by defects in 

leptin action in the hypothalamus [41,42].

As such, combinations of leptin and pharmacological molecules able to improve or even 

restore central leptin sensitivity are of huge interest as pharmacological treatments for 

weight loss. Amylin, a peptide hormone co-secreted with insulin by pancreatic beta cells 

acts as a short-term satiety signal and activates multiple CNS regions to regulate both 

glucose and energy homeostasis. Preclinical studies of leptin/amylin combination therapy 

have shown promising results, largely acting by reducing food intake and increasing central 

leptin sensitivity (Figure 1A, B) [9,43]. Using a dose escalation response surface 

methodology analysis, Trevaskis et al. demonstrated in diet-induced obese mice that weight 

loss from the combination of leptin and amylin treatment was numerically greater than the 

addition of their single effect, that is, a synergism between leptin and amylin (Figure 1C). 

Moreover, this weight was achieved with relatively low doses of leptin [10] and prevented 

the metabolic phenotype characterized by a decrease in metabolic rate and bradycardia 

observed in pair-fed animals [10,44]. Low respiratory exchange ratios, indicative of increased 

fat oxidation, were observed during the weight-loss phase. Consequently, the weight loss 

induced under amylin--leptin treatment is fat-specific, and fat-free mass is 

preserved [9,44-46]. Amylin pretreatment in obese rats partially estores hypothalamic leptin 

signaling by increasing phosphorylation of signal transducer and activator of transcription 3 

(pSTAT3). Such leptin--amylin synergy is further highlighted by diminished hypothalamic 

leptin-stimulated pSTAT3 signaling and reduced sensitivity to leptin-induced weight loss in 

amylin knockout mice [47].

Amylin/leptin combination therapy may also represent a strategy for weight loss 

maintenance when the body's biology resists further weight loss. Amylin and leptin 

combination therapy prevents weight regain in previously obese animals in which body 
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weight was decreased by amylin-leptin combination treatment. This is in contrast to animals 

receiving leptin or amylin alone, which regained part or all the loss in body weight [46]. 

Additionally, amylin--leptin-treated animals exhibited an improved metabolic profile with 

decreased plasma insulin, total cholesterol and triglycerides, paralleled by favorable changes 

in liver glucose and lipid metabolism and white adipose tissue fatty acid trafficking [46]. 

Whereas part of such metabolic improvements could be ascribed to caloric restriction, 

Trevaskis et al. reported that compared with pair-fed animals, amylin--leptin-treated rats had 

decreased levels of stearoyl-coenzyme A desaturase-1 and fatty acid syntase and increased 

phosphoenolpyruvate carboxykinase (PEPCK), suggesting a direct effect of either or both 

amylin and leptin in improving energy substrate metabolism in peripheral tissues [10]. In 

addition, increased leptin receptor expression in the liver and white adipose tissue of rats 

treated with leptin and amylin was observed [47], indicating increased peripheral bioactivity 

of leptin with the leptin--amylin combination. In contrast to the CNS where leptin and 

amylin acts synergistically, the leptin--amylin combination appears to act in an additive 

manner in peripheral leptin-sensitive tissues such as preadipocytes and blood mononuclear 

cells in vitro and adipose tissue ex vivo [48]. In these tissues, multiple cellular pathways such 

as the ras-related C3 botulinum toxin substrate-alpha serine/threonine-protein kinase (AKT), 

AMPK and extracellular signal-regulated kinase (ERK) pathways were induced by either or 

both of the molecules, suggesting some of the mechanisms by which beneficial effects of the 

leptin--amylin combination are induced in peripheral tissues [48]. To date, studies examining 

the mechanism behind the synergistic effects of amylin and leptin implicate distributed 

hypothalamic and hindbrain sites in modulating restoration and/or augmentation of leptin 

responsiveness, which ultimately results in weight loss [43]. Trevaskis et al. suggests that 

amylin seems to enhance leptin signaling rather than vice versa with the underlying 

mechanisms of synergy being a result of temporal process. For example, several days of 

treatment were required before the weight loss curves of amylin- and amylin+leptin-treated 

DIO leptin resistant rats diverged [9]. It may be that amylin first alleviates leptin resistance at 

the level of the ventral medial hypothalamus followed by the hypothalamic arcuate nucleus, 

ultimately cascading to other areas of the brain with further exposure [43]. Clearly, further 

preclinical studies into the mechanisms and neural pathways activated by amylin-leptin are 

required.

7. Clinical studies on leptin--amylin combination in humans

The preclinical findings using leptin--amylin combination therapy were subsequently 

confirmed in a Phase II clinical study of 177 overweight to obese subjects undergoing 

caloric restriction (40%) concomitant with pramlintide (i.e., an amylin analog) treatment for 

4 weeks before being randomized to either 20 weeks of treatment with metreleptin, 

pramlintide or a combination of both drugs [49]. Combination treatment with pramlintide/ 

metreleptin led to significantly greater weight loss from enrolment to week 20 (−13%) than 

treatment with pramlintide (−8.4%; p < 0.001) or metreleptin (−8.2%; p < 0.01) alone. There 

were trends towards improvements in fasting triglycerides, total cholesterol, low-density 

lipoprotein cholesterol, glycemia, insulinemia and insulin resistance. Common adverse 

events with these two molecules (injection site events, nausea) were mostly mild to 

moderate and decreased over time [49]. These results support further development of 
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pramlintide--metreleptin as a novel, integrated neurohormonal approach to obesity 

pharmacotherapy.

8. Expert opinion

Obesity is a chronic disease with currently no successful long-term treatment options, apart 

from bariatric surgery which is both costly and not without risk. After the many failures of 

monotherapy, combination therapy for obesity is an encouraging step forward in the 

pharmacological arena. Indeed, it is no surprise that physiological mechanisms resisting 

weight loss such as metabolic adaptation (a drop in metabolic rate larger than predicted on 

the basis of loss of metabolic mass), a decrease in fat oxidation and feelings of hunger are 

engaged during pharmacological monotherapy. It is therefore obvious that targeting more 

than one mechanism will improve the chance of obtaining satisfactory weight loss. 

Furthermore, for both energy intake and expenditure there are redundant pathways and 

targeting one pathway may engage compensations in another pathway(s). Many 

pharmaceutical and biotech companies interested in the treatment of obesity are therefore 

designing clinical trials using existing compounds with different mechanisms of action on 

both sides of energy balance, that is, intake and expenditure.

Despite very promising weight-loss results and improvements in metabolic markers in Phase 

II clinical trials in overweight and mildly obese subjects, progress in the development of 

pramlintide/metreleptin combination therapy has since stalled, with Amylin Pharmaceuticals 

and Takeda Pharmaceuticals stating on 16th March 2011 that the ‘clinical study was 

voluntarily halted to investigate a new antibody-related laboratory finding with metreleptin 

treatment in two patients who participated in a previously completed clinical study of 

obesity’. Before further development of this promising combination of two injectable 

peptide/protein hormones, there needs to be full resolution of these laboratory findings. 

Nevertheless, the preliminary clinical studies from Vivus (Qnexa), Orexigen (Contrave) and 

Amylin Pharmaceuticals, prove that combination therapy is increasingly important for the 

management of obesity and/ or type 2 diabetes following the many failures of monotherapy. 

Complementary mechanisms of action of the different classes of injectable or oral agents 

demonstrate synergistic effects when used in combination. However, safety issues have been 

raised for all of the tested combinations resulting in delays before the launch of true 

combination therapies for obesity.
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Figure 1. Schematic view of the mechanism of amylin/leptin combination therapy leading to fat-
specific weight loss as demonstrated in rodents
The proposed physiological effect of amylin/leptin combination therapy is that amylin, a 

neuroendocrine pancreatic peptide that contributes to short-term energy regulation and 

leptin, a well established hormone that contributes to long-term energy regulation act 

synergistically in the CNS by decreasing food intake and increasing energy expenditure (A). 

In the arcuate nucleus, amylin increases the phosphorylation of signal transducer and 

activator of transcription 3 (STAT3) of the leptin signaling pathway resulting in an increase 

or restoration of central leptin sensitivity [9,47] (B) and therefore synergistic effects on 

weight loss, compared with either amylin or leptin administered alone [10] (C).

LepR: Leptin receptor.
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Box 1. Drug Summary

Drug name Pramlintide acetate Metreleptin (Recombinant-methionyl human leptin)

Phase FDA approved, March 2005 In Phase III

Indication Type 1 diabetes: Maintenance 
dose of 30 or 60 (as tolerated) 
titrated from a dose of 15 mg
Insulin-Using Type 2 diabetes: 
Maintenance dose of 120 μg (as 
tolerated) titrated from a dose of 
60

Congenital leptin deficiency, lipodystrophy, hypothalamic amenorrhea and 
leptin replacement therapy for weight maintenance

Pharmacology description In clinical studies in patients 
with insulin-using type 2 and 
type 1 diabetes, pramlintide 
administration resulted in a 
reduction in mean postprandial 
glucose concentrations, reduced 
glucose fluctuations, and 
reduced food intake
Peak: 15 min [50]
Half-life: 20 - 50 min [50,51]

Based on results of nonclinical and clinical studies, the mechanisms of action 
of metreleptin include the following:
• Correction of hyperphagia secondary to leptin deficiency and the 
concomitant reduction in caloric and fat intake [52,53]
• Stimulation of fatty acid oxidation throughout the body and lowering of 
plasma, hepatic and myocellular lipid levels resulting in increased insulin 
sensitivity and improved glycemic control [54-61]
• Improvement in insulin suppression of glucose production in the liver and 
increase in insulin-stimulated peripheral glucose uptake in the muscle 
[20,54,62]
Therefore, leptin acts via multiple mechanisms to decrease triglyceride and 
other lipid intermediates in lipodystrophy patients, reducing their 
accumulation in tissues such as liver and muscle, and ameliorating severe 
insulin resistance, thereby improving hyperglycemia and 
hypertriglyceridemia
Peak: 4 h [63]
Half-life: 2 - 5h [63,64]

Route of administration Administered subcutaneously 
into thigh or abdomen separate 
from site of insulin injection 
immediately before major meals 
(≥ 250 kcal or ≥ 30 g 
carbohydrate)

Administered subcutaneously into the abdomen

Chemical structure Lys-Cys-Asn-Thr-Ala-Thr-Cys-
Ala-Thr-Gln-
Arg-Leu-Ala-Asn-Phe-Leu-Val-
His-Ser-Ser-
Asn-Asn-Phe-Gly-Pro-Ile-Leu-
Pro-Pro-Thr-
Asn-Val-Gly-Ser-Asn-Thr-Tyr-
NH2 acetate (salt)
with a disulfide bridge between 
the two Cys residues [65]

NH2-Met-Val-Pro-Ile-Gln-Lys-Val-Gln-Asp-Asp-Thr-Lys-
Thr-Leu-Ile-Lys-Thr-Ile-Val-Thr-Arg-Ile-Asn-Asp-Ile-Ser-
His-Thr-Gln-Ser-Val-Ser-Ser-Lys-Gln-Lys-Val-Thr-Gly-Leu-
Asp-Phe-Ile-Pro-Gly-Leu-His-Pro-Ile-Leu-Thr-Leu-Ser-Lys-
Met-Asp-Gln-Thr-Leu-Ala-Val-Tyr-Gln-Gln-Ile-Leu-Thr-
Ser-Met-Pro-Ser-Arg-Asn-Val-Ile-Gln-Ile-Ser-Asn-Asp-
Leu-Glu-Asn-Leu-Arg-Asp-Leu-Leu-His-Val-Leu-Ala-Phe-
Ser-Lys-Ser-Cys-His-Leu-Pro-Trp-Ala-Ser-Gly-Leu-Glu-
Thr-Leu-Asp-Ser-Leu-Gly-Gly-Val-Leu-Glu-Ala-Ser-Gly-
Tyr-Ser-Thr-Glu-Val-Val-Ala-Leu-Ser-Arg-Leu-Gln-Gly-
Ser-Leu-Gln-Asp-Met-Leu-Trp-Gln-Leu-Asp-Leu-Ser-Pro-
Gly-Cys-COOH

Pivotal trial(s) Type 1 diabetes: [66-68]
Type 2 diabetes: [69-71]

Congenital leptin deficiency [18]
Lipodystrophy: [20]
Hypothalamic amenorrhea: [22]
Obesity: [26,48]
Weight maintenance: [38]
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